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PREFACE

T HAVE undertaken this work in the interests of a purely psycho-
logical theory of the senses. A purely psychological analysis and
theory of sensory experience has seemed to me for some years to be
not only ideally desirable and even necessary, but really also possible.
I have made two previous statements of the case for hearing. The
first, published in 1911 in The British Journal of Psychology (vol. 1v.),
formed an incident in a general programme and tentative sketch of
this pure psychology. The second, published in the same journal
in 1914 (vol. v11.), was planned to meet the numerous attempts that
had appeared in the intervening yvears to reform the elementary psycho-
logy of hearing. These attempts made strong appeals towards other
lines of construction than those I had advocated ; but I had confidence
enough in the inherent appropriateness or, as it might be called
technically, in the phenomenological correctness, of my ‘idea’ to be
eager to come to grips with these others both in detail and in general.
These new movements have since gained in interest and weight by the
fact that Stumpf, in reviewing them in 1914, has seen fit to abandon
his own generally accepted position, held since 1883, and to put himself
at the head of one of the movements, though rejecting the special
arguments brought forward for it by its first public exponents.

From my second statement it may still not have been clear to many
that the ground and basis of my analysis and theory of hearing are as
purely psychological as I believe them to be. Such revelutionary
teaching in psychology must needs have the most explicit statement.
I hesitate to say that this doctrine is fundamentally new. In philo-
sophy there is nothing so new under the sun. Buf at least in respect
of the material to which the primary general principles of science have
been applied, if not also in respect of the special principles that have

, sprung from the new rock that has been struck, there is surely much
*in my doctrine that is fresh growth and that will in its time give both
blossom and fruit. So I have thought it needful to make a third more
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generally accessible statement of my analysis and theory of hearing.
There can be no mistake about its general nature and purport this
time.

I have tried to be as clear as possible without going to the tiresome
extreme of saying everything. So I have laid bare the critical structure
of my scheme in two successive summaries. 1 have also added an
account of my theory in more or less untechnical, and, I hope, more
familiar, terms for those who are unaccustomed to psychological ter-
minology, but desire to understand my views. I have taken some
account of the fact that these readers are likely to be most interested
in the musical issues of hesring,

My obligations will be obvious to the expert reader. I have not
attempted to mention .all theorists equally, as my aim is to expound
and to prove my own theory, not to review and apportion the history
and merits of all others. So I have only selected a background for my
work. Besides it would be a work of supererogation to repeat what
has been so well done by others. For all the simple processes of hearing
I have drawn freely upon the work and observations of Stumpf. No
one who follows his work closely can fail to be impressed by his
meticulous concern for the true facts, and by the careful logic of his
inferences. These merits have made his work and that of his col-
laborators deservedly authoritative. In a sense my endeavour has
been merely to subject their work and that of other workers on hearing
to proper psychological methods and to make it really fruitful for
theory. In dealing with binaural processes I have been greatly assisted
by the excellent summary of O. Klemm. Besides these chief sources
my authorities are set out plainly as occasion arises.

In a question of the foundations of a science a little difference
goes a long way. And the little difference from which I build has
never definitely been held nor advocated by anyone, as far as I am
aware, although various theories have made some approach towards
it, in so far as they considered tones to be quantitatively different.
Many new results flow from this basal reform which considers pitches
to be, not qgualitatively, but ordinally, different. These new results
include a theory of tone as such, which does not limit its account to
a reference to the pitch series and to tentative remarks on volume,
but shows the stuff and structure common to all tones; a theory of
noise, which does not harbour a persistent remainder of doubt, but
is convineingly adequate, although the ground of facts is from the
nature of the case inexhaustible; a theory of fusion which meets both
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the negative and the positive aspects of all the facts; the measurement
of the real psychical basis of an admittedly immeasurable mode of
sensory experience—volume; a theory of interval, which discovers a
second field of form and proportion with laws already familiar in the
visual field; or, in general, a purely psychological basis of analysis
carried well up to the boundary of musical complexity, upon which
a full and sufficient theory of musical construction may in time be
raised.

No doubt my theoretical constructions must be carried somewhat
further before they can be held to have passed fully over into the
elements consciously used by produective musicians and appreciative
listeners. The gap is not a large one and is in great part filled by a
pevchical field that a theorist of sensory experience dare not rush
into—the field of psychical habit and attitude. That field belongs
chiefly to the historian and ethnologist. No doubt theory can go
somewhat further still than I have gone. But it cannot go very far,
for the working musician definitely takes over at a certain point the
raw materials of his art from the real psychical processes of hearing,
inaccessible in full to observation, and then proceeds to construct
from them wvast new realms without consulting anything that lies
beyond the ken of observation.

But I am not concerned about what I have not yet attained. If
my theoretical efforts are valid, they will grow easily; if they are
unfit to survive, the canker will be found within their body. But
I think they are healthy enough to overcome in active life whatever
weakness may have been born with them.

H.J. W.

Grasacow,
January 1917.
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INTRODUCTION

I. The end and aim of the study of hearing is to explain it. Every-
one may be supposed to know what is meant by explanation, so that
it is usually considered superfluous to state what that meaning is,
especially in the introduction to a scientific book. We expect explana-
tion to follow of itself from a full and correct statement or deseription
of the facts and their connexions. Indeed a thinking mind usually
desires no more than this. Not that the thinking mind delights in
prosaic formulations. Far from it; it supplies for itself the poetry or
the atmosphere; the mere statement of the facts and their connexions
arouses this atmosphere. And by atmosphere we mean the sympathetic
surroundings, kindred facts and connexions from other spheres of
reality. Thus explanation seems really to mean the full and correct
classification of facts and their connexions, so that they may be grouped
by the mind along with already established sets of facts and econnexions
of a similar kind.

But more than this is usually required by the scientist. He has also
to show how his system of facts is connected with those that surround
it in the world of reality. Or if only a part of the events he is interested
in can be fully and correctly described, he is required to show to the
best of knowledge and belief what set of facts and connexions, or in
a word what set of processes, already observed and familiar in other
regions, occupy the unobserved regions of the events he studies. Or
he endeavours to clarify his thought of one set of facts ete. by his already
clear thought of other sets of facts etc. This effort of scientific thought
i8 known as theory and in its incipient stages as hypothesis.

The study of hearing therefore begins with the statements of the facts
of hearing and their connexions. These are wholly and solely matters
of experience; they are psychical. For hearing means experiencing,
A clear statement of these facts will call up in the mind of the
thinking reader similar facts and connexions from other departments
of experience, especially from the fellow processes of hearing,—the other
senses. And here again these facts will be wholly and solely psychical.
Where the facts of hearing cannot be observed or have not yet heen
successfully observed, the study of hearing will feel impelled to draw

w. P. 5. 1
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upon its knowledge of the other senses and so to form a complete state-
ment of the facts of hearing that shall at least be most probably true.
Thus far the study of hearing belongs to the science of psychology.

II. At the present time even this primary part of the study is
full of the keenest disputes. Several reasons may be brought to account
for the prevailing difficulties and doubts. The chief of them is the
peculiar complexity of even the simplest auditory experiences, which
makes their observation anything but easy. It is not only hard to
arrange for the occurrence of an exactly simple sound by the isolation
of its physical stimulus, but only a few persons possess the power of
making fine and accurate observations on sounds, whether they happen
to have educated that power or not. Complexity and obscurity are
nafurally increased manifold if they suggest the wrong atmosphere
of classification. And this seems to have happened in the study of
hearing in so far as vision has been held to be the pattern according
to which the experiences of hearing might best be arranged. It seems
probable that in another sense than vision or in a comparative inductive
study of all the senses a better guide to the elucidation of hearing
might be found. For we must expect similar parts of experience, in
this case the warious senses, to work in essentially the same way.
Inductive methods are obviously best if the common essential functions
of all the senses are to be separated from what is special to each and
from what might mislead us, if we take any single sense as the standard
and pattern for hearing,

It is a familiar fact that hearing depends upon the work of the ear
and of the neural organs attached toit. The study of these is physiology.
But the physiology of the ear finds itself very often unable to complete
its statement of the facts regarding the working of the ear and its
connected organs. It is forced to theorise about the remainder. And
it naturally turns for information to the psychology of hearing. If
our experiences of hearing are dependent upon the ear, ete., what is
more likely than that the facts of hearing will make possible some good
inferences regarding the functions of the ear, ete., which cannot be
directly observed. But it is obvious that if we are to have good inferences,
we must base them upon the best possible psychology. Inferences from
one side dare not contradict facts of the other side, but facts of the
one side, especially the simpler and clearer facts of experience that are
direct objects of observation, form a rule or standard for the theory
of the other side. Ultimately we expect to find complete harmony
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between the two sides, the physiology of the ear and the psychology
of hearing. And, of course, the more advanced and complete study
will tend to lead the way. That is at the present time undoubtedly
the psychology of hearing.

Let us then see what the psychological study of the other senses
may lead us to expect of hearing. The senses may be divided for this
purpose into three groups.

ITI. The first group contains the senses that are distributed generally
throughout the body, especially over the surface of the skin and the
underlying tissues and in various other parts. These are called the
cutaneous and visceral senses, and include the senses of pain, touch,
cold and warmth. There never has been any doubt about their great
psvehological similarity. Theyv can be described in almost the same
terms, and if we omit unimportant variations of degree and frequency,
they can be easily included under one formula. Let us consider the
nature of these terms and of the resultant formula.

The difference that is immediately evident to us between pain and
touch, or between either of these and cold or warmth is called a difference
of quality. We do not usually look upon cold and warmth as being
go different from one another as they are from pain and touch, but
there can be no doubt that once we compare them with such differences
in mind, we must admit that they are very different from one another
and really haye nothing in common. We therefore say that warmth
and cold also differ in quality, though we may readily allow that they
may be more akin to one another than they are to the others. We are
for the moment less concerned with their possible kinship than with
their obvious differences. This difference iz confirmed by the fact
that warmth and cold are acknowledged to be physiologically separate
senses. That applies in fact to all four—touch, pain, cold and warmth.
Physiological research has recently discovered that each of these senses
seems to be served by more than one set of organs or receptors, as
physiologists now call them, in order to avoid the ambiguity of the
word ‘sense,” which is now used only in reference to experiences. The
question thus arises: do these different sets of receptors for one and
the same sense give sensations of different quality. And the answer
iis: no differences can with certainty or even with any probability be
established. Thus we arrive at the highly probable conclusion: each
of the cutaneous and visceral senses gives only one quality of sensation.

1—2
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A second way in which these sensations vary is familiar to every
one; that is intensity. We know of course that various things may
happen to make a pain more intense; the skin may be heated more,
a thorn may be pressed more heavily on the skin, inflammation may
increase, etc., but we never fail to recognise in all this that the mere
‘feeling” of pain varies in intensity. We never confuse the intensity
of the pain with the process going on in the skin, so as to say, for example :
‘pain has no intensity; it is only the process on the skin that has
intensity.” The same holds for all the other sensations of this first

group.

IV. It is quite easy to recognise that quality and intensity are
attributes of sensation, and these two form the nucleus of probably
every list of attributes. The constant disputes that have attended
the formulation of a list of attributes are concerned with the various
additions to this nucleus that have from time to time been proposed.
Even yet no list has been definitely accepted by the majority of psycho-
logists, so that the science of psychology is still devoid of any precisely
formulated and methodically established foundations. The cause of
this lack of agreement is to be sought in no simple confusion of thought,
but in a fundamental weakness of method, namely in the assumption
that, since the two attributes of quality and intensity are acceptable
and accepted as they come and appear to our untutored observation,
all other attributes must also be taken over from among the details of
our sensory experiences as they are found and appear jn our search.
But this assumption ignores the possibility that while quality and
intensity may be very simple and are almost never complicated attri-
butes, some or all of the others may always be wrapt up in the complica-
tions and modifications which experiences produce upon one another.
And that is just what the method we are to follow teaches us to believe
to be true.

One list of attributes for example would propose to add ‘localisation’
as a third to 1ts list, since all gsensations have some kind of localisation,
although some of them seem to have a much more precise and ready
localisation than others. Another list would exclude ‘localisation’
because the localisation of sensations varies and so seems to be due
to something else, and not itself to be a primary attribute. Why not
suppose it then to be a product of the bunching together of quality
and intensity, exclude it from the list, and adopt the attribute of
extensity instead? The objection to this fourth attribute is that it
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would force us to classify the extensity of pain and touch with the
volume of sounds and would leave us inquiring as to the extensity
of smells. Not that such a classification is wrong, as we shall see, but
no good reason was given for classifying things together that seem so
different.

Some lists have included feeling-tone, using this peculiar term to
express in one word the two variations of feeling-tone—pleasantness
and unpleasantness. But most psychologists agree that feeling-tone
cannot be an attribute. For why should it have two forms? Are not
these forms more different from one another than are the variations
of the intensity of either of them, say pleasant feeling-tone? And if
intensity is already in the list, why is it brought in here a second time
with another attribute? And why does pleasantness not pass gradually
into unpleasantness without passing through a stage in which there is
no feeling-tone? (Some psychologists have invented an ‘indifferent’
feeling-tone to fill up the gap.) But if the feeling-tone can be absent
altogether, can it still be an attribute? Psychologists seem to have
agreed in this case that if a given sensation possesses any attribute,
that attribute cannot be made to disappear without the total disappear-
ance of the sensation itself, and that therefore feeling-tone cannot be
reckoned an attribute of sensation. These reasons do indeed seem to
exclude feeling-tone altogether.

Let us consider more closely the axiom just stated: a sensation
disappears if its attribute disappears. Why? DBecause whatever thus
comes and goes without detriment to the continuance of sensation
cannot really be a property of sensation but must be adventitious to
it or a product of the complication of sensation. Against this it is vain
to urge that even the obvious quality and intensity are intrinsically
detached from one another and devoid of inner connexion. For even
if we do fail to grasp their inner connexion, we are none the less con-
cerned to discover which attributes form a constant group in the sense
of the axiom. Nor does it really matter that in the course of the
briefest observation, lasting a fraction of a second, the attributes are
not always all observed to be present. That may be due to the rapidity
of observation and not to the absence of the attributes. We are searching
for firm ground upon which to build psychological theory; and if a
constant group of attributes occurs, that is of the highest importance
for theory, whether very brief duration seems to destroy the constancy
iof the group or not.

The axiom thus becomes in the first place a verbal definition: the
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attributes of a sensation are to be those attributes that on sufficient
observation are always found together. But certain discoveries would
turn it into much more than this—into a real definition. One of these
is the constancy of this group of attributes, not merely for one and the
same sensation, but for all kinds of sensation. The first axiom would
then take on much wider scope and become: if any one sensation has
a certain attribute, so has every other. Or: only those attributes
are to be held to be the real attributes of sensation that on sufficient
observation are found together in all sensations; and there are such.
The second discovery is the different psychical status and origin of the
inconstant features of sensation that we might feel disposed to call
attributes. Thus we should obtain with unimpeachable methods a
sure ground for a purely psychological theory of sensations and allied
experiences. We may therefore proceed, remembering that attributes
other than quality and intensity may not appear in so uniform a guise
and that if our determination of attributes 1s to give us a good founda-
tion for a science of sensations, each attribute to be possible must be
discoverable in every kind of sensation.

V. A third way in which the sensations of the first group vary is
their localisation. Pain, touch, cold and warmth are always clearly,
and often very distinctly, localised. And it is easy in the case of these
sensations to show that localisation is an experience. When one has
toothache or rheumatism, for example, one can hardly ever in any
way see where the pain is. Without exploring the skin for tender spots,
one feels the pain ‘somewhere’; and rheumatism often flits about in
spasms from one place to another, each twinge of pain at once marking
itself out from the others by its localisation. And pain often seems to
be in the wrong place. Cases are familiar in which pain is localised in
the fingers and toes of a lost limb. The pain somehow appears as if it
were in the lost member. Localisation is therefore a feature of experience
that can be denied as little as can pain itself no matter how ‘wrong’
it is.

But localisation is not therefore an attribute of sensation. Touch,
pain or cold are merely what they are; we ask for no more enlighten-
ment about them when we have them; we take them just as they are;
we do not need to refer to touch when we name pain; and pain is not
any more truly pain after we compare it with touch or cold, than before;
reference to touch is only a way of bringing the difference of quality
logically clearly to mind. Not so with localisation: we cannot even
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experience, far less think, the localisation without some reference in
our experience to the painful part, toes or tooth. If we could completely
isolate a sensation, it would have no localisation. But there must be
something in the sensation which justifies its getting a localisation;
if we cannot localise one pain in a finger and another in a toe without
some conscious awareness of these parts, by thought, or mental image
or the like, there must nevertheless be some difference inherent in each
pain, in virtue of which it can be referred to the correct part. This
difference would be an attribute, possessed by the sensation without
dependence on any other experience.

How shall we name 1t? That depends upon whether the supposed
attribute i1s simple and primary or complex and derived. The schools
of psychologists have divided on this alternative and have even received
distinetive names, the genetic school holding to derivation and the
nativistic school to primacy. The former school urges that localisation
may be derived by association from combinations of the qualitative
and intensive differences already admitted. But it has never succeeded
in showing that there is in existence a fraction of the variations of
quality and intensity which would be required to account for all the
variations of localisation which occur. Nor has it established any
convincing theory of the means by which the association of these
differences come about. Association merely begs the question. What
we need to know is how a particular quality comes to attach itself by
association to a particular intensity, when both are given. If we say:
“Well, aren’t they at the same place?’ we merely beg the question.
For if localisation is derived, they have of themselves no place at all;
they are merely a quality and an intensity. And lastly even if they
did hiteh on to one another somehow, why should that give mse to a
localisation? Why not to a feeling, or an idea?

The genetic school 18 thus defeated at every point, and the field 1s
left to the nativistic theory. It claims no miracle of unfounded associa-
tion and transformation. It is true a development must be admitted:
the primary attribute develops into localisation. But how it does so
is a problem which may be left for later study. Looking at the develop-
ment backwards in order to determine the nature of the attribute out of
which localisation develops, nativism claims that the primary attribute
has a psychical kinship with localisation; it is like the latter. Is it
justified in doing so?

i Most assuredly. For we can readily in thought strip from localisa-
tion its garment of reference, considering only the primary differences
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upon which it rests. We can do so in observation as well. Let the
forefinger of each hand be touched. Cease to consider the spots as being
in the fingers and consider only their inner differences, staring at them
as it were, as one does at times with the letters or sounds of a word,
when they lose their meaning and become so oddly absurd, Their
differences as mere sounds stand out more clearly than usual. So with
the touches: we notice a primary inherent difference between the two
which seems best describable as a difference of order. It i1s the same
kind of difference as that between one and two, between first and second.

Thus we may conclude; every sensation of any sense of the first
group differs from every other in respect of the attribute of order, as
we may see from the differences of localisation that are so obvious in
these senses. The careful and correct study of this attribute is of vital

importance for the psychology of hearing as of many other departments
of experience.

VI. A fourth attribute is closely connected with order. But its
distinetion and its study will for that reason be much easier. When we
put a hand into warm or cold water, we have a mass of sensation varying
in extent as more or less of the hand is immersed. Now although the
extent of the cold or warmth varies, each experience is alike in being
extensive. Hach extent of cold or warmth feeling is just as extensive
as any other. This extensity is not so closely bound up with localisation,
as with primary order; for we should hesitate to say a localisation
was extensive; space is extensive, 8o is a finger or a toe; but a touch’s
reference to a point of space or to the finger or toe is not extensive;
only the touch is extensive. In other words spatiality is not implied
in extensity any more than it is in mere order.

The seeming independence of extensity and localisation may largely
account for the fact that extensity and its temporal counterpart,
durance, usually appear even in those lists of attributes that do not
contain localisation or order. Given extensity, those of the genetic
school thought it possible by one means or another to manufacture
positions within it out of the natural groupings of differences of quality
and intensity. W. James, who was a nativist as regards extensity,
thought that the perception of positions within it resulted from sub-
dividing (36, 75). But a moment’s consideration shows that orders
cannot originate from mere extensity. We could make tactual or visual
areas of the same size all over the sensory field; but they would be
identical, unless they included differences of order. Even an increase
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of extent is unthinkable apart from inherent differences of order, Of
course differences of quality and intensity which accompany ordinal
differences may draw the attention powerfully to the latter; but they
cannot create them. Probably James felt this in some vague way.
He said (36, 19): “ he who will have thoroughly answered this problem
of discrimination, will have laid the keel of psychology.” Well, one
beam of that keel is a nativistic attitude towards order as well as towards
extensity.

Two other attributes remain that concern our awareness of time and
its differences. They are very clearly akin to the attributes of order
and extensity. They may be termed order and durance. To distinguish
temporal order from the order upon which localisation rests, the latter
may be called systemic, as it 18 the order that appears when a system
of receptors yielding one quality is given. But, as the psychology
of hearing is in no way seriously affected by the distinction and study
of the temporal attributes, important as they are in themselves and
for experience in general, we shall omit any further reference to them.
Our attention will be confined to the first four attributes—quality,
intensity, order, and extensity.

The sensations of taste may conveniently be added to those of the
first group. They present no new feature of psychological interest
unless it be their variation in quality. Tastes occur in four qualities,
sweet, sour, bitter and salt. Although we seem to have as good reason
of a physiological kind to call them the qualities of independent senses,
as in the case of warmth and cold, most people would deem the qualities
of taste more akin to one another than those of the cutaneous senses.
Unfortunately we have as yet no other means of gauging the kinship
of different qualities than our direct introspective impression of their
kinship. Thus far at least the rule holds that for every physiologically
independent sense only one psychological quality occurs.

VII. The senses of the first group detach themselves from the others
chiefly because the study of the attributes of sensation in them presents
least difficulty and so formulates the problem to be pursued through
all the other senses. This clarity and simplicity are doubtless due to
the comparative physiological simplicity of their receptors and to their
cognitive functions in dealing with the objects immediately surrounding
the body. They are known to physiologists as the simple exteroceptive

isenses. A second group of senses is naturally formed by the receptors
of the body (known as proprioceptive and interoceptive) that obtain
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for cognition data regarding the states and operations of the body
itself and regarding the stimuli that affect its inner surface, i.e. the
alimentary tract exclusive of the parts near the month. But as these
states and operations are for the most part controlled without the aid
of cognition, it is not surprising to find that the sensations of this
group are in various respects obscure and difficult of study and somewhat
complex. But we have every reason to believe that the formula derived
from the first group is perfectly adequate to the second group. This
includes the articular, and the muscular (proprioceptive) senses, and
the large group of the organic (interoceptive) senses (106, 317f, 336¢.)
(that are stimulated by emptiness or fullness, filling or evacuation,
of various organs).

The articular sense provides data dependent on the relative positions
of the jointed limbs. It is physiologically distinct from the senses of
the first group, more particularly from touch. We have no reason
to suppose that more than one quality occurs in this sense. Of the other
attributes intensity is the most obscure. This is almost certainly
due to & want of variation in the physiological conditions upon which
that attribute is dependent, and not to its psychological absence. If
a limb is placed very comfortably and in perfect relaxation, awareness
of its relative position gradually disappears entirely; but it is at once
restored by renewed innervation. A uniform intensity would be
cognitively irrelevant and therefore introspectively indefinite.

But we have still to deal with the datum of position conveyed by
this sense. And our thoughts naturally turn to the attribute of order.
Could it be the basis of position? To this proposal, we must surely
assent. For just as in the case of localisation, position includes a system
of orders and yet is more than that; it is position of the limb. To get
a notion of the primary underlying attribute we must omit the phrase
‘of the limb’ and express the sensory datum as ‘order of articular quality
of uniform intensity.” Our awareness of the relation of this order
to a certain limb must be gained from it by our somehow collating it
with other orders. The same applies to our awareness of the particular
limb to which the positions apply. In both cases we need presuppose
in the sensation nothing but sets of articular sensation of different
orders. And the different extents of these sets, e.g. in the contrast
of the sensations from a large joint with those from a small one, point
us towards the attribute of extensity.

The muscular sense provides an interesting variant upon the
obscurities of the articular sense. For while it also has only one quality,
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its variability is chiefly intensive and hardly ordinal at all. In fact
we are explicitly aware of muscular sensations as such only when they
are considerably intensive and begin to give some awareness of strain
or resistance. Intensity may therefore at once be conceded, while
we may see ordinal variation behind whatever awareness of localisation
of muscular sensation we possess, and extensity in their common varia-
tions of bulk or mass, as we pass from large muscles to small muscles.
These variations in bulk doubtless imply the presence of sets of ordinal
differences in the mass sensation we obtain from each muscle; and it
is probable that varying numbers of the fibres of one and the same
muscle are innervated in response to the varying strain or volitions
directed upon the muscle. A wvariation in the extent of muscular
sensation from one and the same muscle would thus be evoked. It
is not necessary to suppose, as Myers (85) suggests, that the intensity
of muscular sensation varies with these extents; these intensities are
surely more likely to be dependent upon the strain put upon the fibre
in which the receptor for muscular sensation is embedded. But our
cognition of strain may take both variations of intensity and of extent
from one and the same muscle into account.

In organic sensations, amongst which hunger, thirst, repletion,
naugea, and many others are included, we find a general obscurity
of attributes, but no other serious obstacle to their identification. Their
qualities are all rather vague and diflicult to distinguish from pressure
or mixtures of pressure and pain. Their localisation, although by no
means precise, is certainly clear enough to warrant the assumption
of underlying orders, and they always occur in considerable bulk. We
therefore feel entitled to claim that the formula of the attributes derived
from the first group, holds also for the second.

The special psychological interest of this group of sensations lies
in the frequent obscurity and variability of their attributes. But,
as we have already suggested, this may properly be ascribed to a want
of variation in the physiological correlatives of these attributes, and
not to any psychical incapacity of the sensations themselves. If the
stimulus to one of these senses is present, it may be sufficiently effective
with only one line of variation. Hunger and thirst need not wander
over the body; their intensity is enough for all purposes. And their
physiological validity is further secured by their mass or bulk, dependent
as that is upon the distribution of their receptors over the surface
" or over a representative section of the organ most immediately concerned
in the related function. So we apparently never get a “spot’ of articular
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or muscular or organic sensation, as we do with the sensations of the
first group, but always an undifferentiated mass or bulk. And yet we
may properly infer from the variation of extent which accompanies
the gradual immersion of the hand in cold or warm water, that the
mass of any sensation of the second group is due to the fusion of many
minimal extents of sensation. We also know from the cutaneous senses,
and still more clearly from vision, that in area there is no accentuation
or diserimination of orders unless within small ranges of that area
a rapid variation of intensity (or, in vision, of quality) is also given.

VIII. The remaining senses, hearing, vision and smell, form the
third group. Like those of the first group these are exteroceptive senses,
sometimes distinguished as ‘far’ senses or distance-senses (106, 324¢.)
from the former, the ‘near’ senses. Their sensations are much more com-
plex and elaborate than those of the other two groups, so that they are
often called “higher,’ and the others ‘lower’ senses. Being ‘far’ senses
they are most important for cognition. Our problem is to express
their complexity and to solve their obscurities and difficulties in terms
of the simplicity of the other senses and of the attributive formula
established for them.

In vision special difficulties are presented by the attributes of in-
tensity and quality. There seems
to be an indefinite, though wholly
surveyable variety of qualities in
vision, of which the solar spectrum
exemplifies a special series. The
whole range of these qualitative
variations is displayed in the ‘ colour-
figure’ (Fig. 1). It is very difficult
to find in wvision a satisfactory
equivalent to the intensity of other
senses. Forif the range of variations
from red to green or from yellow to
blue is to be taken as qualitative,
so must the range from white to

Bk black. And yet there is something

’ common to these series; in passing
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in passing from white to black. How then shall we distinguish
brightness and quality in the two series? Although it is indeed far from
easy to bring vision into full harmony with the other senses, we have
hardly reason to believe that such harmony is unattainable. And it is
encouraging to find, as we shall, that these particular difficulties of
vision do not recur in the sense of sound, if our interpretation of that
sense is correct. Successful analysis of hearing would then lend added
weight to the probability of wvision’s conforming to the proposed
type.

In smell we meet with a sense that has so far baffled all the efforts
of physiologists or psychologists. It possesses an amazing variety of
qualities which have never even been so surveyed as to appear to be
a closed or exhausted system. And they give practically no kind of
limit as to how their complexity might be reduced to the mixture or
interaction of a few primary qualities. Of their intensive variations
there never has been any doubt. But if they are all localised about
the nostrils, as seems probable, they would be devoid of all variation
in order, though not of order altogether, so long as they are localised
at all. Of any extensity we have only the vaguest indications. W. James
thought vinegar a less extended smell than musk (36, 76). Smell is
in fact a most puzzling sense. Of course it is in us in a most degenerate
state. But that hardly seems a good reason why it should be difficult
for us to give a psychological analysis of it.

If the qualities of vision, as all theories of colour vision suggest,
promise to allow themselves to be reduced to a small number of primary
qualities, of which each one or each pair forms a more or less independent
sense, it would seem highly probable that the qualities of smell will
some day admit of a similar reduction. In that case some general
rule regarding the qualities of sensations, probably that suggested by
the sensations of the first group, perhaps with slight modifications
for the cases of kindred qualities, would establish itself. If the ordinal
attribute of all the other senses conforms to a general rule, it is hardly
likely that smell will form an utterly irreconcilable case. A similar
remark applies to the intensity of vision. It is interesting to notice how
the different difficulties presented by the various senses thus tend to
reduce the probability of any one of them proving insuperable.

It 18 my intention in this work to attempt an analysis of the sense of
. hearing on the lines suggested by this analysis of the first two groups
of senses. The analysis promises to be completely successful and thus
to add its evidence to the probability of the universal applicability
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of the suggested formula. At the same time we shall find as we pursue
the analysis beyond the simplest forms of auditory sensations, that the
effort to reduce the least complex forms of auditory experience to types
also applicable to the same forms of complexity as they appear in the
other senses, adds still more to the probable truth of my formula for
the attributes. So far I have of course only been concerned to estab-
lish a starting ground for analysis towards the attributive formula.

Practically every previous attempt to bring hearing into conformity
with the other senses and so to procure extraneous evidence of the
successful analysis and arrangement of its facts and their connexions,
has followed other lines than those adopted in this work. And (without
regard to the present theory) there can be no doubt in the mind of any
modern psychologist that every analysis of hearing yet offered leaves
so many difficulties unsolved that we must either consider it to be in-
adequate to the facts, or our knowledge of the facts to be inadequate
to it. Where, as in hearing, the main body of the raw facts of an
elementary kind hardly offers serious grounds of dispute, the latter
alternative may be deemed improbable. The writer is convinced that
his analysis is so much more adequate to the facts as to be preferable
to any previous analysis, and as to convince us that the failure of every
previous analysis to carry conviction is hardly due to any deficiency
in our knowledge of the raw elementary facts of hearing. The writer’s
analysis thus seems fitted to bring into the elementary psychology of
hearing insight and stability such as it has never hitherto shown. This
result must be of the highest importance to every discipline which is
associated with, draws upon, or builds upon, the elementary psychology
of hearing, e.g. physical acoustics, phonetics, physiology of hearing,
musical practice and aesthefics.



CHAPTER 1

AUDITORY SENSATIONS AND THEIR ATTRIBUTES

[X. The whole gamut of the world’s sounds falls into two halves
which are perfectly obvious in their extremes although there is no clear
division between them. Everyone makes a distinction between tones
and noises. Tones are smooth, even, and regular in appearance, while
noises are rough, uneven, and irregular.

A. Tomes. A good preliminary survey of tones is given in the
series of sounds produced by any musical instrument. When we run
over the keyboard of a piano note by note from left to right; the
sounds produced differ from one another in a way we usually name
collectively as a difference of pitch. The pitch is said to rise as we
progress, being low at first and then becoming gradually higher. Even
on the piano we notice that the difference between its tones is much
less noticeable in the extreme octaves than in those intervening, so that
the piano seems to give us the greater part of the whole range of tones,
or at least the only part that is of any use for music.

But any part, if not the whole of this range of tones, can be produced
on many other musical instruments and we can readily recognise the
instrument used from the sound of its tone alone. Thus we get a large
number of similar series of tones, and if we are to obtain any common
survey of the range of tones, we must first settle whether any of these
series i8 the real series of tones and if not what is the primary series.

Very few, if any, musical sounds can be produced without the accom-
paniment of a certain amount of noise. But apart from that—and we
readily learn to neglect it—we usually hear in good musical tones only
a unitary sound in which no parts seem to be distinguishable. The
tone has of course been made as pure as technique and tuning will
allow. But everyone knows that the sounds of the rougher musical
instruments often break up into parts which are distinguishable by
* their pitch. The elimination of these ‘irregularities’ of pitch is just
what makes the playing of many musical instruments so difficult.
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The trained ear watches for them and learns to manipulate the instru-
ment so as to exclude them and to make the tone as pure as possible.
But have they even then all been excluded? Perhaps we should find
more of them if we made it our special business to analyse the pitch
of tones or if we used special instruments to help our hearing.

Helmholtz has proved in a variety of ways that the pitch of the tones
of musical instruments 1s nearly always much more complex than it
appears to be. In many cases the presence of more than one pitch
in & musically simple tone can be heard with the unaided ear, if a careful
search is made. And if each probable component of the tone is sounded
gently and repeatedly beforehand so as to prepare the attention, the
range of such observations can be greatly increased. We seem to hear
the prepared tone sounding on into the tone to be analysed. These
results are not imaginary, as if we really did carry over what we expect
into what we actually hear; for it is often to be noticed that with the
latter method the equal temperament of the piano suggests as a probable
component a tone that does not quite coincide in pitch with the com-
ponent actually heard, but is a little sharper or flatter than it. More-
over these components can be much strengthened with the aid of
suitable resonators. And as Helmholtz says, the ear recognises without
resonators every component that can be strengthened by them and
perceives no component unaffected by the resonator.

The results of the psychical analysis of musical sounds are confirmed
by physical analysis in various other ways. And the sounds of musical
instruments can be roughly imitated on the organ by the combined
use of a number of stops which bring together for each tone of the scale
a set of sounds whose predominant pitches coincide with the chief
component pitches of the imitated sound. The primary cause of the
differences between the sounds of diflerent musical instruments is
therefore physical. Hardly any musical instrument vibrates so as to
evoke a tone of a perfectly simple pitch; it vibrates so as to evoke
a sound in which one pitch predominates over others.

The component pitches of musical tones are usually members of
a definite series. Let us call the lowest component piteh of the analysed
tone ¢. The lowest is usually also the loudest or predominant pitch
of the tone, from which it receives its name—its ‘nominal’ pitch. The
next higher component pitch will often be an octave higher, ¢'; the
third component will often be a fifth higher than that, ¢’; the fourth ¢2;
the fifth e®; the sixth ¢%; the eighth ¢®; the ninth d®; the tenth e3;
the twelfth ¢%; and so on. The seventh and eleventh components
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cannot be expressed exactly with the names used in our musical scales.
If we played this series of tones on a musical instrument, the physical
rates of vibrations which would theoretically correspond to the pre-
dominant pitches of each would be respectively, n being the rate of
vibration of ¢:
n, 2n, 3n, 4n, bn, 6n, Tn, 8n, 9n, 10n, 1ln, 12n, ete.

That is to say, they are all simple multiples of #. This can readily be
shown with the monochord upon which the presence of components
in an apparently simple tone is often demonstrated. The tones of the
above series can be obtained by plucking the string when it has been
stopped with a fine brush at a half, a third, a quarter, etc., of its length.
Or the stopping brush may be applied to these points of the string
after 1t has been plucked, thus isolating the physical component, if
it is present. It is a familiar fact that the rate of vibration of a string
1s inversely proportional to its length. We thus obtain a simple rule
for the components of the pitch of tones: they are one or any of a series
related to the physical rate of vibration or to the pitch of the lowest
predominant component in the following manner. Rate of vibration:
n, 2n, 3n, 4n, dn, 6n, Tn, 8n, 9n, 10n, 11n, 12n. Corresponding relative
pitch: ¢, ¢/, g, ¢, €%, g% <b?, c3, d®, &, >3, ¢°.... Thus the pitch of
any suspected component may easily be calculated. Component pitches
may be known as partial pitches, the lowest and predominant partial
being the fundamental partial, and the others the upper partials. As
confusion is liable to arise if the upper partials be numbered without
inclusion of the fundamental, 1t 18 usual to include the latter in the
numbering as the first partial. Partials are then numbered according
to their numeral in the n series above. The even partials are ¢’ (2n),
¢ (4n), g® (6n), ete.: the uneven are n (c), 3n (g'), dn (%), ete.

Helmholtz, whose work on this subject is authoritative, summarised
the results of his researches in a few general rules showing the usual
components of the pitches of various instruments and the relation
between these sets of components and the musical character of the
sounds. These rules are as follows:

1. Tones of simple pitch, like those of tuning forks with resonance
chambers and those of wide stopped organ pipes, sound very soft and
pleasant, free from all roughness, but wanting in power, and dull at
low pitches.

. 2. Tones containing the lower partial pitches up to about the sixth
in moderate prominence are produced by the pianoforte, open organ
pipes, and by the human voice and the French horn in medium strength.

W. P. S. 2



18 AUDITORY SENSATIONS [en.

The tones of the latter instruments form the transition to tones with
high upper partials. The tones of flutes and of the flute stops of the
organ with a low pressure of wind approach to tones of simple pitch.
These tones of some six partials are fuller, richer, and more splendid
than simple tones, but they are also perfectly sweet and soft so long
as the higher upper partials are absent.

3. If only the uneven numbered partials are present, as in narrow
stopped organ pipes, pianoforte strings struck in the middle, and
clarinets, the tone sounds hollow, and when a large number of such
upper partials are present, nasal. When the fundamental partial
predominates, the tone sounds rich; but it sounds poor when the funda-
mental is not sufficiently superior in strength to the upper partials.

4. . When partial pitches higher than the sixth or seventh are very
distinet, the tone becomes cutting and rough. The degree of harshness
may be very different. When their force is inconsiderable, the higher
upper partials do not seriously detract from the musical value of the
tones; on the contrary they are useful in giving character and expres-
sion to the music. Such tones are produced by bowed instruments,
and most reed pipes, the oboe, bassoon, harmonium and the human
voice. The rough braying tones of brass instruments are extremely
penetrating and therefore give more the impression of great power
than similar tones of a softer blend (29, 1791., 30, 1181.),

X. The character of musical tones by which we recognise from
which instrument they have been produced is thus at least a peculiar
combination or blend of pitches. This character may therefore well
be called the pitch-blend of tones. And the above rules may be further
condensed into a single statement: the pitch-blend of a tone depends
upon the group of partial pitches by which it is constituted and their
relative strengths.

Remarks must be made here on terminology. It is common practice to speak
of the lower and upper ‘partials’ of a tone and of the fundamental partial, withount
the regular addition of the substantive usually implied—tone. The term °‘partial’
thus comes to have not an adjective, but a substantive meaning. This practice seems
to me to be a happy one. For it will be shown, as we proceed, that the common
notion of a ‘partial tone’ rather anticipates, if it does not also outrun, the warrants
of tonal analysis, which yields us primarily only partial pifches. Although this change
in terminology is trivial and negligible, so far as concerns the facts of observation
in question, it is of the highest importance in so far as it gives a correct leading
towards theoretical construction and deduction from these facts.
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Nor has theory been without influence upon the name given to that character
of tones of the same nominal pitch which varies with the instrument they come
from. The word ‘quality’ (30, 10, ete.), (however familiar and safe it may be for
musical practice) is obviously misleading in psychology; for there is no other case
in which that word is used specially to designate a grouping of distinguishable
moments, whether these are themselves qualitative or not. The same applies to the
word ‘colour,” or to the term ‘clang-tint’ adopted from the German. Besides both
these words suggest dangerous analogies with the variety and psychical status of
the visual eolours. Something might be said for using the word ‘clang’ alone, which
in English is commonly used to designate a special kind of pitch-blend, such as that
given by eymbals. The French word ‘timbre’ although increasingly popular in
psvchﬂlovmnl works, is really impossible in English, both in its French and in its
English pronunciations. The word pitch-blend, on the other hand, has associations
already only with mineralogy, which may be considered remote enough to be in-
nocuous for psychology. There is no reason why we should not in psychology teach
that the object well known in musical talk as the quality of tone shows itself to be
psychologically a group or blend of pitches and will therefore be so named within
psychology. It may then become a question for musical practice to decide whether
it would not be well to adopt *piteh-blend’ in place of its own term because of the
aid given by the former towards correct knowledge of the nature and means of
producing the variant thus designated (108, 74£.)

We have already obtained an answer to our next question: whether
tones occur in which only one piteh is distinguishable. Such tones
are by no means the philosophical fiction they are sometimes said to
be. They do occur, however difficult it may be to arrange at any given
moment and for any length of time for the occurrence of a tone of a
single and certain pitch. If it be doubted whether such perfectly
“simple’ tones occur naturally!® there can at least be no doubt that the
series of musical instruments can be arranged so as to present a series
of sounds approximating towards simplicity of tone. And special
physical devices of ‘interference’ are familiar which ensure the presenta-
tion to the ear of a perfectly uniform and regular aerial wvibration
and so the hearing of a tone of a single pitch® Such pure tones can
be procured at any height of pitch within a large range of vanation and
it thus becomes highly probable that every tone, no matter what the
height of its pitch may be, can be obtained perfectly simple in pitch.
Thus we arrive at the series of tones that is primary to all the parallel

1 Cf, 102, 3. Even tuning forks give at least the octave, if not other partials, The
octave partial from a fork originates, not in the fork, but in the air as a result of certain
physical processes (ef. Lindig): *“Thus it is practically impossible for simple tones to
be produced directly by any source of sound™ (p. 4).

3 (f, loc. cit. Schaefer adds a second means—subjective abstraction: but, as we shall
see, that is really unable to extract a pure tone from a pitch-blend.

-2
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series derived from the different musical instruments. No experni-
mental means is known by which the pitch of a tone can be modified
without any change in the auditory stimulus or in the other charac-
teristics of the tone itself. Our series of tones thus seems to be a primary
series. And our next problem is to see whether we can derive from this
series such attributes as our introductory formula leads us to expect.

XI. The whole interest of the psychology of the auditory attributes
must obviously centre on pitch. This variant, with whatever is involved
in it, is the only important variant in the series of the tones of simple
pitch. It is of course open to theory at the outset to identify pitch
with any of the variable attributes of sensation. But of these intensity
and temporal order are obviously irrelevant, only quality and systemic
order can be seriously considered. Under which of these two heads
does pitch fall?

Psychological theorists have been almost unanimous in their pre-
ference for the qualitative classification. Pitch iz solely, or primarily,
a variation of quality or it includes that within it, whatever else it may
be. For a wholly or primarily ordinal classification not a single voice
has been raised, so that its prospects might well seem hopeless.

The qualitative classification has sometimes been rejected in favour
of a quantitative one. “Till the time of Aristotle tones were considered
to be essentially not a waewor, but a mooér™ (111, 136), i.e. quantitative,
not qualitative, The reason for this Stumpf finds in the Pythagoreans’
exclusively mathematical treatment of hearing, which here, as elsewhere,
obscured all qualitative differences. But this reason is only good so
long as the treatment of tone as quantitative and not at all qualitative
is radically wrong. If it is in any way right, the presumption is that
the Pythagoreans saw clearly what later theorists have allowed their
preconceptions to hide from their view. Mathematical interests might
well be the means of drawing the attention to the quantitative aspect
of tones.

Among modern writers two names may be mentioned. E. Gurney,
writing in 1880 (28, 139), said that differences of pitch are not differences
of kind or intensity, but differences of distance and direction, * clearly
and indisputably felt as such.” But, although this view makes a near
approach to certain aspects of the theory developed in the present
work, it does not probe down to the fundamental analysis of attributes
that we have now under consideration. A quantitative treatment of
pitch was urged by K. Dunlap in 1905 (11, 12).
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“Mach was the first and only one to express the idea that tones lie
next one another in a sensory space, like the colours in the field of vision,
only with the difference that the place of any colour is changeable,
whilst the place of any tone is unchangeable™ (112, 55). In so far as
we may identify spatial with ordinal arrangement, we may modify
this statement to the effect that Mach was the first and only one to
hold that tones include within them an ordinal aspect. But the series
of tones varies qualitatively as well, in his opinion. It is therefore
only partially ordinal. Although, as I showed in the introductory
chapter, a system of localisations cannot be truly held to be primary
in sensation, there can be no doubt that Mach intends the differences
he defines to be considered primary. But his view is not devoid of
obscurity, as he points out that the differences in question are only
analogous to the differences of localisation found in vision, and not
really the same (cf. 112, 55, 101, 125, ete.).

“A given tone sensation,” wrote Mach, “can occur only at a fixed
point of this unidimensional space, which must always be fixated if
the corresponding sensation is to emerge clearly™ (60, 123)t. Mach’s
work contains many suggestive hints of what I consider to be correct
psychological analysis, and I find the use of the term ‘fixate’ in this
representative sentence a happy one. The same applies to his idea
of elements common to all tones, to the ordinal notion of the tonal
geries, and so on. But these good suggestions were mnot brought
together by Mach in such a way as to convince even himself, not to
speak of others. It would therefore be wrong to suppose that Mach
had properly discovered these notions in their significance. As they
appear in his work they are rather such glimpses of (what I at least
consider to be) the truth as one will find, after any particular psycho-
logical field has been cleared up, in countless earlier works dealing with
that field.

K. Dunlap (11, 200) actually considered the classification of pitch
as local sign, but rejected it,—“since local signs do not in general
vary between two extremes, but rather include a manifold of differences,
which do not admit of easy schematization.” And, he added, pitch
admits of quantitative comparison, while local signs do not. And even
Stumpf was impelled to admit, while discussing Mach’s views, that
the quantitative arrangement of tones is analogous to a spatial arrange-

~ment. That looks like the inevitable glimpse of a suppressed truth.
" To me it seems clear that the poor support given to the ordinal

! In the 2nd ed. of 1900, ef. p. 130 fi.
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classification is due entirely to misconceptions regarding the psychical
status of space and to inadequate methods of dealing with the attributes.
For if an attribute of localisation is admitted in the other senses, and
if sounds are also localised (no matter whether the binaural basis of
their localisation is familiar or not), how could any one propose intro-
ducing localisation into hearing a second time? The very idea would
be absurd to any one starting out from loealisation. Hence, the com-
plete obstruction of progress caused by the prevailing excess of attention
to space and localisation. The methods of dealing with the attributes
we have already considered.

The nature of the case, on the contrary, really insists upon the
ordinal classification so strongly as to put the qualitative alternative
out of court, refuted as that clearly is by the sheer chaos of conflicting
views to which it has given birth. If it was impossible in our introduc-
tory formulation of the probable attributes to admit localisation or
any spatial reference as an attribute of sensation, it would be as absurd
as it is unnecessary to drag it into the series of differences given by
simple tones. The absence of any spatial difference from that series
is no reason for supposing its absence to be due to illusion or to want
of psychical variation. For the reason surely presupposed by the
absence of psychical variation, namely the absence of the physiological
conditions of that variation, has been denied since Helmholtz’s day.
There is no want of psychical variation at all, but only a want of spatial
variation. And this very want confirms our view that spatial indices
are not in any sense attributes of sensation. For the ordinal classifica-
tion the presence of a system of orders is enough. The question then
is: is the series of simple tones, the series of tones in each of which only
a single pitch can be distinguished, a system of orders?

In 1883 Stumpf wrote with regard to the classification of pitch
as quality: *“from the psychological point of view it is so obwviously
correct as to need no defence’ (111, 136). I feel inclined to write the
same about the ordinal classification. For both statements seem
able to claim justification directly from the phenomena before the mind
in the tonal series. Taking this phenomenal presence to be the chief
concern one might feel inclined to say: “the mere name is a matter of
moonshine; what’s the difference so long as you and I are pleased with
our views? We shall never agree.” This would indeed be the case
if the proposed terms were nothing but names for the special phenomena
of tone, as is primarily true of the name ‘pitch.” But they are not so.
They involve more complex operations of thought than do the simplest
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types of classification. Here we have to take many phenomenal objects
together to consider their likenesses, differences, connexions and changes,
and then to express our ideas about them on the basis of this large
survey. The fact that the object of study is primarily phenomenal is
now irrelevant. It is being treated largely as if it were real, as if its
nature were largely beyond, or independent of, its presence before,
or direct contact with, our thought. But it is always possible for thought
to return from the realistic attitude armed with a reformed and classified
conceptual vision or disposition, and taking the phenomenal attitude,
referring itself most directly to the phenomenal object, to say: now,
are not these tonal differences ordinal, and not qualitative? and to
receive a positive answer with complete assurance. After all, that is
what Stumpf meant when he said that “from the psychological point
of view " his classification is * so obviously correct as to need no defence.”
He i1s wrong only in implying that there is but one psychological point
of view in this case, and that any psychological point of view can
dispense in such a case with a defence on the systematic lines I have
just indicated.

XII. With thig in mind we may now review the arguments in favour
of the ordinal classification :

1. Phenomenal evidence. (a) Direct. My first and last argument
is then: the series of pitches is ordinal; it is unidimensional; and in
it every tone occupies one and only one place, which can be determined
to a very high degree of accuracy. If we take the tonal series in a number
of discrete pitches, e.g. the tones of the chromatic scale, and apart from
differences of volume to be considered later, the series can better be
described conceptually in terms of order, as ‘this one,’ ‘that one/
‘the next one,” and so on, than in qualitative terms ‘this sort of one,
‘that sort of one,” ‘the other sort of one.” This is confirmed by the use
of already established ordinal series,—e.g. place upon a set of real or
imaginary lines, or the series, a, b, ¢, d, ete.,—for the naming of pitches.
If pitches were really qualitative, we might have expected to find
them named after the objects that utter the different pitches, e.g.
the names of birds and animals, as colours and smells are named after
flowers, ete. If reply be made that the spectral colours are now named
with numbers, it should be noticed that these numbers apply only
_indirectly through the lines of the spectrum to the colours themselves
* and that this conceptual system has not yet been applied to the colours
of the colour body, and probably never will be, in spite of the obvious
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advantages which would accrue therefrom. In short, the series is
ordinal. If we take the series in a continuous form, as given in Stern’s
piston bottles, or the like, it forms an ordinal continuity.

(b) Indirect. Those who adopt the qualitative classification admit
the presence in what we ordinarily call pitch of features whose common
designations ultimately imply ordinal differences. Stumpf, who has
already been quoted in this connexion, says the power of spatial
symbolism among tones is extraordinary. The conception of the tonal
series as a ‘rising’ series “seems to the present day musical mind to
be so directly given in the natpre of tones, and so obvious, that the
expression ‘tone-quality’ in place of “pitch’ is liable to convey no
meaning "’ (111, 190).

Whatever may account for the ‘rising” aspect of the series, it seems
clear that a rising series implies an ordinal basis, just as much as does
localisation. Of course it obscures the solution of the problem to look
for really spatial relations within the ‘rising’ aspect.

2. Evidence from discrimination. The threshold of discrimination
for simultaneous pitches lies, in the middle of the musical scale (from
G' to €2, or from 90 to 1200 vibrations per second), between ten and
twenty vibrations per second of difference (103, 94t.). Above these
low limits of difference it is always possible to distinguish and to
separate the component pitches of a sound. This is true even in the
case of pitch-blends, where our ordinary knowledge of the nature of
the stimulus does not lead us to expect to find component pitches.
It will therefore hold & fortiori in the case of chords, where we do
expect to find components. This independence and self-maintenance
of original components is not found in wvision, and vision is the only
sense that gives us an easily changeable and unmistakable system of
qualitative differences. Analogy between the mixture of pitches in
a blend and the mixture of visual qualities can therefore hardly be held
to support the qualitative classification of pitch. But if the ordinal
classification of pitch is adopted, the ease of pitch analysis receives
a ready explanation.

This evidence of discrimination is seconded by the evidence of
memory known as absolute hearing or absolute ear. This exceeds by
far the finest memory for shades of colour.

3. Systematic evidence. (a) Noises and vowels. The other classes
of sounds yet to be studied—noises and vowels-—admit of explanation
with the help of the ordinal attribute in a simple way that is not open
upon the qualitative line. The latter is compelled to assume the presence
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of a new set of qualities in noises or in vowels or in both, or to attempt
to establish relations of primacy and derivation amongst these sets of
qualities. But any such relations must remain entirely hypothetical,
because there is no analogy to them in any other sense, not even in
vision. They therefore fail to carry conviction even within the qualita-
tive camp.

(b) The systemic attributes. Under the name pitch we commonly
include not merely an ordinal series, but a series of changing volumes
(which we shall study later). In the other senses we have reviewed,
volumes and extents or masses imply the conjunction of extensity
with ordinal differences. We should therefore expect the volumes of
the pitch series to involve ordinal, not qualitative, differences, which
in no other case combine with extensity to give volume.

(¢) The formula of attributes. The classification of pitch as order
seems Indicated by the mere application of our introductory formula
of attributes to the series of simple tones. The presumption regarding
qualities is that hearing will contain only one or a few discrete miscible
qualities, As the latter have hardly been claimed to be present till
within recent years, they are at least not strikingly obvious. One
quality is patent, viz. the quality of hearing as such, that distinguishes
itself from taste or vision. For a parallel to order, our formula does
not. lead us to look for any form of localisation, as we have already
tentatively declared that to be more than the content of any single
sensation. Why not then try to fit pitch upon order? Then the volume
of tones would yield us extensity, and all would be well. Pitch as
order would thus fully confirm the formula of attributes for all but the
crazy sense of smell, which after all could be accommodated in spite
of its obscurity. Hearing, as generally analysed to-day, is the only sense
that offers any serious difficulty in respect of the ordinal attribute.
If it were accommodated, the sense of smell might pass unchallenged.

(d) The integrations of sensory experience. The ordinal classification
receives great and decisive support from a systematic study of the
integrations of the several attributes in the various senses. If distance,
direction, motion, etc., result in many senses from the integration of
the attribute presumed to be inherent in differences of localisation,—
an attribute which very many of those who adopt the qualitative
classification of pitch consider to be at least non-qualitative,—and if
in sound we discover processes closely akin to distance, direction, motion,
ete., viz. distance and interval, direction, and melody, etc., which are
admittedly dependent upon variations in pitch; then it follows that
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the attribute inherent in differences of pitch is at least non-qualitative,
and is presumably identical with that inherent in differences of localisa-
tion,—in our case order. By a parallel study of the senses we should
thus be called upon to regard pitch as essentially ordinal ; and conversely
the classification of pitch under order offers a key to the proper arrange-
ment and interpretation of the complex phenomena of hearing.

4. Psychophysical evidence. (a) Anatomical. These psychological
pleas are supported by two psychophysical ones. The first is ana-
tomical. The afferent nerves attached to the receptor of hearing are
spread over it in a thin line of varying curvature. No matter how this
line of receptors functions, whether transversely or longitudinally, or in
bhoth ways, we should expect it to have some parallel representation in
our elementary experiences of hearing; and the series of simple pitches
is the only parallel to be found. Thus for our ordinal series in hearing
we should have an ordinal series in the body.

(b) Genetic. If that plea is granted, we can then readily understand
how the series of tonal experiences has been developed, without trans-
gressing the bounds of well accepted biological principles. We can see
the finger of nature shaping the marvellous organ of hearing towards
perfection, and need not vainly inquire how that organ came to be
allied with a series of qualities with which it has no inner kinship and
which it could not have produced of itself.

In short the series of simple pitches itself and the whole theory
of hearing asserts and demands the ordinal classification of pitch.
I have here anticipated much evidence that can only be adequately
dealt with separately as we proceed. But it is well to pull the whole
mass together around the crucial point of the analysis. We have thus
completely disposed of the qualitative classification in so far as that
may be applied in any simple manner to the whole series of tones of
simple pitch. Other forms of the qualitative classification which
have been offered in recent years, will be dealt with as the sets of facts
on which they are founded, come within our view.

XIII. But the ordinal nature of pitch is only part of its whole
content. It is a ‘rising’ series besides. And if we have identified
the attributes of intensity and order, we have not yet definitely settled
how we are to accommodate the attributes of extensity and quality.
Of these quality already has a place, as we have indicated under 3 (¢)
above; it 13 mere hearing as such; there must be at least one quality
in all hearing. The only question which now arises is: are there several
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or many forms of quality in hearing? Can any changing feature of the
tonal series other than its order be properly classified as qualitative?
I shall now discuss this question in relation to the ‘rising’ variation
of the tonal series, leaving other aspects of the tonal series till later.
My formula of the attributes calls for the attribute of extensity in
conjunction with order. Thus we obtain the problem: is the ‘rising’
variation better classified as qualitative or as extensive? Of course
extensity alone, being a non-variable attribute as far as our attributive
formula has revealed it, eould not explain a variable series; but it
could do so in the complex variable form in which we have discovered
it, especially in the second group of senses, viz. in extents, volumes,
Or masses.

The following considerations favour the extensive attribute:

1. Phenomenal evidence—direct. My first and last argument is
as before: the series of tones of simple pitch contains a variation of
volume or mass. Low tones are great and massive and all-pervasive;
high tones are sharp, thin and circumseribed; as tones rise in pitch,
their volume shrinks gradually, pulling itself together as it were, till
it is finally almost too small and thin to be noticed. This is true whether
the series is presented continuously or in discrete pitches. And it is
confirmed by the conceptual terms commonly used to indicate these
variations of tones without regard to their specific pitches. In English
we speak of high and low tones, of sharp and flat tones, where neither
specific pitch-place or pitch-blend is referred to. Stumpf, who collated
the terms in use in a number of languages, said: “not all tongues
use spatial expressions for differences of pitch, and those that do so,
not in a thoroughly uniform manner. But yet expressions analogous
to the modern ones are the most general, and are to be found alongside
even where others predominate in technical usage” (111, 192).

Nevertheless at the time of writing the first volume of his work
on hearing, Stumpf was of the opinion that deep tones only seem to be
more extensive; they are not phenomenally so, they are not ‘given’ so
(111, 210). So he was forced to trace the spatial associations and the
spatial apprehension of tone to such differences as commonly accompany
differences of pitch, especially to differences in their duration, in their
spread throughout the organism during hearing, in their feeling-
character, and in their strength. The association is thus essential,
not accidental (111, 223). We may well agree that Stumpf has thus
shown how the association between tones and spatial relations, especially
those of height and depth, has arisen. Tones are not spatially higher
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or lower; that is obvious to everyone in spite of the use of these
terms; the terms are clearly used in a figurative sense. Nor are they
spatially massive, or thin, or flat. We transfer all these terms to them
because, being terms of practical life, they are more familiar and
demonstrable to everyone, and so afford a ready means of describing
tonal differences. The basis for a transference of terms by association
is thus given.

But we surely do not mean by these terms that high tones are either
more continuous than low ones (we cannot use the term ‘smoother’
as Stumpf did (111, 2036.) because that is really meaningless, unless
tones have a volume which can be smooth) ; or are more intensive for the
same power of stimulus; or come from smaller instruments; or pene-
trate less throughout the body; or take longer to hear and recognise
and to fade out. None of all these differences corresponds directly
to what is implied in the spatial references that have to be explained.
Surely we mean that tones do differ phenomenally in their extent or
volume. And although Stumpf did not explicitly reject the reasons
given for his earlier view, yet in his second volume he definitely accepted
the primacy of a variable ‘extension’ in tones of different pitch’.

A word of caution must be repeated here even at the risk of boredom
to those who understand. By order and extent or volume I do not
mean spatial order and spatial mass or volume. If the analysis I
offer is correct, I am sure the failure of previous psychologists to reach
it is due, apart from lack of method in the study of the attributes
common to all the senses, first and foremost to the fixed idea that
there can be no order and continuity unless they be spatial®.

P 112, 56. A, Lehmann (50, 119) also adopts this view and argues from the relation
between extent of sensation and extent of stimulated surface in other senses, e.z. touch,
to & variable extent of stimulated nerve fibres for tones of different volume. K. Dunlap
(11, 201) may also be mentioned- *‘Differences in pitch are directly comparable to
differences in planar or linear extent, and the physiological condition of differences in
pitch accordingly is probably difference in number of nerve-endings stimulsted.”

* The obstruction of the spatial preconception is specially evident with Stumpf, who
indeed comes within an ace of seeing it as such (112, 54m).  From his nativistic principles
he ascribes a special difference (pg) to the experiences of either ear, but although these
differences become associated with the spatial localisation of the cars as parts of the
body and are involved in the functions of binaural localisation, they need not, Stumpf
aays, themselves be localisational in the ordinary sense, but only distinctive of the
experiences of either ear. Having thus properly for the moment got beneath the localisa-
tional process as it were, and having suspected the presence of a ‘we know not what,’
he proceeds to ask “whether amongst the tones of one and the same ear ditferences of
the kind pg are to he found,” and replies: “not a trace.”” But in this answer he has already
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The order of numbers is not spatial nor is the order of times, although
the most modern of philosophers Bergson is so obsessed with the idea of
space, that he would have us believe the intellect itself to be similarly
afflicted and to have crushed the pulsing soul into its cast-iron moulds.
No, there are many kinds of order, and space is only one of them. Why
should there not also be many kinds of continuity—of however many
dimensions—and tonal volume or any sensory extent be only one
species thereof? Then we need only inquire why tonal volume comes
to be named with terms borrowed from spatial volume and why the
pitches of these volumes are said to rise. The answer, as Stumpf has
shown, is clear enough.

2. Bwidence from discrimination. As we shall see in more detail
later on, we can discriminate tones in respect of their volume as well
as in respect of pitch. But our judgment is much finer in the latter
case. Wherever only small differences are given, we rely wholly on the
change in pitch (123, 3201.). Where the pitches offered lie so far apart
as to fail to exhibit the musical relations usually borne by tones of the
same octave, their difference of volume becomes more obvious. It is
not possible to establish the difference of diseriminability of pitches
and volumes by direct experimentation with the tones of the musical
range, because no independent variation of pitches and volumes is
possible. But in the extremes of the tonal series, in very high and very
low tones, at the limits of the musical range and beyond them, pitches
become much less discriminable ; they seem then to be less discriminable
than the accompanying volumes (112, 57 and 123, 3174.).

3. Systematic evidence. (a) The presence of volumes is not quite
so distinetly traceable in the case of noises and vowels; because the
series formed by these sounds are not so perfect. But there can be
no doubt that noises and vowels differ amongst themselves in respect
of volume. In fact differences of volume are more characteristic of
noises than are differences of pitch. (b) The implication of the attribute
of extensity by the attribute of order and (¢) by the attributive formula
need only bhe mentioned.

(d) The special systematic plea for the admission of variations
of volume, and so for the attribute of extensity, is given in sound by

risen from his momentary plunge back to the surface of the localisation barrier. Apart
from the obvious results of mere association given in the expressions ‘higher’ and ‘lower.’
t he says, ““ we notice no spatial togetherness of tones and none such has been maintained
‘even to most recent times.” And thereupon he admits the primacy of "extension’ amongst
the tones of one ear, denied in his first volume!
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the phenomena of fusion that are so characteristic of this sense. These
seem to be explicable only by reference to coincidences of volumes.

4. Of the psychophysical arguments the anatomical (a) is not so
evident and demands the careful examination and discussion of the
rather uncertain observations that have been made. But it seems clear
on various grounds that the occurrence of even a tone of simple pitch
requires the excitation of a short length of the series of neural termina-
tions in the cochlea. The exact amount of this length is not quite
evident either on mathematical physical grounds or on the basis of
experimental injury of the cochlea. The genetic argument (b) is here
the same as before, in so far as with the assumption of volumes the
mystery of the qualitative view 1s removed.

XIV. The series of tones of simple pitch then fully satisfies the
requirements of our introductory attributive formula and the sense
of hearing thus far conforms to the probable sensational type, making
this type therefore still more probable. It thus becomes probable
that the same scheme of allocation of the attributes will apply to the
other groups of sounds that do not fall within the series of tones of simple
pitch. The next problem now is whether these tones are both actually,
and really or theoretically, the simplest auditory sensations.

XV. Itmust beat once clear that as tones form a series of decreasing
volumes, they may well be the simplest auditory experiences we ever
actually obtain, but they cannot be the theoretically elementary sensa-
tion. They may be the molecule of sensation as it were, but not the
atom. That must be true of every tone except possibly the tone of
smallest volume, viz. the tone of the highest pitch at the upper limit
of the range of hearing. The rate of physical vibration required to pro-
duce this last tone varies for different persons and decreases somewhat
in advanced years. It may be set approximately at some 20,000
vibrations!. But it is not certain whether the sounds produced by higher
rates of vibration are merely the noises which accompany the produetion
of these rates of vibration or are themselves sounds (noises) directly
produced by these rates of vibration in place of the previous tones.
An answer to this question is not very important.

In dealing with the senses of the first group we have seen how the

1 . e.g. 123, 327. On the limits of the pitch range compare K. L. Schaefer (102, 71m).
The lowest limit may be put at an average of 16-20 vibrations. Below that the oceurrence
of tone is uneertain,
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variation of the extent or area of sensation is dependent upon the area
of skin affected by the stimulus and thus upon the number of minimal
spots of sensation of different order evoked at once. The variation of
mass or volume seen in the senses of the second group thereby received
a ready explanation. It seems inevitable that we should extend this
explanation to the volume of hearing!. HKach tonal volume would
then be a mass of—shall we say—undifferentiated tonal orders. But
surely there is a differentiation of tonal orders within the mass. Is
not the pitch of a tone obviously the intensively predominating order
of the volume of that tone? Of course great difficulties arise as soon
as we attempt to discover in each case whether more than one order
is involved in the predominance we find, and if so how many. Such
questions are almost as hard to settle as it is to say whether the spot
of cutaneous sensation is the absolute minimum or not. But certain
indications are of great service. Stumpf says: “I will not conceal that
simple mild tones sometimes seem to possess a peculiar elasticity in
the matter of pitch. When the pitch of the tone of a tuning-fork is to
be reproduced upon the violin, it can happen that the player oscillates
within a quarter tone. When a bottle is blown whose tone lies in the
small octave, and the corresponding tone is sought on the piano, the
former can sound now like f, now like fZ; it seems hke that one
of the two tones which is just being played” (112, 114). The pre-
dominating part of the tone is here obviously far from punctate.
Probably the predominance of tone becomes sharper and clearer as the
pitch of tone rises, being broad and gradual like the rise of a grassy
knoll in the low tones, and becoming sharp and pointed like a pyramid
in the higher regions. The addition of upper partials to a tone helps
to reduce its smooth predominance. How this comes about we shall
consider later. For the present I shall neglect details which are
subordinate to the general solution of the problem and speak of the
pitch of a tone as the predominant order in that tone.

We can go still further in our intellectual apprehension of tones.
Tones of simple pitch, e.g. those of a well-played tuning-fork seem to
everyone wonderfully smooth and regular, beautifully rounded off
systems (of elementary tonal sensations). Leaving out the aesthetic
reaction we may say: tones are regular systems of ordinally different,
elementary sounds, in which ‘one’ element predominates. And there
is no sign of any want of balance and no asymmetry in any of these
‘systems, and no difference between the different tones in respect of

1 This extension is made as such by A. Lehmann (30, 120, 131); cf. below, p. 145.
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the system they consist of. There could therefore be no reason for
denying the supposition that the predominating pitch of each tone iz
central to the whole system.

In discussing the question whether there are perfectly simple tones Stumpf
(112, 272) referred (without indication of the source) to a theory by Hostinsky which
has some affinity with the theory just stated. But its foundation seems to be rather
physiological than psychological; an apparently simple tone is held to consist of
a3 many tones as there are neighbouring resonant fibres. And in so far as its founda-
tion is psychological, it rests upon indirect evidence, not upon direct: because so-
called simple tones form a series which would be impossible were they really simple
sensations. Stumpf said of this theory and of Mach’s: *In neither case is an attempt
made to establish the presence of these elements, itis a case of mere hypothesis,
These must justify themselves by their purpose, by the theoretical need they serve.”
My theory does that as well as being a direct expression of the phenomenal nature
of sounds.

In discussing the same problem of simple tones at another point (112, 11111.)
Stumpf brought forward as evidence against the view above referred to (Hostinsky)
that in a simple tone none of the hypothetical neighbouring ‘tones’ are actually
to be heard by the analytic attention. This expectation appears from my point
of view as a misunderstanding of the problem. We cannot expect any but the
predominating order to appear as such in the tone. PBut Stumpf came very near
to my view in the passage quoted in the text about the pitch of simple mild tones.
Only he rejected this clear indieation by saying that even “if the tone really in the
sensation changed its pitch within a semitone according to the momentary direction
of attention, this would anyhow be guite different from hearing, apart from a middle
tone, simultaneously others differing by a quarter tone upwards or downwards.
Elasticity is not extension.”

The theory of Hostinsky may be compared with that of Lehmann (50) referred
to above (p. 28, note 1), and sketched below (pp. 145, 159 f). Lehmann’s
theory is a little better than Hostinsky's in so far as the former recognises the
psychical reality of volume and gives the extensive parallel in touch. C. 8. Myers
and others have made less confident suggestions regarding the volume of tones,
But none of them has really developed the matter beyond a first suggestion.

XVI. But all these predominating pitches form a continuous
series of orders. And this series has two ends, all the pitches higher
than the lowest lying on one side of the pitch of the lowest tone. The
ends of the series are therefore not only distinguished by their difference
of order, but also by the different size of the volumes in which they
regularly occur. Thus we get a perfectly adequate basis for the associa-
tions which are incorporated in the terms by which we name tones,
viz. high—low, sharp—flat, rising—falling. And all the psychological
characteristics of the tonal series thus far encountered have been
explained.
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We may finally return to the pitch-blends which, as attentive
analysis shows, constitute the differences in the musical sounds of the
same nominal pitch as they are produced from different instruments.
Apart from special efforts of analysis these sounds seem to be quite
simple. Neither their predominant pitch nor their volume seems to
vary with the instrument from which they come. They vary only
in the pitches which can be distinguished within these volumes. In
all of them only one pitch predominates—the fundamental pitch of
the tone. But whereas in tones of simple pitch no other pitches are
distinguishable, the whole tone being a regular system of sounds; in
pitch-blends several other auditory orders of varying dominance appear,
all being much weaker than the fundamental, but varying irregularly
in dominance amongst each other. None of them leaves the unity of
the whole unchangeable volume so as to fall outside of it and away
from it, and so to constitute a really separate tone. It is for this reason
that the pitch-blends of good musical tones are ordinarily noticeable
only as a variant upon the corresponding tone of simple pitch (i.e. the
pitch of the fundamental). That is after all the predominant pitch.
The other pitches which dominate relatively within the whole only
serve to give a slightly different character to the system of sounds
that constitutes the musical tone. This system has not the simple
regularity of the tone of simple pitch. Its system has a slightly different
character; 1t becomes asymmetrical, receiving a greater basis of
dominance at one or other part of its volume. If the proportion given
by the dominance of the fundamental is removed by its weakening,
the chief character of the tone disappears, and the tone is ‘poor.” The
more the fundamental and the partials near it dominate, the richer
will the tone be. When the higher partials become more prominent,
the tone must take on a high or bright character, because its higher
parts become more noticeable. Of course, as Helmholtz indicated in
his summary rules, other factors than just the spread of the component
pitches over the whole volume help to determine the character of a
pitch-blend, e.g. fusions, harmonies, ete.

The nature of pitch-blend may be otherwise expressed in relation
to the tone of simple pitch. This pure tone we may for the moment
consider as the ideal of music—a fictitious philosophical ideal. All
good musical pitch-blends are approximations towards this ideal. In
them all the upper partials are so subordinated to the fundamental that
they cannot be distinguished with the unaided ear, unless a systematic,
analytic, search is made for them, or unless the hearer has acquired

“.l P S-- R
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an unusual digposition for attending to them. An effort is obviously
made by the musician to make the tones of his instrument as balanced
and regular as possible, like those of pure tones. But he does not go
beyond a certain point in striving towards this ideal. Once the easy
analysis of partials is obviated, he is within a sphere where the advantage
of keeping away from the ideal greatly exceeds the advantage of
approaching it further. For a great variety of approximations to the
ideal is thereby attained. These together make up a practical ideal
which is close to, but not identical with the theoretical ideal with which
each one separately is related.

Other evidence in favour of this interpretation of the relation of
pitch-blend to the psychological constitution of the tone of simple pitch
will be brought forward (below, p. 71 ff.) when we are free to consider
the phenomena attendant on the simultaneous presentation of the
stimuli which separately would give tones of simple pitch. Having
completed our preliminary study of tones we may now pass on to the
other familiar group of sounds—noises—with the presumption that the
results we have obtained from the study of tones will suffice to explain
the peculiar phenomena of noises, if that explanation is not also derivable
directly from these phenomena themselves.

XVIL. B. Noises. " The nature of the difference between musical
tones and noises,” said Helmholtz in the opening lines of his work
(29, 14; 30, 9), “can generally be determined by attentive observation
without artificial assistance. We perceive that generally a noise is
accompanied by a rapid alternation of different kinds of sensations
of sound. Think for example of the rattling of a carriage upon paving
stones, the splashing or breaking of a waterfall or the waves of the
sea, the rustling of leaves in a wood. In all these cases we have rapid,
irregular, but distinctly perceptible alternations of various kinds of
sounds, which shoot forth spasmodically. In the howling of the wind
the alternation is slow, the sound slowly and gradually rises in pitch
and then falls again. It i1s also more or less possible to separate
restlessly alternating sounds in the greater number of other noises....On
the other hand a musical tone strikes the ear as a perfectly undisturbed
uniform sound which remains unaltered as long as it exists, and it
presents no alternation of various kinds of constituents. To this
then corresponds a simple regular kind of sensation, whereas in a noise
many various sensations of musical tone are irregularly mixed up and
as it were tumbled about in confusion.” Later on, by inference from
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his physical and physiological theories, he showed how steady transition
“between noises without any determinate pitch, and compound tones
with a determinate pitch may be produced.” *This actually takes
place,” he said, “and herein lies the proof on which Herr S. Exner has
properly laid weight, that such noises must be perceived by those
parts of the ear which act in distinguishing pitch.”

Now we are not at present concerned with the identity of the organs
of hearing. In fact we must ask by what right any such proof is thus
established. Does not the proof lie in the psychical identity of being
that is shown to link tones and noises in spite of their great differences?
Noises are essentially the same things as tones; only tones are regular
and of determinate pitch, while noises are irregular and of more or less
indeterminate pitch. Not that they have no pitch at all. It merely
changes rapidly, or there are many pitches at once, so that none predomi-
nates so as to determine which pitch the mass of sound shall be held
to have. Obviously then, one and the same organ, especially such a
complex series of organs as those of the basilar membrane, may produce
both tones and noises. It has only to act regularly in the one case
and irregularly in the other. Variants that are essentially the same
in nature, even although this nature be psychical, can be produced by
the same organ. The argument then is primarily psychical.

The ecritical point of Helmholtz’s exposition is therefore the postula-
tion of indeterminateness of pitch and the assumption of its existence
in noise. No exception can be taken to the methods by which Helmholtz
established the existence of indeterminate pitches. But one might
well ask whether Helmholtz’s psychological system will accommodate
such a thing and how. It certainly does not exclude it; for he took
over the chief terms?® describing tones in a rather free untechnical sense
and without comment from ordinary speech. And so he was free to
extend the notions conveyed by them whenever he saw reason to do so.
This is of course a merit in his method. And impatient of psychological
subtleties, one might feel inclined to say: Helmholtz did well not to
bother over purely subjective matters, which in any case cannot be
decided, being a mere matter of personal fancy. But such a view would
ignore the primacy of the psychical problem, which has just been

1 30, 151 from H.'s fourth edition. Earlier he did not agree with Exner.

* In the first pages of his work Helmholtz spoke of the force, pitch and Kiangfarbe
{which Ellis translates as ‘quality’) of musical tones. Later on (29, 282) he spoke of the
different quality of a tone sensation according to its pitch, thus using quality in the
technical attributive sense.

3—2
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indicated, and will be set out more fully as we proceed, and would
try to improve on neutrality by adopting an unfriendly attitude. If
Helmholtz’s progress was not obstructed by any wrong preliminary
classification of pitch, it was not aided by a right preliminary view.
And it never got the help of this right view, although in certain respects
the physical and physiological ground which Helmholtz prepared for
the reception of psychological analysis would have suited it admirably.
Popular psychology, like popular dietary, has good reason to be highly
successful. But it is just as likely to be incapable of improvement.

And Helmholtz was forced to justify whatever psychological assump-
tions he made or adopted, as soon as they seemed questionable. Thus
in his study of pitch-blends he began by assuming in an apparently
very harmless way, that *“‘the ear...does not hear merely that one
musical tone...but it hears besides a whole series of higher tones, which
we call the...upper partial tones™ (29, 37; 30, 22). Had Helmholtz
kept strictly to the facts, he should have written here partial pilches
instead of partial fones, just as I have done. But he seems again to
have taken over the common usage without questioning its psycho-
logical validity and without even earefully serutimising its exactness as
a description. Had he limited himself to partial pitches his judgment
upon the discussion raised by Ohm and Seebeck?® and his psychological
reflections upon the analysis of tones (29, 1024.; 30, 62fi.) would un-
doubtedly have been very different. He would not have thought the
difference between the analysis of mixed colours and pitch-blends was
due to greater instrumental practice in the latter case. The’use of
the innocent looking word ‘tone’ instead of ‘pitch’ led him to expect
of tonal analysis by mere attention what it can never do. It can
never make tones more separate than they originally are when given
to it.

An immense amount of obstruction has been created by this little
word tone so innocently and so plausibly inserted instead of the certain
fact of pitch. Stumpf’s discussion of the psychological nature of noises,
for example, was profoundly affected by it. At many points he used
the word tone where obviously only pitch was meant. Thus when a

129 1004; 30,5 : “The dispute turns upon whether in all cases upper partials
can be perceived analytically in their individual existence; that is, whether the ear
when unaided by resonators or other physical auxiliaries, which themselves alter the mass
of musical sound heard by the observer, can by mere direction and intensity of attention
distinguish whether, and if so in what force, the octave, the twelfth, ete. of the funda-

mental exists in the given musical sound.”
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single stick is thrown on the ground, it was said, no ‘tone’ is heard;
but it is readily recognised if a series of sticks of the appropriate sizes
are thrown on the ground. A moment’s recollection of this familiar
experiment suffices to show that in the serial part of it only pitches
are heard and recognised, not tones, unless we mean by tones merely
recognisable pitches. So too when a tone was said to be heard from a
brook. And Stumpf’s test of the absence of ‘tone’ from subjective
(ear) noises seems to have been: how nearly their pitch could be
estimated (112, 500fi.).

With regard to theories, Stumpf’s chief objection to the view that
noises consist of many simultaneous tones little different in pitch,
was that the resultant sound does not, or would not, lose *its tonal
character and its analysability” (112, s04). This double concept seems
somewhat strange. And of noises, in so far as they are said to be a
very rapid succession of very many tones of different pitch, he said,
we should still hear the “rapid change of tone.” But what constitutes
“tone’ when the steadiness of pitch is gone? Is it the mere change of
volume? And do not noises have volumes as well? Do not noises
show among themselves all or any of those kinds of differences which
accompany change of pitch in tones? Having rejected these two
theories Stumpf then favoured the view that noises are tones of a
definite, not necessarily changing, pitch, and are distinguished from tones
in the usual sense either by their being momentary or by their being
a rapid succession of intermittent momentary tone impressions. Here
he seems to have got rid of the tonal plhenomenon, while still retaining
(as very brief) real tones in the noise. But even this theoretical device
did not quite convince him. He added: *“One set of so-called noises
are intermittent tones of the highest or lowest region (growling, hissing,
etc.). Here it is by no means impossible with increased attention to
recognise the tones as such. Still I would not maintain even in these
cases, that some scrap of pure noise is not left overl.” And then some
noises, as he said, are surely constant, e.g. ear noises. Noises might
therefore still be special sensations not reducible to tones, but like
enough to them to justify their reference to the same organ as a different
quality of hearing from tones. With all this, he thought, some noises
might still be more like low than high tones or conversely. Thus a

1 112, 509, Stumpf wrote as late as 1914: “That all noises contain admixtures of
¢ tone, I should now no longer maintain™ (123, 341). At the same place he spoke of noises
" with a limited zone of pit;:h, which yet do not include *real tones,” or do not therefore
become *tones.’
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good meaning would still rest in the oft used expression: “a difference
of pitch, but no tone, was noticeable.”

Clearly the idea by which the whole of Stumpf’s discussion is ulti-
mately governed, is this: it is almost impossible to assent to any sort
of reduction of noises to tones, because although noises may have
some sort of pitch, recognisable under the most favourable circumstances,
and some sort of volume, and any or all of the other variable features
of tones, and so be classifiable with them as sensations of hearing,
yet they simply are not tonal. Stumpf does not, as far as I am aware,
anywhere give any proper analytic justification of this important
implication of the tonal concept. Perhaps the clearness of pitch, or
the unity of many clear attributes in tone might be referred to. But
so long as noises have pitch and the other attributes at all, I cannot
see how clearness could be held to divide the sensations of hearing
into two such peculiar groups. The nearest approach to a justification
I can find, is in Helmholtz’s opening words quoted above, especially
where he said: “in a noise many various sensations of musical tone
are irregularly mixed up and as it were tumbled about in confusion”
(29, 14; 30, 8). It iz evident therefore that however much is common
to noise and tone, something still remains peculiar to each, so that
noises are not any more really tones because pitches can be recognised
in them with special efforts, than tones are really noises because under
special circumstances their pitch is often hard to recognise?.

This outcome of Stumpf’s discussion greatly confirms us in our
theory of tone as a regular, probably symmetrical, system of sounds.
Not the pitch, nor the volume, and still less any other attribute or
feature is the essential mark of tone, but the place of the predominant
pitch in the whole volume, which thus forms a regular system of sounds.
That is the ‘tonal’ character. In order to explain noises then we do
not need to attempt to reduce them to tones. We need only trace
the presence of pitch and volume in them as far as we can, and by
the evidence of the trend of their variations up to the point where

1 112, 510, expressed also by Hensen, . 112, 500.

* Max Meyer discussed Stumpf's treatment of noise (76) and wrestled with the obstruc-
tion hidden in it that I have expounded, without being able to overcome it. He thought
that if a chord were not analysed at all, it would appear as a noise (p. 238). He defined
noise as a series (rapid changes) of tone sensation under conditions which make a deter-
minate judgment regarding the existence of pitch impossible. The conclusion is near
enough to my own to pass unchallenged, but Meyer did not get at the root of Stumpf’s
difficulty. So Stumpf might well reply: your opinion differs from mine, but you do not
convince me [ am wrong.
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our observational analysis fails, make it highly probable that noises
whose pitch and volume cannot be determined are required to complete
the scope of the theory of the psychical constitution of aunditory
experience.

XVIIL. Tones are regular systems of sounds. Irregular systems
should occur, as should also all degrees of irregularity from the tonal
ideal to complete chaos, Irregularity is produced by displacement of
the predominant order from its usual position to any other condition.
A priori this disturbance could arise in various ways. Simple displace-
ment of the point of predominance seems normally to be more or less
excluded by the nature of the physical stimulus. Cerfain abnormal
observations will be mentioned later (p. 50 (b)) which seem to represent
this case. The large class of pitch-blends forms for our ear a minimal
departure from the ideal regularity, by which they seem rather to gain
than to lose in interest. Apart from their adherence to certain more
or less regular patterns already described, their ‘tonality” will form the
object of later consideration. The same applies to all those groupings of
pitches which give more or less harmonious impressions. The ‘harmony’
1s introspectively closely akin to the regularity of tone and is probably
of the same nature as it is. Far from being anything strange in sound,
as 80 many have held, it would then be only a development or complica-
tion of the very thing ‘tone’ itself. We have at this point no @ prior:
method for following out the grades of harmony, but we know how to
decrease this effect and make 1t pass towards noise.

Apart from these special cases irregularity may be got by continuity
and rapidity of displacement; but this gives no decisive degree of
irregularity, because the volume varies with the displacement of the
pitch, and so the regularity of system—the tonal character—still
remains in spite of the constant change of pitch. When sounds are
very brief or momentary, there are two possibilities: either no pre-
dominant order is produced in the time allowed, but only a mass of
orders in which no sort of system of intensive differences can be detected ;
or gystem and dominance do oceur, but the sensory mass lasts too short
a time for the characteristics of the experience to become psychically
effective towards cognition, i.e. to be observed. Of the two hypotheses
the former seems to be more generally accepted. At least two identical,
or very similar vibrations are required if ‘tone’ is to be heard and
. recognised (1, 1974.). And yet it does not appear how a maximum
or a system is to be produced by the second vibration if it is not
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already present in the first. The second is either just another first,
or if the effect of the first lasts on, its hypothetical irregularity will
hardly form good ground for the attainment of regularity. But it is
possible that two vibrations are required only because one periodic
vibration cannot be physically given or defined unless two are given.
In other words the first cannot be finished off perfectly, so as to give
the required balance in the sensation, unless the second 1s at least
begun. The second or in general the last would, then, tail out irregularly.

Irregularity may also be attained by increase in the ordinal scope
of the “spot’ predominant in the volume. This would mean a decrease
in the definition of the predominance, and seems attainable by a rapid
and irregular oscillation of the rate of vibration round about an average.
Jaensch (34) claims to produce noises in this way. Of course a pitch
could still be ascribed to these noises with or without the help of com-
parison, as in the experiment with the dropped sticks. A detectable
pitch need not be strictly, any more than it is popularly, considered
to be incompatible with noise. A sound might also contain two or
more indefinite pitches. The greater the number, the more irregular
would the whole sound be.

Following these methods of multiplication and blurring of pitches,
we should attain to sequences so irregular as to produce sounds in which
no trace of predominance or of system could be detected. These would
be ‘pure’ noises. A pure noise would then be a mass of sounds in which
dominance i8 so irregular as to be undetectable or in which no dominance
occurs. The latter state in a constant form should be a possible result
of various affections of the inner ear. That there are tones without
noise would mean that there are systems of sound in which no trace
of irregularity is to be found. That there are noises without tone would
mean that there are systems of sounds in which no regularity and no
approach to regularity can be detected.

We should thus have surveyed all the evidence that can be brought
to bear upon the problem of noise. It is primarily psychological—the
whole trend of the warations of sound away from the perfect system
and predominance of pitch that constitutes tone towards multiplication
and irregularity of pitch until such degrees are attained as completely
baffle analysis. Parallel to this runs the evidence of the complication
of the physical stimulus. These lines of evidence in conjunction with
our theory of tone exclude any need for a separate being and origin
in noise. The former are commonly held by those who accept the
reduction of noises to tones; whereas the peculiarity of the °tonal’
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experience over and above its pitch, although this peculiarity has been
explicitly handled by none, is the sole reason of a psychological kind
for the separation of sounds into a special class’. Any sort of physio-
logical argument is, of course, irrelevant, for it could never affect the
fact that tones and noises are both auditory, any more than the theory
of the independence of rods and cones in the retina affects the psycho-
logy of vision. Hence with the resolution of the tonal difficulty, all may
agree that tones and noises vary from one another, not in any attribute,
but in the nature of the mass of anditory ‘atoms’ of which they consist.
Of the presence of volume in noise there can be as little doubt as of the
presence of pitch in noige. And what doubt there is, may be resolved
in the same way, if not more easily; for in this respect we do not need
to analyse the sound, but only to compare it with others as a whole.

XIX. C. Vowels. It is a familiar fact that in the utterance of
the various vowels w, o, a, e, 7, etc., the mouth is brought into different
positions. The occurrence of vowels is obviously dependent upon these
positions, How these positions actually determine the character of
the sound produced in speaking is far from clear and has been greatly
disputed. There are two chief views. One asserts that in the act of
speaking, the cavity formed by the mouth acts as a resonator reinforcing
certain partial pitches of the sound produced by the vocal chords.
A special type of pitch-blend is then produced which we name by the
utterance of it. The chief difficulty of this view lies in the supposition
that the same sets of partials required for the various vowels can be
present in all the voice-tones of the range within which these vowels
can actually be produced. The other theory asserts that in the act
of speaking the cavity formed by the mouth is blown by the air passing
through it or past it through the nose, as a bottle is made to produce
a tone by air blowing over the mouth of it. This view gets over the
difficulty of the first; identical partials or sets of partials may now
be admitted, no matter what may be the pitch of the wvoice-tones,
the tones produced by the vibration of the vocal chords.

Neither of these theories would offer any new material for the special

! K. L. Schaefer (102, 17) says that, while many believe that there is in noise, apart
from a more or less large number of tones, a specifically noisy element, he believes that
noises like c¢langs (pitch-blends) are “nothing but a sum of tones, although a sum whose
compesition usually deviates radically in various respects from that of clangs, which
rests on musical prineiples, and whose complete physical and physiological analysis into
l".:a.rt.n is very very much more difficult than it is for clangs.”” That is a tortuous way of
admitting that the complete analysis of noises inte tones is not possible.
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study of this work, concerned as it is with the principles and outline
of the psychology of hearing, not with such detail questions, which
more properly fall within the scope of physics or phonetics. But in
recent years a new turn has been given to the study of vowels, by which
they would become of primary importance. This new turn was made
possible by two things. In the first place the partials of the chief vowels
show a tendency to occupy positions an octave apart from one another.
This appears in Helmholtz’s table to some extent (o = b7, a = b2?,
E = B*') (29, 111; 30, 110) and it was extended and generalised for the
five vowels u, o, a, ¢, i, by R. Konig, whose set of tuning forks for the
demonstration of the vowel pitches is well known, being tuned to
b, b, b2, b8, bt (or rather bP, 225 vibrations). In the second place the
difficulties so obviously felt in the elementary psychology of hearing, as
that had grown up on the fundamental decision to look upon pitch
as qualitative (with or without any reference to volume, which in any
case was set aside as quasi-spatial), seemed to call for some new venture
in theory. But for that, there would indeed have been room for the
improvement and extension of Konig's results, but not for any re-
interpretation of them. It was Kohler (42) who propounded the view
that the vowels are the sole and primary qualities of hearing.

According to him the series of vowels lie strictly in octaves over
one another, their vibration frequencies being multiples of 264, which
would give the pitch of ¢ for an “a’ of 220 vibrations. Between one ¢ and
the next higher the ‘quality’ of the tone changes gradually into another
radically different quality, in the same way as the quality of visual
sensation changes from red to yellow. And we have popular ‘absolute’
names for these qualities, as for red, sweet, etc. Nomne of these things
holds for the alternative treatment of pitches as qualities, These argu-
ments of Kéhler’s helped to weaken the old qualitative position of pitch.
The new view may be expressed diagrammatically in relation to Hering’s
colour system thus (123, 325; 42, 116):

V&S.Eﬁd-::»?' g ‘q" _ c*‘
w8 ™

Fig. 2. (After Stumpf.)
Here, in the example chosen, the rising of the tone from ¢® to ¢ would
bring a gradual departure from the o (foe) quality through the a of all
to the a of father, just as red passes through orange to yellow (cf. Fig. 1).
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So for the others also. It is hard to say if any given isolated tone is
the pure o or not, but after a little practice it is very easy to indicate
the point in the tonal series where the « valency just disappears and a
new quality, that of o, appears. These special points are not just
peculiarities of the mouth or of any one language, but absolute turning
points. The average values got by Kohler by the ‘easier’ method
appear in the following table (42, 130, 137):

TasiLe I.
{Obar. e # 0 i e
ol —- 251 22261 4 = 263 8 = 261
. — 264 2 % 261 4 » 264 8 x 262
K. 3 x 263 262 2 x 208 4 x 262 8 = 264
M, 3 x 264 2046 2 » 264 4 = 2064 8 x 262

The value of the mean variation is never greater (and often much
less) than a quarter-tone, so that the optimal positions of the vowels
in the scale of pitches seem to be very precise. The octave law was
extended by Kihler to include M on the lower side and S and other
sounds on the higher side.

One fundamental defect appears immediately in this theory. Either
it 18 wrong or the meaning of the term vowel is very different from its
usual one. Stumpf claims that the sound of a powerful male voice,
contains some thirty partial pitches that can be objectively wverified
by the resonance of tuning-forks. Vowels spoken by such a voice
would never be pure tones. If, then, the vowel-tone (pitch) is always
present, it can be only a partial-‘tone’ of the whole. As the range of
a mobile voice is limited to some two and a half octaves, it should
be able to produce clearly only as many of the vowels, or these con-
siderably ‘coloured’ by the vowel qualities of the higher partials. The
theory thus loses its relation to vowels in the ordinary sense and retains
only its relation to octave differences, which we shall discuss later,

Apart from that however, the theory has received at Stumpf's
hand (123, 824i1.) very damaging criticisms. Apparently the difficulty
of recognising pure vowel qualities when they are given in isolation
is much greater than Kohler would have it appear. And for the specific
nature of the vowel qualities the introspective evidence claimed does
not exist (cf. 137, 10i.). U and o are not as different as red and yellow,
even although they are recognisable as types, like the sounds of the
violin or the piano. Stumpf fails too to recognise any great similarity
between o, @, e, and the pitches indicated for them. Such internal
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difficulties of fact, interpretation, and system make Kdéhler's attempt
to give vowels a central importance for hearing futile. And so we may
leave it, without reference to its external consistency with the wider
facts of hearing?,

An attempt has recently been made to make the vowels supply a
felt want in the psychology of noise. On the basis of the method already
referred to, of making the vibrating frequency of a sound vary round
an average, Jaensch (34, 35) propounds the view that the vowels, far
from being the qualities of tone, which they at most only resemble,
are the specific and serial qualities of an older sense of noise. Thus a
new line of analogy with vision is introduced. The pitch series is like
that of the series of colours because the siimulus of each is a defi-
nite rate of vibration: the noise series resembles the series of neutral
brightnesses from black to white.

Apart from all the difficulties that arise when we try to work out
this analogy, Jaensch’s experiments by no means warrant the theory
built upon them. The only difference in the stimulus for tones, vowels,
and noises shown in his experiments is an increase in the mean variation
of the individual values of the vibration frequency about one and the
same average. That alone would suggest the question whether the
introspective difference between the three is not a decrease in definite-
ness of pitch. Introspection affirms this. Thus Stumpf says noises
have a pitch, but it is not so well defined, and always fills a certain
stretch of the line of vibratory frequencies; that, he says, probably
explains their phenomenal character (123, 341). It is hard to see from
Jaensch’s experiments why vowels should be held to be the qualities
of noises rather than of tones, for they are said to resemble tones,
but not noises; or why we should not assume the existence of three
senses in hearing for tones, vowels, and noises, severally. But taken
at their face value Jaensch’s results offer a very acceptable confirmation
of our view already developed that tones and noises are both complex
auditory experiences, auditory molecules, as it were. We may there-
fore place vowels between them, so that the study of vowels serves to
extend and confirm our previous studies.

XX. D. Octave qualitiecs. Another direction remains in which
new material has been sought for the elucidation of the elementary
1 An excellent account of the work on vowels in relation to the assumption of Kibhler's
vocality as a quality of tones is to be found in 51. For a good example of the rather

uncritical determination of that theory see there, p. 746, where it is held that voeality
can be determined by a partial that is inaudible when presented alone.
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psychology of hearing. Although the great series of auditory qualities
taken from the whole range of pitches, as expounded e.g. by Stumpf
in 1883, appealed with satisfaction to the great majority of psycho-
logists, doubts kept recurring to a few. The chief trouble of all these
qualities is the great number of them, which does not seem reducible
to a few, like those of vision. Of course the smallest number of qualities
to which any single series of differences is reducible is two, those that
oceupy the extreme ends of the series. This merely possible view
was actually propounded by Mach (60, 122; 2nd ed. 1900, 181). He
compares the pitch series with the series of colour differences leading
from red to yellow. A comparison with the black to white series would
be equally effective of course. Mach’s proposal received hardly any
support. The chief difficulty was that a leading physiological theory
like that of Helmholtz offered no warrant for it whatever.

F. Brentano! alone adopted the suggestion made by Mach, but
with considerable modifications for its improvement. He reduced
the number of qualities of the pitch series by recognising as primary
only those differences included within the range of an octave. The
differences given by the repetition of octaves were explained by the
assumption of a brightness component of sound increasing from one
octave to the next above. A view very similar to this was stated
summarily by W. McDougall (153, 73) as early as 1899. He suggested
that “all the elementary qualities (of tone) are contained in a single
octave, which might be likened to the complete colour series, and that
the differences of pitch that distinguish the same qualities in different
octaves...are of the same order as differences of extensity or voluminous-
ness in the case of visual, tactual or temperature sensation, and are
due to differences in the number of sensory neurones excited.”

The strength of this theory lies in the powerful appeal it makes to
one of the special interests of hearing—the similarity or at least equiva-
lence of the tones of successive octaves. The interests of theory were
bound to be influenced by this peculiar phenomenon so long as the
elementary psychology of hearing was not perfectly satisfactory and
no convineing explanation of the phenomenon had been given which
would make a transference of it into the elements impossible. The latter
explanation, as we shall see later, was never given, so that the trans-
ference was at all times possible. The only serious objection to the
transference was the immanent incoherence of the theory itself, which,

1 8ama For a much earlier report of Brentano’s views by his pupil Stumpf, v. 112,
199.
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although satisfactory as far as the octave is concerned, is unable to do
justice to the other degrees of similarity and musical relations within
the octave and to the perfectly relative nature of the octave itself.
These and other objections led Stumpf (112, 1968.) in 1890 to reject
Brentano’s proposals entirely. Stumpf was satisfied in accepting the
octave relationship and the other facts of fusion as ultimate facts of
hearing, preferring his already discussed theory of the elements to
any remodelling of them on these lines.

But the poverty of Stumpf’s elementary psychology of hearing as
a source of fruitful explanations® led him comparatively soon to the
acceptance of Brentano’s distinctions. He gives himself the date 1902
as that of his conviction, 1912 as that of public admission®. And his
reasons are: “‘not the analogies with the colour sense, which are a nice
illustration, but no proof, but reasons taken from the experiences of
hearing itself, especially the common deviation by one and even two
octaves in the determination of absolute pitch, the ease of the octave
transposition, which is often done guite unwittingly, and the harmonic
equivalence of the octave in chords (inversion of intervals and chords)”
(123, 311), All these reasons were present to his mind in 1890, but
were rejected as being mere consequences of fusion.

Recently a series of papers has been published by Géza Révész
in which both broad and special foundations are sought for this distine-
tion between octave-quality and height-brightness. It is hardly possible
to use the word pitch to represent the latter concept, because so much of
the ordinary meaning of the word pitch has been absorbed by the term
quality, and it is not easy to say just what remains over. But the
remainder includes at least the rising aspect; probably almost what
Stumpf thought of under ‘volume,” when he distinguished it from pitch-
quality in 1890 (112, 203t.). In order to distinguish this new attribute
from quality, it is well to use the word ‘height” for it, in order to avoid
clashing with the meaning of the word piteh, as it is used both in ordinary
speech and in psychology. After all pitch is what we begin to theorise
about. So if we cannot take over the ordinary meaning of that term
into our psychology, let us use another word. In referring to Stumpf’s
quality of 1883-90 I shall say pitch-quality, in referring to his recent
quality, I shall say octave-quality. Let us now consider closely the
arguments for and against octave-quality.

b Cf. 123, a14, where Stumpf admits this as the * Undurchfiihrbarkeit der psycho-

logischen Konstruktion.”
* Cf. 121, 334, note, where the question was still left open.
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1. Direct. Trained and untrained observers have long noticed a
great similarity, if not identity, between tones an octave apart, whether
they are of the ordinary musical kind or are perfectly simple in pitch
(ef. 123, 309 note, 312; 94, 248). There is no need to urge the point.
It may be granted at once. There is something which links a tone to
1ts octave very closely. But the question is: what is it and what is its
psychological status? The merefact of similarity or whatever else one may
call it, indicates neither identity, nor simplicity, nor psychological status,

In this connexion it is important to notice a recent remark of Stumpf’s
in which he says: “Statements about the fundamental properties of
our sensations should in general be based only upon the observations
of those who by long practice are at home in the province referred to,
and have also tested their single observations time and again™ (123,
807). That is true as it stands for any province of facts. But if it means
that no one is to have a voice in the discussion of the primary attributes
who has not an absolute ear and the practice in experimental observation
of sounds that Stumpf and his important co-operators Abraham,
v. Hornbostel, and others have, it is plainly absurd. For, as I have
already shown, judgment upon the psychological status of an attribute
is a matter of wide theory; it has, therefore, no relation to the fineness
of diserimination of that attribute or to the ability to name its vareties.
This is surely the only sort of explanation that can be given to the
fact that so highly qualified an observer as Stumpf himself could in
the course of time uphold diametrically opposed sides on one and the
same question, without having any new weight of argument on the side
now taken and without being able to demolish any of his previous
objections to it (v. 112, 196-204).

Stumpf himself offers an objection of a direct kind; if octaves are
identical qualities, we should expect the identity of ¢’ and ¢® to be
as easily recognisable as that of a stronger and a weaker ¢’. This sound
objection may indeed be pushed farther. If ¢" and ¢® are the same except
for their accompanying brightness or height, we should expect the octave
partials of a musical tone or octaves in a chord to be indistinguishable,
as Stumpf himself very properly said in 1890 (112, 200), and, if anything
at all, only differences of brightness or height to be left in it. But the
opposite seems rather the case: the pitches ¢ and ¢* are distinguishable,
but in a perfectly steady tone the brightness or volume components
of each are no longer traceable (137, 36t.). Where such close fusion of
tone is attained as in pitch-blends, we should at least expect identicals
to lose their distinction (cf. 112, 200).
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Of course, if we are determined to keep octave qualities at any cost,
we may plan the matter out in various ways. We may say that, besides
octave quality, tones have both pitch and volume, or that what distin-
guishes ¢’ and ¢® in a pitch-blend is their pitch or height alone. But
the latter view would imply that the ‘similarity’ of ¢' and ¢ is not
detectable in a pitch-blend, which would hardly be admitted. Thus
at least the assumption of identity of octave-qualities seems to be
untenable. The most we can say is that tones an octave apart are
similar or equivalent, but always distinguishable under favourable
circumstances.

More direct still is perhaps an objection originally held by Stumpf
(112, 197). Octave resemblance is undetectable in fast chromatic
scales or when the pitch of a tone is raised continuously, as is possible
on the violin or on Stern’s piston-bottles. Here, “emerges clearly
the uniform qualitative withdrawal from the starting tone, because
such motions let no consciousness of a definite key, of a tonic, dominant,
etc., appear, or at least immediately destroy the beginnings thereof.”
Octave resemblances could then hardly be reckoned amongst the primary
irremovable attributes of tone. Where so much tone is given, surely
all its attributes will emerge. What cannot emerge, is any relation
that requires a special setting or favourable circumstances.

2. Indirect. This we have already noticed: the common error
of one or even two octaves in the determination of absolute pitch,
the ease of octave transposition, which is often done quite unwittingly,
and the harmonic equivalence of the octave in chords. But the issue
of this evidence is by no means clear; for it is functional evidence
(‘equivalence,” ef. 121,334 note), not introspective. The facts referred
to contain or presuppose no insuppressible differences, such as are
whatever differences of pitch anywhere occur throughout the tonal
series, but only imply some sort of ‘similarity.” The latter as an argu-
ment for the primacy of octave gualities is of the utmost weakness
compared with the former, which lie behind pitch-difierences, whether
an attempt be made to hide them under the name of height or brightness
or not. This indirect evidence carries us no farther than the direct—
there is a great ‘similarity,” whatever its nature may be, between octave-
tones, so that we often apply the same names to both, and in whistling
and the like give one for the other, while in harmonies they are also
largely equivalent.

Stumpf again offers certain contrary evidence of an indirect kind.
Why, he asks, is absolute ear not much more common than it is, if
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each octave offers a repetition of one and the same set of qualities?
Why is the octave sung too high from simple tones? The answer to
the former query should be: it is easy to recognise the ‘similarity’
of octave tones when given together or in succession, because they
are ‘similar,” as we have admitted; but absolute ear is quite another
thing. In it either (1) we have to name the octave quality of a single
tone, and for that we must have adopted a definite octave basis. There
exists no natural octave basis, in spite of Stumpf’s attempt to impute
one to unmusical observers, whose judgments are here for once admitted
as influential (123, 337). Or, (2) we have to give a tone the quality-
name it would assume on a definite instrument, e.g. a certain piano,
and for that we must have adopted a definite brightness-pitch basis. In
either case absolute ear rests, not upon absoluteness of octave qualities
which are notoriously purely relative and mowvable, but upon something
else. In other words absolute ear is not absolute in so far as octave
quahties are named; these are only our conceptual means of naming
the absolute differences, i.e. brightness-, height-, pitch-differences, upon
which octave similarities are traced out. On Stumpf’s theory, however,
it is certainly true that no one should have absolute ear for one octave
without also having it for the other musical octaves. But such cases
do occur. The answer to the second query is not clear on any view.
But neither query has any more significance for the octave quality
view than it had for the older pitch quality view.

3. Independent wariability. ‘The evidence here falls into two
parts: first, the nature of hearing in the extremes of the pitch series;
second, the abnormal hearing of Dr v. Liebermann.

(@) Discrimination of pitch, as we have already seen, is less keen
in the extremes than in the large middle part of the series. Very high
tones are indistinguishable in pitch. They lose their octave quality,
as 1t 1s said (94,250). Stumpf gives an excellent example. Appunn the
younger sent him in 1899 four pipes alleged to be exactly tuned to
8, 8, c?, and ¢®. But their vibration frequency was found to be 4000,
5120, 6400, 7450, i.e. approximately 5 €5, aP% b5. Thus Appunn’s
claim to be able to recognise the qualities of highest tones directly was
shown to be illusory (123, s171.).

As we pass from the middle reaches of pitch to the higher, especially
in the second half of the fourth accented octave and in the first half
of the fifth, a judgment on musical quality and interval is still possible,
but the pitches are given too low and the intervals too small. For double
the number of vibrations of ¢* we get not a ¢, but a b approximately.

W. P, S. 4
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This looks like a natural approach to the alleged great weakness
of octave quality in the higher regions. But Stumpf points out that
it is possibly to be accounted for in other ways, especially by the tendency
of even musical people to enlarge the octave in singing it from simple
tones. In transposing from very high tones over several octaves this
error would of course be increased, and might so account for the lowering
of ¢ to b. And then this octave error is not permanent but disappears
when the two octave tones are taken often in immediate succession.
But in spite of these things, we may conclude that there is little reason
to believe that this octave error is not a stage on the way to the great
depreciation of octave quality in the highest regions. I shall return
to the subject again (v. infra, Table V).

The same sort of thing is found in the lowest reaches of pitch.
These tones however are still more or less distinguishable, probably
on the basis of differences of height or brightness, although Stumpf
now prefers to leave this point unsettled at present. Previously, as
we have seen, he ascribed this difference to changes of volume. The
converse of this change of brightness without change of quality is
found in the middle, musical range of pitches, where very slight changes
of pitch, i.e. of octave quality, are detected without any sign of a change
of brightness (94, 248).

Of this first part of the evidence it may be said that it is relevant
only in so far as the assumption of octave qualities has already been
made. It cannot show any ground of preference between pitch qualities
and octave qualities. In fact the latter have all the difficulties to face;
these arise from the very assumption that qualities run in octaves,
whereas octave relationships must somehow be imposed upon pitch
qualities. The irregularity of musical relationships in the extreme
regions would then be due to these relationships themselves, whatever
their basis may be, and not to the primary pitch qualities, which may
therefore be presumed to be regular. If we are to have difficulties,
let us put them for want of any better reason amongst the complications
of hearing where we may hope to find a cause for them rather than midst
the elements, and above all the qualitative elements, where explanations
are by the nature of the case excluded.

(b) The second part of the evidence claims that within the ordinary
musical range in abnormal conditions octave quality may vary inde-
pendently of brightness-height. Octave quality may remain constant
over considerable variations of the latter, and one and the same bright-
ness-height may have two octave qualities, one for each ear. The
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facts are reported by Dr v. Liebermann and G. Révész from observa-
tions by the former on his own hearing (52, 52a, 53, 54, 55, 94, 95, 96).
It is unnecessary to enter fully into this complicated case here!, because
it is already clear that even the facts alleged would in no way strengthen
the cause of the octave qualities. All the facts may be accepted, in
so far as they seem probable, for the study of the relation between order-
pitches and order-volumes. Our main conclusion from them would
be that, while the volume of a tone does not seem to be affected by the
pathological processes of the case, the predominating order is influenced
thereby. The order that predominates pathologically, is not always
identical with that which normally predominates for the same stimulus,
so that the pitch of the tone heard seems to be changed. But a certain
estimation of the true nominal pitch of the tone can be made on the
basis of the unaltered volume alone. In v. Liebermann’s case the change
of predominance appeared only when the stimulus was briefly and not
too intensely given, or when special attention was directed towards
its pitch in chords. Otherwise the predominant pitch was the normal
one. These facts call for special study in connexion with the processes
of attention and with the physiological processes of hearing. KEwvidently
the attention is able under suitable conditions to bring about by its
special insistence a change of predominance in tone, which then departs
from its usual parallelism with the stimulus.

In unmusical people we find such degrees of failure of discrimination
as might be held to point to the absence or great indistinctness of the
octave qualities without any impairment of the brightness aspect of
tones (123, 3181.). But if octave qualities can suffer thus, so surely
can pitch qualities also.

4. Failure of psychological comstruction. Obviously the decision
regarding these things cannot be made on the basis of the facts them-
selves, but only on the basis of the solution which may independently
be offered for the musical relationships of the octave. There is no
direct call to take octaves as the index of qualities. There is only a
motive thereto in the failure to explain musical relationships otherwise
and in the unsatisfactory nature of the previously prevailing psychology
of the elements of hearing. Psychological construction has not succeeded
on the basis of pitch qualities. And the hope is, that it may be more
successful on the basis of octave qualities. But the outlook can hardly
be said to be hopeful. It does not appear how the problems of noise
are to be solved, unless it be by the assumption of a vanishing power

1 A detailed account and discuszion of it will be found in 137, 14 M
L



52 AUDITORY SENSATIONS [cH.

in these new qualities, taken in view by Stumpf (123, 218) for tones
above ¢® Surely it would be better to rest without any explanation
of musical relationship than to have to reconstruct the foundations of
the psychology of hearing upon such shifting sands. Such a weak-
kneed hypothesis cannot compete with the conclusions drawn above
regarding the réle of pitch in tones, vowels, and noises. For unmusical
persons a natural explanation offers itself at once, which will fulfil
the utmost demands. We need only suppose, as is very probable, that
such variations in the texture of the organs of hearing occur as prevent
the stimuli of sound from producing in every person that clear pre-
dominance of pitch and that regularity of ordinal system in tone which
characterises the best observers. All degrees of deterioration of pre-
dominance and regularity of system should be possible and would
immediately form an adequate expression for all possible degrees of
unmusicalness. Psychologically this explanation is perfectly acceptable.

In the theory of octave qualities we can see no prospect of a proper
and adequate account of the various degrees of fusion throughout
the octave. Indeed this qualitative classification admits only of a
direct description, and it must be evident at a glance that no direct
reading of the octave will yield a regular expression (cf. 123, 3231.;
also 112, 2001.). In fact all sorts of suggestions have been made:
circle, regular spiral, zig-zag spiral, straight line with sudden recurrence
of quality, and want of all order. Regularity here can only be indirect
or real, not phenomenal. And what hope is there of discovering this
real underlying regularity in the qualitative region? Stumpf (123,
3221.) attempts a solution by distinguishing between original qualities
and the qualities of our musical system or of any other. But this would
only reintroduce the whole range of problems that the octave qualities
ought presumably to have solved, with the exception of the octave
itself. So much trouble for so httle result! Psychological construction
is now no better off than before. No explanation of fusions has been
given; they have only been differently named and put well nigh beyond
the reach of any solution. No benefit accrues to the system of the
attributes and of the senses as a whole by this new treatment of sound,
unless it be the demonstration of a certain analogy with the octave
of colours. And no new conviction or explanation ig got thereby, for the
analogy is far too weak and irregular. The psychophysics of hearing
becomes more mysterious than ever. How are the organs of the ear
to be linked up with a recurrent series of octave qualities?

5. Finally we have to urge that a direct and satisfactory statement
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of the fusional relations of tones, especially of the octave and the fifth,
can be given which makes any transference of the former from its natural
position to the elementary properties of sound unnecessary. The state-
ment given for the other degrees of fusion is less satisfactory; but so
it is in the octave quality theory and in the nature of the case itself,
Nevertheless it is sufficiently good to appear both sufficient and highly
probable as of a piece with the explanation of the octave fusion. This
18 then the chief argument against the octave quality view, and a valuable
support to our own ordinal classification of pitch. The former view
loses its raison d’étre, while the latter’s efliciency is confirmed.

CHAPTER 1II

THE ANALYSIS OF BI-TONAL MASSES

XXI. DBi-tonal masses can be produced in a methodical way by
the simultaneous use of two sources of sound. These are brought first
into perfect unison and then one of them is gradually raised or lowered
in pitch until at least the next octave is reached.

The first change to strike the attention is the appearance of beats.
Stumpf’s account of them (112, 450i.), from which the following observa-
tions are taken, may be accepted as a standard. Following Helmholtz
he defines beats as “regular fluctuations of intensity of tones,” in no
way different from any ordinary fluctuation of intensity, although
their physical origin is different, and although there is a difference in
the “tonal material” involved in the sensation. When beats are made
more frequent by the further raising of one of the two physical sounds,
they become pulses or jerks separated by pauses, without thereby
losing their nature as intensive changes. So too even when they are
so frequent as to appear to roll or rattle or whir or chirrup. But in
the latter case other features appear, such as very high pitches, and
more especially noises, and even touch sensations from the violently
moved drum of the ear.

Apart from these intensive changes the pitch of the original unison
is also affected. With very small differences only one pitch is to be
‘observed and it is beating. It is hard to tell whether this pitch lies mid-
way between the separate pitches of the two sounds. When the primary
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sounds are about half a tone apart, e.g. g¢ and a, pitches corresponding
to both are heard, and besides a third pitch lying between them some-
what nearer the lower than the higher!. With differences of a whole
tone, e.g. g" and a’, only the two primary pitches are heard and these
both seem to beat. If the attention is turned specially to one of them,
that always seems to be the beating one. The seat of the beating
seems to follow the direction of the attention (112, 490), according as
that is spread over the sound as a whole, or directed to the mid-pitch,
or to both or either of the primary pitches, when all these are distin-
guishable. If one of the two pitches is more prominent, it draws the
attention upon itself and it seems to beat (99, 88). In larger groups
of pitches at first the whole seems to beat, but as soon as the several
pitches are singly heard, the beats attach to the proper pitch, i.e. to
the physically beating pitch.

The first effect of the departure from unison of tone is therefore
to introduce into its perfectly regular system irregularities of various
kinds, chiefly fluctuations of intensity, noises, and multiplication of
pitches. But no new feature is thus added to our auditory experience,
although the mode of origin of these changes is new. Such relations
are of importance in the physiological study of hearing, but they do
not affect the main psychological scheme of hearing, which sets the
problem for physiological solution. The physiological problems of beats
are therefore special questions which must follow the main lines set
for physiology by psychology.

XXII. The same applies to the next group of changes that appear
upon further raising or lowering of one of the two primary sounds,
namely difference tones or difference pitches. Consideration of the
physical changes by which these are produced makes them appear to
grow out of beats. The beats grow in frequency, there being one beat
for every vibration per second by which the rates of vibration of the
two primary sounds differ from one another; and gradually therefrom
emerges the firat difference pitch whose height also corresponds to the
latter difference of rates of vibration. But this logical and physical
continuity is not confirmed in the experience. For one thing, within
a certain range of differences of vibration both beats and difference
pitch are heard together. For another, whereas beats attach as we have
seen, either to the whole sound or to the mid-pitch or to either or both

! Regarding the first observation of the mid-tone see 119, 5.
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of the primary pitches, the difference pitch lies far away from them all
in the lower regions of the pitch series. No doubt difference pitches
originate in the same mass process as evokes beats, but they must be
due to quite a different aspect of it, which becomes effective upon
hearing only with a considerable increase in the difference of vibrations.

There are two chief difference ‘tones’ whose pitches follow the
formulas: D1=h —1; D2=2]l— h;
where ki and [ are the rates of vibra- Combination Tones
tion of the primary sounds. These 4¢
and other less easily heard pitches,
which may be reckoned from
similar formulas, are indicated in
Figure 3, which shows these ad-
ventitious pitches for all differ- 3¢
ences between the primary sounds
from umson to the twelfth above.

The prominence or audibility of
these adventitious pitches in the
tonal mass is indicated in the figure ,,
by the heaviness or continuity of
the various lines.

There is in recent years a growing
trend of opinion towards the belief
that the secondary tonal phenomena
of combination tones, variation tones
and interruption tones, not to speak
of beats, are not subjective, but
rather, like all audible tones, due to
pendular components of the sound ¢ .
wave a8 it enters the inner ear ¢ TINI 1§ 4 - i
(cf. 102, 121.; 101, 582, 568¢.; 90, 317; et
44, 304; and perhaps especially Fig. 3 (119, 135).

150, so61.).

Lmrer Fn’mag

XXIII. The multiplication of pitches by means of difference
tones and the like offers us no new psychological problems; for we have
already encountered that multiplication in piteh-blends. But the
general problem of multiplication is perhaps one of the most important
in the psychology of hearing. Its special interest lies in the connexion
so readily formed between the problem of the multiplication and
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diserimination of pitches and that of the multiplication and diserimina-
tion of tones. So readily has this connexion occurred to the minds of
those who have made a special study of hearing that none of them has
ever hesitated to write down the problem of multiple pitches as the
problem of multiple tones!. We have already seen that there is a
sufficient difference between pitch and tone in the strict senses of these
terms (predominant order and regular system of orders) to call for
great caution in identifying them at any point. Thus far we are certain
only of the presence of several pitches in the sound evoked by the simul-
taneous presentation of at least two sources of sound, such as tuning-
forks, notes of piano, etec.

But the other problem is a legitimate one. The most characteristic
difference between tones is undoubtedly given by their pitch, and it
15 more or less natural to think that hearing several pitches means
hearing several tones. Only it at once appears that, when several sources
of sound are played at once, we never hear their ‘tones’ quite as clearly
and properly as we do when they are played one after another. A little
reflection reminds us however that such fusion of sensations ocecurs
in other senses; smells mix up with one another and even with tastes
so that we can hardly distinguish them. For those who classify pitches
as qualities this example is obviously an excellent parallel (112, 65t.).
But further consideration shows that the fusion of *tones’ is an °extra-
special’ case of fusion. So it is specially treated as the clearest example
of a generally prevailing fusion, or as a special peculiarity of tones,
generally known in either case as the problem of tonal fusion. Stated
explicitly the problem is a study of those features of the tonal mass
evoked by two simultaneous sources of sound which prevent us from
hearing two tones together in the same kind of independence and
integrity as appears on their successive presentation.

Obviously this problem is the problem of partial “tones,’” difference
‘tones’ and other varieties of adventitious ‘tones’ as well. But we
shall direct our attention primarily upon the problem as it affects the
tones evoked by each source of sound separately. The reasons for this
course are twofold and decisive. In the first place the musical observer
usually ignores, or is even unaware of, the presence of partial and
differential pitches. He concentrates his attention on the pitches of

1 But compare Stumpf's discussion of the point 112, 66i. There is more methodical
importance in speaking first of the discrimination of pitches rather than of tones than
would appear from Stumpf's attitude. 1t is the aim of our exposition to reveal that
importance.
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the primaries, as these are the pitches actually set for him or thought
by him in the music or played by him on the instrument. They are
his primary interest because he produces them and because the nature
of the sound as a whole depends to a large extent upon how he produces
them. In the second place any determinations regarding the diserimina-
bility of the primary pitches must hold still more for that of all other
pitches.

It is easy to see that some confusion of the issue could not but
spring from the historical origin of the problem of fusion. What are
we about to study? Is it the fusion of pitches or the fusion of tones?
One might say: fusion of pitches, because the discrimination in a tonal
mass of the pitches corresponding to the two sources of sound is taken
as equivalent to the hearing of the ‘tones’ of these two sources, while
those who do not discriminate the pitches do not diseriminate the tones
either. Or one might say: fusion of tones, because every musical
observer knows that the pitches can be distinguished, but that they
(or their ‘tones’) seem nevertheless not to be properly separable. We
must keep this source of confusion in mind, if we are to appreciate
properly the methods devised for the examination of fusion and the
difficulties encountered in defining fusion itself.

XXIV. After direct examination of the tonal masses given by
sounds standing to one another in the ratios of the intervals of our
scales, Stumpf (112, 127) asserted the existence of five grades of fusion
between ‘tones,’ differing according to the ratios of vibrations of the
primary sounds: (1) the octave (relative rates of vibration are 1: 2); (2)
the fifth (2: 3); (3) the fourth (3:4); (4) the natural thirds and sixths
(4:5,5:6,3:5, 5:8); lastly all other pairs of pitches, which have all
the lowest grade of fusion, except perhaps the natural seventh (4:7),
which may be a little better than the rest. This account is corroborated
not only by the musical practice of all times in which singing in octaves
is considered equivalent to unison, but also by the frequent occurrence
of continued parallels of fifths and fourths in the music of various
peoples (120, 41). These parallels evidently give some impression of
unity (112, 179),

Indirect confirmation is also to be gathered from the judgment
of unmusical persons. Tones may be held to differ in fusion according
to the percentage of correct judgments regarding the presence in a
sound of one or more pitches (“tones’). Of course material for these
judgments is not sought in the difficult discriminations of pitch-blends,



58 THE ANALYSIS OF BI-TONAL MASSES [cH.

but in reference to the more obvious pitches emanating from independent
sources of sound. Stumpf’s experiments showed the following (approxi-
mate) percentages of correct judgments?!:

Tasre II.
Minor Major :
Octave Fifth Fourth third third Tritone
20 a0 {15 70 T3 i |

This list agrees with the results of direct observation at least in
its upper values. In 80 per cent. of cases two simultaneous sounds
an octave apart were held to be one sound. It was 30 per cent. easier
to distinguish as present together two sounds a fifth apart. Another
distinet step leads down to the fourth, after which there was little
difference between the different intervals®2. With approximate certainty
for all cases one may say there are three distinct grades of fusion: the
octave, the fifth, and all the others. Only the former pass without
discussion. The others probably differ among themselves, but it is not
always clear that their differences are really matters of fusion®. For we
have so far only got the differences in the mass, as it were. The question
is: what are precisely differences of fusion in psychological terms?

XXV. At one point (112, 127) Stumpf calls fusion: “a special
relation in the sensation which makes the analysis of tones difficult.”
That is a preliminary or passing definition which would remind us most
of the tests made with unmusical persons, and would imply that fusion
is primarily a matter of pitches, as it is chiefly with unmusical persons.
Fusion then makes the analysis of tones difficult from the outset. Other
circumstances, it is true, affect the ease of analysis, such as practice,
beats, smallness of ‘distance’ between pitches, etc. But these can be
distinguished from the difficulty consequent on fusion.

! From 112, 168, value 5. The octave I obtained by proportion from page 145, where
the values for thirds and fifths are of about the same proportion as they are on page 168,

* Faist (19) performed similar experiments with six scholars; their result was (in
similar percentages): 0=33 9, 5=00, 4=80, 6 (minor)=81, mx (major) =81, vi=83,
T (tritone) =85, 7T=88, 3=88, vim=91 (pp. 108, 121}. The three first clear steps are well
shown; also the little difference between the fourth and the rest. Each interval was
judged 480 times. Individual differences were not displayed. Other series of experiments
by Faist showed other irregularities below the fourth (pp. 119, 121). Cf 114, 283 &

® Cf. 112, 182, where Stumpf admits that his direct judgment about the fourth
was greatly influenced by the result of his experiments with unmusical observers! Cf 112,
170, 177; 40, 20,
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But Stumpf was quite well aware that fusion is not merely a matter
of difficulty of analysis; certainly not merely of analysis of pitches,
though that too becomes prominent in unmusical persons and is
interesting indirect evidence and confirmation of the direct observation
of fusion. Stumpf followed up the above preliminary definition with a
fuller one: “fusion is an unalterable peculiarity of sensory material
which always remains over when all other hindrances to analysis have
been removed and which can be recognised as such only after the
analysis has been completed and the tones have been clearly recognised
as two” (112, 128). This definition implies that fusion is primarily
a matter of tones and not of pitches. Complete analysis of pitch is
always possible and is even a matter of course for the best observers
of sounds. The tones form together not a sum but a whole (ibid.)
It is merely a consequence of this that the total impression in the
higher grades of fusion approaches that of one sensation and is hard
to analyse.

XXVI. It cannot be said that Stumpf's conception of fusion is
perfectly clear. But the main motives determining it are evident:
the classification of pitch as quality, the fact of the varying difficulty
and ease of pitch analysis for different persons, the lack of any definition
or discussion of tone in distinction from pitch, the seeming adequacy
of the terms ‘not a sum’ (= not a matter of qualities or pitches), “but
a whole’ (= a fusion). In his conclusion, however, Stumpf was quite
explicit. In 1890 he decided that every appeal to psychological laws
for a solution of the problem of fusion is fruitless. Fusion is a primary
fact of hearing; it is inexplicable by reference to habit!, or to feelings,
or to upper partials (29), or to difference-tones?, or to any other psycho-
logical adjuncts of the tones involved in the fusion®. The “direct

1 Cf. 112, 208, (. 8. Myers, however, supports this ‘natural baszis of association’
(82, 55). Also R. M. Ogden (88), who tries to rescue the theory by pleading racial, rather
than individual, experience. But Stumpf himself suggested this racial derivation as a
poszible source of fusion (112, 2151.). Most recently H. T. Moore (79) has tried to provide
the theory with an experimental basis in records of individual practice with dissonant
intervals. I do not think that any of these or other writers have put forward any real
grounds for a belief in any such effect of habit or association. Arguments from habit
can always be inverted, unless actual evidence of the infention of the habit can be provided.
And that is absent in this case; or rather it is as probable that habit leads to perpetual
diserimination (hearing as two or dissonances) as that it leads to hearing as one (or con-
sOnAance).

2 Cf. 118, 122, in which Krueger's attempt to found a theory of consonance and
dissonance upon difference tones is shown to be in fact and principle a complete failure.

3 Cf. Stumpf's special paper on the subject (115).



60 THE ANALYSIS OF BI-TONAL MASSES [cH.

ground of fusion” can be given only by “a physical apparatus in the
central organ™ (112, 184). Such a conclusion is really equivalent to
the admission that all attempts to give a direct statement of its nature
and all comparisons of it with the phenomena of other senses have
completely failed. )

But, apart from that and from the confusion caused by the failure
properly to distinguish between pitches and tones, Stumpf’s treatment
of the problem of fusion is so sound that it has been accepted as
authoritative by most psychologists, although various attempts have
been made to improve upon the general setting given to the special
notion of tonal fusion. No one has yet shown Stumpf’s methods and
results to be wrong, and no one has made any essential advance beyond
his conclusion just stated. But advance beyond it must be made.
We cannot tolerate new primary facts at this stage, facts which leap
over all the already exhausted primary facts of the attributes direct
to a special physiological basis which does not reveal itself in these
attributes at all. We feel such a leap in the dark to be an offence to
our sense of continuity of action, and we must urge that a search be
made amongst the attributes for a proper psychological basis of fusion.
A reason for Stumpf’s recent conversion to the belief in octave qualities
may well have been the feeling that his primary facts of fusion should
be brought to rest nearer to the real primacy of the attributes.

As the aim of this exposition is the establishment of a new analysis
of hearing, it can use historical exposition and criticism only in order
to prove itself by showing how difficulties have arisen and how the
analysis to be established is latent in these difficulties and in the solutions
already obtained. I shall therefore use Stumpf’s results as a basis from
which to obtain a true psychological theory of fusion, not stopping here
to discuss any criticisms and restrictions applied to his view. We must
remember that, as no later view has made any essential advance beyond
Stumpf’s conclusion, their criticisms may be irrelevant or trifling. If
important, they can be recognised as such only from the vantage point
of a more advanced and successful analysis.

XXVII. Let us therefore apply my method of dealing with the
attributes to the problem and see whether it will not carry us beyond
Stumpf’s first conclusion. It will be observed that in it his general
remark about the fruitlessness of appeal to psychological laws applies
to any reference to the psychical adjuncts of the fusing tones—feelings,
partials, combination pitches, habits, ete., apart from the explanation
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by the inherent similarity of tones, which at that time he rejected.
The last of these is after all methodically the best explanation, for it
looks downwards, not upwards for a cause. We shall follow it in looking
downwards to the attributes for a cause. This method, as I have already
pointed out, was practically closed to Stumpf and others by the qualita-
tive classification of pitches and by the consideration of volume as
quasi-spatial.

Stumpf’s laws of fusion (112, 136) provide an excellent basis for our
method. No. 1 says: “ the grade of fusion i1s independent of the tone-
region,” i.e. of the pitch-region'. The octave, fifth, and fourth show
the same grades throughout the whole musical range of pitch. The
extremes of pitch, especially the upper reaches of it, present a difficult
problem for any theory; but we may neglect them at present and
proceed as best we can from whatever sure ground we find. Within the
musical range, then, we can say: fusion is independent of pitch. And
direct evidence confirms this: fusion is not altered by our disecrimination
of the pitches of a sound. The difficulty of analysis which is a character-
istic consequence of fusion therefore does not apply so much to pitch
as to some other feature of the sound to be analysed; for it survives
the highest practice and the greatest ease in detecting the pitches
present in a sound, shown by certain persons specially gifted in the
observation of sounds. Stumpf admits this implicitly when he says
(112, 128) it is the fotal impression which in the higher grades of fusion
approximates more and more to that of one sensation. Fusion, we
may then conclude, is not primarily a matter of pitches, i.e. it does
not primarily concern the predominance of order that constitutes
pitch in the strict sense.

XXVIII. Law No. 2 says: fusion is independent of intensity,
both relative and absolute®, although analysis is impossible with great
differences of intensity of the primary sounds. Why that should be
we shall see later. For the present this law clears us of another attribute.

Two attributes remain: quality and extensity, or as we find it in
tones—volume. Now quality drops out of itself, for there is only
one auditory quality. The inevitable conclusion then is: fusion can
only be a matter of volumes. For those who will accept my method
of dealing with the attributes, this conclusion may be sufficient. But

1 Admitted by Kemp (40, 159).

* Restricted by Kemp (40, 159). We shall diseuse Kemp's objections later. For the

present we shall accept Stumpf's law and discuss Kemp's points in the light of our con-
clusions. -
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we shall consider all other available evidence. At any rate pitch in
the strict sense (as against the loose sense in which it is often used
as equivalent to “tone’) and intensity are definitely excluded. Is fusion
then a matter of volumes?

XXIX. We have already seen that the volume of tone decreases
as the pitch rises. We cannot say ofthand that this change is a regular
parallel to the change of pitch, as would be the case if equal diminutions
of volume accompanied equal increases of pitch. For we do not yet
know how to establish the presence of equality in these variables. But
one thing is clear, that between the volumes of the lowest tones and
those of the highest there is continuity of diminution. The decrease
of volume can therefore be represented by the perspectival projection
of two parallel lines meeting at the horizon (cf. Fig. 7 below). We
have also agreed that the predominant order of the volume by which
pitch 1s constituted is probably central to the whole volume. No
asymmetry of the volume 1s detectable. And all higher pitches lie on
one side of any given pitch.

When two pitches of no great distance from one another occur in
one tonal sound, we should then expect the upper pitch to lie imbedded
in the volume of the tone which would exist if only the lower pitch
were present in predominance. If the volume of the whole tonal mass
18 in any way made up of the volumes which each sound would produce
separately, it would follow that in the tonal mass the volume of the
higher sound must overlap or coincide with a part of that of the lower
sound. All this follows directly from the facts of volume, predominance,
and continuity of the ordinal series in sound.

XXX. But simultaneous sounds never seem to lie completely
apart from one another, no matter how different or distant their pitches
may be. They are always heard through one another, as it were. That
would seem to indicate that the volume or at least the predominant
order of any tone always falls within the volume of any other lower
tone, no matter how distant their pitches may be. But if orders existed
beyond the extreme upper! order of the lower tone, it is not evident
why these outlying orders should not be the predominant orders of
some high tone of a very small volume. Thus we seem to be forced
to the conclusion that the predominant order of the absolutely highest

1 ‘Upper’ may here be defined as ‘on the side of the pitch of a (pure) tone towards
the pitch of any higher tone.’
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tone is the extreme upper order of any and every lower tone!. For if
it were not, two tones could be got which would lie completely apart
from one another, which is not the case. Thus the extreme orders
involved in the volumes of all tones would be identical on the upper
side. Butit would then follow that the volume of the highest tone would
be minimal. For as its predominant order is the extreme (upper)
order of all and is presumably central to its whole volume, the range
of its volume on both sides of its predominant order will be equal and
be twice the minimum, i.e. the minimum itself—the spot of tone, as
it were. This deduction is sufficiently stringent to be convincing.
But if it be urged that it is not completely stringent, we may reply
that the error possible within it must be so small as to be negligible.
That is to say, parts of the volume of the highest possible tone might
conceivably lie a little beyond the upper limiting order of a lower tone,
without these two tones yet being heard apart and separately from
one another, That is logically possible within my proof. But it does
not thereby become probable. Before it could be deemed noteworthy
as an objection, some probability would have to be shown for it. We
shall see later on that inferences from the chief grades of fusion make
it highly improbable and so consolidate the present argument.

XXXI. Further light comes from certain obvious facts. One of
these is the standardisation of the whole range of musical pitch on the
basis of the octave unit. The whole range is plotted out in portions
of one octave. At the same time the octave is the highest grade of fusion.
Thus the musical range of pitch is stated in terms of the highest grade
of fusion. The octave is the standard. We may be quite certain that
the octave as a unit and as an interval is based upon the octave fusion ;
for the octave as a difference of pitches or orders is not by any means
equal throughout the musical range®. The distance between the pitches

1 K. Dunlap (11, 292) seems to have conceived an idea like this, when he speaks ana-
logically of *“making one end of each streak coincident with the corresponding ends of all the
others.” Indeed Dunlap seems to have come within an ace of conceiving the basis of the
theory of this book. But if he ever thought of working out this theory fully, that was in-
hibited by his rejection of local sign as the nearest attributive relative to pitch (cf. above,
p- 21). Cf. also 12, for summary indications of Dunlap’s applications of his theory.

2 It need hardly be mentioned that the octave standard is not based upon the ratio
of physical vibrations which usually characterises its stimulus; ». Stumpf (121, 325):
“If e.g. we hold one tuning fork a? very near the ear, another physically exactly an octave
lower, further from the ear, but so that they are still distinguished, we then hear a® con-
siderably flattened, as much as a semitone, and the octave out of tune, and must there-
fore sharpen this fork correspondingly, in order to get a pure octave for the ear.”
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involved in an octave, or indeed in any other interval, e.g. the third,
is very different in the extremes of the pitch range, where it is only
just detectable as a distance, from what it is within the musical range,
where many smaller intervals are distingunishable. Within the musical
octaves, the distances included in any interval differ very much. We
shall consider this more fully later.

If fusion then is a matter of volumes, and if the octave fusion is
a constant standard, we should expect the overlapping of volumes
in an octave fusion to be constant as a type. Only one natural pattern
offers itself as obvious: that in which the extreme order included in
the volume of the higher tone on its lower side coincides exactly with
the predominant order of the lower tone. As the extreme orders of
all tonal volumes on the upper side may be presumed to be identical,
the predominant order of the upper octave pitch should lie just half
way between the predominant order of the lower octave pitch and the
common extreme on the upper side. No other pattern, proceeding for
example by thirds, quarters, etc. of displacement of the upper predomi-
nating pitch, would give any feature of coincidence of volumes which
could be used as a natural standard, except in so far as the ‘half’
pattern merged from each. Nor would any such natural standard
emerge unless the upper limiting orders of all tones coincided
exactly. The existence of the octave fusion speaks for some
process of exact interlinking of volumes; and as an approximate
coincidence of upper limiting orders was made highly probable above,
we may now accept the identity of upper limiting particles as most
probable. In the octave, then, the upper ‘tone,’ fits most perfectly
into the volume of the lower “tone,” exactly filling that half of the latter
upon the side of which it lies, i.e. the “upper’ half. It thus merges
into the lower ‘tone’” and forms a part of it. It 1s distinguishable from
the lower tone only by the pitch it adds to the latter, unless it be by
the extra ‘weight’ which the volume of the lower tone receives on the
upper side owing to its being induced from two sources, i.e. more
intensely. But without the new predominant pitch, such a change we
may presume would be hardly detectable alone.

This ‘deduction’ of the psychological nature of the octave fusion
receives confirmation from the fact that the rate of vibration of the
octave is, in all regular cases, double that of its relative tone. We
should thus have established a parallel between the psychical and
the physical to which the intervening physiological must undoubtedly
conform,
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I have no doubt that the whole argument of this ‘deduction’ will meet with
the liveliest opposition from many. It will be considered grossly material, the
application to psychical states of categories that are fit only for material objects.
But that sort of objection rests solely on the fact that sensations have never been
held to be ordinal, but only to be localised. They are held to be loecalised, but at
the same time they are said not to be out in space ‘at’ the objects they refer to,
but to be only psychically localised. This kind of localisation stands for or means
practically the same as material localization, but is of course really quite different.
But we must urge in reply that in a certain aspect material and psychical localisation
are quite the same—they are both ordinal systems. Their essence, the stuff in
which the orders are imbedded, is different, but otherwise they are quite of a kind.
The same remark applies to the orders of hearing. If the orders of matter can be
treated in a certain way, as far as the known facts regarding matter allow, why
should the orders of sensation not be treatable in the same way, if the known facts
of hearing (or any other senses) allow it?

XXXII. Let us continue with our deduction. There are in any
tone three characteristic orders which define its being—the two extremes
and the predominant order. Of the former the upper one is identical
for all tones. There remain then only two orders available for the
determination of fusions. The only possible form of coincidence, where
the other extreme order of the upper tone coincides with the predominant
order of the lower has been allotted to the octave fusion. Another
arrangement, this time of balance, i3 possible. In it the extreme lower
order and the predominant order of the upper tone lie each equally
far from the predominant order of the lower tone on either side of it.
Thus we should get a new form of symmetry: not indeed the perfect
svmmetry of the tone of simple pitch, but nevertheless a very good
balance as far as orders are concerned. The predominant order of the
lower tone must be the predominant order of the whole, for it occupies
the usual central position of predominance. In a constant tonal mass
in fact this will always be the case: the pitch of the whole mass must
be the pitch of its lowest component, as it is actuallyl. On either side
of this all-important point lie the two points brought by the higher

1 112, 384, 407. C. Valentine (128, 192) thinks “the pitch of the hisher note in any
combination near the centre of the piano is likely to be an influential determinant of the
apparent pitch of the combination.” Of course it may be so for some persons. It is all
a matter of the most frequent attitude of observation. Those whose observation has
taken its nourishment almost solely from melody—which in simpler musical works of
the present day is usually the highest voice—will doubtless oftener find the higher pitch
first. That would not be inconsistent with the general predominance of a natural attitude
directed towards the centre of any tonal mass, i.e. to its lowest pitch; but not, of course,
if that lowest pitch is very weak and some higher one is very strong. But Knight Dunlap
(11, 201) endorzes the view of the text from his theory.

=
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tone,—its predominant point and the point where the departure from
the usual ‘outline of predominance’ of the lower tone begins. We have
already seen reason in the vagueness of the pitch of certain tones to
suppose that the predominance that constitutes pitch is often of some
extent. We may well suppose that it decreases in some manner,
rapid at first, towards the extremes. This is contained in the mere
notion of predominance. The manner of decrease will be decisively
altered if simultaneity of sounds means in the least degree an addition
of volume values. That it does so is evident from the fact that the
higher sound brings a point of predominance into the total sound mass.
This arrangement of balance would not be so close an approximation
to the perfect symmetry of the tone of simple pitch as is the octave.
For whereas in the latter there is only one point within the extremes
where a departure from the perfect system of tone occurs, within the
former there are two. This arrangement would therefore constitute
only a second grade of fusion and may be aseribed to the interval of
the fifth. It agrees with this deduction that the rates of vibration of
the fifth are relatively 2: 3.  For as the pitch is central in any volume
and the lower half of the volume of the higher tone is supposed to
be divided into two equal parts by the pitch of the lower volume, there
will be three out of four parts of the upper volume within the upper
half of the lower volume. Hence the volumes are as 4: 6, 1.e. 2: 3.

XXXIII. From these two volumic coincidences of the octave
and fifth we can obtain the proportions of any other interval by indirect
means. For this purpose we do not need to leave the ground of psychical
comparison and relations. The evidence of the octave shows, as we
have noticed, that the volume of tones changes proportionately to the
pitch. Or perhaps, as we should rather say, volume changes con-
tinuously from lowest to highest tones, and the octave units mark it
out into stages, which then read as a natural proportionateness to pitch
only so long as one does not see that this pitch is not the ‘natural,’
but only the nominal pitch. The measurement of volumes by means
of the octave and fifth, for measurement it surely is, is as direct as any
measurement could be. It is in principle quite the same as measure-
ment with a foot-rule!, although it is hampered in practice by the

! T may refer here to my discussion of the question: are the intensity differences of
sensation quantitative? (136). No doubt the position I took up may have seemed to
many unnecessarily extreme. I have seen no reason since to doubt its validity. My
measurement of volume now comes as an interesting confirmation of what 1 said, loc.
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impossibility of getting a large number of units of different size on to
one measuring unit. So for our present purposes we may simply take
over the ratios from present knowledge without further inquiry into
their origin and apply them to psychical volumes.

For the interval of the fourth the ‘lower extreme’ and the ‘pre-
dominant’ points of the upper tone would lie respectively one-fourth
of the whole length of the lower tone towards the lower extreme order
of it away from its predominant order, and one-eighth away on the
other sidel. Similar values? for the other grades of fusion and the
intervals included under each by Stumpf and Kemp (v. below, Table VI,
p. 104) are given in Table III. The line separating the columns * Lower
extreme’ and ‘Pitch-order’ may be taken as representing the predomi-
nant point of the lower tone. The values in each column then give the
distance, in terms of the volume of the lower tone, between the latter’s
predominance and the lower extreme order of the higher tone and between

cift. p. 181f. If my method and results are correct, I have now measured real volume
by superposition. I have not however measured the mode or Gestalt ‘volume,” which
must remain in its psychical essence, ag it has always been, a mere magnitude. For a
clear assertion of this—that volume is an immeasurable magnitude like intensitv—see
Stumpf (112, s8). Those who hold that magnitudes are somehow measurable—on the
distance method, for example—may not now turn upon me and say: you have just
suceeeded in measuring a magnitude. For I have not measured volume by the distance
ritual, nor have I measured it as a magnitude: but 1 have measured its real basis by
an inferential process, by superposition, the same inferential process by which real physical
distances are measured. As I said in my paper, some day the real psychical basis of
intensity—if it has one—may be measured in this way. But that will not be a measure-
ment of intensive magnitudes.  Are those who still differ really ready to aceept the ultra-
sensationalism implied in the denial of my argument? I doubt it very much. If volume
and interval are really in psychical essence something more than their psychical basis
of anditory atoms, they are essentially immeasurable, although they are magnitudes.
But their real psychical basis is measurable, I do not deny the possibility of psychical
measurement. But I do deny the possibility of measuring psyechical magmitudes as
suchi. In striclt logie it is the ‘as such’ that matters. If any one cares to omit it
and to substitute for the magnitude in question some other in order to be able to say
he has measured that magnitude, I suppose he will. But in that case all discussion is
at an end.

! The predominant point of the fourth therefore divides the distance (in the strict
sense) between two pitches an octave apart into two equal parts. Generally, the half-
distance pitch is got by subtracting the inverted ratio of the two tones from unity and
dividing by four. If the resulting fraction is found in the fourth column (z) of Table III,
the required tone is given by the interval of the first eolumn; otherwise by simple calcula-
tion, e.g. c:a=§; Le. 1-3; =3 +-4=4gy; ie. o1 or e; e divides the distance ¢ —a into
two equal parts. On distance compare below, p. 75 i

2 (f. 137, #. There by mistake the values for the natural seveuth (4:7) have been
given instead of those of the tritone (32:45).

5—2
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the predominances of the two tones (‘ pitch-order’). The values for the
intervals beyond the octave are set alongside. In these, both the special
defining points of the upper tone fall above the point of predominance
of the lower tone. It is important to notice that the lower extreme
point of the upper tone falls in the intervals beyond the octave exactly
where the predominance of the upper tone fell within the octave.

TaeiLE III.
(In terms of the lower's volume)
Totarval From the pit—ch—lnrder of the lower to the T
higher's :
pitch-order
lower extreme | (x) oy lower extreme :
0 1:2 0 3 1 0+0 | 1:4
3 2:3 (#) 3 P @ * 0+5 1:3
4 3:4 (%) i 3 (%) 1 0+4 3:8
el am | oy & e ) & 0+III | 2:5
3 8:6 (%) T 1z (1'%) T 0+3 5:12
VI 3:5 {+%) T % (%) T 0+ VI 3:10
6 5:8 (1) 1 (%) T 0+6 5:16
T 32:45 | (§f) 1% 3§ (§f) b8 0+7 32:90
II T ' T SRR T R TR = 0411 4:9
7 0: 16 (34) 7 vr (+%) T 0+7 9:32
o |16:18 | (&) 3 | & 68 0 0+2 | 15:32
VII | 8:156 | (}4) o ¥ (d%) ¥ 0+VIL | 4:15
T = “TRE 7 )

All these arrangements are obviously devoid of the coincidence or
balance that is so obvious in the first two—the octave and fifth. All
of them are irregular, but to some extent this irregularity gets worse
as we proceed, while one of the two defining points of the upper tone
comes closer to the predominance of the lower. All these fusions will
therefore naturally belong to a lower grade than the fifth, whether
our conceptual estimation of their balance is as graded as our auditory
apprehension of them or not. We shall consider these details more
closely in another connexion. For the present our deduction agrees



11 THE ANALYSIS OF BI-TONAL MASSES 69

sufficiently with the introspective and indirect determinations of fusion
expounded above.

Our study of the tonal mass produced from two different sources
of sound thus teaches us that in almost all cases pitches can be found
in it that correspond exactly to the pitches of the original sounds pro-
duced separately. In this sense analysis is perfect. In the case of
slow beats, as we have seen, the original pitches cannot be recovered.
But of the other attributes of tone neither volume nor intensity can
be recovered in their original forms by analysis. Fusion, we have
concluded, is to be defined as the coincidence and inseparability of
volumes which remains over even after pitch has been perfectly analysed.
The merging of intensities in one another is proved in general by the
familiar fact that a sound can be heard in the silence at an intensity
far lower than that required when another sound is being made!. One
sound seems to drown the other to some extent. This is again a sign
that sounds coincide at least to some extent in their ‘stufi’ as it were2.
Some of the ‘atoms’ or ‘spots’ of sound of which they are composed,
are identical, as we have seen in the study of fusion.

XXXIV. Let us illustrate these things with a diagram. Let the
two primary sounds have the pitches ¢’ and ¢ The diagram of ¢’
alone would be as in Fig. 4. The line Vi-VI represents the total volume
of the tone, VI being the lower extreme and V# the higher. P represents
the predominant order that constitutes the pitch, while the perpendicular
Pi represents the relative intensity in which that predominant order
is present. The relative intensities of the other orders that make up
the whole volume are found by perpendiculars parallel to Pi. But
the diagram does not claim to represent these differences truly, but
only to indicate them in prineiple. Their exact relations are a matter
for difficult special research.

The diagram for ¢® looks in principle exactly like that for ¢. In
actual fact the rise of its intensities may be somewhat different especially
about the point of predominance. Only the dimensions of the whole
are half as large.

1 Cf 112, 220 £, 420. Weber's law alone would suffice to explain this if a coincidence
of volumes is admitted.

2 A remark by W. James (36, 81) is of interest in this connexion: * At most, the
high tone is felt as a thin, bright streak on a broader, darker background.” Cf. however,
Stumpf's denial of all the implications of this suggestion (112, 58). Cf. with this, Dunlap
(11, 201): ““the higher note is contained in the lower note both psychologically and physio-
logically, just as if a short streak of light were superimposed on a long one.”
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In the combined diagram of the sound heard when both sources of
sound are played at once, the lower half is identical with that of ¢'.
A second point of predominance appears in the upper half. But what
exactly are the intensive relations of the curve of the upper half we
cannot say, except that they must be somewhat greater than are those
of ¢ for the simple reason that a second point of predominance appears.

i
c' _,,/\
Vi = Vh
Vi P Vh
c'+c? : I
v/ F~ B A
Fig, 4

A similar diagram is given in Fig. 5 for ¢' 4+ ¢'. There the curve
of ¢" overlaps two-thirds of that of ¢’. A point of predominance is not
created at the end point of coincidence Vl'. Ewvidently more is required
for predominance than just an increase of intensity. But this increase
is not so good as absent or inefiective, any more than it is at the extremes
of a tone of simple pitch. It is effective in so far as it marks out the

c+g

v/

balance in the whole tonal mass that is characteristic of the fifth and
that makes the fifth so like a perfectly balanced tone of simple pitch
that it is often taken for one. The common difference tone ¢ will
in this case bring out a third point of predominance at Vi, the rest of
the volume of that low tone stretching away out as far as the whole
length VIi-Vh on the left of VI
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Certain other phenomena are now readily deducible from our diagram.
In low tones and in simple mild tones the curve of predominance may
be much rounded or flattened!, so that the pitch seems indefinite and
to a certain extent displaceable at will. Such rounding may be produced
by the interaction of sounds. Or by the same influence the addition
of a second sound may seem to pull the pitch of the first sound towards
the new pitch (112, 3968.). But this shift of pitch is evidently only
due to the rounding of the predominance. For the true pitch or the
real point of predominance is always to be got by attentive observation.

The theory represented by our diagram provides a basis for a detailed
study of the relation of sounds of different intensity to analysis.
Stumpf’s conclusion ““that the higher tone must possess a greater excess
of intensity if it is to cover the lower one than conversely®” seems
to be deducible from our diagram. For the volume of the lower tone
always encompasses completely the volume of the higher, which can
then only suppress the former if its predominant part lies near that
of the lower tone and if its intensity is great enough to swamp the
predominance of the lower tone. The lower tone on the other hand has
the advantage of being the only clearly defined volume, which can
be flooded by higher tones from one side only. If the higher tone is
more than an octave above the lower, the latter can be flooded only
on the upper side. Any sort of mutual flooding of volumes will be
much less likely with considerable differences of pitch (cf. 112, 229),
In fact the intensive relations within the tonal mass from two sources
of sound might yield a fairly good statement of the relative volume curve
of a gingle tone, if one tone were plotted out in terms of the minimal
audible intensity of all other simultaneous tones within an octave
on either sided.

XXXYV. Concluding our consideration of the mass of sound evoked
by two sources of sound at once we may say that the whole nature of
the mass is continuous with that of a tone of simple pitch. In fact

! Cf 112, 114, The greater threshold for discrimination of simultaneous pitches
in the lower regions also suggests this. o 103, 94 1.

2 112, 228. On this subject in general ¢f. 102, 16 @ The tones considered must be
of comparable intensity. Of course a weakish low tone is obliterated altogether by a
loud or shrill high tone, from which the ear (i.e. the attention) cannot free itself. Schaefer
and Guttmann (108, 87 #) have shown that in the middle parts of the scale of pitches
two pitches are not discriminated until they are some 10-20 vibrations apart.

3 (ther details on this subject will be found in 112, § 21. We cannot pursue it further
now. It must at present suffice to have indicated the chief lines of theory in this region.
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the theory of the mass of two sources is just a modification of that
of the ‘pure’ tone. Both are masses of elementary auditory ‘atoms.’
Both are regular and balanced and therefore admit of the predicate
‘tonal’ applied specifically to the sound of simple pitch. No complete
analysis is possible except of the aspect of pitch, where predominance
is equivalent to discreteness. These pitches are not tones, in spite of
the prevailing tendency to identify the two notions. But in view of
the fact that not only the whole mass of sound but also the parts sur-
rounding each pitch are so regular and balanced as to admit of the pre-
dicate ‘tonal,’ i is permissible to speak of the analysis of the whole
mass as an analysis into tones. Yet we must not forget that tones cannot
be separated completely from one another. The separation is much
less good than is that of two neighbouring patches of colour: for the
contrast effects on the area surrounding a patch of colour do not really
belong to that patch as a unit.

Every tonal mass, in fact every sound, is then a unity except in
so far as it can be analysed (ef. 112, 77). Unity and fusion are primary
and ineradicable, analysis is only possible so far as the discreteness
of pitches and other favourable circumstances, such as the movement
of tones in a mass, permit. There is then after all no new problem in
the unity of pitch-blends, or of fusions of the octave, fifth, fourth, ete.
Their problem is the one problem of tone in the strict sense. And all
analysis is a consequence of the predominance of pitch. But analysis
goes only so far as it is induced by favouring eircumstances or is pushed
by will. And then of course all attitudes or habits of attention are in
a sense artificial. Attention falls back from them under ordinary
circumstances into an easy posture which corresponds roughly to the
mass-nature of the experiences in question. .And in the case of sound
that mass-nature is fusion with a central predominance of the funda-
mental pitch (ef. 112, 38411.).

We thus obtain a central point of view for the most varied series
of phenomena and many standing conflicts of theory are allayed. The
comparative smoothness or roughness of pitch-blends depends upon
their approximation to the balance of the ideal pure tone. So does
the grade of fusion of two tones. We cannot, therefore, explain con-
sonance by agreement or disagreement of partials; but we can reduce
the similarity of both to the same basis in principle. The same holds
for any other adventitious accompaniment of tones which might be
invoked as the basis of fusion, e.g. difference-tones. Any smoothness
or fusion-like character which may appear in groups of difference tones
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must be due to the approach made by the mass to the balance and
smoothness of a pure tone. But each group of pitches (volumic pre-
dominances) has its own balance. We do not need to appeal to one
group for the smoothness or roughness that we cannot find theoretically
in another group. Here we touch again on the principle of nativism.
Theory shows that we do not need these transferences of properties
between experiences, just as principle urges us to decline to accept
such an irrational and uncontrollable process. Even the roughness
of beats is but a further instance of departure from the ideal smoothness
of the pure tone. Beats undoubtedly do sound rough, if at all frequent;
but they could be so theoretically rough as they seem to be to everyone
since Helmholtz, only because the basis of the resonance theory passes
over in the region of beats insensibly into a series of small volumes,
blending and oscillating with one another, even although no volume
was explicitly attributed to the tonal element in that theory. We
involuntarily think of a parallel like visual fiicker—and that is a
volumic parallel. A non-volumic theory of hearing has no right,
strictly, even to the rationality of the roughness of beats. All the
theories, then, like all the facts, lead to, and ground in, the volumic
differences of tones and the ordinal differences that are implicit in
them and are made explicit in pitch.

CHAPTER III

DISTANCE AND INTERVAL

XXXVI. The further psychology of hearing must naturally build
upon the results of the study of simple sounds. Whatever success
we may have in carrying on our early conclusions will help to confirm
their validity. Then the psychology of hearing will be continuous in
its prineiples and explanations. We have already seen how the psycho-
logy of the attributes provides a basis for the adequate study of fusion
and tonal complexes. We shall now see how the same basis suffices
for the study of distance and interval that in the ordinary psychology
of sound appear so mysterious and peculiar.

In the senses of vision and touch, distance is known to everyone.
We can feel the distance between two points or the thickness of a book
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very accurately with the thumb and first finger. We can compare the
distances between two pairs of stars or between two pairs of dots on
a page with great exactness, quite apart from any measurement of these
distances. Of course a small and somewhat variable error is made,
but that does not detract from our ability to compare distances very
rapidly and efficiently. A great deal of our ordinary practical work
involving appreciation of distances can be done quite well without
any measurement.

Although we are all thus familiar with distances, using them and
speaking of them constantly, psychologists have been of very different
opinions regarding their psychical nature. At present many incline
to regard distances as special parts or kinds of experiences, something
other than the attributes of elementary sensations, an addition to them
which supervenes only when two or more elementary sensations are
given. Apart from theoretical objections, a moment’s consideration
will make this seem very probable. The distance between two visual
points is quite another thing than the two points themselves. One
might reply that between the points there is a continuous stretch of
visual sensation, since the whole field of vision is always full of sensa-
tion. But that mere fact would be no reason for our selecting the
stretch of sensation between the two points as of special interest, except
as a stretch or distance. Besides, when we speak of distance, we do
not mean more or less the sensation lying between two points. What
interest is there in that vague sensation, undistinguished as it is from
its surroundings? What we mean is the specific experience of distance.
All this is no explanation, but only an attempt to point out what 1s
meant.

Moreover if we refer to the sense of touch we find that we have
distances without any continuous background of sensation. If two
points are touched at once some inches apart on the forearm, we feel
a distance between them. We can also feel distances with the tip of
the finger or tongue.

When we reflect on the relation between distance and the attributes
in these senses, we find that distance is dependent on the occurrence
of two sensations of different order. Thus from senses in which the
facts are easily distinguished we get a pattern by which to test all the
senses. And this procedure leads to a general rule in the same terms,
which is supported by another rule saying that distance is only found
in those senses in which suitable variation of the attribute of order
occurs. There is no distinet trace of distance in the olfactory and
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muscular senses. In those senses in which only unrelieved masses
of sensation occur, especially the organic, and also cold and warmth,
no distances can emerge properly. In articular sense distances are
very important. Here we see further confirmation for our classification
of the variations of position in this sense as primarily ordinal (cf. 133,
172#.; 135, 2508.).

Such agreement amongst the senses must lead us to expect to find
in hearing an experience similar to distance, founded upon differences
in the attribute of pitch; and its presence is admitted by a number
of psychologists.

XXXVII. The amounts or sizes of the distances between pairs
of pitches can surely be compared with one another, like visual distances,
especially if we compare the distance between one pitch and two others
above or below it, e.g. c—e with ¢c—f. Anyone who is not quite unmusical,
will notice an increase in the distance between these pitches. However,
even for these more or less obvious cases doubts may be raised. Stumpf,
for example, is inclined to think that then our judgment is based on
the difference of pitch of the upper tones and not directly upon the
difference of distance between the pairs of pitches (111, 248). But he
is quite sure of our ability to judge very small tonal distances, smaller
than a semitone (111, 2521.). That much is at least comforting and
forms a beginning. But in different parts of the musical range of
pitches, e.g. ¢-e and g—a, it is much more difficult to compare distances,
In fact we seem sure only when we make rough comparisons. These
again hardly do more than assure us that distances exist throughout
the range of pitches and are comparable as to size. It is said
that the distances given by one and the same ratio of pitches
are not the same in different parts of the tonal range. According
to Stumpf, who admits the difficulty of judging!, they increase from
the depths up to about the third accented octave. In the lower part
of the great octave (C—¢) the interval of a third (4 : 5) is just recognisable
as a distance; i.e. it is a minimal distance. The fifth then also seems
hardly greater than a third in the middle musical range (112, 403t.).
In the upper ranges of pitch a similar contraction of distances over
against one and the same ratio of vibration is also to be observed.

1 Cf. his criticisms (113) of Lorenz’s attempts (58, 26 ). At p. 455 Stumpf speaks
of judgments of tonal distance as a field **in which clear results are clearly out of the ques-
tion.” On p. 459 he gives a few approximations of his own: the middle between ¢’ and ¢?
is about ¢*; between ¢’ and g® about ¥'; between ¢ and d2 about §'%.
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These things hold whether the sounds that form the interval are given
simultaneously or successively (112, 408).

XXXVIII. Compared with the ease with which we handle distance
in the other senses, especially vision, such helplessness in hearing seems
mysterious. We might have expected to be able to say with great
precigsion whether the distances between two pairs of pitches were equal
or not, no matter how far apart these pairs of pitches were, just as we
do with visual distances, looking first at the one distance and then
at the other. But, as it is, unless the suggestion had been given to us
in various ways! from the other senses, we might hardly have thought
of looking for distance in hearing at all, were it not that it seems go
to contract in the extremes of the pitch range.

But we must be careful not to be misled by the constancy of physical
ratios. How do we know that one ratio offers the same possibility
of distance in the various parts of the range of pitches? Surely it gives
no such guarantee, any more than the number of inches between two
points on the skin gives an index of the comparative size of the distance
we shall feel between them. On the theory of pitches above developed
this parallel is quite true and exact. The only proper basis for judgments
of distance is distance itself. And we can only ask for a reason why
we apparently judge auditory distances so badly.

One obvious reason is that every one finds it so much easier to state
the relations between pitches in forms of interval (111, 2496.). For
interval is not only a constant ratio of vibrations, it is also a constant
experience. All the ease that we should expect to find in our dealings
with tonal distances, we actually find in our work with intervals. We
trace their equalities in the same and in different parts of the musical
range very easily. We can do with intervals what is hardly possible
even with visual distances, at least with such accuracy; we recognise
them in isolation without comparison. We must therefore examine
intervals carefully in the hope that we may then throw some light
upon the obscurity of tonal distance.

1 T refer not only to my own rule of the relation between orders and distances, which
is too new and revolutionary yet to have been accepted by others, but also to the curious
classification of all differences between sensations, whether qualitative or not, as distances
(ef. 111, 122 £.; 125, xxiv f£). This classification is of no direet importance for our
discussion, but it seems dangerously confusing. There may be a degree of ‘distance’
between red and orange that can be stated in figures, but there is no distance in the
ordinary ordinal sense of that word.
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XXXIX. Interval is physically defined as the special feature of
auditory experience that is common to all tonal complexes evoked by
two sources of sound vibrating in a certain fixed ratio at any part
of the musical range of pitches. It is not identifiable with degree of
fusion, for, as we have seen, intervals like thirds and sixths, or seconds
and sevenths, are not easily distinguishable amongst one another in
terms of degree of fusion, although they are readily distinguishable as
intervals. Fusion considers only the degree of disruption or disorder
in the whole mass, the ease with which it could justify the judgment
that it is evoked from two sources of sound, with or without simultaneous
attention to the discriminability of the pitches it contains. Interval
applies to the whole experience, not before or after the analysis of its
pitches, but both before and after, at all times, as a characteristic whole
especially in reference to the setting which the whole mass provides
for the primary pitches it contains.

That whole setting must be a characteristic thing. And on our
theory of fusion it is s0. We may at once state interval as the outline
of the whole mass of sound which, within the musical range, is charac-
teristic of any ratio of vibration, especially such ratios as are already
characterised by fusions, e.g. octave, fifth, fourth, or by any other
features such as we shall indicate later.

In the case of fusion the character of the whole mass of sound given
by any ratio of vibrations was set into special relations to its unitariness
or balance. Or, in practical terms, to the ease with which it could be
correctly judged to have been evoked by two sources of sound. The
diserimination of pitches in fusion 18 only a secondary matter or
a parallel indication of its unitariness. The fusion proper is there
equally before and after discrimination of the pitches in the sound.
In interval, not the unitariness, but the characternstic volumic outline—
the ordinal incidence of its variations in intensity and predominance
throughout its whole extent—is set into relation to the pitches and
their difference.

It is a fine point of analysis to say whether this difference includes
or excludes the distance between the pitches. Which do we actually
mean when we hear an interval? Do we mean that these two pitches
stand in a characteristic mass and so fall into one class with all other
pitches which also occur in a mass of the same character; or does the
reference hold for the distance between the pitches? Distance might
perhaps be less involved than are the pitches, in so far as we do really
ignore all the differences of distance that occur in the same intervals.
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Pitches are not ignored; for, being predominant in tonal masses, they
are in all practical senses, and in some others too, the chief object of
interest in sounds. Probably, in interval as such, neither distance
nor pitches are the chief concern, but only the interval, the characteristic
volumic outline as such, while the pitches it contams stand for other
reasons well forward for attention. Of course the accompanying
distance may be ignored as of no special interest, but it cannot be
suppressed.

XL. However fusion and interval are distinguished from one
another in careful reflection, there is no doubt that they are really
very closely connected with one another. In a sense they are merely
diverse aspects of the same thing—complex tonal mass—although
interval owing to its special interest or ‘intent’ naturally carries us
further in distinguishing and recognising these masses. Probably
both are in varying degrees responsible for the standardisation of the
range of pitches. Fusion perhaps leads the way in so far as owing to
its influence octave parallels pass in unreflecting minds as identicals.
But wherever the reflecting and observing consciousness sets to work
with sounds, interval must take the first place. Then the characteristic
mass volume of the octave, so perfectly balanced, so easily repeatable,
and so little affected by reduplication, must inevitably give an in-
eradicable ‘set’ to the whole attitude of observation towards the
range of pitches. No other interval is so little affected by reduplication.
If, for example, two fifths are given at once, the second is not a perfect
repetition of the first: for neither of the two new points (the extreme
of the top volume and its predominance) coincide with any of the points
of the first fifth; they merely upset its balance a little. But in the
octave the lower extreme point of each new volume always coincides
with the predominance of the lower one (». Fig. 6).

The fifth might therefore be used as a unif, but it would not be
able to maintain itself as a unit in spite of simultaneous duplication
as the octave does. This holds, in fact, for any other interval than the
octave. The incompatibility of two identical intervals, e.g. ¢, e, g2
is, therefore, by no means mysterious. c-e¢ and e-gz separately are
good thirds, but together they create an unbalance, otherwise that
of ¢-gz separately. Of course, theories that can show no inherent
connexion between tones of different pitch, cannot account for this—
to them, erratic—behaviour of two-tone fusions in triads!.

1 Cf. Riemann's criticism of Stumpf’s theory of consonance (69, 419 ).
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The law of the octave is then the supreme law in the reflective
use of the range of pitches, or, in the more usual term, in music. If
any other intervals are used, their presence and peculiarities must
be entirely subordinated to the limits imposed by the octave. Under
these cireumstances it is only natural that the standpoint of the octave
should in the course of time work itself ineradicably into our dispositions
of observation. For after we have run through all the intervals that
we admit between any two pitches an octave apart, the same intervals
recur in the next octave without any change of standpoint. But it
is clear that if we wish to change our octave basis, for example from
¢ to d, it cannot be done without intermediation. For the volumic
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relations of ¢ as an octave and of many of the other intervals admitted
as compatible with the octave ¢, are not coincident or continuous with
those of d.

We can now understand why octave relationships come to be so
prominent! in the pitch range that they could be thought to be based
upon identity of quality (cf. above, p. 441f.). And we can see too why we
must take special means to confuse and suppress our ready disposition
towards the octave attitude, if we are to appreciate fully the original
continuous pitch differences of all tones. We need to play chromatic
passages rapidly in order to baffle the octave disposition. We can
hardly exaggerate the strength and readiness of that disposition in
modern minds that are familiarised with it from the first contact with
music or even with the most accessible musical instruments such as
piano or organ, apart from the natural inevitability of the phenomenon

1 Of all intervals the octave is far the most easily recognised. . 117, 168,
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itself. The whole range of pitches is made manageable by it. Pitches
are standardised then in relation to their volumic outline. We might
represent the whole musical range by a convenient diagram! (Fig. 7).
The lines «°, »', »2, ¥®, ete. represent half the volumic proportions of the
tones of the pitches ¢, ¢’, ¢, etc. The letters p°, p’, p*, ete. stand, there-
fore, at the points of predominance, or at the pitch-points, of these
volumes. On the other side of " from ¢° there would be as much
volume again as is indicated by the bottom line of the diagram. The
diagram represents the relations of the tones of the musical scale truly,
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but it does not necessarily indicate correctly the real relations which
may subsist between the pitches as orders. We do not yet know for
example what relation the number of orders in the lower stretch of
volume of ¢ bears to the number in the lower stretch of ¢2. This

1 The only diagram of pitch-volume I have met with in psychological literature is
Titchener's (126, 94). “This attribute [of size or diffusion],” he says, “runs, in general,
parallel with the attribute of pitch; but at the ends of the scale it changes more quickly,
in the middle region more slowly, than pitch, so that deep tones appear very large and
diffuse, and high tones very small and concentrated, while the intermediate tones seem
all to be more or less of the same size.” I am not aware that this view has received

wider acceptance.
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problem can only be settled by a direct examination of the dis-
eriminability of pitches.

XLI. Such an examination shows that the differential threshold
of pitch does not conform to Weber's law, as was naturally expected
on the hypothesis of the qualitative classification of pitch, or as would
be expected also upon a quantitative interpretation of pitch, such as
that suggested by K. Dunlap. We do not need to multiply the rate
of vibration of a given tone by a fixed ratio in order to get the tone
just distinguishable from the first in respect of pitch. The inerement
is very nearly an absolutely constant quantity. It increases absolutely
(not relatively) slowly with the rise of pitch within the musical range,
as the following figures show: D, (ca. 70 vbs.) + 0-4 vb.; ¢ (125 vbs.)
+ 0:4; ¢ (250 vbs.) + 04 vb.; a’ (417 vbs.) + 0-65 vb.; a® (834 vbs.)
+ 0:9 vb.; a® (1668 vbs.) + 1-1 vbs.; g* (2965 vbs.) + 7 to 10 vbs.;
¢® (4000 vbs.) + 10 to 40 or more vbs.; after this point the threshold
soon rises enormously (cf. below, Table V, p. 96). These values are
averages taken from tests made by Stiicker (110, 396f.) upon some
30 professional musicians, 14 of whom belonged to the K. K. Hofoper
in Vienna. In reckoning the values I have omitted a few abnormally
high values (poor discriminations). Meyer (67, 358) working with the
gpecial training in observation possessed by Stumpf, got for an increase
of 0-35 vibration per second on the tones of 100, 200, 400, 600, 1200
vibrations respectively 71, 83, 80, 84, 67 per cent. correct judgments.
These sets of results show great similarity. They are the only apparently
reliable and uniform results I have been able to find. Determinations
of the threshold of pitch differences made by unmusical and untrained
ears are almost worthless; they are erratic and irregular and unless
got by strictly incognitive methods, probably illusory. A grouping
of them is given by Vance (129, 133): for 64 vbs. some 3 vibrations give
the threshold ; for 128, ca. 1-5vb. ; for 256 cd. 1-b vh. ; for 512, ca. 2 vb. ;
for 1024, ca. 3 vb.; for 2048, ca. 6 vb. Practice has of course a marked
effect upon them, as F. O. Smith has shown (107). The simultaneous
threshold for pitches shows somewhat the same differences of relation
to pitch (102, 25). Absolutely it is much bigger, some 10-20 vibrations
in the middle range.

No doubt the size of this increment at any pitch depends upon
the spread of excitation round the point of predominance and upon
the displacement consequently necessary if a noticeable shift of the
centre of predominance is to be got. And as the volume of a tone

W.P. 8. : G
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is the smaller the higher it is, we may suppose that its volumic outline
is proportionately smaller all over, as it rises, This would mean a
greater pointedness of predominance in direct proportion to the rise
of pitch or in inverse proportion to increase in the number of vibrations
per second. Apart from slight differences due to rounding, and apart
from the desire to extend the range of predominance, which gives a
tone a certain elasticity of pitch as we have seen above (p. 31), the
displacement required for discrimination under the best conditions of
attention might therefore well be about the same fraction of a vibration
per second.

This analysis however would not imply that the numbers of orders
which compose a wvolume are anything but proportionate to the
magnitude of that volume. Indeed how could we expect it to be other-
wise? The very notion of volumes implies a reference to the original
multitude of orders constituting it. Although this inference receives
no support from matters of fusion, which rest upon the coincidence
of volumes, nevertheless it seems natural that apart from the measures
of coincidence volumes should really decrease evenly with rise of pitch,
as they seem to do, especially since the predominance of pitch seems
to be central to each volume. We can only assume that both volume
and distance are proportional in magnitude to that number, apart from
special conditions and processes of standardisation which may supervene.

Thus we should conclude that distances are not only not equal
in octaves, but rather about halved in size for any interval with each
octave upwards! (cf. infra, p. 90 {., 162 f.).

XLII. The impression of an increase of distance with a rise of
octave must therefore be due to the increase in the number of dis-
criminable steps that comes with rise of pitch. That would make the
former apparent increase illusory. We need not hesitate to accept
this conclusion, for all judgments of distance within the musical range
are, as Stumpf admits, exceedingly difficult and doubtful. Theoretical
leading might very well reverse them entirely.

1 Cf. 111, 62; 113, 459 r, where Stumpf writes: * Experiences and ideas of other kinds,
such as...especially the smaller (apparent and real) extension of higher tones and
associations connected therewith, drive us further still: the tone realm seems to grow
smaller and smaller upwards. A melody repeated in the octave higher, with retention
of the distance relations, appears with regard to the absolute size of the steps like a
reduced copy of the original. In real music, in the whole context of music, this illusion
is in fact the dominating one,” ete. The argument of our text would make 1t out to be
no illusion, but reality. Cf. similar expression in 120, 23,
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XLIII. But even if auditory distances do thus originally differ
that would not preclude their being later standardised by means of
interval. We find in the sense of touch great original differences between
the distances given by stimulation of points objectively equally far
apart on different parts of the skin, tongue, finger tips, palm of hand,
etc. But these come to be standardised approximately to the proper
amounts of real distance, although the tongue hardly acquires this
correction. So too the original differences amongst the tonal distances
of the octave and other intervals would become equivalent in the
octave standard. Their original differences would not thereby be
annulled. They could be recovered by suitable devices and brought
before our obsefvation as such. But this standardisation would at
least soften for us the erude original differences of distance, and explain
the unobtrusive nature of tonal distance over against interval. We
should therefore conclude that the essence of interval is proportion
of form; for the variations of distance would then make no difference,
since all the elements of the form of any interval would change equally
with any raising or lowering of the interval. Nevertheless, as was
noted above, the pitches that stand in an interval must not be lost
from sight; the interval iz referred to the pitches or rather to the
‘“tones’ to which the pitches belong.

In a recent publication (120, 85) Stumpf notes that *“ Messrs Abraham
and v. Hornbostel in the last few years have made long series of
experiments upon distance judgments in tones...the familiarity with our
intervals being as far as possible set aside or made harmless by the cir-
cumstances of the experiments. They found that it is really possible to
equate small tonal distances with some certainty at different absolute
pitches; and the distances thus judged equal showed the same relations
of vibrations, not the same differences as one might think.” It must be
evident that Abraham and v. Hornbostel, in the face of the immense, if
not insuperable, difficulty of uncovering the primary distances of pitches,
have simply wandered unwittingly into mere interval, which is of course
a matter of relations or proportions of volume. In fact their getting
equal relations of vibrations is good indirect evidence that they did
not judge on the basis of distance at all, really. For on any count
the probability of pure distance judgments giving equal ratios is not
great, surely. I have given what seems on my theory to be the proper
method of dividing a true tonal distance into two equal parts above
in a note on p. 67. The middle pitch between two ¢’s is an f, between
¢ and @ an e, between ¢ and g an e (cf. 14). But when we compare

6—2
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two theoretically equal distances—e.g. ¢—f and f-¢’ or ¢—¢ and g—¢'—
we do not readily detect amidst the sounds anything identical. It may
be there for all that. We must remember that we simply cannot strip
tones and tonal sequences of their volumes so as to reduce them to
mere points, between which distances might be traced. No matter
what we do, the basis of proportion, i.e. interval, and from habit the
attitude towards proportion, are both there; and they may well make
the proper abstraction of distances impossible. Perhaps somebody
will succeed with the abstraction some day.

XLIV. The octave and the other intervals are also of great im-
portance in the naming of pitches. Relative nomencl8ture is obviously
based entirely upon these relationships. And so in fact is every absolute
nomenclature or absolute ‘ear.” For absolute ear there is required,
besides, an absolute point of reference in auditory orders themselves.
In those who have a more or less perfect absolute ear, we may suppose
that every auditory order is an absolute individual, which can under
favourable circumstances be recognised as such apart from all names.
We can all do this with some accuracy, if we are allowed to find at once
the given tone on a musical instrument and to practise doing so in order
to overcome certain common sources of error, such as octave trans-
position, confusion of repeated trials without renewal of the given tone,
etc. We then get a tone in the instrument which lies within a fairly
small variable error of the given tone. The same result comes of a
gimilar test of our ability to localise a point touched on the skin. But
whereas we all learn to name the point touched on the skin with an
equal degree of correctness, only very few learn fo name tones correctly,
without the help of some familiar instrument, voice or piano, ete.
It is difficult to explain this difference between the two senses.

Probably the chief source of the difference is the extraordinary
emphasis laid by music upon the relationships of pitches. Musical
instruments constantly vary in the absolute pitch to which they are
tuned. In fact a standardisation of pitch is only required for certain
special reasons; e.g. on the piano for the convenience of those who
have a very precise and rigid absolute ear, and who would be ‘thrown
out’ if they had to play a work a quarter or half tone lower than usual ;
or for the convenience of those who are singing to piano accompani-
ment up to the limits of their voice range, and so on. Absolute ear
is a great help in musical practice, but it is quite dispensable. In fact
it seems to be rather difficult to acquire even when there is a certain



11 DISTANCE AND INTERVAL 85

tendency towards it (ef. 43, 2611.) and easily lost, if it is acquired with
any difficulty. In some favoured persons it is acquired early and more
or less unwittingly and never lost. Perhaps these persons have some
special refinement of hearing, such as a much greater delicacy of volumic
outline and especially of predominance, than have others. Or perhaps
a highly favoured auditory disposition gives them the power to maintain
their absoluteness of ear in spite of the universality of musical relativity.
In that case we should all naturally possess absolute ear and then
proceed to lose it or to lose the power to convert it into absolute nomen-
clature. In dealing with noises we all seem to retain a good deal of
it, even the most unmusical of us, who recognise voices, noises, ete.
But then noises are irregular sounds in which many orders emerge
irregularly, rather than only one or a few all the time. And noises
are not subject to the same relativity as music is. There is evidence
also that young children may be brought to show absolute ear, if the
snares of relational changes are avoided. And they can learn it the
more easily, the less they have already had to do with musie (32).
They are taught tones in association with certain letters, and can repro-
duce the tones absolutely when given the lettersl. Dogs perhaps
also have a good measure of absolute ear. The whole problem is subtle
and complicated. But it is not of any primary importance in the
psychology of hearing.

We are now in a position to see how unimportant Stumpf’s evidence
in favour of octave qualities is. Errors of one or two octaves in absolute
ear and the ease of octave transpositions are inevitable results of the
relativity which the octave brings. They show that even absolute
ear is in part subdued to musical relativity, seizing as of first importance
only the placing of the pitch in its place in the octave, and of minor
importance accuracy in specification of the exact octave. All these
arguments, as well as the harmonic equivalence of the octave, are obvious
consequences of the relativity of the octave and its importance for
all musie.

1 Cf. D. Katz (38), and the tone-word method of training by Karl Eitz mentioned there,
a method which uses names for tones very much like those of our tonie sol-fa system.



CHAPTER 1V

THE ANALYSIS OF TONAL SEQUENCES

XLV. The chief differences between the study of tonal masses
and sequences is that the latter is relieved of the problem of fusion.
A gradual transition from mass to sequence is of course possible, if
one of the two primary sounds is intoned and stopped a little before
the other and the interval between the incidence of the two is gradually
increased, until the second occurs distinctly after the first. It may be
noted then that the phenomena of adventitious pitches and fusion become
less and less readily noticeable. But they do not disappear as soon as
the two sounds are heard as a succession. With strong tones of deeper
pitch there is even then an instant of coincidence in the brief gap
between the sounds!. But this rapidly disappears and the two sounds
are then heard as a succession without any overlapping.

Each tone is then easily distinguishable from the other in every
respect, intensity, pitch and volume. An exact comparison of intensities
is not easy unless the tones are of closely neighbouring pitch; but some
estimation of their relative intensities is possible in spite of considerable
differences of pitch (111, 348). Various reasons account for this. In
the first place it is difficult to measure the physical basis of the intensity
of tones of rather different pitch and to equalise them. In the second
place it is impossible to bring intensities to any sort of psychical over-
lapping, especially as the pitches to which they are in this case attached
are supposed to lie some way apart in order. Other reasons might
be brought forward from physiological sources, but these do not concern
us now.

Comparison of volumes is not affected at all by the succession of
the sounds. Of course the same sort of judgments cannot be expected
from successive sounds as from those that completely overlap. In
the latter case the characteristic coincidences that constitute fusion
emerge of themselves and hardly even require the help of attention for
their observation. But it is evident that the same relations will exist
in succession as in simultaneity. If the first tone is followed by its
octave, the ordinal incidence of predominance of the fermer will be

1 Cf. 112. #9; low tones are damped less easily.
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coincident with that of the lower extreme of the latter. The transition
to the second tone will therefore he prepared by the first. In faet
a basis of transition passes from the first to the second. The only
change is the movement of pitch to the middle of the upper half of
the first tone and the cessation of the lower half. Similarly in the case
of the fifth the reception of the second tone is prepared by the first,
in so far as the characteristic points of the second lie at equal distances
on either side of the point of predominance of the first tone. But
the fifth cannot give the same degree of identity as the octave; for
none of the chief points of the first tone are identical with any of the
second, excepting of course the upper extreme point, which is common
to all tones.

It is clear then that relations exist between successive tones that
will inevitably standardise the range of successive pitches in exactly
the same way as the range of simultaneous pitches is standardised by
the volumic outline of tonal masses. Apart from the natural steps
given by such cases as octave and fifth, any step will give relations
that may be applied universally throughout the whole range of volumes
and so create an ‘interval” And that interval may be learnt and
remembered!. Kxperiments on the purity of intervals showed that
successive intervals can be adjusted as finely as and, especially in thirds
and octaves, much better than simultaneous intervals. For the third
70 cases of correct judgments were got for 2-18 and 5 vibrations respec-
tively for succession and simultaneity. For the octave 90 correct
judgments for 0-46 and 3-1 vibrations respectively (146, 366t.; 115, 55).
We shall consider the formation of scales later. So far we can see
that there is not the least problem or anomaly in the parallelism of the
relations established in tonal masses and sequences?

1 Cf. M. Meyer (75, 207-214) on Quarter-tone music, where some experimental evidence
is brought to show that when intervals previously strange, grow familiar, they are expected
and anticipated, and then become more pleaszing.

2 Of course this is quite without prejudice to their difference. In sequences melodic
values (v. later) stand forth prominently. A major second is not a melodic discord; but
it is the same interval in sequence as it is in the mass; and in sequence it is as devoid of
balanced relationship to the tone preceding it as the two are in the mass; and so on.
There is no sense in running the statement of an aspect to death by generalising it in
opposition to all other statements of aspects. We must see the facts and their theoretical
basis in their fullest breadth; cf. 121, 329, where F. Krueger is quoted as having opined
correctly that no one listening to the scale would ever speak of it as a series of dissonances
(45, 246.). That is to encourage us to believe that successive tones get their relations
from common partials! Krueger himself believes that “the transference of the notion

of consonance to tonal sequences would never have taken place, or would be unintelligible
unless, chiefly from reasons drawn from physics and musical theory, we classed the mass
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For Stumpf and others there is an insoluble problem in the
parallelism, because, not having any psychological basis for the fusion
of simultaneous tones, he can have none for the parallel relations of
successive tones; and as the latter do not fuse, successive tones seem
to call for another cause than the physiological one supposed to underlie
fusion. Stumpf accepts as the most probable basis of the consonance
of successive tones their relationship through common partials, a
principle adopted from Helmholtz but disproved and rejected by Stumpf
as an explanation of fusion. Stumpf’s reasons in the latter case are:
(1) consonance and dissonance can be got in absence of all partials;
(2) any appeal to memory is illusory, fusion will not arise out of habit
any more than the locomotive will run from custom, when the stoker
forgets to coal up. These two reasons hold equally for successive tones.
Stumpf’s appeal on behalf of successive consonance seems rather
inconsistent and helpless (115, 55.; 112, 195; 121, s281.). His own
feeling for this inconsistency leads him to give the relations of successive
tones another name—* Verwandtschaft ”—although it is clear from the
facts and his discussion that something identical with conzonance is
implied thereby, in spite of Krueger’s sage remark. There is an identical
aspect, as I have pointed out, and also a difference, but it is not a case
of all difference and no identity.

The only problem of these parallel relations is how they are brought
into connexion in cognition. For in spite of the connexions just ex-
pounded, the two series are separated by obvious differences. The
direction of observation in each is different. In the tonal mass the
coincidence of volumes is actually present; it cannot but be felt. And
it can be specially observed as soon as comparison of tonal masses
favours its effect upon attention; it will then be more distinet, but
not any more fused (i.e. any more like the perfectly balanced ‘pure’
tone) than before (cf. below, p. 99 fi.). The attention in this case does
not establish the relation; it only favours its effectiveness. In the
tonal sequence on the contrary, the relation is hardly actual until
attention has been directed upon it. But that direction of the at-
tention must be easily provoked even by the mere sequence of the
tones, in the case of octaves at least; and with greater difficulty
in the other cases. The transition from simultaneity to succession,
which can easily be produced on many musical instruments, must help

of two tones and the sequence of the *same’ tones under one name (fifth, semitone, the
same interval, ete.)” (ibid.). Inverted commas and extraneous reasons go well together,
but they do not suit the good intrinsic sense of the ‘transference’ referred to.
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to encourage the attention to see the identity of relations upon which
successive and simultaneous intervals are founded, especially in persons
highly disposed to auditory observation.

XLVI. But many are not so disposed. They feel the coincidence
and balance in tonal masses, as we have seen in the study of fusion.
But they do not readily learn to recognise and name the different
forms of balance and still less the different volumic outlines that are
devoid of much balance—the dissonances. The parallel relations of
tonal sequences they find as hard to learn; and of course they do not
spontaneously grasp the connexion between the two series; they
have to learn each independently. Their incapacity to trace the
connexion spontaneously is no evidence that masses and sequences
are devoid of common relations; it proves only that the differences
between the two are great enough to obstruct the view of these common
relations for those who do not observe and learn sounds readily.

This incapacity of unmusical people has been proved experimentally
by v. Maltzew (61, 192). There is even a difference in the memory
dispositions for ascending and descending sequences. The judgment
of descending intervals is found to be much harder, even by persons
who have had considerable musical education and practice. Longer
time is spent in recognising a descending interval than an ascending
one (ibid.). The peculiarity is probably based upon the habitual
attitude towards tone masses already noticed whereby in a constant
mass of sound the whole takes the pitch of the lowest component,
even when that is not also the strongest (cf. 112, 384#.). The point
of observation is naturally central to the whole volume, unless it is
drawn by special circumstances to one or other side or induced to
spread itself over some extent. Stumpf pointed out other indications
of this habitual standpoint. We judge of the tonal series from below
upwards. Rising makes the impression of tonal recession, falling that
of approach. We begin a scale involuntarily from below, not from above,
and we end it below again’. When a major chord is given successively
or simultaneously, we take the lowest, not the highest, tone as tonic;
we consider the major, not the minor, third as the first interval (111,
149). Also, when an interval is mistaken for unison, the tone heard
in the majority of cases is the lower of the two (117, 166). This habit
is doubtless much strengthened by the octave standardisations of music.

I M. Meyer (75, 204 1), who shows some experimental evidence for the preference
for a descending interval as the last of a series ‘of intervals,
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The octave standard is given not by the enunciation of a single tone,
but of an octave along with one or more of its characteristic subordinate
intervals, and that octave, seen from below, is of course implicit in the
subsequent music in so far as all successive intervals are such as are
compatible with it, or if not directly so, are introduced with sufficient
preparation, or with little or no preparation for some artistic purpose
or effect. The difficulty of identifying ascending and descending
intervals might well be compared with the difficulty of identifying
upright and inverted visual patterns. Towards visual pattern we also
learn to adopt a standpoint. We must, of course, take as examples,
figures that we are accustomed to see only in one position, e.g. figures
and letters:

8 8 quapuadapur

2 W 4 féﬂ pdope

D & f qurodpuwys

Inversion makes Inversion changes each Inverted words
the lower halves of these four letters are hard
appear smaller into another to read

v. Maltzew found no true evidence to show that the relations between
successive and simultaneous intervals are established by our converting
the sequence into a mass in representation, as Stumpf recently maintained
(121, 828¢.). In cases of doubt or difficulty this procedure is hardly ever
even attempted by observers and is of little use even then (61, 1908.).
It is indeed difficult to see how an observer should proceed in order
to sum the volumes of two successive tones in order to get the simul-
taneous volumic outline!. The coincidence of characteristic orders is
enough for the tracing of identity when masses and sequences are given
in sufficient proximity. But we could hardly expect two successive
volumes to be summed or even identity to be readily traced through
common points, if only the sequence was given and the mass had to
be imagined therefrom. Distance is just as unable to explain the con-
struction of intervals in the case of sequence as in that of masses. And
it would show no difference between ascending and descending intervals.

v. Maltzew’s own view (61, 196) is that interval is based not on any
graded difference, but on something that i1s peculiar or typical for each
interval. That is of course quite certain from the nature of the facts.
And it is confirmed by the fact that when learners hegin to take notice
of this characteristic difference between intervals, they make great

1 Cf. with this the difficulty of summing two sine curves at sight, e.g. the sine curves
of sounds in ratio of 4: 5.
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progress in learning them (61, 210). She proposes to call this peculiar
‘content’ of the experience ‘step or passage experience.” But she is
as unable to give this experience any definite psychological expression
as Stumpf was in the case of his degrees of fusion. It is confusing to
refer to the absolute way in which colours are named and recognised.
That comparison and the use of the word ‘qualitative’ suggest that
interval is a kind of psychological quality. But it would be absurd
to look for qualities at this stage of the complications of hearing. Let
us take other analogies. A word can be recognised and named without
comparison with other words. So can a visual pattern or figure such as
a circle, a cross, a square, etc. And these are after all the same thing
psychically as words, which are only visual patterns. Not only that,
but on our reading of it, interval is really and truly a matter of form,
of volumic outline. And it is known now in the sense of vision that
we have a very fine sense of proportion of forms (9, 138f1.). This sense
of proportion in sound would give proper expression to our ability
to sing any interval or melody on any given pitch. The basis or scale
of proportions is then given in the volume of the starting tone. And
distance would in no way obstruct the proportions, for it would itself
be proportional to the volume of the starting tone (cf. above, p. 82)L
But for that volume we could no more define the proportions of a melody
or interval by giving the lower tone than we could define the proportions
of a square by fixing a point as the beginning of an outline drawing of
it. Such reflections lead us to see that there is no more difficulty in there
being unequal distances in one and the same interval in different parts
of the musical range than there is in differences of volumes in the tones
of that interval. It is all a matter of proportion. So long as all the
proportions are maintained, interval remains identical, if interval 1s
a matter of proportions.

No doubt the basis of judgment in interval is the experience of
‘passage.” That expression is quite compatible with the terms of
our analysis. v. Maltzew’s failure to get beyond this expression is

1 Distanee would then be of essential importance in the recognition of interval only
when the intervals investigated were confined to a relatively small range of pitches. Then
judgment on the basis of distance would lead to the confusion of neighbouring intervals,
as happens so frequently when infervals are given in very short duration. Consonance
(fusion) then loses its effect upon recognition; but distance seems to be less aflected
by reduction of duration. No doubt this is due to the fact that distance is only a part
of a tonal mass, the part that stands in the more frequent ‘focus’ of the attention upon
the ordinal field of tone, whereas the apprehension of fusion, as we have shown, requires
the apprehension essentially of the whole of a tonal mass, Cf 117, 169 m
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due to the lack of any true psychological method of analysis. We
cannot expect observers untrained in psychological method to push
their direct analysis as far as it can be carried by theory. For theory
is analysis guided by all available facts. And it must be able even
in dealing with experiences to go further than any direct analysis could.
Theory pierces in experience, as in any other realm of existence, into
the real structure of experience. That structure cannot be said to be
non-existent because it is not observed in all respects in ordinary
analysis as it is properly held to be in theoretical analysis or ‘in reality.’
For experiences can only be described by being taken into cognition.
And it is not evident that our highly practised direct methods of cogni-
tion should be sufficient for all aspects of experience. We may need
for certain aspects all the indirect aids to cognition,—comparison,
argument, inference. But as yet the theory of experience keeps very
close to the results of direct cognition, in so far as a properly guided
cognition can verify directly almost all the results of the theory of
sounds. In the case of fusion and interval our theoretical expression,
however, probably goes beyond the terms possible in direct description.

All the devices used by observers in the naming of difficult intervals
go back ultimately to the recognition of intervals by formal proportion.
Such are the inversion of intervals, the comparison of them with more
familiar ones, their resolution (e.g. major seventh into octave) and
musical reminiscences. In the last case the name of the interval is
remembered with the help of the memory for melodies. But that again
presupposes a keen sense of volumie proportions. Melodies are more
interesting than are single intervals and so will be held in memory
more readily by the less musical than will intervals. The only apparent
evasion of interval is their naming by means of absolute ear for pitch.
There the pitches are first named and the interval is inferred from
them. DBut this evasion is only temporary; for as has already been
shown the naming of tones by absolute ear is based upon the standardisa-
tion of the range of pitches on the basis of interval. It is only a handy
device for those who have acquired stronger memory dispositions for
the names of pitches than for intervals. Where the former survives
the distraction of musical relativity, it should surely, being absolute,
be a more powerful weapon than interval, which is purely proportional.

v. Maltzew’s experiments show further that intervals may be
distinguished according to the ease and cerfainty of their recognition.
The seconds, the thirds, the octave, the fifth, and the fourth are much
more frequently judged correctly than are the minor seventh, the
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minor sixth, the tritone and the major seventh. Now if we count
the numbers of times that each interval occurs in our major and minor
(melodic) scales, both ascending and descending over the range of a
twelfth,—an interval that is seldom exceeded in melodies,—we get the
following (corrected) series of frequencies: major 2nd—32; 4th—30;
5th—26; minor 3rd—24; octave—20; major 3rd—17; major 6th
and minor 7Tth—16; minor 6th—13; minor 2nd—12; tritone—10;
major 7th—8 (61, 199, 239). The values for the octave give even a
better order (as indeed we should expect from the standardising
function of the octave): major 2nd—20; 4th—16; 5th—14; minor
3rd—13; major 3rd—11; minor 2nd and major 6th—8; and then,
tritone, minor 6th and minor Tth—5; octave—4; major Tth—3. The
octave comes second last in this series, but that is of no significance,
as the octave is of necessity the most familiar interval of all.
v. Maltzew proposes to infer from the former series of frequencies
that the more frequent in music and at the same time the shorter
an interval step is, the easier is it in general to remember.

v. Maltzew’s experiments were made with the intervals of the third,
fourth, and fifth accented octaves. Frequent mistakes are made in
judging these intervals even by persons who can name every interval
correctly in the middle region. The height of the pitch of these octaves,
the decreased intensity and the unusual blend of the pitches of high
tones (v. 61, 213, 227; 112, 537) make recognition difficult. An analysis
of the mistakes yields interesting results showing that the operations
of memory affect the recognition of intervals. Three chief influences
(61, 2301,) are apparently at work.

(1) Similaggty. Thus seconds, thirds, sixths and sevenths are
interchanged, a minor third being given for a major third or vice versd;
also thirds are interchanged with sixths, sevenths with the tritone, and
the fifth or the fourth with the octave. In the former group of cases
the similarity of proportions in the pairs of intervals is evident. There
is besides a tendency here to prefer narrower intervals to wider ones.
In the latter group the confusion rests ultimately upon those relations
that in tonal masses constitute degrees of fusion. The confusion must
therefore emerge after the given sequence has revived the memory
of the degree of fusion that is known to appear when the sequence
is a mass. We have already seen how the relations that bind sequent
and mass intervals are included in the volumic determinants of fusion.
The memory train would then be: given sequence—interval relations
uncertain—not enough to revive proper name directly—revive class
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of fusions to which given interval relations belong—wrong member
selected from this class.

(2) Frequency. In place of unfamiliar intervals there appear in
consciousness, either at once or in the course of remembering, more
familiar ones. Thus the major seventh is confused with the octave,
the minor seventh with the major sixth, the tritone with the fourth
and fifth. The basis of substitution is evidently the approximation
of proportions, but the pull is towards the more familiar proportion.
The errors of this class are less frequent than those of the former.

The statements of the last four paragraphs may be illustrated by
Table IV, somewhat simplified from v. Maltzew (61, 164). The series
of intervals is indicated horizontally and vertically from the diminished
second (2), major second II up to the octave (0). The figures give the
number of judgments. Thus of the 342 (only 331 are allocated in the
table, the other 11 being scattered in an insignificant way) judgments
on 2, 280 were said to be 2, 41 to be II and 10 to be 3 (minor third).

TaeLE IV.
Judgments on 3rd. 4th, 5th, accented octaves
; :
% | T s 1| ¢ | 2 5 6 | VI| 7 |VII| 0 |° Errors
| | 1
| | | | |
o fo B T B B B e [ ol o e B e
I1] 37 (275 17| — | — | —m | —m | — | — | — | — | — | 20
gf a0l sl 8| 7| = ] = I (N, e R S -
mi| w| 14| 50|230 | 14| — 7| — o [t e e |
Eilb = | 35| a 2ulzssl —o it = = — 14 | 31
ok — | 18| 14| 10 BLi2e6)] W] — | — | = — | =1 a1
T (] (RS RS T SRR S P (R T | o il o E S e (R
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| MEE — | == 19| — | 8| — | — | 8381|200 | 13| — 18 41
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Nofe.—Distance errors, preference of smaller distances, consonance errors, 9, of errors, ete

(3) The third influence deciding mistakes is perseveration. This
is most frequent in the fifth accented octave, where mistakes are very
frequent. Both pitches and intervals persist. The predominance of
perseveration is a sign of the great difficulty of recognising intervals
in this octave. Thus for one observer in a series of twelve judgments
seven were sald to be octaves.
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These results for the naming of intervals in the highest regions

of pitch are confirmed by similar experiments in the deep tones of
the ‘Contra octave’ C,-C,.

XLVII. A special peculiarity of tones of very high (above gt
and very low (Cy, D,) pitches was revealed by v. Maltzew’s experiments.
Certain persons make more errors in the 4th accented octave than could
be expected from their relative excellence of judgment in the octave
below. And some intervals best judged in the 3rd, are worst judged
in the 4th accented octave. These errors show moreover a confusion
of the easiest and most familiar intervals with the neighbouring strangest
and least familiar ones. This occurs finally oftenest when the upper
tone of the given interval lies within the region g*-d®. Thus major
third is confused with minor third, fourth with major third, fifth with
tritone, minor sixth with fifth. Minor and major seventh and octave
are almost exclusively confused with smaller steps as far as the major
gixth; b®-b% is said to be a major seventh, ¢*-¢® a minor seventh, d*-d5
a major sixth. Persons with abscolute ear also declare these upper
pitches to be too low: in the interval of f-b* the latter tone is said
to be too low; d5—d* is said to be ez—d.

These facts lead v. Maltzew to the conclusion that “the perceived
pitches in the second half of the fourth and in the fifth accented octave
deviate from what we should expect from the physical rate of vibration”
(61, 2138.). No obvious physical error was responsible for the facts,
for tests showed no beats in the octaves and the proper difference
pitches for each interval. Evidently the disturbance of pitch begins
about g' and increases as the pitch rises: say at b a minor second,
at ¢® a major second, at d® a minor third, ete. The reproduction of the
pitch of single tones by singing confirmed the conclusion stated. The
displacement of nominal pitch begins at different points for different
observers. Table V shows for the five observers at what pitch (according
to rate of vibrations) the flattening (1) begins, (2) is not usually greater
than a semitone, (3) is not usually greater than a tone, and (4) where
its reproduction breaks down completely. In the latter case the tone
indicated by the observer varies, but is often about the same; that
most frequent pitch is also given in the last column. (All the trials
went as far as @) This last most frequent pitch cannot be identified
with the last pitch given before the breakdown, although it lies some-
where in its neighbourhood. Only one observer carried approximate
correctness any distance beyond 5, viz. to f5%. One may therefore say
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that the appreciation of the pitch of tone becomes debased easily in the
fourth accented octave and collapses in the fifth. The highest tone on
the large concert grand pianos is c®.

This distortion of pitch is not due to any difficulty in singing the
given tones. The observers felt quite sure of their success until their
judgment broke down. It is obvious that the ‘illusory’ pitch explains
the frequent errors in judging intervals recounted above. In the
regions where judgment regarding pitch lapses any correct estimations
of interval are a matter of chance.

The minor displacements of pitch appear again in the lower regions
of pitch (C,, D,) (61, 237¢.). Here the tone appears to be a little higher
than it should be according to the rate of vibration. v. Maltzew’s
results hardly do more than detect the distortion here. A, is the lowest
tone of the large concert grand piano.

TasLE V.
[
Flattening | is not usually | is not usually judgment
Observer | begins at: | > § tone at: > tone at: breaks down at:

L. d? - b c®=a

2, dt gl—c? d® e =b4

3. ) at—eh - a5 =b

& Ir Ik - rig=e

5 at—d® — —= e =y +

Modified from v. Maltzew (61, 218). In the last column ¢*=a means
that ¢* and tones above it up to a* were usually said to be of the
pitch a.

When we seek an explanation of this peculiar phenomenon, we
can expect no help from the theory of octave qualities, much as that
seems to account for the existence of nominal pitches in general. On
my showing, nominal pitches are the result of the standardisation of
the whole range by the octave interval. Thus the judgments showing
distortion of pitch revert to the same basis, whether the observer be
endowed with absolute ear or not. For an explanation we must suppose
that, in the extremes of the musical range, tonal volume (probably
for some physiological reason) begins to be a little more extensive
than it should be (cf. p. 63, note 2, above). This is doubtless due to the
smallness of the volumes in that region and to the difficulty of getting
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the sensitive surface in the ear to respond in extents decreasing regularly
according to the decrease in wave length of aerial vibration!. Thus
the volume giving the octave, where the lower extreme of the upper
tone would coincide with the predominance of the lower, would arrive
a little too late, in relation to the usual ratios of vibrations.

In other words: the volume heard from a certain number of physical
vibrations would be a little greater than it should be, were the relation
between volume and rate of vibration still unaffected. So in order
to get a higher volume whose lower limit should be at the point of pre-
dominance of a lower volume (the upper limits of the two volumes
being necessarily identical, of course), we should have to use a rate of
vibration more than double that required to evoke the lower tone;
instead of 2z vibrations, it might be 2z + y vibrations per second.
But 2z vibrations are physically, nominally, shall we say, of pitch e,
whereas 2z + y vibrations are, similarly, of pitch d; but the latter,
not the former, is heard as the octave of the ¢ of z vibrations. My
theory of interval, whether simultaneous or successive, shows that
this process of standardisation does not involve any explicitly ratio-
cinative process. The observer ‘sees’ directly that the tone given
by 2z vibrations does not touch off the points related to the points
touched off by x vibrations in the regular proportion known as the
octave; but that it touches off points more or less nearly related in the
proportion known as the major or minor seventh. He therefore hears
the new higher tone flat, or calls it b or bD.

In the same way, in the lower regions of tone, we may suppose that
the ear ceases to offer sufficient room or a proper basis for the great
volume required, and that the areas under stimulation are somewhat
cramped. Thus the volume evoked by @ vibrations per second would
be too small; its centre of predominance would lie a little nearer the
upper end of the tonal-pitch series than it otherwise would. So in order
to get a volume whose central predominance should lie at the end of
the volume evoked by a 2z rate of wvibration, we should have to use

1 Cf. Abraham and Briihl (1, 197), where it is shown that while two vibrations suffice
for the production of tones whose pitch lies below g%, tones are heard with three vibrations
up to b, with four up to d* with five up to f°f, with ten up to a° and with twenty
even beyond that. At the lower extremes there is some sign of a similar change, but it
is much less distinet. The lowest limit for two vibrations is €, for four vibrations B,.
In v. Maltzew's case it i 2 matter of volumes, in Abraham and Briihl's of the definition
of the predominant order in the volume as well. These values given by Abraham as
observer are similar to the values given by observer 4 in the table from v, Maltzew’s
paper (p. 96).

W.P. 8

=1
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a rate of vibration lower than z, say £ — . That is to say the 2 — y rate
would be called, say, ¢, while the x rate would be called, by simple
inspection of the proportion of the ordinal position of the evoked
volume to the ordinal position of the volume evoked by 2z, say d.
That is, very low tones would be heard a little sharp. But as the centre
of predominance of the lowest tones lies still far away from, though
of all tones nearest to, the low end of the pitch-order series (physically—
the apex of the cochlea), we may well allow that much of such distortion
of low pitches need hardly be expected.

It is possible, as Stumpf suggests (123, 320), that, within the range
of smaller errors of a semitone or less, repeated work with these extreme
pitches should lead to quite correct estimation of the pitch. The
physiological process would then, as Stumpf says, gradually accommodate
itself properly to the physical stimulus. But it is clear that this process
of adaptation will only go a certain length and that we cannot expect
it to appear where all judgment of pitch breaks down.

Thus we see that the musical range of pitch is the whole range
within which the octave standard remains valid, while still (approxi-
mately) maintaining its consistency with the ratios of the aerial
vibration. Beyond this range the volumes of tones evidently become
quite inconsistent with the demands of the octave standardisation.
They do not conform in any manner, not even if we seek out the required
proportions of volumes without regard to the physical ratios of vibra-
tions. No doubt the balance and symmetry of volumes then largely
disappear. This need not, however, imply that in these extreme regions
no differences of pitch-order are observable. These orders may well
change without there being any proper basis for their standardisation
to musical nominal pitches.

If we were to construct a diagram of the relation of change of volume
to increase in the number of physical vibrations, we should have to
reduce the relation somewhat for very low tones, to keep it constant
throughout the definitely musical range, and to increase it gradually
towards the upper limit of hearing, stopping it as indefinable soon
after the musical range had been passed. The rest of the range of hearing
is the range of mere audibility.



CHAPTER V

THE FURTHER STUDY OF TONAL MASRSES

XLVIII. We are now in a position to consider ecriticisms, restric-
tions and extensions applied to Stumpf’s treatment of fusion.

It is quite evident on my theory that fusion introduces into tonal
masses a great deal of that regularity of system and balance which
in its greatest perfection constitutes the pure tone. A fused mass
approximates more or less to the unity of the single tone. This approach
to unity may therefore legitimately be taken either as an index towards,
or as a definition of, fusion (40, 143), if it is understood that all definitions
of fusion are to avoid stating the exact basis and essence of fusion,
as in fact all the definitions of Stumpf and others do.

At the same time Stumpf is quite right in looking upon fusion as
an. “unalterable peculiarity of sensory material” (112, 128). And it
would follow therefrom, as Kemp says, that “every change that a degree
of fusion suffers, is only apparent; it is only the apprehension of the
fusion that changes™ (40, 144). It is not apparent how by means of
attention any change could possibly be produced in the volumic coin-
cidence of two tones. Of course no one could deny in face of the great
progress made since 1890 in our knowledge of the influence of attitudes
upon observation?, that by suitable instruction an observer may be
more rapidly and singlemindedly directed upon the specific phenomena
of fusion, the peculiarity of sensory material to use Stumpf’s phrase.
Similarly he can be led to abstract fusion from any other phenomena
of tonal masses, e.g. from their pleasantness or from their harmonie
affinities. That sort of abstraction was not impossible for Stumpf
even in 1890. If we attend to the whole impression, it is more effective
upon our observation; if we attend to the discriminable parts—the
pitches—they determine our statements most. If we are practised
we can discriminate parts sooner, if we are fatigued we cannot discrimi-
nate them so fast, because when special attitudes are opposed by
fatigue, the habitual or natural attitude is the easiest (cf. above, p. 72).

I My Beilrdge zu einer Theorie des Denkens (131) was the first decisive contribution

to a study of the influence of the ‘instruction’ on a mental process Cf. my abstract
of this book (132).

T—2
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But it is hard to see by what right greater abstraction can be read as
greater fusion. If it is, we should surely have to find some other instru-
ment than abstraction if we are to get through to the original fusional
differences of tonal masses. Our aim in the direct study of sensation
is to bring our knowledge into conformity with'sensation through
the medium of observation. I fail to see that Kemp (40, 146) has shown
any superiority in Kiilpe’s method of dealing with fusion over Stumpf’s.

Kemp says it is a fact that the impression of fusion is changed
by many circumstances. But practice and fatigue, which have just
been mentioned, clearly do not affect fusion, but only the analysis of
pitches, or perhaps better the analysis of pitches as against the appre-
hension of the total impression, including the pitches, and without
their discrimination. But neither of these things is really and properly
fusion. It is no departure from actuality towards the ‘ideal’ to say
that the phenomenon of fusion does not primarily include the dis-
criminability of pitches, but is present in equal degrees whether the
pitches be discriminated or not. That is just the sort of thing that is
justified by our later knowledge of attitudes of observation. Only
one group of facts might perhaps be brought under Kemp’s statement,
viz. the influence of intensity upon fusion (40, 150). Kemp accepts
Stumpf’s law of the independence of fusion from the intensity of the
components only for absolute intensities within a middle region. For
relative intensities he says it holds only for Stumpf’s fusion, not for
Kiilpe’s, which is concerned only with “the impression, the experience
of fusion.”

According to Kiilpe the characteristic feature of fusion is the increased
difficulty of analysis that is due merely to the simultaneity of the
sensations (40, 145). The single components retire in fusion in favour
of the mass impression, This conception of fusion would seem to
give the analysis of pitches much more importance than they obtain
in Stumpf’s conception. Surely there is here a failure to appreciate
the merit and justice of the abstractive analysis of fusion from the
discrimination of pitches, claimed by Stumpf.

When the resonance box of one of two sounding forks is closed,
the unitariness of the mass-effect and the imperfection of the analysis
are both very much increased. Naturally; because the predominance
and whole strength of one tone have grown very much less and it is
notoriously more difficult to pick out a weak tone in a mass than a strong
one especially if the higher is the weaker tone (40, 160). For the lower
tone readily swamps the volume of the higher. The nearer we get to
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the intensive proportions of a single tone by great weakening of the
upper tone of a pair, the nearer we get to the perfect unity of the ‘tone.’
But that does not mean that so long as the volumic coincidences
characteristic of any one fusion suffice to give the mass a noticeable
character, the fusion of the mass is changed by the weakening of the
proportions due to one of the tones. Fusions do not all run into com-
plete ‘purity of tone’ by continuous degrees proportional to the
weakening of the intensity of one of the pair. It is the merit of Stumpf’s
second law of fusion that it abstracts fusion from the peculiar and
different difficulties of analysis of pitches that accrue when in a tonal
mass either the higher or the lower component is gradually weakened.
Stumpf’s point 13: so long as the characteristic features of a fusion
can be seized, so long that fusion is one and the same, no matter how
different the relative intensities or the pitch-regions are. And my
analysis bears out this position very nicely.

The matter may be summed up as follows: if we take fusion strictly
as approximation to the regularity and balance of the ‘pure’ tone,
then differences of intensity would produce slight differences in fusion;
but these differences are very slight so long as both tones are readily
audible; greater differences in approximation to the ‘pure’ tone are
determined by the volumic coincidences of the fusing tones; so long
as the two tones are distinguishable, these must provide a constant
basis of departure from the pure tone; such differences are noticeable
without any wviolence of abstraction and are far more important than
are the minor differences of approximation to the pure tone produced
by intensity; these minor differences would, however, gain in importance
as the difference between grades of fusion decreases, i.e. below the grade
of the fourth; here they come into competition with other influences,
e.g. pitch-blends which also form a slight departure from the perfect
tonel,

And Kemp admits two things that bring his position very near
to that of Stumpf. 1. “Two masses of different fusional degree differ

! On the influence of intensity cf. Faist (19, 1251). A slight difference towards
indiscriminability is produced for his young unmusical subjeets by planissimo-strength
except for the octave. His results show that the higher tone is more easily swamped
by the lower than vice versa, as I have already deduced (above, p. T1). As Faist shows,
it is difficult to say whether this influence of intensity upon analysis also holds validly
for fusion. Faist’s results are based only upon analysis (i.e. are there two tones—pitches—
in the mass, or only one?). Cf. 114, 288 &. Of pitch-blends Faist finds that they increase
the high fusions and deerease the low ones, i.e. they simply further the prevailing tendency
as we should expect of them. Stumpf reports Faist wrongly (114, 2902),
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with respect to their fusion not only by the fact that in the one case
analysis can be carried out more completely than in the other. The
essential point is that in the two cases a qualitatively different fusion
is experienced ™ (40, 149)!, This idea of qualitative difference is pushed
still further by Meinong and Witasek (64, 199) to the impossibility of
comparing grades of fusion at all. Obviously on my theory such an
extreme view is tenable: the ‘form’ of any one fusionis as incomparable
with that of another as are the forms of square and circle. But never-
theless grades of fusion are certainly comparable according to the degree
to which they approximate to the perfect symmetry of the pure tone,
i.e. according to their degree of fusion.

2. The differences of fusion produced by special attention to
fusion are small, and if they are kept constant they need not swamp
the difierences given by different ratios of vibrations (40, 153). In view
of the fact that it is difficult enough to get great constancy of order
in the lowest degree of fusion among different observers?, these minor
differences must be so small as to be negligible. And if attention
to fusion increases fusion as much as attention to a partial increases
the subjective strength of that partial, we must remember that the
latter is a very debatable matter and might be decided differently
according as pitch is classified as quality or as order. When I attend
to a visual point without moving to fixate it, it does not grow more
intense. When I attend to an auditory order, need it therefore grow
more intense? Do I not merely give it the same subjective benefit of
attention as I give to the visual point? My attention passes over to its
order, so to speak. With pitches as qualities there is no basis for any
movement of the attention, so that the apparent effect of attention must
be ascribed to change of intensity. For the pitch quality itself cannot
be supposed to change or come into being with the attention. Nor
is there any other variable character to explain the prominence given

1 As Stumpf remarks (114, 208): ‘“how is the octave recognised if not by its fusion?
And don’t we recognise the octave even when the one tone is weaker? Don’t we recognise
an octave with the same certainty as usnal, =o long as the weaker tone is still anything
like clearly recognisable.” This is true for the octave; it is primarily recognisable as
octave only by its fusion; but it is clearly not true for intervals of the third grade of
fusion (fourth and others); they are so individual and so easily recognisable because
they are intervals, i.e. because of their volumic proportions not by their volumic coin-
cidences or approximation to the balance of the pure tone. And then we must ask: are
the fifth and octave not also intervals in this sense and recognisable as such? Cf. Stumpf’s
remarks on the fusion of the double octave (114, 204).

: Of. Kemp's own results (40, 186 1),
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by attention. Hence it is supposed that the attention somehow brings
about an increase of intensityl.

The concept of fusion adopted by Kemp is that of “a phenomenon
to be experienced in its peculiarity only by attentive observation of
a mass impression” (40, 153). Unitariness and difficulty of analysis are
only secondary marks of fusion. I cannot see any advance in this
formulation beyond Stumpf’s position. One might indeed see a trifling
retreat, for whereas Stumpf does try to indicate his sense of the psychical
presence of fusional grades, although he fails to express it, Kemp
merely refers us to the phenomenon in experience itself. There is no
empirical formulation here to contrast with Stumpfs ideal fusions;
there is no formulation at all. It is for these reasons that it was said
above that no essential advance had been made beyond Stumpf’s
results®. And no wonder! Neither Stumpf nor any of his successors
found any psychological method of getting beyond a gesture towards
the special phenomenon to a psychologically formulated concept of
fusion, such as has been given in this work.

Kemp’s experiments were carried out with certain improvements
of method. The method of the comparison of pairs was used; by
pair is understood in this case the mass sound consisting of two ‘tones’
of a certain interval. These pairs were given successively and compared
in point of fusion without regard to the interval formed or the pitches
of the tones or any other feature of the tonal masses. Thus the advan-
tages of the incognitive method seem to be obtained. Its special service
in this case is the avoidance of any witting transference of judgments

! I may say in this connexion that I think wanderings of the attention, in any proper
gense of the word ‘wandering,” are only possible within a sensory field, i.e. with the system
which all the ordinal variations of a single sense create. The terms “focal” and *marginal’
can also be properly applied only to the distribution of attention in such a field; these
terms are generalised from a special case of sensory field, viz. the visual field with its
gpecialisation of & most sensitive area. In the auditory field (i.e. of pitches) there is
no ‘focus’ at all, but if the attention is directed upon one pitch, it is thereby diverted
from another; and the diversion is in general the greater, the greater the distance between
the two pitches. When differences of quality or, if it is possible, of intensity, oceur apart
from ordinal differences, we can speak of attending or not attending, but not of any
wandering of the attention. Wanderings of the attention are probably possible in the
temporal field, but not with any such ease and precision as in the systemic field.

2 Cf. 40, 179, where Kemp supposes that there is really no difference between his
method of observing fusion and Stumpf’'s—namely to face and judge the mass impression.
Also p. 189 f., where he shows a willingness to suggest that any difierences between the
results of different observers on fusion iz due to the variant observers not having observed
fusion only, but something else as well. Is not that like an admission of the ideal constancy
of fusion attributed to Stumpf?* Cf 114, 200
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from one experiment to another through the medium of the names of
intervals. The use of the method presupposes such an indisposition
to reproduce the names of intervals as persons devoid of absolute
ear or special musical familiarity with intervals possess. But there is
no reason to suppose that a comparison of the fusions of intervals is
made any less objective by their recognition (40, 175). Stumpf’s judg-
ments were certainly given under full knowledge of the pitches of the
tones used. For a person possessed of an ear like Stumpf’s no incognitive
method and no instruction could keep the intervals out of cognition.
In any case fusion is not primarily, but only secondarily a matter of
difficulty of analysis of pitches and an abstraction of volumic coin-
cidences, i.e. fusion, is possible both with and without analysis of pitches.
Thus, as Kemp says (40, 179), we may fairly conclude that there was
no difference between Stumpf’s method of judging fusion and Kemp's.
Only the experimental methods differed.

And the agreement of results (cf. 40, 1881.) confirms this view. If
we take as an observer’'s minimum the placing of octave, fifth, and
fourth in the first three grades of fusion (i.e. expecting their discrimina-
tion of fusion to reach at least one step into the group of minor grades)
we find the following series from the papers of various experimenters:

TasLe VL
Observers No. Intervals in order of fusion

Faist (19, 104) 1 I1I 6 ] Vi 3 | i T 1T 2 VII
Kemp (ibid.) 1 | m | m ; s Jem et et o0 i
Meinong (64, 193, 198) | 1 | VI | I | 3 L [ 2 | s R
Pear—Wa. (89, 66) ...] 1 I11 6 | 3=VI | 5 11 7 | VII 2
Pear—We. (id) ...| 1 6 05 s el L | SR B B o 2
Kemp (40, 166 1) R T O N s O
Kemp exceptions (db.)] + VI - 11T l — | - 7 11 —- —
Most frequent of all 10| — | III 3 vi| e T 11 T 2 VII
Stumpf (112, 135) ...| 1 Jrds and Gths All the others

Of Pear’s observers one was the most musical, the other the least

so. Two of the other three observers did not even get the fifth into
the second place. One of Pear’s observers and Witasek put the fourth
down from the third place to amongst or below the thirds and sixths.
Meinong and Witasek doubt whether any definite order can be got
out of the qualitative differences of fusion (64, 199),
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In the face of the agreement between the results just shown such
a conclusion is of course unjustifiably sceptical, but it is surely true,
as I pointed out above (p. 58), that these grades of fusion are not
nearly so distinct from one another as are the octave and fifth from
one another and from the rest. There is undoubtedly in the fourth
and those below it a greater departure from the unitariness and balance
of the pure tone. The fourth may be supposed to be better balanced
on the lower side of the upper predominance (v. Table III, p. 68), as
that extent of volume is divided into two parts by the lower extreme
of the upper tone. Of the next four intervals we might readily assent
to the minor sixth’s coming last as the proportions are there complicated
by the introduction of halves (or 6—2 : 3—5). The other three might
well be on a level ; it is especially difficult to see what there is to choose
between (III) 2—3 : 1—4 and (VI) 4—1 : 2—3.

The intervals of the last group give still more complicated propor-
tions. But we need not follow out the parallel between conceptual
and auditory proportions further. That parallel should certainly hold
for the first few distinet degrees, but the differences perceived by the
ear, subtle as these are! and visible only through considerable statistics,
need not be evident in conception. Or in other words they are as
evident there as we could well expect.

These proportions may also as Kemp’s observations show present
other features for hearing than their mere approach to the unity and
balance of the pure tone. One of these Kemp calls the sensuous com-
patibility of the tones: an undisturbed concurrence, kinship, friendship,
between the tones. This is said to be least for the major seventh,
which was therefore used as a model for observation. Of this one
observer says: “the two components strive with one another, I can’t
grasp them together; when I try to bring them together, one of them
always eludes me.” Another observer is brought to notice the phenome-
non by being instructed to direct his attention more “upon the single
components of the whole mass.” When he had observed it, this observer
said: “it seems to me to run parallel to the fusion, as if it were always
the same thing that is observed, only from another standpoint.” The

1 Cf. Stumpf (114, 286 1): ““So much at any rate is certain, that intervals like IT
and VII fuse considerably less than III. That the sevens (4: 7 and 5: 7) lie between, and
can in themselves as well be termed consonances as dissonances, does not prevent us
from distinguishing at least the dissonance group from the thirds group, even if we go
exclusively by the differentia of fusion. But a specific opposition, such as is intended
in the distinction of dissonances and consonances. is never in this world to be deduced
from fusion alone. Other differentine must co-operate hereto™ (p. 287).
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phenomenon was detected by one observer, whereupon its study was
undertaken by Kemp, another observed it “relatively easy,” a third
(the second quoted above) experienced considerable difficulty with it,
three observers failed to carry on through their observations what
was brought home to them with the model of the major seventh. This
introspective uncertainty is borne out by the results of four observers,
which only show two clear steps of difference: the fifth, major sixth
and third as against the fourth, minor sixth and third. The proportions
of the parts of the tonal volumes for these masses (v. Table 111, p. 68)
are: 2—1:1—2; 4—1:2—3; 2—3:1—4; and 2—2 : 1—3;
6—2 :3—H; 2—4:1-b.

It is possible that in these proportions, which in the first set are of
opposite direction in the whole volume, a basis for a difference of har-
mony of proportions might be found as in pictorial art, where distances
and proportions are often brought to balance round a centre. It is
significant that in Kemp’s results the series of grades for the pleasantness
of intervals is almost identical with the series for sensuous compatibility
(40, 202). But neither of the series is very distinct in any one observer
or regular as between observers. It may therefore be supposed that
sensuous compatibility means balance of proportions. That is much
the same as basis for movement of interest, basis of pleasantness, as
is the case in pictorial balance as well. The fifth and fourth are not
very pleasing intervals and these are said by observers to be of ‘empty
fusion’ while other intervals are of ‘full fusion’ (40, 190, 211). These
terms point to the fullness and variety of a mass as against the formality
and want of variety of a close approach to unity and balance. But
where introspective observations furnish only indistinet series, we
need hardly look for more than a probable basis in the conceptual
statement of the volumic proportions of tones.

When we come to ‘harmonic compatibility” (40, 201) we go beyond
what is given in a mere 1solated interval as such. Of course, something
must be given in an interval that prompts its musical dissolution;
but that may not be grounded in the interval merely as interval or
mass, but in that interval as one of a special set, whereby each interval
of the set has acquired special relations in virtue of being in that set,
not in its own virtue ag a mass or interval. That is confirmed by the
word Kemp used as a lead in the instruction of his observers: “judge
of the finality of the chord.” It is absurd to suggest that a chord is
more or less closed off or final, all by itself; not-being-closed-off points
away to its completion, points through the paths of memory.
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“Two tone masses of high fusion give the impression of greater
fusion than three tone masses of high fusion (e.g. ¢g and ceg); similarly
two tone masses of low fusion appear better fused than three tone
masses of low fusion (e.g. ¢b and cgb); but two tone masses of quite
low fusion appear less fused than three tone masses of high fusion”
(e.g. cb and ceg) (40, 206). These rules follow directly from my theory
of fusion as approximation to the balanced mass of a single tone. Other
things being equal, a greater number of tones means less fusion; and
yet some three tone masses can be much better balanced than some
badly balanced two tone masses. It is also obvious that one badly
fusing interval must make a whole tonal mass of low fusion (40, 209).
If the qualitative differences of intervals disappear largely in three
tone masses, these becoming much more similar (ibid.), that means
that in three tone masses the essence of fusion—its approach to the
unity and balance of the pure tone—becomes more apparent for most
observers than the defining volumic points. But these are still quite
obvious to those observers who have a very highly trained ear; they
can recognise them at once apart from their fusional degree altogether.

Kiilpe’s law (46, 298), according to which, if a three tone mass con-
gists of intervals of equal fusion (e.g. ceg and ce?g) the greater fusion
of the lowest lying interval (ce) determines the greater fusion of the
whole, is deducible from the fact that the usual region of observation
of a tonal mass is its centre, i.e. its fundamental component (cf. above,
p. 65). Parts near this centre will then be more effective on the whole,
than more outlying parts. This law was verified by Pear (89, 59, 87)
and Kemp (40, 207¢.).

Stumpf’s third law of fusion (112, 136) maintains that, by the addition
of a third or further tone, the fusional degree of two given tones is in
no way affected; although the greater number of tones makes analysis
more difficult. Kemp’s examination of this law confirms it (40, 235)
in so far as the two tone mass is abstracted from the three tone mass
more or less completely. The abstraction is hardly possible, as we
should expect, when the third tone lies between the two which are the
object of abstraction. This fact confirms my classification of pitch
as order; for if pitches were qualities, their mere resemblance would
be no sufficient reason for any such hindrance to abstraction, especially
as two such tonal qualities may be of closer ‘resemblance’ than
either of them is to one which lies between them. Moreover the
abstraction, again as we should expect, is easy when the third pitch
lies far to one side of the other two. It is better when the third tone
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lies below than when it lies above them (40, 226). There is no reason
to suppose that we cannot confine our attention to one part of a tonal
mass. The volumic balance of that part must of course be to some
extent adversely affected by any third tone, especially if any of the
defining points of the latter enter into its main centre. But in so far
as the main centre of comparison remains relatively free and retains
at least approximately the volumic outline it would have if the third
tone were absent, we may well speak of an equality of fusion of the
two tone mass and of that mass abstracted out of the three tone mass.

But it must be clear that this abstraction is not the same sort of
process as the suppression of the illusion in the Miiller-Lyer figure by
a special attitude of attention. When the process of abstraction does
not succeed, the fusion of the three tone mass will, of course, be judged
on the unity and balance of the whole mass, not on that of a part.
Then Kiilpe’s rules (46, 204) are said to hold: when to one interval
others of lower or higher fusional degree are added, the impression
of fusion (i.e. the total fusion) is lowered or raised. Thus for example
when e 18 added to cg, two lower fusions—the thirds—are added to
a high fusion-—the fifth. When ¢ is added to eg, the fifth and third
should improve the minor third eg. When ¢ is added to ce, the fifth
should heighten, and the minor third lower, its fusion. These compari-
sons and results all seem justifiable on the basis of volumes, provided
that in speaking of the fusion of the three tone mass we do not consider
the number of predominances as detracting from the total fusion more
than the relation of the parts in the whole creates a new balance or
fusion. There is, perhaps, in this kind of balance a slight change from
the balance that approximates to the perfect symmetry of a pure
tone and that almost conceals the two predominances; it is a balance
in spite of predominances!., That is so, however, only in so far as we
consider the presence of distinguished predominances inconsistent
with the notion of fusion. Stumpf does not think it is. He says:
“what I call fusion can in itself be perceptible only when the fusing
tones are distinguished from one another™ (121, 330). If that is so,
I fail like others to see why fusion cannot be present amidst three
pitches as well as amidst two. Surely the sensory stuff of three or
more tones can fuse more or less, as well as the sensory stuff of two.
Stumpf’s attitude to this (and to some other aspects of fusion) seems

1 Cf. Stumpf (114, 290 £): “Try it; we will only find that increase of unclearness
that is produced by the addition of each new simultaneous tone, and that spreads itself
equally over all the tones involved.”
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more obstinate than reasonable, so long as he offers no theory of the
real basis of fusion and of the real connexion it establishes between
the stuff of tones, without prejudice to the independence of their pitches.
Much can be said for Stumpf’s view, as the preceding paragraph shows.
The question then is not one in which any once stated view can be
rigidly maintained against all others and forced through. We must
allow a little here, a little there, and a great deal according to the
attitude of observation taken towards a tonal mass. That is surely
one of the things most obviously required in the theoretical treatment
of music (cf. 121, 328). We need by no means hesitate to admit that
even fusions can apparently be affected by the momentary attitude
of apprehension, in so far as this leads the attention to take greater
or less note of a well balanced or ill balanced region of a tonal mass.

The theory of the volumic coincidences and proportions of tones
thus seems able to provide an adequate basis for all the chief phenomena
of fusion, whether that is taken with reference to the whole of a tonal
mass or to any special part of it, in so far as any part can exist in the
whole without being seriously affected by the third component and
can be considered separately. The doctrines of Stumpf and Kiilpe
are therefore supplementary, not contradictory, and are both compatible
with this theory of the basis of fusion.

Thus far we have considered fusion and interval only within the
limits of the octave. About the conditions beyond the octave there
1s difference of opinion and uncertainty. Stumpf (112, 1391.) asserts as
a law of fusion that beyond the octave the same degrees of fusion return ;
the ninths have the same fusion as the seconds, the tenths as the thirds,
the double and triple octave as the octave. One must not be misled, he
says, by the greater ease of analysis. In Table III (above, p. 68) I
have shown that in the double octave the lower defining point of the
upper volume always falls exactly at the point where within the octave
the predominance of the upper tone fell. For the observing (musical)
mind that has already standardised intervals, this coincidence should
be enough to establish a very close connexion between an interval
and its extension beyond the octave. But it is clear that the approxima-
tion to unity of a tonal mass cannot be the same in the two cases. To
gome extent the reduction of the upper volume will mean a greater
unity, for more of the whole lower tone is free of irregularity; but it
is clear that the predominance of the upper tone will stand out more
clearly, being farther from the other, while the upper volume does
not reach to the lower predominance. Apart from the relations between
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intervals within and beyond the octave just referred to, the connexion
between the two is just the one case where one might safely appeal
to memory (or even to the relationships established by partial tones).
For intervals, as we have shown, are standardised throughout the
musical range and learnt as individuals. '

It 1s to the relations established by memory and by habitual attitudes
towards a familiar system of tones and their more familiar relations
to one another that we must refer the basis of harmony, a basis that
is certainly the result of a long analytic process, now become explicit
in our music. This basis, that of the fundamental triads ceg and ce?g,
Stumpf finds so different from consonance, which rests upon fusion,
that he invented a new name for it—concordance. But he seems
wrong in relating the divergence of consonance and concordance to
a supposed divergence between two tone masses and three tone masses.
There is no such divergence, if we maintain the same attitude. As
long as we retain our interest in the approximation of a tonal mass
to the balance of the pure tone, so long can we talk of its fusion, whether
it include within itself two or three or more pitches. But when we
change our attitude and consider the capacity of a three tone mass
to point through our memory to a definite system of tones (forming
a scale or key), then we have left considerations of fusion out of account.
At the same time, however, we have not thereby suppressed the
existential basis of fusion. Both attitudes can be combined or brought
to compromise and both undoubtedly do affect many of the tonal
combinations we admit at any time. Moreover, it may hardly be
possible for two tones to define any tonal system of ours, whether the
attitude be turned upon it or not. But that is no extra reason why we
should make a gulf between two tone masses and three tone masses
‘n the matler of fusion. Stumpf, with his sharp distinction between
consonance and concordance, seems to have pointed to a true cleavage
of interests in the tonal basis of music, but he seems at the same
time to have confused the issue and to have wrongly referred it to
the difference between two tone masses and three tone masses in the
matter of their fusion, whereas the issue really refers to the difference
between that approximation to balance in a tonal mass (whether of
two or three or more tones) which is called fusion, and that relation
of the tones or intervals in a tonal mass which makes them capable
of defining for us a large system of tones and tonal relationships and
so of giving a specific set to our musical anticipations for a time. This
latter relation is probably the more important for any explicit musical
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consciousness, but the former—fusion—undoubtedly maintains its
force in a rather—shall we say, subconscious, affective, way; powerful
and decisive in its effect upon the pleasantness of music, but yet less
explicitly before the analytic eye of the musician than the systematic
relations of tones (which, as we shall see, have developed out of these
more primitive relations). Cf. 121.

TasLe VII

Stumpf (112, 139) 0= 5 42 ete.
Ellis (30, 10:) -— II1 52
Faist (19, 104) ... 0= 5 Iz
Kemp (ibid.) i 0 I11=
Faist's scholars (19, 108) 58 0 III®
Witasek (64, 191) 52 0 II1:
Meinong (final, 64, 198) i 0= I11=

& (preliminary, 64, 193) 02 L III:
Probable order ... 5t 02 Iz

TasLe VIIL
Meinong's final Volumie Mean variation | Mean variation
series (64, 198) proportions of all four of Lhree

5* 3:1—1—1 Z 0

02 4:2—1—1 1 0-4

Ii1® 5:1—2—2 1} 0-4

¥I: 10:4—3—3 2} 04

32 12:2—5—5 3 1-3

62 16: 6—5—5 4 0-4

, 41 8:2—3—3 2 0-d

" T 45:13—16—16 11 1

fiia ]' 32:14—9—9 8 2.3

VII® § 16:7—4—14 33 1-3
1 J 9:1—4—4 4} 13

92  32:2—15—15 8 57

In Table VII T have grouped together the observations of various
writers on the highest grades of fusion beyond the octave. I have
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neglected the relation of these steps to the first grades within the octave.
The most important fact to notice is the number of times that the twelfth
(the fifth over the octave) i placed first and before the double octave.
Meinong’s preliminary determination must, of course, yield to his
final result, got by better method. The change seen ih Meinong weakens
the strength of the case for Faist’s observation. Thus we may oppose
the majority of these observers to the law stated by Stumpf that the
series of fusions beyond the octave simply repeats the series within
the octave.

Now consider the volumic proportions shown in Table VIII. There
the first figure in the second column gives the proportion from the
lower limiting order of the lower (the whole) volume to its predominance
(its middle point); the other three figures represent proportionately
and respectively the stretch of volume separating the mid-predominance
(the pitch of the lower tone) from the lower limiting order of the upper
tone, the stretch from this latter point to the predominance of the
upper tone, and then the other half of the upper tone. Is it not
remarkable that the latter three stretches in the fifth should be all
equal? It seems to me that that might fairly be read as a kind of
regularity and balance, which as such exceeds the regularity shown
by the double octave: 4:2—1—1. 1 refer to the rest of the Table
for what it is worth. As we concluded regarding the fusions within
the octave, it i1s not easy to establish conceptually a series of degrees
of balance which will clearly be parallel to those established by the ear,
even if we accept Meinong’s series as generally valid. But it would
perhaps appear probable that Stumpf’'s law of the identity of fusions
within and beyond the octave rests upon the musical relationships
of the corresponding tones rather than upon their fusion strictly. These
relationships would be established through the medium of the absolute-
nesses of interval. At any rate, if my theoretical determinations
regarding the volumic basis of fusions be accepted in general and in
particular, that would seem to be the most probable explanation of
the sweeping decisiveness of Stumpfs statement. At least, we may
think so until Stumpf can show an acceptable full theoretical basis
for the facts and his laws of fusion.

It is doubtless very difficult to apply to the intervals beyond the
octave during their observation exactly the same concept of fusion
as to the much less easily analysed intervals within the octave, except
in the case of the fifth and octave. Meinong’s series clearly approxi-
mates otherwise to Stumpf’s law, except for the place of the fourth.
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Meinong may also have been led chiefly by considerations derived
from musical knowledge. But with these indications we may
leave the matter for further advancement by observation (114,
20936.).

CHAPTER VI

MELODY

XLIX. Melody is one of the most characteristic features of music,
and the study of it follows naturally upon that of fusion and of interval.
It might even be urged that the study of melody should come first,
since it appears first in the development of music and its apprehension
is earlier and easier in the individual. A common answer to this objection
is that the tuning of the tones of the scales even of primitive music
involves a reference to consonance, as scales are formed with the help
of the chief fusions. In spite of the motive for this answer that lies
in the prevailing inability to find any such basis for the consonances
of successive tones as is found for those of simultaneous tones in the
fusion of tonal masses, it seems lkely that the plea is a valid one.
Scales are no doubt largely moulded by the chief consonances. But
the consonance of fusion need not be their only source. As we have
seen the consonance of sequence iz by no means lacking and must
speedily become evident to an attentive observer, no matter whence
the first call to consonances came. Besides the answer under discussion
implies that some rudiment of a scale precedes all melody. This idea
is natural enough; for all our melodies are completely subjeet to our
scale systems. DBut, as we shall see, the implication is by no means
necessary. It is good to take our notions from the facts before us;
but, as we have repeatedly urged, in the study of hearing we may
make great errors unless we find a proper method of approaching and
analysing the facts. Whatever may be the case in any effort deserving
the name of musie, it is quite absurd to think that no series of tones
of different pitch could be formed without reference to the consonances
of tonal masses. All the birds must get on without this help, as probably
do young children too. If it be asked in reply how we know that the
tonal sequences of birds make melodies for them or for us, we can only
answer with another question: how do you know they don’t? Evidently

w. P. 8. 8
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again we must first seek for some ground on which to build a notion
of melody, which we may then seek in the facts of tonal sequences.

I need offer no apology for seeking a method in our knowledge
of the other senses; tor every appeal thus far made to them has
been confirmed. Whatever else they are, melodies are certainly
series of tones of different pitch, whereby of course repetitions of the
same pitch are not excluded. Pitch we have classified as order, so that
we may read the former as the latter and ask what special features
accrue to the experiences of the other senses when a series of sensations
of different orders is presented. We come then upon motion. Or
starting primarily from the other senses and knowing there that motion
i1s a characteristic feature of sensory series in which order varies, we
may ask if the psychology of motion as we know it in the other senses
can be confirmed in hearing.

Hearing itself also directly suggests the connexion between
melody and motion. *All melodies,” Helmholtz says, “are motions
within extremes of pitch. The incorporeal material of tones is
much more adapted for following the musician’s intention in the
most delicate and pliant manner for every species of motion
than any corporeal material, however light. Graceful rapidity, grave
procession, quiet advance, wild leaping, all these different characters
of motion and a thousand others in the most varied combinations and
degrees, can be represented by successions of tones!.” Helmholtz had
no theoretical reason to see motions in melodies, so that his words
are quite sufficient evidence of the motional suggestiveness of melodies,
if any such evidence is required. Any one can hear it for himself.
Or rather it is so obvious that it cannot be overlooked.

Motion is very familiar in the sense of vision and less so in touch
and articular sense. Apart from special experimental study it is in
these senses readily defined as involving progressive differences in the
two ordinal attributes, the systemic and the temporal. It is not so
readily diagnosed as a distinct addition to experience over and above
the progressive differences it involves. This diagnosis is very difficult
in so far as the habitual attitude towards the simpler phenomena of
sense is that of analytic cognition, such as we apply to the dynamiec
study of moving bodies or to the mathematics of ‘moving’ points.
But it is evident to everyone from his own experience that we can notice
motion without attending to the points through which the motion

1 29, 397; 30, 250. Cf. E. Gurney (28, 103): “If one thing is suggested by any other,
physical movement is continually suggested by wmelody.”
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passes, and without knowing how long the motion takes to pass over
a given distance. We do not need to know the systemic and temporal
orders involved; they need only be there to constitute the motion,
and then we can compare the speeds of two motions, simultaneous or
successive, in different parts of the field of vision without any sort
of analysis of our experiences. The motions simply are different; that
i8, they are experiences of one class, of different variety, and are compared
as we might compare two shades of a colour. Motions are prominent
only in those senses in which the attribute of order varies distinctly,
1.e. only in vision, touch, and articular sense (133, 157f.; 134, 264.;
135, 251).

L. If with this much of motion in mind, we turn to the sense of
hearing for its confirmation, we cannot but feel rather disappointed.
We can make a tone glide up and down continuously over a tonal
distance. We can easily see the resemblance between this process
and motion; we call it a gliding, or a motion of tone; and we can easily
trace its speed; we now do so often in the tone of a motor, as its speed
of revolution varies. But this kind of motion plays practically no
part in music. Of course its absence may again be due to the systems
of intervals adopted in the various musical scales. But it would be
surprizing if music went out of its way to avoid such an elementary
mode of sensory experience as motion—the only other one than distance
included in the single system of a single sense. Besides we should
then have got no whit nearer to an analysis of melody. If we hope
for a visual clue to melody, we must therefore look around in vision
again.,

And for what? Why, for a parallel to a kind of connexion that
accrues when a series of sensations of fixed, but discrete, orders is given ;
for a motion that comes without any real motion, but only from a
succession of orders. And a motion originating thus is familiar to
everyone in cinematographic projections. There each picture of the
geries is shown at rest on the sereen for an instant to be followed by the
next after an interval in which nothing falls on the screen. As everyone
knows the objects shown in the picture appear to move continuously.
Certain phenomena of the greatest interest for hearing appear when
the rate of succession of the pictures is gradually reduced. Let us
simplify the experiment and suppose that instead of an object only
a moving point is shown, for no object is required. In the old fashioned
‘wheel of life,” the forerunner of the modern cinematograph, a picture

89
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wag sometimes given of a juggler throwing a ball up into the air and
catching it again. Or in modern theatres we sometimes see a picture
of an aeroplane arriving; nothing appears at first but a moving spot
on the white background of the screen. Suppose five successive stages
of such a picture; or a number of tiny electric lamps standing at variable
distances and capable of being brought to glow at any desired rate
of succession in otherwise complete darkness. KEach little lamp is
placed in a black box open towards the spectator, so that light cannot
fall from one lamp upon the glass of another, and so by reflection
simulate the continuity of motion (cf. 62, 60; 139, 179).

LO J u] 8] ’ o ] Q 8] | 0 r L] | 8] | o] o] i 0
| ek : .
T N T N T TR T S T T T
Fig. .

At a certain distance from one another and at a certain rate of
succession, the illumination of the row of lamps gives the appearance
of a single lamp appearing at point 1, and moving continuously onwards,
as if a real lamp continuously glowing had been uncovered at point 1
and had actually been moved thence along the line 1, 2, 3, 4, 5, ete.
When the rate of succession is lowered or the distance between the
lamps inereased, the motion first becomes jerky, as if one lamp moved
quickly forward a space, then stopped an instant, moved forward
again, and go on; with further decrease of rate little gaps appear in
this continuity, as if the one lamp had passed behind a series of opaque
pencils, perpendicular to the line of lamps, one between each two.
As the distance increases or the rate of succession decreases, the breadth
of these imaginary pencils seems to increase, until only a little tremor
is geen where each lamp stands, when it glows, as if it were jolted once
from left to right. If the rate of succession is slow enough, each lamp
glows up where it stands and goes out again, while there seem to be
as many lamps as there are positions or lamps in reality. This stage
is preceded by one in which each lamp appears quite still, but s connected
with its neighbour by a most evanescent and unobtrusive experience
of motion, a sort of mere ‘going-over’ or ‘passing’ from one position
to another?.

! For the special study of this last phenomenon v. 139, 222w esp. 226. For the sake

of simplicity of statement I have appended Wertheimer's obzervations to Marbe's, as if
Wertheimer's special observations had been observed with Marbe's row of lamps,
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These phenomena are all to be regarded as motion, the same motion
as we see in vision when any object moves before our sight. The only
difference in the various rates of succession and distance is the obtrusive-
ness of the visual stuff or of the visual sensations which make up the
motion. When there appears to be one moving lamp, the sensory stuff
of the motion between the positions 1, 2, 3, ete. is as intense, full and
intrusive as is that corresponding to each position, or that which is
evoked directly from the retinal stimulation. As the rate or distance
changes, this maximal intensity decreases, until it is so weak as to be
no longer mistakable for the appearance of the lamp. The lamp then
seems to move behind upright obstructions. These gaps increase till
they correspond to the real distances between the positions, but even
then there is still a motion to be observed between the positions, but
it is borne on sensory stuff of minimal intensity or obtrusiveness and
of very short duration (ef. 139, 247%.). And motion is thus always
continuous just as it is in our ordinary acquaintance with it.

If a cause is to be sought for the appearance of motion under these
very peculiar circumstances of stimulation, it is clear that it must
be sought in the physiological connexions that arise between the stimula-
tions given by the lamps at these rates and distances (cf. 139, 247f.).
A psychological cause seems excluded. We need not follow out the
subject along this line of interest. Our problem is to see whether the
motional phenomena described can be found in hearing. And in fact
we find there what must be held to be a very close parallel as far as it
goes. The phenomena of hearing call for special research, which 1s
not nearly so easy to carry out in an experimental form, as in vision.
We must be satisfied with establishing a probable case for motional
phenomena in hearing, remembering what a weight is added to any
mere probability by the large extent of parallelism between hearing
and the other senses already established.

The proper parallel to the series of lamps is a series of tones of different
pitch, whose distance apart, or interval, and whose rate of succession
can be controlled. The intervals we find in our musical scales are all
too big to allow any tonal continuity to emerge. As far as I have
been able to test the matter, continuity of rise of piteh is indistinguishable
from a rise by discrete steps if these steps are very small and rapid
enough. But the maximal step is probably considerably smaller than
a semitone. When a chromatic passage is played rapidly, it gives a
great impression of continuity, although it could never be mistaken
for a gliding change of pitch. Its component points of pitch are easily
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audible. The ‘chromatic scale’ may, of course, in spite of this discrete-
ness, contain a less obtrusive gliding continuity that the ear cannot
readily detach from the rest for adequate description. As the rate
of succession of the steps becomes slower, the impression of continuity
decreases while the pauses on each pitch become more prominent.
At the rates at which tones follow one another in ordinary melodies,
there is no glide about the pitches at all, as far as they are concerned.
Each one is obviously a steady pitch, at least on instruments with fixed
tones; in singing, of course, there is probably often a considerable
amount of gliding just before and after the intonation of any one tone
and a fair amount of very brief and unobtrusive gliding between the
tones, in so far as intonation is maintained between them. This gliding
is reduced by training to the necessary minimum.

Nevertheless a melody is still a continuity. It is not a mere series
of tones of different pitch, but a series of connected tones. The ear
hears at once the punctuation of a melody, as it were, the points where
the connexion comes to an end momentarily, and where a new *phrase’
begins. In our national anthem, for example, the first break occurs
after the first word ‘King’ is sung; the next tone begins afresh. It
hardly forms an interval with the preceding tone and there is little
continuity or passage between them. We can, if we will, hear some
of this continuity, but any considerable amount of it distorts the
melody. But it is probably not entirely absent in such a case. If it
is to be suppressed entirely, a longer pause must be made between
the two tones. This occurs in our national anthem at the end of the
third line, where the fresh beginning is most noticeable.

LI. This continuity of melody and the unity created by it are so
obvious that melody was chosen as the best example by those who
first drew attention to the additions to experience which accrue from
the collocation of a number of experiences of the same group (v. 13).
Melody was held to be a clear case of a figure-experience, a much more
obvious case than are the figures of vision, squares, triangles, etc.
A melody is recognisable even by those who can recognise neither
pitches nor intervals, It can be given high or low in the musical range,
and so is obviously something more than the tones that compose it,
since these can all be different, while it remains the same. No doubt
melody is a figure in this sense, just as a square is; and our ordinal
clasgification of pitch makes the parallel much better than could have
been expected by those who first saw the similarity between the two.
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But melody is not only a figure in the static sense suggested by squares
and triangles; it is a motional figure as well; it is a unity because
of the passage that arises between the tones of each phrase or sentence.
In fact it seems highly probable that this motional unity must have
been the first melodic unity; the static unity can only have become
prominent when scales of definite intervals were formed by means of
which the motions of melody were restrained to certain figures and so
made more thoroughly subject to attention and expectation (29, 400;
30, 252). But it must not be supposed that the adoption of scales has
suppressed the motional figure ; in fact this seems to be still the essential
ingredient in what we collectively call melody.

Melodic motion is thus easily distinguishable from the full gliding
motion of tones. But, as in the case of vision, it seems necessary to
suppose that the two are varieties of one and the same process, the
difference between them being one of fullness and obtrusiveness of
the sensory stuff which bears the motion in each case. The sensory
stufl in melodic motion is so unobtrusive that it iz greatly influenced
by the direction of attention. One can often ‘think’ pause into and
out of melodic sequences, as we have already seen. The punctuation
of a melody which is produced by the conclusion of a phrase with tonic
or dominant also rests upon this influence of attention or attitude upon
the experience of ‘passage.’” This influence of the attention is found
also in the unobtrusive motions of vision (139, 2181.). If two visual
presentations are given successively, say an upright line and a horizontal
one, which if projected simultaneously would form a figure like an
inverted T, the motion resulting between the lines will take various
directions according both to objective conditions and to the direction
of attention. If the upright line slopes a little to the left, it will seem
to fall into the horizontal line to the left; if it slopes more to the right,
it will move down to the position of the horizontal line to the right.
If the slope of the upright line be made in successive trials more and
more from one side to the other, it will depend upon the habit of atten-
tion thus set up or upon voluntary direction of the attention in which
direction the upright line shall fall into the horizontal one.

In hearing, the influence of attention upon melodic motion extends
even to simultaneous tonal masses. If a chord is played, e.g. e, g, ¢/, €',
the attention can pick out each component pitch in turn, and so the
melody can often be heard into the mass. Thus the above chord ecan
be heard as the beginning of Brahms's song “Ihr wunderschiénen
Augenblicke.” Stumpf calls this sort of analysis “singing by ear”
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(112, 201). If it i1s practised and observed carefully, it may seem to
be practically identical with the motion of really successive melodies.
Such practice is of course easier with the fairly pure tones of tuning
forks or bottles and with masses of only two pitches. ,The phenomenon
then becomes very prominent, much more prominent than it is usually
in ordinary melodies. One may surge down to the lower pitch, when
the tone seems to swell out towards its pitch, as if it were actually
growing louder and gliding at the same time. Aeccentuation of the upper
tone in the movements of attention makes the upper tone seem to
swell and glide into place. But one hardly gets the impression of a
continuity between the pitches. The gliding is distinct only near the
pitches, its extent on the side of the other tone being rather indefinite.
A fast rate of oscillation of the attention seems more favourable for
the development of the motion.

In vision this oscillation of attention in a stable presentation does
not produce any such motional phenomena. Several reasons may
account for this. The chief of these is undoubtedly the fact of the
very subordinate part played by variations of visual intensity. We
have reason to believe that the extremes of white and black are more
intense than the intermediate grays, for a mixture of each with a positive
colour shows that the extremes swamp the colour more than do the
grays (81, 33). But between the extremes and the mean there is very
much less variation of intensity than one might expect, apart altogether
from the fact that we ordinarily think of black, not of the medium
grays, as the minimum intensity of colourless vision. In sound, on
the other hand, volumic outline, over which the attention has to wander
to pass from one pitch to another, is essentially a variation of the
intensity of the elements of different order which compose it. This
reason might lead us to suppose that any semblance of motion derived
from movement of the attention in a two pitch mass is really an illusion,
due to the successive clearness which the movement of attention gives
to the various parts of the whole mass. This may well be so, but the
similarity of the changes thus produced to those produced by a gliding
tone is important.

Another reason which might be advanced, asserts that the attention
to any component of a tonal mass intensifies that component, so that
a movement of the attention from one component to another would
be the same as a slight and alternating increase of the intensity of the
components. Thus oscillation of the attention would produce the same
melodic phenomena as would be produced by the presentation of
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successive tones of the intensity of the intensive increment due to
attention. But as already (above, p. 102) indicated, this intensive
effect of attention is by no means so certain as is usually allowed. It
is admitted to be a specially auditory phenomenon and I suggest that
its admission in hearing is due largely, if not solely, to the effect of the
qualitative classification of pitch, which excludes any other interpreta-
tion of the prominence given by attention to one pitch in a mass over
against any other pitch in the mass as a whole. If the volumic theory
of tones is admitted, the assumption of greater intensity becomes
unnecessary and therefore highly improbable. The whole effect of
attention can be got by a displacement of the attention from one part
of the whole tonal mass to another or from the whole tonal mass to
a part of it. In any case, even if attention in tonal masses does some-
what intensify the component attended to, it seems clear that it
cannot do so to anything like the extent we must suppose upon the
qualitative classification. We should thus bring the effects of attention
in hearing much more into line with their effects in other senses. And
similar behaviour in all senses is surely the more probable & priore.
In melodic sequences these two explanations would be of similar
validity. For even if the attention did intensify tones, it would have
to intensify successive tones equally, whereby their relative intensities
would hardly be affected. The melodic passage between tones would
therefore still have to be explained. On the other hand the succession
of the tones would play much the same part in calling the attention
away from the pitch just heard to the next, and so in making the
attention move towards that second pitch over its volumic outline
to its predominance. This would give the second tone that apparent
extension which, when the attention moved over it in one direction,
would appear as a gliding of the second pitch into its place. But melodic
motion is found even when successive tones are separated by a slight
pauge. This would not, of course, exclude the movement of attention
over at least a part of the volume of the second tone to its predominance.
But in either case, succession or simultaneity, the latter hypothesis
wonld hardly suffice to explain the apparent passage that is characteristic
of melody from the pitch of one tone to the next. It must be admitted,
in short, that the whole problem is one calling for subtle observation
and experimentation before final judgment can be given. It is not
so much a matter of whether hearing offers a parallel to the motion
of the other senses or not. That parallel is undoubtedly present. It
18 only a question as to how far melody contains an unobtrusive passage
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phenomenon and how far this can be identified with the passage pheno-
menon of visionl.

LII. The identification favoured here is supported by certain
forms of early music. v. Hornbostel claims that the basis of melody
has been much affected by the one-sided development of tonality
and rhythm. The strong habits thus formed, he says, prevent us from
apprehending melody in a really melodic way. We tend now always
to think of it in terms of our own tonality and harmonic accompani-
ments. The music of non-European people is with few exceptions
purely melodic. The study of melody must therefore proceed from
this purely melodic music, and not from our harmonic music, as Th.
Lipps (57), Weinmann (138), and M. Meyer (73), attempted it. In a
melody we have more than tones and intervals; we hear “motives’ (32).

v. Hornbostel points to certain interesting facts in support of his
demand. In certain songs of unisonal music the intonation changes
in the course of a melody, but in quite regular ways: the piteh rises
continuously, the melody changes its niveau so to speak; or one tone
remains fixed, but the melodic steps from this tone grow bigger or
smaller at certain points of the melody; or changes are made that
for us would spoil the melody altogether, e.g. gec for gebc. These
melodic devices do seem from our point of view to show the pure motion
of pitch, free of all the usual restraints of tonal systems. A delight

1 Max Meyer has propounded a very strange and revolutionary theory of melody,
which rests upon an allezed (melodic) relationship between tones, which is said to be
present in tones of the ratio 2: 3, but absent entirely in tones of the relation 7: 11, or
11:10. I am quite unable to observe this difference, which Meyer merely asserts without
any sort of record of observations from different persons and without adequate indication
of what difference is meant. A construction on such a basis does not seem entitled to
displace all previous efforts at theory of melody (v. 73). For a criticism of Meyer’s theory
compare Th, Lipps (57). Lipps proceeds from a basis similar to that of Meyer, but more
mystical, if anything. These theories derive any merit they may have solely from their
attempt to explain either the dominanece of the oetave alone, or consonances in general.
They have no factual or logical validity and would never be looked at alongside a really
efficient theory of fusion and consonance. For an experimental fest of Meyer's views
of relationship compare W. ). Bingham, (147, 22): *'the characteristic feeling of ‘relation-
ship’ was nearly always still present when the interval had been increased or diminished
32 cents (a third of an equally tempered semitone).” 48 cents destroyed it in 74 per cent.
of the judgments. Bingham thinks that the irregular results of his experiments upon the
preference for the second of two pitehes as a close or resting point are due to the emergence,
now of one tonality, now of another, in the mind of the observers (p. 36). That seems
most likely and confirms the view obvious from comparative considerations, that the
study of melody should not be approached from a harmonic basis.
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is taken in the mere variations of movement over greater or smaller
distances, by different points through the same distance, or from
different nivequw. The identity in variation is maintained by the
direction of movement, which as an element of form is capable of
providing a certain amount of guidance for attention. No doubt our
elaborations of form much exceed this in complexity, but it is a mistake
to suppose, as v. Hornbostel perhaps suggests, that our music contains
no merely motional melody. It contains much of that but it is always
under the restraint of our complexer forms of tonal systems—scales
and tonality. Changes of niveau, whose amounts are, of course, made
definitely conformable to the steps of our scales, occur very frequently
in melodies, as in the second and fifth lines of our national anthem, as
compared with the first and fourth; intervals are extended in many
of these repefitions, and so on. But whatever the motional foundations
of melody may be, they are always subordinated in our music to
our static forms of tonality.

CHAPTER VII

THE FOBMATION OF SCALES

LIII. The study of scale formation follows properly upon the
study of melody. For the early scales were melodic, not harmonie,
constructions. That is to say, they were certainly not formed by the
analysis of the fundamental harmonies and the spreading of their com-
ponent pitches into a series. It is a well known fact that there is hardly
a trace of harmony to be found in any music but our own modern
European music; and that harmonisation iz a notion almost quite
foreign to the primitive mind, if not more or less impossible without
a reconstruction of their scales. Even polyphony is unknown amongst
many tribes and peoples. Besides our own scales have been considerably
affected by the development of harmony. The intervals of primitive
music are not usually very precise; and the precision that attaches
to our scales iz undoubtedly a reflex of the harmonie processes which
evolved out of polyphony.

At the same time we must not overlook the fact that relations
similar to those of the harmony of simultaneity are established in
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melodic sequences. We have already considered this matter and have
recognised the existence of a natural basis for similarity of relations,
namely the positions of the defining points of the related tones in the
series of elemental orders of hearing. The basis of the relations in
simultaneous and consecutive tones is identical, then, but we do
not therefore expect the relations which emerge to be the same in all
respects—even if only because in the one case they hold for simultaneity,
in the other for suceession. A scale is not a sequence of dissonances,
as Krueger aptly remarked. Nevertheless certain pairs of tones acquire
a natural affinity in succession, just as they do in simultaneity. These
pairs are the octave and the fifth or fourth.

The octave is the basis of standardisation of all scales whatever.
No scale is known in which the octave is not the first division, as it were,
unless it be some degenerate remnant of an earlier scale. A scale or
a part of a scale may have passed from one place to another without
the transference of any proper understanding of its nature and inven-
tions!. Such a suggestion is, of course, no basis upon which to start
the work of theoretical construetion, but only a hypothesis to accommo-
date slight and improbable remmnants.

The octave is not the outcome of parallel polyphony alone, as has
been often suggested for want of a better explanation. For parallels
are possible at any interval: third, sixth, seventh, ninth, or any irra-
tional interval. Nor is it likely that women and men should naturally
tend to sing exactly at the interval of an octave, unless that interval
somehow exerts a strong attraction upon voices that naturally fall
in its neighbourhood.

Helmholtz’s explanation that in the octave we have again a part
of what we hear in the fundamental, presupposes that the explanation
given for the unity of partials in a pitch-blend is sufficient, which is
not the case in Helmholtz's theory. His theory apparently succeeds
so beautifully, because it pushes the explanation back into a region
into which we can hardly follow it. Our full knowledge of the facts
of partial tones was the gift of Helmholtz himself. So the primitive
mind that knows nothing of them, could only be supposed to appreciate
the greater or less coincidence of series of partials in some sort of “sub-
conscious’ manner. And even if we concede the unity of piteh-blends,
it is not clear that any of the same unity should attach to the objectively
similar case of the octave parallel, in which the presence of two tones

' Cf. 120, 35. Many apparently primitive instruments are degenerate forms of earlier
ones.
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in parallel should ex hypothesi be perfectly obvious. For they are sung
loudly and clearly, by different persons standing in different places in
different ‘timbres,” not always in exact coincidence, etc.

Moreover Helmholtz's theory suffers from the very assumption it
made, that the tones of all scales coincide with any or many of the
members of the series of partials. Of course the imperfections of tuning
must be conceded to a theory which rests upon similarities whose basis
remains unconscious or subconscious. But if we find numerous scales
which, apart from the octave, show no contact with the series of partials
at all, it then becomes more than possible that those scales which do
cling to the series of partials do so, not directly, but indirectly, and
that the universal prevalence of the octave is not due to the coincidence
of series of partials. And even of those scales which seem to show a
considerable amount of connexion with the series of partials, a number
of cases do not really bear this interpretation. They have been
identified with our notes which are indirectly related to partials only
because the minds of those who observed or studied them for us, could
only hear them in the manner of these notes of ours. Thus exotic
notes get assimilated to our notes with which they may have no real
relationship by derivation or intention.

LIV. Parallels, then, explain nothing, but presuppose an explana-
tion upon which they rest. That explanation has been given above
(pp. 6311, 90 ff.). And from it flows not only the natural predominance
of the octave, but also that of the other almost universal interval—the
fifth-fourth. The conjunction of these two seems required in fact, as well
as being natural in itself. The fifth is a naturally predominant interval.
And if it is given along with an octave, the fourth is thereby given
as well. What we have to settle, is not that the fourth should be as
prominent an interval as the fifth, but that it is preferred in practice
and eonstruction to the fifth, and why.

The preference in practice and construction seems indisputable.
Ellis says: “all Greek music, and hence all modern European, as well
as all old and medieval music, is founded on this interval. The Fifth
seems to have been rather appreciated as the defect of the Fourth
from the Octave, though modern tuners find the Fifth much easier
to appreciate than the Fourth™ (143, 525). In his translation of Helm-
holtz’s work Ellis speaks of the “predominance of the Fourth, and
mere evolution of the Fifth, in Greece, Arabia, India, and Japan”
(143, 524). It is true that the Fourth seems to be used more in tuning,
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but it seems to be altered as much as is the Fifth. Thus in 26 cases
of more or less ‘observed’ fourths and 28 cases of similar fifths in
Ellis’s list (30, 514#.), I find for the average value (in cents, v. p. 1311,
below) and the mean variation, respectively, 499 and 31 as against
690 and 18; the ‘just’ values of the fourth and fifth are 498 and

702 cents.

LV. While we admit the preference of the fourth in tuning, we
may, therefore, well doubt the assertion of disparity of age of the
two intervals. If the octave precedes and regulates all scale con-
struction and the fifth is the only other naturally obvious interval,
then fifth and fourth are necessarily given together, although the
latter does not originate of its own impulse, so to speak, but only as
a consequence of the fifth. We are not called upon to find a special
source for the fourth or to evolve the fifth out of the octave and the
fourth, but only to show some reasonable ground for the preference
of the fourth in practice.

That the fourth could be retained as an interval with ease in spite
of its lack of an impulse towards self-realisation, so to speak, is quite
clear from our previous study of interval. Any interval can be retained
with precision, provided it is somehow given often enough. And the
fourth is given repeatedly, as we have just seen. Octave and fifth
can be found with precision quite apart from any power to remember
them as intervals with precision. The latter power, of course, does
exist, and will naturally join itself to the spontaneous impulse of these
intervals towards self-revelation. The use of the fourth on the basis
of the memory of its volumic proportions only presupposes sufficient
repetition of the fifth and attention to its consequence the fourth.
Helmholtz says: “the relationship of the fifth, and its inversion the
fourth, to the fundamental tone, is so close that it has been acknowledged
in all known systems of music. On the other hand, many variations
occur in the choice of the intermediate tones which have to be inserted
between the terminal tones of the tetrachord™ (29, 405; 30, 255), If
we abstract from this statement its connexion with Helmholtz’s theo-
refical basis in the series of partials, we can take it over as correct.

LVI. Its preferability in practice may have had several grounds.
Ellis says: “the quartering of the string may have had much to do
with its adoption.” If a string is touched at half its length, it yields
the octave; if at a quarter of its length, it yields the fourth of the tone
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given by the open string. Quartering is a much easier division than
is tripartition which would yield the fifth; and in the descent from
ostave to fourth of the open tone, the successive fifth is given, as well
as 1n the asecent from the open tone to the fifth above. In playing,
it is more natural to proceed from the open tone to higher tones by
shortening the string from the open tone than to proceed to lower
tones by lengthening the string from the half-division of the octave.

Moreover, if the octave has been divided from one end into a fifth
and a fourth, 1t is a fairly obvious idea to divide it so that the intervals
are reversed, when a third interval—the whole tone (9 : 8) is obtained :
e—f—g—¢'. That is after all but a natural development of the first
inevitable triad of intervals—the octave, fifth, and fourth. The intervals
thus obtained, in their serial order from either end, would then be
fourth, tone, fourth, whereby the fourth would acquire a greater
prominence. The actual course of development in any particular case
would depend very much upon the instrument in use. A stringed
instrument might well lead to the construction of another fourth upon
the first (from f) and so to the appearance of the whole tone as a defect
from the octave. These are problems, however, for ethnological research.
It is our interest here only to establish the natural basis upon which
scales must develop. Much has surely been due to the caprice of tonal
architecture, as Helmholtz said (29, 369; 30, 234i.). But not all of the
scale can have had that origin. Caprice is only possible within the
limits left over by the natural proclivities that are grounded in the
psychological nature of hearing itself’.

LVII. These three intervals—octave, fifth, and fourth—then are
the foundations of scale formation. Upon them scales are built up
in detail by the action of a few principles of development.

(@) One of them is very familiar. It is the mere intercomplication
of the foundations themselves. A series of alternate fifths up or fourths
down from a given tone with the necessary displacement by an octave
required to bring them all within one octave will give a series of tones
which, allowing for the inevitable deficiencies of tuning and intonation,
is a very close approach to our own diatonic scale. The many later
forms of theory which grew upon this basis of reduplicated fifths or
fourths created problems which could not readily oceur to those who

L If the pure tonal distance between pitches or “tones’ as pitches has been of any effect
at all, which is doubtful, the fourth may have derived some advantage from the fact
that its pitch divides the octave distance exactly into two equal distances.
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had not devised a mathematical basis for intervals. The primitive
tuner might find considerable difficulty in carrying out his method
of tuning to his complete satisfaction, but he would be urged thereby
only to devise subsidiary methods of satisfying a desire for system or
proportion in his scale construction. Kven when theory has won free
scope for itself, as in our own case, we find ourselves compelled in
many circumstances to adopt a method of attaining system or propor-
tion, viz. equal temperament.

LVIII. For it is to be noted that the method by which a scale is
obtained need not have the slightest relevance to the musical utility
of that scale. There can be no question that any derivation of our
diatonic scale by a series of fifths or fourths is entirely extraneous to
that scale itself as apprehended by anyone in sequence or as the frame-
work of a musical composition. In considering the relation of keys
to one another the idea of a series of fifths may be a helpful guide.
And the key of the fifth is an easy sequence to a given key, because
the dominant is symmetrical to the tonic and comes to be closely
associated with it, so that the change of key is favoured. But all that
is of no significance for the scale actually adopted.

Nor is it of any significance for the scale of just temperament that
it is actually derivable from the series of partials. For the series of
partials can act as its source during musical activity only under excep-
tional circumstances; as e.g. the “natural’ trumpet (80) and the Swiss
Alpine Horn (120, 38). It is not evident whether this origin would
directly favour the construction of melodies in our scale. I should
doubt it. The eleventh and thirteenth harmoniecs do not fit in well
(80, 134). The series of partials could be for our music only the de facto
source from which the exact relations of our scales have been derived.
Once obtained, these relations are learnt and are then on an equal
footing with any other scale of any other source.

Nor does it necessarily follow that the intervals of just temperament
will fuse better than do those of other scales, apart, of course, from the
natural intervals of the octave and fifth, about which there can be
no doubt, as they precede and determine all scales. Of course in har-
monic music the intervals of just temperament in combination will
produce fewer beats amongst the upper partials than will the intervals
of equal or various other temperaments. But harmony is not an essential
ingredient of music, as all primitive music shows, and consonance
is not primarily based upon coincidence of upper partials. Only in



vir] THE FORMATION OF SCALES 129

the octave can there be complete coincidence of partials; and in all
other intervals the innocence of the non-coincident partials must rest
upon their mutual fusional relations, so that here again any positive
merit of just temperament reduces itself to the primary merit of the
consonance of pure tones.

In short; in the consideration of scales we must rid ourselves
entirely of all older “regulating’ notions regarding the theoretical origin
or method of attainment of scales, and pin our attention to the scale
itself and to its inherent merits. If we do not do so, we are certain
to fall into the grossest misconceptions regarding the nature of all
scales other than that which seems to us most ‘natural,” and to try
to explain all these from that favourite one.

LIX. A true notion of the inherent nature of a scale can be got
from the theory of interval developed above. That theory so fits
the facts as to persuade us to admit the facts straight as they are;
and in the welter of conflicting notions about scales now prevalent,
that alone is a considerable service. We saw above that an interval
18 a volumic outline, obtainable at any absolute pitch; it is a volumic
figure whose essence is its proportions. Consequently a scale is a series
of volumes whose proportions are constant, and from it can be bult
up a large number of more or less complex volumie figures of constant
proportions. In the scale of just temperament, for example, the propor-
tion between the volumes of ¢ and d can be symbolised by z (cf. the
ratio 8 : 9); the others in succession by ¥, 2, #, y, @, z (cf. the ratios,
9:10, 15:16, 8:9, 9:10, 8:9, 15:16). This symbolisation, I may
remind the reader, has been justified above on purely psychical grounds ;
it is not based upon the physical ratios given. Now in actual practice
we bear that series of proportions in mind as the series @, y, 2, @, y, , z;
and we can sing or play the scale on any absolute tone, because the
volume of that tone and the series of proportions are enough to deter-
mine the whole series. Similarly for any other interval, thirds,
fourths, ete.

LX. In the Greek and the ecclesiastical scales, on the other hand,
the series of proportions was made mobile, as it were; it could be
begun at any point and continued to an end in a cyclical order (if we
admit for the moment that the proportions involved were primarily
the same as those of just temperament, which is more than doubtful.
We must make allowance for the imperfections of tuning and the

W. P. 8. _ 9
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perfecting and remodelling influences of theory. But the present
argument holds for any series of intervals). Thus the starting point
of a series may be any member of the symbolic series given above,
followed by all the others in a cyclical sequence, the several scales
differing, not in the cycle of proportions, but in that member of the
eycle with which the cycle starts.

There is no more inherent psychical difficulty about remembering
this psychical series and about beginning it at any point, than there
is about remembering the series of digits and using them in addition
as we do. For many people the process of rapid adding is very similar
to moving along a series of lengths. Thus 7 and 4 immediately call
up the idea of 11, because 4 ‘carries the mind forward’ a definite
length to 11. The addition of 8 carries it on another familiar length
and there 19 is found. I do not, however, mean to imply that the
Greeks or any others actually thought of the series of intervals of their
scales cyclically. They may well have done so, but it is not necessary
that they should, any more than it is necessary for every adder to think
of numbers as lengths. He may add by mere mechanical association,
g0 to speak. So the Greek may have had his scales in mind as a number
of series of proportions, of which he knew otherwise that they could
all be got from one instrument. Even that knowledge may not have
been present to many, any more than those who can sing a number
of modern melodies need be aware of the connexions and differences
of their underlying scales. We cannot but go wrong if we try to force
our recognised scales upon any or all of these, or try to see those that
are strange through the more familiar. It may even be somewhat
wrong to read exactly our scale feelings into objectively identical scales
of other communities. or in spite of their objective identity, these
scales may have had for their possessors a psychical atmosphere
which was largely determined by interaction with their other scales.
Or there may have been little or no interaction. It is dangerous to
make any assumptions about the psychical aura of the musical con-
structions of any people until at least we know definitely the origin
of what we ourselves experience, and can say whether a given
aura would necessarily follow from a certain tonal construction
or not.

() A second principle of development is familiar 1n our own
practice, though not in general. That is the prineiple of equal tempera-
ment. It is obviously a secondary principle, applicable to proportions
after they have already been supplied in forms so approximate to equality
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as to be able to suggest equality as desirable. Our own equal tempera-
ment is a device for the reduction of a large system of keys involving
many different absolute pitches to one which involves only a small
number of notes, and so makes performances on a single instrument
possible in any key. We have so modified the series of proportions
which form our scales and the absolute pitches upon which we produce
them, that we can obtain these series of proportions no matter upon
which one of the absolute pitches or notes we begin. That is to say:
a series of proportions, that can be symbolised as x, ¥, z, z, %, @, z, or
(as o and y become identical in equal temperament) as z, w, 2, z, =, , 2,
can be begun on any of the black or white digitals of the piano and
correspondingly on other instruments. We have here a system of
interaction between the scale as it is first produced by repetition of
fifths or fourths and the notes given by applying that scale to each
of its own notes and to the extra notes obtained by so doing. The
effort at systematic completeness induces a modification of the basis
of the system in order that the final system may be fully rounded off
and exhausted. Complete transposibility is thus attained.

The chromatic tempered scale represents a series of volumes, each
one of which differs from the preceding by one and the same proportion.
Thus on the whole of the musical range of tones a definite series of
points are determined. Any melody, whether harmonised or not,
that rests upon a definite sequence and grouping of these points will
also rest upon such points and only such points, even when its propor-
tions are in each case modified by the proportion between the volume
of the tone it was first built upon and the volume of the tone it is now
to be built upon. As Stumpf says: every melody can be transferred
to any pitch “like a figure on a surface of constant curvature” (116,
89). That figure of speech is more applicable than Stumpf could have
supposed. We are all thoroughly practised in such transposition or
modification of volumes.

This principlé of equal proportions is also found in exotic music.
The highest attainment in a systematic sense would, of course, be
when the intervals of all scales required no other notes than are required
by the intervals of any scale. That case is realised in the pentatonic
scale of Java and the heptatonic scale of Siam, first established and
described for us by Alexander Ellis. The proportions of the pentatonic
scale are defined by saying that the ratio of each successive interval is
as the fifth root of two to one; the heptatonic requires the seventh
root of two. Or in cents (of which there are 100 to each equal semitone,

9—2
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the whole octave being divided up into 1200 equal—imaginary—
intervals) 240 for the pentatonic and 171 for the heptatonic.

LXI. The progress of Ellis’s discovery of these scales is of con-
siderable interest. In his first paper “On the musical scales of various
nations” (143, 510) only the Javese scale was given as one of equal
temperament. The average values of the successive intervals observed
were, in cents, 228, 256, 244, 232, 240, or in our scale ¢, d+, f—, g+,
bp—, ¢’. This scale is g0 unlike any scale similar to our own and the
average values of the cents are so nearly equal, that the notion of an
equally tempered scale once conceived was not to be rejected. More-
over, Ellis pointed out that his interpretation was more conformable to
the habits of tuning this scale.

But in his study of the heptatonic scale Ellis failed to seize the true
relation in spite of the fact that he actually measured a number of fairly
well-tuned instruments that might have suggested the idea of equal
intervals, had that idea not been otherwise inhibited. Some of the
instruments observed were indeed very much out of tune, owing to
the loss of the lumps of wax by which they are tuned. In Table IX
I have made a list of the measurements in cents of all the instruments,
recorded by Ellis, whose scale was known to be heptatonic and equal
or may now be supposed by us to have been so. In the first column
is given the name of the instrument and the page in vol. 33 of the
Journal of the Sociely of Arts where the records appear. In Table X
Ellig’s own interpretations of these observations are given. In Table XI
will be found the average dewviation (with mean varation) of the
measured amounts (1) from the heptatonic interval of 171 cents and
(2) from Ellig’s suggestions. I do not mean to claim that all these
instruments were really meant to give the heptatonic scale. But as
there can be no doubt that nos. 9 and 10 were meant to give that scale,
we can see at once that we might well assume from the measurements
that all the others except perhaps nos. b, 6, and 8 were meant to give it.

Soon after the publication of Ellis’s paper giving all these figures,
except those of instruments 9 and 10, a band of Siamese musicians
appeared in London and Ellis proceeded to hear them play and to
measure their instruments. While doing so, he was informed by the
Siamese prince Prisdang that “the intention was to make all the
intervals from note to note identically the same™ (143, 1105). This
information gave the key to the problem. In order to test its accuracy,
Ellis made such a scale of seven equal intervals by calculation. This
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the native musicians pronounced to be good. Ellis then played them
the scale of the Ranat Ek, no. 6 in Table IX, which was the specifically
Siamese instrument measured for his leading paper. The musicians
declared it to be out of tune. Thus the existence, both really and
intentionally, of a heptatonic scale of equal intervals was assured.
It has since been confirmed by Stumpf (116).

TasLe IX,

Ellis’s Measwrements. (143)

Cents caloulated ... | m | | | o1 | m Lm 171
i | !

1. Balafong (p. 505) ... | 187 | 160 | 170 | 147 | 183 | 120 | 237

w 2ndootave | 180 | 167 | 181 | 189 | 160 | 158 | —

2. Tar (bid.) ... ... | 175 | 179 | 158 | 208 | 176 | 188 | 175

» 2nd octave ‘ 205 173 I 150 195 221 ! 160 _—

3. Balafong (bid) .. | 160 | 181 | 103 | 166 | 185 | 146 | 165

. Patala (506) we lcame | e | ass | ve | 1e2 | 3% (| 398

5. Balafong (ibid) .. | 114 | 236 | 200 | 137 | 151 | 194 | 164

T R | DB B B S A

6. Ranat Ek (sbid) ... | 120 | 148 | 231 | 218 45 | 258 | 2925

. 2nd octave 201 103 — e — — =

7. Balafong (507) ... | 152 | 135 | 245 | 191 | 166 | 1490 | 161

8. SO pmarie | aas | cae | amE | = = = il

,, 2nd oetave 195 04 224 173 110 212 201

9. Ranst Bk (1108) ... | 177 | 219 | 127 | 150 | 149 | 148 | 167

10. a (bid.) ... | 185 | 165 | 180 | 200 | 150 | 178 | 174

Now, instrument no. 6 is the worst tuned of all, its average error
being 59 cents + 22 or a quarter-tone. We might, then, well assume
that all the instruments of the list are really heptatonic. Probably
they were. But to make any claim merely from these figures would
be rash. We should have to be able to identify the actual instrument
with a well-tuned one giving the heptatonic scale, before we could
be sure. The identification, that is to say, would have to be by outward
form and material substance, not by the musical functions of the
instrument.
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Two other scales given by Kllis suggest the heptatonic scale: the
scales set by Rajah R. P. Singh, 1st and 4th (143, 504),
Cents observed:
183, 342, b33, 685, 871, 1074, 1230,
174, 350, 477, 697, 908, 1070, '118l.
Calculated (assuming 1714 as the equal interval):
171, 343, 514, 686, 857, 1028, 1200.
But it would be futile to pursue this similarity as it stands. Con-
siderable uncertainty must attach to any results apart from the con-
firmation of the most efficient native musicians; and these latter should

TasLe X. Tasie XI.
Ellig’s Imterpretalions.

e i (1) (2)

No.2 | 200 | 150 | 150 200 | 200 | 150 | 150 L | 19=12 ] —
3 | 150 | 200 | 200 | 150 | 200 | 150 | 150 2 | 1741219+ 7

| L)

4| 160 | 200 | 200 | 150 | 200 | 150 | 150 3 124 7| 154+ 5
5| 100 | 250 | 200 | 150 | 150 | 200 | 150 4 124+ 7 | 21110
6 | 150 | 100 | 250 | 200 | 100 | 200 | 200 | 5 |29+13 ] 9% 6
7| 150 | 150 | 250 | 150 | 200 | 150 | 150 6 | 59+22 | 35416
8 | 200 | 100 | 200 | 200 | 100 | 200 | 200 T | 26+16 | 16116
8 | 34419124 7

9 | 24412| —

10 124 6 -

Average | 21414 —_—

be free of all the prejudice created so easily by ‘improving’ theories,
especially those of a mathematical kind. The most we may take out
of these comparisons is that probably the heptatonic scale iz more
widely distributed than Ellis supposed.

The course of Ellis’s discovery is most instructive. It shows on the
one hand how far out an interpretation may be that is made by a
person who is accustomed to such a definite and special scale as ours
is. On the other hand it emphasises the necessity, not only of actual
observation of native music as played by native musicians, but also
of the comparison of these records with the ideas of the best native
musicians about their own music and instruments. These musicians
must be such as can tune their own instruments in the very best way
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known in their community, not merely such as can play on them when
tuned. Of course all understanding of the genesis of their own scale
may be lost in a community. That is possible. But, so long as the
scale is maintained in a fairly distinet form in the music of the com-
munity, it is not probable. Theorists who neglect to build solely upon
the psychical apprehension of a seale by the native mind, may give
us a very fine scheme, capable of great development, but they can give
us no guarantee that their theory and interpretation applies to its
alleged object. It may have substituted its own theoretical object.
Treatises on scales show how their authors have wrestled to force
various scales into the scheme of their theory. Remarks from listeners
to exotic music show how that music inevitably tends to be interpreted
in terms of the familiar scales and intervals. For a proper apprehension
and understanding of exotic music we must put all our own habits
out of mind, as far as we can. In theory we can do this perfectly, if
we willl.

LXII. How were these scales obtained? All that we need to do
in answering this question is to show by what means a set of intervals
could be got of so nearly equal proportions as to suggest the construction
of a series of thoroughly equal proportions. We start out as before
from the octave, fourth, and fifth: ¢—f—¢g—-¢’. HEach of the extreme
intervals is much larger than the middle one, so that there is in them
room for subdivision. When that is done, and supposing it done
perfectly, the larger intervals each being divided into two equal parts,
we get a series of intervals in cents: 249 :249:204 : 249 : 249. Four
of these are the same, and that sameness could be appreciated. Of
course, we must not suppose that a native tuner would get these intervals
in such perfect division, but only approximately. But in so doing
he would be liable to get an appreciation of their approximate equality.
The middle interval being often a little out of tune and sometimes
approximating more than usual to the size of the others, would only
favour the idea of equality throughout. It remains then only for the
tuner to conceive this idea of equality and to carry it out. And that
can be done, without the use of logarithms, or abstruse physical know-
ledge, by ear alone, just as easily as we can sing up our diatonic scale
from any pitch. Once the idea of equal intervals is established, the
scale can be got at any fime by tuning with fourths and by taking

1 For a statement of the demands put upon the ethnological study of music with
special emphasis upon the use of the phonograph for recording observations, see 120, 62 m
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the fourth from either end! of the octave smaller than it should be
(by 18 cents, less than a fifth of one of our semitones). That is, the
fourth up from ¢ is flattened a good deal. Then a fourth may be raised
on this first one, and so on, by one or other method. Or the tuner
might tune the whole scale by ‘ear®’ each intefval between two
notes being repeated over and over again, and rectified, if need be,
by the revision of the whole scale. It would be foolish to attempt to
decide by theory on the actual method. That is a question for ethno-
logical discovery.

As for the heptatonic scale, the primary basis of its origin must
be the same—the octave, fifth, and fourth. The interval between
f and ¢ is 204 cents. The other intervals are 498 cents. In the sub-
division of the latter we need only suppose for this case that the interval
between f and g had been sought in repetition between ¢ and f. This
would give three intervals: 204, 204, and 90; and a repetition of these
between ¢ and ¢’. Allowing, now, for the imperfections of tuning we
can see good ‘ground upon which the idea of equality of intervals might
appear. That equality would presuppose the reduction of the f—g
interval by a smaller amount than its deviation in the pentatonic
scale (viz. 33 cents, or a third of our semitone as against 36 cents).
Otherwise than by the idea of dividing the big intervals by taking
the small one out of it repeatedly, the seven step scale may possibly
have been suggested by the notion of perfection associated with that
number (116, 90). Possibly it is merely to be laid to the account of
a habit of tuning the fourth rather too large (by some 16 cents). In
any case there is no improbability in its appearance amongst primitive
people. For its psychological status as a case of equal temperament
is part of the very essence of interval in any form—constaney of pro-
portion. The occurrence of equal temperament is not confined to our
intellectual race, that attained it only as the result of a long sustained
and already highly elaborated effort to systematise thoroughly our
musical constructions. We had begun by adopting a scale of
unequal intervals, which has actually shown 1tself to be capable of
higher evolution than the scales based primarily on equality of
interval.

1 Of the method of tuning Stumpf says: “First the octave is tuned and then
intervals are taken from the two octave tones a fourth inwards and zo on probably by
fourths” (116, 9).

* As Mr Isawa said (v. 143, 522): a certain Japanese interval was got “‘not by con-
sonance but by a certain melodic intuition.”
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There is in all this no contradiction with our own doings in the
matter of scales. We need postulate no logarithmic inspirations or
root extractions. Nor do we need any mysterious ‘feelings’ for equal
intervals. That ‘feeling’ is given along with the consonance of fusion
in any interval. The mistuning of the fourth and fifth required for
the pentatonic scale is only 18 cents and for the heptatonic 16 cents;
certainly not a large amount. It is only five vibrations for a tone of
500 wvibrations, or about the high contralto tenor ¢, i.e. ¢%. English
tuners, as Ellis found (143, 489), make errors even of eleven cents.

LXIIL. (¢) The third principle of development is equal division
of the playing string. “The principle is,” says Ellis, “that equal
divisions of the difference of two lengths of a string will give nearly
equal intervals extending from one to the other™ (143, 500). As examples
of this Ellis cites “the mode in which the Persian and afterwards
Zalzal’s ‘middle finger’ was obtained, by halving the distance between
the frets.” On the Persian lute the middle finger had nothing to do.
So a note was introduced for it between d and e, a whole tone below
the f got by stopping the string at three quarters of its length. There
was a similar note introduced upon the second string. But these and
other notes attempted did not please sufficiently. And it remained
for Zalzal, a celebrated lutist, to make a stop half-way between one
of those previously attempted and an earlier stop, thus getting a note
of 355 cents (a neutral third, neither minor (300) nor major (400))
and dividing the fifth exactly into two halves (702 = 2 = 351 cents).
A similar operation on the second string gave what may similarly
be called a neutral sixth. These notes of Zalzal’'s became of great
importance in Arabic music, but they were finally ousted by notes
derived by repetition of fourths (143, 493, 495). Ellis says that the
repetition of the tones 0, 350, and T00 cents, i.e. ¢, neutral third, and
fifth rapidly becomes pleasing to the ear (143, 498). The neutral sixth
divides the upper fifth from f to ¢ into two equal parts: 500, 850, 1200
cents. Zalzal’s scale is still found on the Highland bagpipes : e.g. in cents:

LT 341, 495, 703, 853, 1009, 1200,
or @, b, ¢+ }tone, d, e, [+ }tone, g, .
The approximation is so close that Ellis recommends the identification
of the bagpipe scale with Zalzal’s, either in a tempered form (1) or in
a pure form (2):
(1) 0, 200, 350, 500, 700, 850, 1000, 1200
(2) 0, 204, 355, 498, 702, 853, 996, 1200.
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Similarly the Indian scale is obtained by string division. “The
(' string is divided in half, giving the octave; the half nearest the nut
is again halved, giving the Fourth F. The part between the nut
and F is divided into 9 equal parts, each giving one degree; and
the other part, from F to the octave, is divided into 13 equal
parts, each giving a degree. From these indications it is possible
to calculate the value of each degree and assign the notes (143, 502;
30, 523),

(d) Still another principle, although a rather vague one, has been
advanced by Stumpf (120, 31)—the principle of small intervals. These,
Stumpf thinks, could have been attained without the support or ground
of consonant masses at all. “They just sang—perhaps at the instance
of mere play impulse or by way of sigrialling-tones which were clearly
enough different from one another, and acquired a certain amount
of practice in the production of such steps, which could then be taken
intentionally somewhat larger or smaller; so that songs thereby became
possible which they could repeat from other starting tones.” *“Many
songs of most primitive nature, e.g. amongst the Veddas of Ceylon,
are of this kind and probably arose in this way.” This principle is not,
however, a new one, as Stumpf supposes, who refers it to the apprecia-
tion of tonal distances rather than intervals (120, 86). As I have already
pointed out, that must be a mistake. These small intervals are just
as much in essence intervals as are any larger ones. Of course, as Stumpf
indicates, the fixation of definite larger intervals must be guided by
other principles, which I have already stated.

LXIV. The earliest and all the primitive scales were melodie
structures. Mere tonal motion is interesting; but it gains immensely
in variety and interest by being brought at least close to the pattern
of a series of definite movements of pitch. Besides, the listener is able
to follow its movements better if they build up a set of familiar pitch
relations. But primitive music need not follow these relations at all
slavishly. It can still retain a good measure of the early melodic
freedom, and increase or decrease intervals, by a small amount (143,
522), if any good effect can thereby be attained, just as modern singers
often do (at least sharpening tones). Music travels a far journey before
it comes to any harmonic development. The duration of that journey
may often have been due to the inhibitory effect of scales which did
not admit of harmonisation, and so did not encourage it when it occurred
accidentally. It is true certain springs of harmony are found in primitive
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music’. But we know from the history of our own music how tentative
were the beginnings of harmony, and how much of its ultimate develop-
ment was due to the tenacity of life of the melodic interest. The observa-
tion and study of harmony then reacted upon scale structure and
modified it so as to permit of the greater development of all musical
interests. One of the last products of that development was our equal
temperament, as we have seen. We do not need to suppose, by any
means, that we have already reached the limits of the possible develop-
ment of our basal musical structures. Development (120, 97) proceeds
by a widening of the scope and applicability of the fundamental prin-
ciples of musical practice, whereby something is sacrificed here to a
gain there and wice versa. We have certainly discovered, developed,
and satisfied, interests of which primitive music knows next to nothing.
But there may be more to come. Only the fundamental elements of
musical structure, the ideal of tonal balance and the endless interplay
of the fusion that blends a manifold into characteristic unity and the
analytic attention that can follow the manifold through the unity,
will always remain. The attention is but a faint power that can do
great work only when the application of its energy is made most
economical by the protective guidance of habit. Without a wide
basis of convention and familiarity the musical listener would only
be confused and baffled. And music has its limits of development
set at any time chiefly by the trend of habits of the listener and his
powers. According to these powers the basal pleasantnesses of music
may be spread through a greater and greater superstructure of detail.

CHAPTER VIII
PHYSIOLOGICAL THEORIES OF HEARING

LXV. The occurrence of auditory experiences is undoubtedly
dependent upon the functioning of the organs of the ear. The physio-
logical study of these organs is for this reason of great interest to those
who are primarily engaged in psychological study. Not only do the
two studies form neighbouring fields of work, but they play to a greater

1 g 120, 43 Parallels of fifths and fourths, as well as of octaves of course, occur
not infrequently. Cf. 145, es2r.
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or less extent into each other’s hands. It is well to have a clear idea
of what is involved in this reciprocity in each case.

Neither study is a mere appendage of the other. Both originate
in a direct study of their objects, psychology in the direct study of
experiences without reference to the body, and 'physiology in the
direct study of the body without reference to experiences. This primacy
of direct study has led in various quarters to the claim that the physio-
logy of the receptors and the nervous system shall be constructed solely
by direct methods of study to the exclusion of all others. Such a plea
draws its justification both from the improved technique of direct
methods and from the long continued failure of psychology to furnish
highly reliable indirect foundations for physiological progress. DBut
it 18 clearly untenable in any extreme form. Direct methods waill
surely be preferable as far as they go; but no science can afford to
neglect to account for functions that are dependent upon its own
direct objects of interest. And as the experiences of hearing are depen-
dent upon the organs of the ear, it is for physiology as the basal science
to explain them. In so far as it cannot deduce the phenomena of
hearing from the results of its direct study, it must perforce extend these
direct results by inference from the nature of the experiences of hearing
so as to present a probable physiological basis for them. No new
science of behaviour or any other subtleties of evasion will ever relieve
physiology of this task. |

But psychology is free of any reciprocal obligation. It is not called
upon to supply experiences for all the receptory organs and functions
of the ear. Its problems of study are limited by the facts and implica-
tions of experience and all that is dependent or founded upon them.
The physiological functions of the receptors of the ear are in no positive
sense of the term dependent upon the experiences of hearing. The de-
pendence is valid only upwards, ag it were, not downwards. Psychology
is therefore not required to cross the limits of its elements into any
‘lower’ sphere of action. The physiology of hearing can set no impera-
tive questions to psychology but only disjunctive ones. It cannot
say: experience must be thus and thus, please find it to be so; but
only: experiences may occur that are thus and thus, please say whether
or not they do occur, Suggestions for psychological progress might
thus be given by physiology. But psychology on the contrary sets
imperative questions to physiology. The functions of the receptors
of hearing, it says, must be so and so, please confirm.

This dictatorship of psychology, however, does not mean that the
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psychologist may at once proceed to convert his analysis into physio-
logical theory by substituting for the terms of his analysis the most
probable corresponding terms of physiology. The interests and objects
of the physiological and psychological study of hearing are so different,
that a concentration upon the one sphere is not likely to involve an
equal concentration upon the other. Defects of familiarity and under-
standing of the other field may lead to serious mistakes in the translation
from psychological to physiological. A translation of languages, we
should all agree, is best done from a foreign tongue to the native speech.
So we may agree that the answer to the psychologists’ imperative
questions had best come from the physiologist, who has by daily
experience become intimately acquainted with all the facts and possi-
bilities involved in the results of the direct study of the receptors of
hearing, and can most readily reconstruct them according to demands.
But once a physiological reconstruction has been made, the burden
of work falls again upon the psychologist who will test the physiologist’s
translation by retranslating the version. The psychologist thus gains
a certain right of eriticism. He may not say whether a physiological
theory is correct, but he may say whether it seems to him to be adequate
to the experiences it subserves, and, with greater justice, whether it
is inadequate to them. Such a method of co-operation should lead
to a harmonious inferplay of work and criticism without any mutual
encroachment.

In considering the various physiological theories of hearing that
have been offered, we may therefore avoid any discussion of the relation
of each theory to a study of the organs of hearing by direct methods.
Only two things concern us: (1) Does the theory provide an adequate
parallel for all the observed facts of hearing, whether in their elementary
or integrated forms? (2) Can the theory show, consistently with the
main biological principles that psychology shares with all other bio-
logical sciences, how hearing could have developed psychically as well
as physically, or psychophysically, from its lowest forms to the relatively
advanced form in which we find it? These two points may be stated
together: does the physiological theory satisfy the demands of the
psychological question both for the present state of hearing and for
the development of hearing? It must show both how hearing could
have been evolved, and how it can now be evoked.
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H. v. HeumuorTz, 1862 (29, 30).

LXVI. This theory satisfies the requirements of experience in
so far as it admits for each heard pitch one relative maximum of reso-
nance upon a longitudinal series of resonators, each of which vibrates
transversely when in resonance. Helmholtz himself adhered to the
traditional classification of pitch as quality of sensation, but it is obvious
that his physiological theory is much more suitable for ordinal, than for
qualitative pitches. The analogy of the visual éolour theory of Young
and himself, to which he referred in support of his own auditory theory,
breaks down at the decisive point; for there is no arrangement of the
specific receptors of colour in a retinal series parallel in some sort of
manner say to the spectral series of colours or the like. The ordinal
physiological series offers an adequate basis for such auditory pheno-
mena as distance, interval, melody (which Helmholtz so decidedly
envisaged as motion (29, 8968.; 30, 2501.), the pitch analysis of tonal
masses, and the auditory nature of noise.

Helmholtz’s theory is inconsistent, in so far as it fails to show why
experiences do not occur corresponding to the fibres (on either side
of any relative maximum) that are simultaneously in sympathetic
resonance. If these can give a sensation when very weakly stimulated, so
long as they occupy a point of relatively maximal intensity, they should
surely give the same experiences in conformity with the law of specifie
energies of sense referred to by Helmholtz (29, 232; 30, 148), when they
are resonating in subordination to some other relative maximum,
The tyranny of the qualitative classification of piteh (ibid.) doubtless
prevented Helmholtz from making use of this extension of sympathetic
resonance as the physical basis of the psychical volume of tones.

It is only on the basis of volumes and coincidence of volumes, as
I have shown, that a satisfactory explanation of the psychical nature
of tones as distinet from noises, of consonance and the standardisation
of the pitch series into octaves, of intervals and of the psychophysical
development of hearing can be given. Helmholtz’s theory thus fails
to satisfy all the requirements and so must be regarded as still
admitting the insuperable mystery of the correlation of a series of
qualities with a series of neural receptors. There is of course no
fault in the correlation of the two series. The point i8: how did the
psychical series ever get linked up to the physical series? Not even
the assumption made by Helmholtz that the psychical series has
no features whatever other than its mere serial nature, could really



\pity! PHYSIOLOGICAL THEORIES OF HEARING 143

dispel the mystery. The basis of explanation sought by Helmholtz
for consonance and the like in the coincidence of upper partials was
the best one left open to him, and perfectly consistent with his theory
of the auditory elements. But it has been proved by Stumpf to be a
complete failure and is utterly useless as a primary source of conso-
nance. At most it can but add to, and amplify, consonance, once
that has been established. For it is really only a fragment, as it were,
of consonance by coincidence of volumes and of their characteristic
points. The primary fault of Helmholtz’s theory in this respect lies
not so much in his failure to show how the coincidence of partials
comes to be noticed, but in his failure to show how the presence of
partials ever comes to be overlooked in a musical tone.

On my theory the psychophysical development of hearing from
highest tones downwards (111, 330.; 112, 218) is perfectly evident and
in accord with the greater biological probabilities. The whole line of
progress from a single vibrating hair to a perfect cochlea can then be
seen at a glance. For its realisation we need only invoke the aid of
well-known biological principles—the ‘chance’ reduplication of organs
and the advantage resulting therefrom. With these two devices we
start a line of advance which will carry us over the whole journey.
For the cochlea is only a large number of vibrating hairs with all the
adjuncts that the advantage of each accidental accretion would serve
to bring about. Such a work as Gray's The Labyrinth of Animals
shows with the greatest possible clearness the chief stages of this develop-
ment that have survived. And it is a short way therefrom to the
construction of the whole development in abstraction from the special
conditions of each animal’s phylogenetic history.

The present standing of Helmholtz’s theory may be well indicated
by a quotation from K. L. Schaefer (102, 5.): “I take my stand
outright upon the ground of Helmholtz’s theory. It has indeed been
subjected in the last decades to sharp attacks, especially in a sphere
not completely exhausted by Helmholtz himself—that of the secondary
clang phenomena, whereby I understand beats, combination tones,
variation tones and interruption tones. DBut one may confidently
maintain that it has victoriously resisted these attacks and at present
stands faster than ever before. DBesides, of the many other theories
of hearing that in the course of time have been published, none is
equal to it in respect of comprehensive and often most detailed agree-
ment with the facts.” That is true; but it does not remove the
difficulties of Helmholtz’s theory to which I have referred.
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A useful extension of Helmholtz’s theory was offered by A. A. Gray
(25, 26). Gray goes back to the objection made against Helmholtz’s
theory by Rutherford that no single transverse fibre of the basilar
membrane could vibrate alone, but would drag the portion of the
membrane on each side along with it. Gray observed microscopically
that the ligamentum spirale increases in size and becomes more
distinetly fibrous as it passes from the apex of the cochlea to the base.
This seems to be true of all mammals. But the basilar membrane itself
diminishes in breadth from apex to base, while the rods of Corti, the
hair-cells, and the hairs themselves, all become smaller. Now, since
the ligamentum spirale consists either of unstriped muscular fibre
or, more probably, of fibrous connective tissue, it must produce tension
on the basilar membrane, a tension which will increase towards the
base of the cochlea. A fibre b, therefore, that lies beyond a fibre a,
will be subject to a slightly less tension and will vibrate in sympathy
with the note proper to fibre a, though not with so great an amplitude.
Thus a stretch of the basilar membrane will vibrate to each tone.
This, of course, Helmholtz himself deduced from the prineciple of
resonance?.

But Gray developed this result interestingly by comparing the
psychical results with those obtained by analogous physical processes
in the sense of touch. Two neighbouring points are not distinguishable,
but sum their excitations to a resultant point. Gray believed, however,
that of the whole excitation we hear, as in touch we seem to feel, only.
the point of maximal stimulation. He did not extend the psychical
parallel by ascribing volume to tone. “The mind pays attention
only to the maximum point of stimulation of the nerve terminations™
(25, 336). At the same time, there can be several maxima in the total
stimulation of the basilar membrane. A maximum for Gray is always
a relative maximum. A noise he compares with a line of stimulation
in touch. In so far as the basilar line lies higher or lower in the cochlea,
a noise has a more or less indefinite pitch; that is, it will be vaguely
higher or lower; and so on. Gray’s paper shows how Helmholtz’s
theory can be extended (without examination of the principle of
resonance adopted by Helmholtz) towards what I shall later suggest
as a suitable basis for the psychological analysis of this work.

This aspect of Helmholtz’s theory has naturally drawn a good deal

1 g, 29, 223: 30, 144: ““An elastic body, set into sympathetic vibration by any tone,

vibrates sympathetically in the pitech number of the exciting tone; but as soon as the
exciting tone stops, it goes on sounding in the piteh number of its own proper tone.”
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of attention. Thus Wien has maintained that the amplitude of vibration
of fibres a considerable distance from a certain fibre may (on Helmholtz’s
principle of resonance) still be so great (if the tone proper to the latter
fibre is given in great intensity) as to be far beyond what is required
to produce these ‘false’ tomes. But these ‘false’ tones are never
audible along with the ‘right’ tome. This result is so inconsistent
that Wien thinks the resonance theory would have to be dropped, if it
could not be overcomel. 0. Fischer gets over this difficulty by appeal
to the small space (v. Retzius) separating the membrana tectoria (Corti)
from the hairs of the hair-cells. He points out that the smaller ampli-
tudes of the ‘wrong’ resonances could find play-room in this space
without the hairs being brought into contact with the membrana
tectoria and so stimulating the hair-cells. But ter Kuile holds (his
actual words, 48, 147, are: “we now know™) that the hairs are per-
manently embedded in the tectoria and stimulate by their pull on the
hair-cells when the basilar membrane is bulged downwards (ef. 154).
Besides Fischer’s solution would only hold for the further reaches of
the waste amplitude.

A. Lehmann (50) attempted to correct the difficulty by an experi-
mental study of vibrating membranes. He admits that extension is
a true property of tone sensations, directly experienced, not based
upon associations. And he compares it with the extension that is
given in other senses by the size of the stimulated surface, e.g. in the
sense of pressure?, This, he says, should lead us to expect that the
greater extension of deep tones is due to the excitation of a greater
number of nerve-fibres. Helmholtz’s theory could be readily modified
to cover this property of extension in tones, except, as Lehmann points
out, in so far as the modification would require the abandonment of
the doctrine of specific energy of the several nerve fibres peculiar to
Helmholtz’s theory. It is doubtless this doctrine which has so far
prevented Helmholtz's theory from developing to include a real extension
in sounds?,

C. 8. Myers also points out that “sensations of tone (and to a less
extent, sensations of noise) appear to contain a certain spatial quality,
a character of voluminousness, which is dependent on pitch. Such
tone character is perhaps analogous to the extensity of wvisual and
tactual sensations. Conjecture may relate it either to the length of

i ] take this from 20, 132. I %ave not seen Wien's original (140).
2 Similarly W. MecDougall as quoted on p. 45 above.
8 Cf. 112, 1m1; and a theory by Hostinsky quoted by Stumpf (112, 272).

W. P. 8, 10
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the sound-wave or to the number of simultaneously excited hair-
cells within the cochlea” (82, 33, 49). At the same time Myers
accepts Helmholtz's view that the pitch of a tone is determined by
the position of the apex of the vibrating wave or bulge on the basilar
membrane. It is true Myers does not explain any more than does
Helmholtz®, why we should hear only according to the apex of the
wave; or if the suggestion regarding voluminousness is to cover this
point, he does not expound it sufficiently or point out or develop its
implications.

Thus we see how Helmholtz's theory, which is still the chief favourite,
calls for relief from the same difficulty both on the physiological and
on the psychological side.

W. Ruraerrorp, 1886 (97, 98) axp Tu. Lipps, 1883 (56, 57).

A group of theories of which W. Rutherford and Th. Lipps are the
two chief exponents refers the proximal ground of the special nature
of auditory experiences to central, rather than peripheral, receptive
processes.

Rutherford’s rejection of Helmholtz's theory rested on at least
one valid objection—Helmholtz’s failure to give a satisfactory account
of the blending of consonant or harmonious tones. Rutherford says
(97, 18): “If the motions in the (three) sensory nerve cells are eventually
to be blended, it seems unnecessary that the already blended sound
vibrations should have been analysed in the cochlea.” So he supposed
that the hairs of all the auditory cells of the cochlea vibrate to every
tone, just as the drum of the ear does. The hair cells transform sound
vibrations into nerve vibrations similar in frequency and amplitude
to the sound vibrations. Simple and complex vibrations of nerve
molecules then arrive in the sensory cells of the brain, and there produce,
not sound again, of course, but the sensations of sound, the nature
of which depends not upon the stimulation of different sensory cells,
but on the frequency, amplitude and form of the vibrations coming
into the cells through all the fibres of the auditory nerve3. For the
transmission of high frequencies along nerves Rutherford adduced

some direct experimental evidence—tetanus tone of 352 vibrations got
L Cf., 130, 241 ¢ But cf. Stumpf's efforts, 112, 1111
* With this theory compare that of Ayers, who admits the general principle of reso-
nance, but * gives preponderance ' to the supposition that all the hairs of the hair-cells
yield to all the varving stresses like a wheat-field in a gusty wind (154, 205). The infer-
ences which follow are naturally far from lueid. Ayers can hardly be considered to have
put forward a new type of theory.
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from rabbits’ muscle by nerve stimulation of 352 shocks—and mistaken
inferences towards higher frequencies from the tones of insects’ wings.

Rutherford’s theory would be good work, if it had really proved that
the peripheral organ of hearing could not possibly account for the
peculiarities of auditory sensation. It would then have taken rank
logically beside Stumpf's work on fusion, which has proved definitely
that fusion is inexplicable by reference to any of the psychological
adjuncts of the primary tones involved in the fusion (cf. above, p. 591.).
It is necessary to point this out in view of occasional misunderstanding
of the logical status of such work. Of course neither theorist derives
any support for the conclusion he propounds from the fact that he is
utterly unable to explain any of the phenomena of his special field
and so seems weaker than the weakest of his rival theorists. But
no strength i1s needed to hold the field if all the foes are slain.

The same cannot be said for the other type of theory held by Th.
Lipps. That advances to its goal, not by logic, but by a process of
elegant and clear diction which Lipps was wont with olympian vigour
and scorn to recall to the minds of sceptical earth-bound ecritics as
thinking. But as in many other teutonic fathers it is really fiction
which mistook itself for thought.

Tua. Lipps, 1883 (56, 238 4.).

Lipps’s theory may be taken from a short summary of his own
(57, 228 1)

(1) The effective and receptive in psychical life is in all cases not
the contents of consciousness, but the psychical or, if you like, ‘central’
processes which underlie them. The interaction between tones must
therefore be considered as an interaction of the psychical processes
which underlie the contents of consciousness called tones.

(2) These processes are really processes, not permanent states.

(3) We must assume that to the rhythm of the physical vibrations
that evoke a tone there corresponds in the parallel tone-sensation-
processes, or in the parallel change of psychical or central processes,
an analogous rhythm; that the psychical or central process of the tone
sensation divides into a sequence of psychical processes.

(4) Take for example a & of 300 vbs. and a C of 200 vbs. The
physical rhythms of these two (tones) series of vibrations have in
common a ground rhythm of 100 vbs. This rhythm we must transfer
to the rhythms of the sequences of elementary part-processes of the tone-
sensation-processes, or in short to the ‘tone-rhythms.’

10—2
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(5) When two such tones meet in the Psyche, they form a whole,
that has this common ground-rhythm as its point of unity. This unity
is a case of the aesthetic unity of a manifold, ete.

Lipps says in concluding this lightning summary: “The view thus
shortly indicated is not an hypothesis invented by me ad hoe, but it
is the application of most general psychological ground notions to the
particular case. These ground notions, besides, find application to all
possible spheres of psychical life.”” That is true: there is such a thing
as rthythm in our experience; and, no doubt, there are also central
processes or elementary psychical processes, not immediately identifiable
with the observable aspects of our experiences (their °contents’).
Lipps’s explanatory notions are not sheer inventions. But their applica-
tion is obviously quite arbitrary, not due to an error of logic like the
harmony of the spheres, but innocent of all logic whatever. If we
musl assume these psychical rhythms, we should at least be offered
some trace of proof of their existence.

-

C. H. Hurst, 1895 (33).

The basilar membrane is considered to be strongly elastic trans-
versely, but hardly at all elastic longitudinally. When the stapes
thrusts forwards, “the inertia of the whole column of fluid in both
canals prevents their sudden movement and only the basal portion
18 moved first, the rest being only subsequently set in motion by the
elasticity of the membrane called into action by its displacement™
(33, 830). Thus a wave-like disturbance arises and travels along the
basilar membrane, the conditions at a more proximal point being
exactly those found later at a more distal point. When the stapes
has just completed one period, the part of the basilar membrane affected
falls into two halves: the forward half is bulged downwards towards
the scala tympani, the basal part is bulged up towards the scala vestibuli.
And the elasticity of the basilar membrane is pulling the latter down,
and the former up towards the level of rest. And the whole wave
therefore moves forwards towards the apex. When it gets there, it
runs “round the wall of the lagena and down by the Reissnerian
membrane to the base of the cochlea™ (33, 333). *The smaller waves
will probably be almost lost before reaching the base, and the larger
ones will, apparently, die out at the base in the form of small vortices
or eddies of the perilymph.” The effects of the spiral coiling of the
cochlear canals will be to concentrate the disturbance on the outer
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part of each turn of the spiral. Effective stimulation of the auditory
receptors is caused, not by the passage of one wave over the basilar
membrane, but by the meeting of an upgoing second wave and a
returning first. When these meet, as they must somewhere, in opposition
of phase, “the ends of the stiff hairs of the hair-cells of the organ of
Corti are suddenly thrust down upon the nerve ends of the auditory
nerve fibres™ (33, 340). This explains why two vibrations are required
for the occurrence of a tone sensation.

Pitch depends on the point of the basilar membrane where the
opposition occurs. For high tones it is near the apex, for low tones
near the base. Hurst gives an ingenious explanation for the loss of
low tones on destruction of the apex of the cochlea.

Hurst is forced into difficulties by the reflection that for any one
rate of vibration waves would pass in opposition of phase at numerous
points of the basilar membrane. This difficulty even induces him to
believe that if an intense tone is listened to for say five minutes, the
chief point of stimulation becomes fatigued and the next comes into
predominance of function, so that we then hear the octave lower
(33, 344).

The theory reaches some sort of explanation for the first difference
tone and for consonance and dissonance. But these aspects of the
theory are not worked out fully enough to be clear.

The interest of Hurst’s theory lies, as he himself indicates, not in
any explanation it may give of the sensations of sound, but in the
foundations for such explanations given by the analysis of the physical
processes in the inner ear. As we shall see later, it is possible that by
a slight modification in the primary physical analysis a theory might
be made to give consequences consistent with the demands of auditory
experiences that in its first form gave absurdly inconsistent results.
A theory that is very incongruous on its subjective side, may be much
nearer the physical truth than one that is subjectively much more
plausible. Hurst’s theory is the first of a series, each of which sought
for a new ground of construction which might avoid the difficulties
created by Helmholtz’s theory. None of these theories can compare
with Helmholtz’s for general success; but they may well be on the
better road to final success for all that.

P. Bonnier (1901) also adopted as the basis of his theory of hearing
the assumption of a longitudinally extensive bulging of the cochlear
band. “Ewvery detail of the curve is sensed at every moment by an
element of the papilla, and during the continuance of the longitudinal
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extension of the bulge all points of the curve are successively felt by
all points of the papilla.” The vibration form is spread out over a
large sensitive surface, which is traversed in its whole length by the
vibration. There is thus a magnification, as it were, of the vibratory
form (L’audition, p. 134, quoted from 151, 371). ' Bonnier does not
seem to have formulated his idea in detail.

Nor does A, D. Waller (152, 474) whose whole statement is as follows:
“We may regard the basilar membrane as a long narrow drumhead,
repeating the complex wvibrations of the membrana tympani, and
vibrating in its entire area to all sounds—although more or less in
some parts than in others,—giving what we may designate as acoustic
pressure patterns between the membrana tectoria and the subjacent
field of hair-cells. In place of any analysis by consonation of particular
radial fibres, it may be imagined that varying combinations of sound
give varying pressure-patterns, comparable to the varying retinal
images of external objects.”

M. MevEr, 1896 (65, 66, 68, 70, 71, 72, T4, 76, 77, 151; cf. 44, 2825.).

The only significant aspect of air-curves is the perpendicular value
of each positive or negative movement. (The form of the curve round
these perpendiculars is irrelevant.) The length of thrust of the stapes
18 proportional to these values and upon that length depends the
quantity of fluid displaced by the thrust. This fluid must find place
for itself in the cochlea and does so by bulging out the basilar membrane
to the required extent. That bulge is only possible to a limited depth
and there is no wave-motion in the cochlea. Hence the extent of the
bulge towards the apex of the cochlea depends strictly on the quantity
of fluid displaced and is proportional to it; allowance must, however,
be made for the greater breadth of the basilar membrane towards
the apex. Every negative movement of the stapes acts from the basis
of the basilar membrane forwards, pulling back the quantity of fluid
determined by the negative amplitude and so reducing the bulge of
the membrane up to a definite point towards the apex; a forward
portion may remain over unreduced for a part of a tonal period, as the
elasticity of the basilar membrane is negligible. The next positive
movement of the stapes again bulges out a portion beginning from the
basis of the membrane, a negative movement reduces all or part of this
or also the part left over from the first movement. And so on. Thus
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each receptor on the basilar membrane is stimulated so many times
a second, these rates beingdifferent at different parts of the membrane.

All parts of the basilar membrane then become functionally equiva-
lent. The pitch of a tone depends upon the number of times in any
period that the stimulation of any particular receptor passes from
negative to positive. The intensity of a tone depends upon the extent
of the receiving series which is being affected by any such rate. Pitch-
blends and chords are given by the different rates that oceur in different
parts of the length of receiving membranes.

Meyer does not explain how the auditory receptor comes to respond
to (or to ‘receive’) rates of change of stimulation. In this respect
his theory is, of course, no worse and no better than Helmholtz’s,
Rutherford’s, Lipps’s, or Tominaga’s (127). Nor is the correlation
of psychical intensity and length of receiving series affected made
probable by any physiological parallel or analogy. I know of no such
parallel as would make either of these hypotheses acceptable. Meyer
points out (151, 319) that the latter hypothesis regarding the intensity
of tone—that it depends upon the number of nerve-endings stimulated,
—was held by Johannes Miiller.

Moreover the main basis of the theory requires certain subsidiary
hypotheses. (1) The rates of stimulation included in a period may be
irregular, but this irregularity has limits which are still unknown
(66, 29). (2) Sometimes two pairs of transitions from negative to
positive collapse into one transition each, whereby a rate (very distinet
in the main analysis) of 5 becomes one of 3 (as required to meet what
18 actually heard (66, 81)). (3) Sometimes one rate may be interpreted
according to the rate in the adjoining parts of the receiving membranes.
This Meyer calls the ambiguity of the stimulus (ibid.).

Whatever may be the motives urging to these hypotheses, they
certainly make a big draft upon our credulity. We are so wont to
think of pitch as a very fine and subtle index of differences in vibratory
rate, that we cannot readily admit into its physiological basis such
arbitrary modifying influences as these. It would surely be difficult
to delimit the scope of the three from one another. Regarding the
first, Meyer does not think it is an arbitrary assumption, or a subsidiary
hypothesis. It is “an assumption to which observed facts force us.”
and he appeals to the results of experiments with the siren of holes;
one hole missed in a few does not change the pitech given by these,
which depends on the rate at which the holes left open follow one
another. The plea is obvious, but not so the logic of it within Meyer’s
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theory. The experiments with the siren might just as well have forced
Meyer to suppose that his main theory was wrong, had he been inclined
to consider such a possibility. For it is not the irregularity of the
pauses that is the distinctive feature of the experiment, but the
regularity of rate of succession of the holes that dre left open apart
from the pauses altogether. Besides, the periodic pause causes the
appearance of a new tone, having the pitch of the frequency of the
pause, which Meyer cannot explain owing to a certain theoretical use
he has made of the siren to prove the utter impossibility of ter Kuile’s
theory of hearing (72, 708.; cf. p. 158 note, below).

An observation alleged in support of (3) must be corrected. When
two tones making a major third (4 : 5) are sounded together, a second
difference tone (ratio 3) is heard; but there is no necessary oscillation
between the tones 3 and 4, each being louder alternately ; if one attends
to them alternately, each will appear to be alternately louder and the
attention will oscillate for the same reason as it does in a geometrical
optical illusion, e.g. the stair figure; but it is not necessary to attend
separately to either pitch; one may listen steadily to the whole mass,
hearing both at once. The very special hypothesis (2), fitting so well
into the needs of Meyer’s diagram (66, 26), and the peculiar limitation
of the above observation to the lower primary and the second difference
tone make one think the observation has been influenced too much by
the diagram. The same oscillation is to be noticed between any two
simultaneous pitches. And, besides, the ambiguity Meyer postulates
gshould hold for any rate of tramsition from negative to positive, so
long as there are at least two rates on the receiving membrane. That
would, of course, be too much of a good thing! But how limit the process
to those cases required by Meyer's diagrams? Subsidiary hypotheses
are dangerous pets, apt to go wild unexpectedly.

The apparent success of Meyer’s theory is due to the way in which
it seems to meet the needs of difference tones. Take a simple case
for example. In the mass created by tones of the ratio 2 : 3 each wave
interferes with the other once in a period, first adding together, then
coming to maximal opposition (never complete) and then returning
to summation again. There is bound to be a minimal resultant in the
middle of the period; and the upper primary will always determine
the total number of turns apparent in the whole period, if it is intense
enough. Now the smallest wave can be subtracted from all the waves.
Thus we get at onee a wave of the frequency proper to the upper primary.



vir| PHYSIOLOGICAL THEORIES OF HEARING 153

But the basis Meyer uses for calculating its intensity is half its amplitude.
And it follows, as a matter of course, from the nature of interference
of curves, that the nearer the ratio of the two primaries approximates
to identity, the smaller in Meyer’s way of calculation will the intensity
of the upper primary be. Thus though each primary is supposed to
be sounded with equal force (20 units), the upper primary yields only :
in the interval 3 : 8 ten units, in 4 : 9 ten, in 5 : 8 seven, in 2 : 3 four,
in 20 : 23 two. In the chord 5: 8 : 10, 10 obtains only two units, while
5 gets none at all. Similarly in the chord 4 : 20 : 23, 23 has an intensity
of only one, while 4 has none!

Having subtracted the smallest wave, Meyer then subtracts the
smallest of those left. Now the number of maximal interferences in
a period is equal to the difference in the ratio numbers of the two tones.
These minima are all equal, although their curves must be all of different
form, or else the period would recur before its due time. Hence the
elimination of the smallest wave will eliminate as many turns of the
curve as will reduce the total number to the frequency of the lower
primary. The intensity of this tone necessarily turns out to be much
larger than that of the upper primary, because the former is at some
distance from the points of maximal interference. We are getting
gradually towards the region of maximal summation. But with the
subtraction of this wave we take off all the more from the residues
due to periods of greater summation.

These residues then serve Meyer as the ground of discovery of the
difference tones. But as the smallest of the curves of the number of
the lower primary is of considerable size, the subtraction of that size
from all will leave only a small remainder. Thus only small numbers
of turns are left for the difference tones. With the help of Meyer’s
subsidiary hypotheses—or, as he prefers to think them, necessary
conclusions,—the required difference tones can be got out of these,
In the curve 2:3 only one piece can remain over after the second
subtraction in each half period, namely at the extremes where the
greatest summation is. Its amplitude is almost as great as that ascribed
to the lower primary, because the displacement towards maximal
summation is about as great from the first subtraction to the second
as from the maximal interference to the first subtraction. We really
ought to hear the interval 2:3 as the interval 1:2 with an upper
partial 3 in the tone 1.

Of this analysis of the air-curves Meyer properly says that “in spite
of all agreement with actual facts it would hardly be more than a
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geometrical amusement, could we not also prove the physical possibility
of such an analysis™ (65, 225). It seems open to question whether
Meyer has done aught but write down the results of his geometrical
amusement in the most plausible physical terms without any regard
to the physiological or psychological probability or even possibility
of the translation.

Meyer’s attitude towards problems may be judged from the following
case. It is a consequence of his theory, which he admits, that no tone
should be audible in conjunction with a lower tone which does not produce
new turns in the curve of the latter—e.g. the octave interval. For
the curve of 2 added to that of 1 only produces slight changes of form
in the latter. Upper partials, one would then naturally conclude,
should be inaudible; which is absurd, for very faint partials can be
heard; hence Meyer's theory is wrong. Not so; Meyer proceeds
(68, 261.) to calculate how strong an upper partial must be to be audible,
1.e, to produce new turns in the curve of the fundamental.

In a later publication (77) Meyer improves upon this attitude by
allowing for a certain elasticity of the basilar membrane, thus taking
the form of the superposition curves into account. Thereby, however,
he sacrifices that assumption which determines the special nature of
all his results. But he does not go on to revise his whole theory in
terms of this new assumption; he limits his consideration to the special
case which in his results obviously needs amendment, namely the case
of partials and such like. Meyer gives an analysis of the interval 24 : 25,
which makes it all come out as required: 25, 24, mid-tone and beats
and difference tone! But if the first principles of his analysis were
followed, as they are for all the usual intervals, there should be many
other difference tones, besides 1, probably all from 1 up to 24 (100, 515)
—but for the help of the siren inference. Meyer's theory admits the
influence of differences of phase (77, 44).

In speaking of the efforts of others, Meyer says that, whereas they
(ter Kuile and others) proceeded without regard to the facts of hearing
to formulate a mechanical theory of hearing and only subsequently
indicated its applicability to the *physiological-psychological facts™
of hearing, his own procedure was to start from the facts of hearing,
and to inquire what mechanical processes would agree with them
(72, 631.). The perpendicular values of compound sine waves do not
seem to be facts of hearing in the sense implied.

The title of the University of Missouri publication is given more
properly as an introduction to the mechanics of the inner ear. Meyer
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wishes this exposition to be considered the standard account of his
work (151, 875), the validity of which he still maintains in spite of all
criticisms (sbid. 373). But, nevertheless, as Meyer himself has said,
the source of the whole theory is the geometrical amusement with the
superposition curves. It can hardly be said that Meyer's primary
conecern regarding the mechanical assumptions he made was their
agreement with the facts of hearing; because they do not agree with
these facts, and much of his later publication on the matter consists
of a tinkering at the mechanical assumptions in order to attain this
agreement. If a judgment on the matter is of interest, I should say
that the only virtue of Mever’s procedure over that of others is a
tactical one; its absurd consequences have been hidden over with
the various subsidiary hypotheses, which are so far beyond control
that they are undebatable. Thus criticism is in a sense disarmed.
And Meyer even protests against their being held to be subsidiary
hypotheses.

J. R. EwaLp, 1899 (15, 16, 71; 50, 121; 44, 2884.),

This receives its characteristic form from the result of its author’s
attempt to construct an artificial membrane (16, 489f.) capable of
responding to a large range of tones and of dimensions approximating
to those of the basilar membrane. Ewald showed that so small a
membrane could respond effectually to a range of tones from 20 to
32,000 vibrations per second. But in his construction it did so always
as a whole, no matter to what rate of vibration i1t was submitted.
Standing waves arose in the membrane of a length proportional to the
rate of vibration given. For greater rates of vibration, of course,
these waves were reduplicated so as to fill up the whole length of the
membrane.

The merits of a theory of hearing analogous to the outcome of this
reconstruction of the basilar membrane are reducible entirely to the
basis it offers for the volume of sounds. This corresponds to the length
of the standing wave. Ewald pointed out that these waves use up
the superfluous resonance of Helmholtz’s theory and account for con-
sonance and dissonance, and for our arrangement of tones as higher
and lower. The psychical nature of noise is due to the restlessness
of the waves evoked by noise. It is obvious that in these respects
the theory comes closer to the demands of experience than does Helm-
holtz’s theory.
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But in other radical ways Ewald’s theory is inconsistent with
experience. The whole mass of the auditory receptors cannot possibly
be involved in the hearing of every tone. For if they were, all tones
would have one very obvious feature in common, which would neces-
sarily be one of volume. Hxperience offers no verification of this.
Besides the arrangement of tones as higher and lower is only apparently
explained by Ewald’s theory. For who is to determine which point
of the receiving membrane shall be the standard of reference? This
point for Ewald must obviously be one of the end points of the mem-
brane. For any other points would be on one side of a short series
of higher tones and on the other side of the next higher tones than these,
if their relations are determined by the place of the nodal points or
of the middle of the waves on the membrane. If this is not the basis
of higher and lower, that basis can only be the length of the standing
waves. This would suffice to give the terms higher and lower in so
far as these are mere volumes; but it 1s to be noted that the corre-
sponding pitches would possess no inherent order at all, or at most
a very irregular order. Besides and worst of all, we should have to
hear, if Ewald’s theory held, a whole set of tones inside a volume
constant for all tones, namely as many tones of the same height as
there were standing waves of one size on the receiving membrane.
That iz belied by experience altogether,

Ewald further claimed that his theory explains the phylogenetic
development of hearing. It does so indeed—partially. What it cannot
explain is how the neural attachments of the repetitions of a standing
wave come to be brought together so as to give only one tone. Ewald
attempted an explanation by saying that “not equal stretches of the
membrane, but always an equal number of standing waves are connected
with a central point in the brain™ (15, 188t.). But he does not explain
how these brain connexions come about. And in fact they are as
mysterious as are the connexions postulated by Helmholtz to which
Ewald so strongly objected. Obviously this part of his theory must
be abandoned!. The receiving membrane may be very small and its
excitation may be extensive, as he suggests. But the whole extent
of the membrane cannot be involved in the excitation of each tone
and there can be no repetition of extents of stimulation.

Ewald’s work shows how a physical experiment may demonstrate
the possibility of much that is demanded by the relations of experiences
to one another and to the cochlea in general. But it also exemplifies

! Cf. 71, for an exposition of the hopeless difficulties that arise at this point.
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the very real danger inherent in the construction of a theory of hearing
on the basis of such an experiment. The theory of hearing can be
constructed on the basis of such experiments only to the extent that
it then fulfils the demands made by the purely psychological analysis
of auditory experiences.

According to A. Lehmann (50, 121) who has done experimental work
similar to that of Ewald, the latter’s regular sound pictures do not really
occur; they are merely visual illusions, whose regularity depends only
upon the restriction of the point of observation.

E. ter KvuiLe, 1900 (47, 48, 72).

The thrust of the stapes displaces a certain quantity of fluid which
finds room for itself by displacing the basilar membrane lying in the
path of its advance. The depth of bulge of the basilar membrane is
variable, depending on the amplitude of thrust of the stapes. There
18 a wave motion over the basilar membrane towards its apex. All
wave motions in the cochlea advance along the scala at the same
linear rate. The bulge is complete when the stapes has reached the
limit of its thrust; but in the succeeding instants the stapes is in
recession; this leads to the gradual eating up of the bulge at its end
nearer the stapes, as the bulge moves forward over the basilar membrane ;
so that when the bulge has travelled its own original length along,
it has just ceased to be. This wave motion over a definite length of
the basilar membrane happens once in each sine period. A greater
amplitude of vibration means a deeper bulge wave, not a longer one;
but these amplitudes are always very small, and can change only a little
for a fixed simple tone; this little suffices for the slight lowering of
pitch that follows the intensification of tonel.

The pitch of a tone thus depends upon the point of the basilar
membrane at which a bulge passing along it just expires. ter Kuile
does well to point out that his theory explains why we arrange tones
in a series (48, 508). The intensity of a tone depends on the stress
put upon the hair-cells by the greater amplitude of bulge of the basilar
membrane. There is only one specific energy (quality) of sound.
Noises are irregular excitations of the receiving membranes.

Although ter Kuile thus establishes the objective order of the tonal
geries, he does not thereby establish its ordinal nature in experience.

L Cf. 112, :42r.; also 18 for a survey and experiments. The lowering of a tone of
100 vibrations can be as much as one-eighth of a tone. L
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In fact he says: “that spatial differences in the excitation lead only
in the eye, and not in the cochlea, to spatial differences in the sensation
is obvious.” Only the association with the keyboard gives a sort of
spatial difference to the sensation. We cannot hear or imagine a melody
without adding the fixed points of the keyboard in thought. ter Kuile
thus falls into the constant trap of the spatial preconception to which
I have frequently referred. Besides it seems very difficult to believe
that a just expiring stimulation could effectively determine a thing
so clear and decisive as pitch. And there ought to be in experience
some effect corresponding to the movement of the bulge along the
receiving structures. The theory seems in this respect unable to offer
a proper parallel to the full psychological analysis of tone, as given
in the present work.

Nevertheless ter Kuile’s results for pitch are exceedingly suggestive.
Especially valuable is his conclusion that the distance at which the
bulge of a tone expires, reckoned from the basis of the cochlea, is
proportionate to the vibratory frequency of the tone. If only we
could get the bulges of simultaneous tones to overlap in that way,
then we should have a much more hopeful basis for our psychological
analysis.

“For the analysis of chords,” says ter Kuile (48, 509), ‘it is sufficient
to find lymph quantities that change in the period of the components.
I shall speak of this only in a couple of words, firstly because I see
that Herr Max Meyer, of whose theory I have only just learnt the
principle, has apportioned the curves otherwise; and secondly because
I am convinced that we may not simply transfer the superposition
curves of the particles of air to the stirrup plate. Consider...a curve
of two tones in the relation of the fifth. If O is the surface of the stirrup
plate, there is then a quantity ab x O that changes once in the whole
period (difference tone); a quantity be x O that changes thrice (upper
primary); and a quantity ed x O that changes twice (lower primary).
Because there is always still a little lymph there during the whole
total period, the lymph quantities will apportion themselves evenly
and each assume the period proper to itself.”

It seems clear that analysis in these terms 1s very much akin to the

methods of analysis pursued by Meyer. Meyer himself has shown?!

1 72, 67. Meyer adds (p. 70 fi.) a second proof of the impossibility of ter Kuile's theory
which would surely render any theory of hearing impossible, except, of course, Meyer's
own. It would have been helpful if Meyer had referred to, or given, the proof of the basis
on which this proof itself rests: that the siren of holes can easily produce such vibrations
as are represented in his Fig. 4, either at the siren hole or from there at the ear.
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that on ter Kuile’s physical principles the two primaries gd' should
yield together the pitches G, f, ¢, instead of G, g, d'.

While ter Kuile’s theory is thus in its own way quite unable to
give an adequate basis for the analysis of hearing expounded in this
work, it offers in certain respects a basis which is much more appropriate
than that offered by any other theory. The relative lengths of mem-
brane traversed by the waves of simple sine curves are just such as
are here required. Only we should need to have the basilar process
maintained for each, both when alone and when in conjunction with
other tones, right from the basis of the membrane on to the point of
expiry with a point of maximum bulge in the middle. We shall inquire
later what physical processes must be presupposed in the cochlea in
order to obtain this. If our psychological analysis is correct, a corre-
sponding physiological process must occur; so that we have here an
important guide to the discovery of the physical processes between
the external meatus and the basilar membrane. This is really a method
of constructing a physical theory to fit the facts of hearing.

A. Leamaxy, 1910 (50).

Lehmann’s theory has been mentioned above, but it deserves
separate treatment. The author inclines to place it as a modification
of Helmholtz’s resonance theory, but it has in experimental basis and
in its consequences great similarity with Ewald’s. Lehmann produced
waves in a large piece of rubber membrane in contact with a vibrating
fork and showed that in a membrane narrow at one end and broad
at the other, as the basilar membrane is, the vibration set up by any
tone stimulus is limited to the part of the membrane of the appropriate
length. Such a membrane can take up two rates of vibration at once
without their mutual interference. In this sense Lehmann obviously
improves upon Ewald.

But Lehmann’s sound pictures are not by any means yet reduced
to one vibratory part for each tone. There are two or three of these
at least. Lehmann supposes that these superfluous effects are damped
out partly by the arches of Corti, partly by the surrounding fluid, so
that we do not hear supernumerary noises and tones. No essential
objections can then be brought, thinks Lehmann, against the assump-
tion that the vibrations of the basilar membrane correspond to the
vibrations of his membranes, stretched transversely, but free longi-
tudinally, as the basilar membrane is. Thus the vibrations of the basilar
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membrane are like those assumed by Helmholtz; the breadth, tension,
and stiffness of the basilar membrane suffice to give the membrane
the range of octaves covered by Bur hearing; and the vibrations are
such as make room for a certain mass of fluid. The means by which
the basilar membrane falls into these vibrations is also akin to the
principle of resonance. Only that part of the basilar membrane which
has the period of the oscillations of the oval window will regularly
make room for the fluid displaced by the latter. Parts nearer will be
bulged out first, but they will clash with the period of the stirrup at
once and so the fluid displaced will be pushed onwards till it gets to
the part in tune with the motions of the stirrup. Then the oval window,
this part of the basilar membrane, the round window and the columns
of fluid between these windows and the basilar membrane will pendulate
synchronously, and any vibrations of other parts will be damped out.
The hearing of the unmusical would be accounted for, if their basilar
membrane were lax instead of tense, transversely.

Lehmann’s theory does indeed unite a number of the merits of
Helmholtz's and Ewald’s constructions while avoiding their greatest
difficulties. Pitch varies with place on the basilar membrane, volume
with the length of the vibrating part. But, as we have seen, much
more i8 required than this, both on the psychological and on the physical
gide. Lehmann’s scheme offers no basis for the consonance and dis-
sonance of normal hearing, but only for the failure of analysis of
extremely bad ears, such as he himself seems to possess (e.g. a twelfth,
he thinks, for himself reduces to a between-tone-fusion). But most
important of all, in supposing the organs of Corti and the fluids sur-
rounding the basilar membrane to do so much and so perfect damping,
Lehmann has practically assumed everything left unproved by his
experiments. And that is enough to make a process that approximately
fits the requirements of hearing quite useless for their actual attain-
ment. As a physical theory Lehmann’s, like Ewald’s, can only be a
step on the way to a knowledge of what is required of a physical theory.
And that requirement, as I have shown, can be got far more easily
without any physics from a purely psychological study of hearing.

0. GoseL, 1911. (22, 23, 24).

Gobel calls the part of the + phase from equilibrium to maximum
condensation + I, from the latter back to equilibrium + Ii; the other
half is called the — phase, from equilibrium to maximal rarefaction — I
and the remainder back to equilibrium — II.
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Gobel believes that tone sensation arises at the end of the + 1
phase owing to the pressure of the membrana tectoria upon the hairs.
High tones stimulate the basis, low ones the apex of the cochlea. No
matter how sound enters the cochlea, by the stapes or by bone conduc-
tion, the + I phase displaces the cochlear partition more energetically
than do the other phases. For this reason and because of the slow
return of the cochlear partition to its positien of rest, the partition
does not reach this position at the end of the whole period. Thus
there is a certain amount of summation of + I phases in respect of
their action on the cochlear partition. The sensation of a simple tone
depends upon the stimulation of a fairly large part of the partition.
The differentiation of neighbouring tones is due to the difference in
the strength of stimulation of the series of receptors affected, which
are largely coincident.

When two tones occur together, the effect therefore dependa. greatly
upon how their 4 phases are related to one another. If they are coin-
cident, the shorter + phase (of the higher tone) cannot stimulate the
ear, but only the longer one. The two tones thus affect one another’s
pitch and constancy. Thus when ¢ and ¢ sound together, ¢* shows
a light, fast vibration, not to be confused with beats. This is the inter-
ruption of its continuity by the simultaneous lower tone. Two forks
an octave apart are each heard lower when sounded simultaneously
than when singly (22, 141). When g'e® is played, and ¢* observed, it
seems to have a pitch between d sharp and d; when ¢e is played,
the pitch of e seems to be between d and d sharp, ete. For these observa-
tions comparison was made between the memory of the tone observed
and the actual sound of single tones played afterwards. When two
tones b and ¢ are played together, Gibel hears a slightly discontinuous
weaker higher tone and a very strongly discontinuous, much louder
and deeper tone. The higher tone lies in pitch between b and ¢’. The
difference in pitch of the two tones is considerable. The deeper one
is not g0 much a tone, as a disecontinuous sensation of blows or knocks
that belong to a certain pitch region and have something whirring
about them (22, 145¢.). The continuous oscillation between the high
and low pitch (the tones being discontinuous) and this whirring consti-
tute dissonance. The sensations of dissonance and of subjective
combination tones rest on one principle: the simultaneous excitation of
other parts of the receiving series than are excited by each tone alone.

Whatever may be the merits of Gobel's views in so far as they
rest upon direct physical and physiological observation, it must be

w. P. 5. 11
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evident that his psychological deductions and observations depart
very much from the results of what we must consider to be the best
and surest psychological observations, upon which our main exposition
rests. The illusions of continuity and simultaneity asserted are un-
tenable; and tones do not affect one another’s pitches in the way
alleged. Anyone who claims to observe such things nowadays, must
be written down as an incapable, or at least, highly suggestible, observer.
The same holds of other ‘observations’ of Gibel, e.g. those upon which
he bases his theory of the fusion of the octave: that when a ¢® fork
18 struck gently, only a ¢* pitch is heard, but when it is struck strongly,
a ¢’ pitch 18 heard as well.

My OwN SUGGESTIONS.

LXVII. I have pointed out in the introduction to this account
of the physiological theories of hearing that it is not the duty of the
psychologist to propound a physiological theory of hearing to suit
his facts. The psychological analysis of hearing has a standing and
validity of its own. But this very primacy suggests that the great
confusion of opinion displayed in our review of physiological theories
may be resolved by approaching the physiological problem from the
psychological side and by asking what sort of physical processes in
the cochlea would form a suitable counterpart for the system of psycho-
logical facts expounded in this work. We should then have to inquire
only whether that group of physical processes is consistent in itself
and with the other physical processes that lead up to it. If this con-
sistency were established, the group of physical processes proposed
would at once acquire a probability of a high degree. The psychological
system would thus be, as it were, the key to the puzzle of physical
possibilities. It is in this sense that I offer the following considerations,
which seem to me at the same time to lie in the line of convergence
of what is most acceptable in the physiological theories we have reviewed.

LXVIII. I would adhere to the rejection of the resonance hypo-
thesis common to Hurst, Meyer and ter Kuile. I should, however,
suppose that the stapes follows the variations of pressure displayed
in compound sine curves, both in their positive and negative parts.
For although the stapes is not pulled back by the negative pressures
before the tympanum (as ter Kuile holds), it is allowed to recede under
the force of the pressure exerted upon it from within the cochlea only
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by the progress of increasing rarefaction before the tympanum. Further,
1 should adopt the main principles of action expounded by ter Kuile:
the basilar membrane! is so elastic as to make possible many different
depths of bulge upon it, and there is wave-motion over the basilar
membrane, at a constant linear rate for all tones, so that the distance
traversed before the expiry of a wave is proportionate to the vibratory
frequency of the tone. And the greater amplitude of the air motion
finds expression in the greater amplitude of bulge of the basilar mem-

brane over the constant extent bulged. Thus far I am in perfect
agreement with ter Kuile,

LXIX. The essential point of difference is this. If, as ter Kuile
supposes, the basilar membrane is a very elastic structure, will it not
react upon any pressure exerted upon it at any point of its length
so as to make that pressure return and, if possible, dissipate itself
i all directions? Of course the thrust of the stapes will create a wave
that moves along the basgilar membrane at a steady rate in spite of its
increaging breadth, just as the wave from a dropped stone moves
in ever widening circles over the surface of a sheet of water. The
successive parts of the head of the wave will properly represent the
successive pressures of the stapes in the first quarter period, because
the progression of the wave is unhindered and unaffected by return
pressures only in the forward direction.

We may not start the air curve at the point of its equilibrium;
we must start it at the maximal rarefaction. A sort of real negativity
of phase—from equilibrium down to maximal rarefaction and back—
must somehow be eliminated by the action of the ossicles, or the like,
We must reckon all movements—from 0 to maximum,—and their
disappearance—f{rom maximum to 0 again,—as positive pressures,

Let 4, B, C, D, E (Fig. 9) be the moments respectively of maximal
rarefaction, of equilibrium (maximal acceleration of stapes), of maximal
condensation, of equilibrium again, and of maximal rarefaction, ending
the whole period; let @ and e be respectively the basis, and utmost
limit affected in the whole period, of the basilar membrane; and let
b, ¢ and d be respectively the points defining the quarters of the length
a, e. ter Kuile supposes that the bulging is completed by moment C,
and occupies the length a¢, and moves on, ever diminishing at the

1 Or the membrana tectoria, if that is the elastic receptory membrane (ef. 154, 157,
158). There is something to be said for it, but the arguments are not compelling, and
could be opposed by others. I prefer to think of the basilar membrane as the essential
structure.
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proximal end, towards the apex, till it expires at e. As far as the basilar
membrane is concerned, nothing happens behind the stapes after
moment (.

But if the basilar membrane reacts elastically to the pressures exerted
upon it, it will not let the pressures behind the stapes reduce from
moment B to moment ' to nothing, parallel to the accompanying re-
duction of the rate of movement of the stapes from maximum to nothing.
It will return or maintain the pressures upon it outwards in all directions
from itself and thus the pressures exerted upon the basilar membrane
by the stapes will be returned to the stapes at the same constant rate
as pertains to the motion of the wave advancing along the basilar
membrane. Thus although the stapes enters upon its return movement

Rate of movement =0. St :
Pressure of mir,pgs =h 0. : i apes
* gqual on ot e e e .
: Siden a Basilar Membrane
R=max. +. B a b

P=1} max. s
Max. difference of P =k

between two sides,

R=0. cé
P =max.
P oqual on two sides.
R=max. -.
P =% max. D a
P greater on inside il
Max, difference between M
two sides. - :
E2 b G g L
As at A. A : F—— :
Fig. 9.

after the moment C, the pressure on the cochlear side of it will not
then begin to be lower than the normal pressure within the vestibule;
it will be much higher—in fact just below the previous maximum, if
anything—because the basilar membrane will have returned that maxi-
mum, with some slight loss no doubt, against the plate of the stapes,
whose primary pressure is then less than its own.

This analysis may be established in another way (v. Fig. 9). It is
clear that there can at no time be a very great difference between
the pressure exerted on the stapes by the incus and that on the other
side of the plate of the stapes just within the labyrinth. This difference
is doubtless the greater, the greater the rate of movement of the stapes
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or the steeper the air curve at the moment. For the difference is just
what regulates the rate of movement of the stapes. The pressures
therefore in the vestibule will rise steadily from 4 to B, and at moment
B the difference between the two sides will be maximal. From B to
C the difference of pressures will decrease to nothing; but the stapes
is still advancing and at the moment C' the pressure on the stapes from
the tympanum is at its maximum and about to decrease; hence the
pressure on the wvestibular side must be also maximal; and it is cer-
tainly a good deal greater than it was at B, or the rate of motion of
the stapes would not have diminished so much from B to €. So we
must suppose that, although the stapes from B to C has only advanced
and displaced as much lymph as from A to B, yet the return pressure
from B, which would have just reached the stapes from B in the time
allowed at all moments from B to (', has added to what was given by
the stapes enough to bank up a maximum against the stapes.

From €' to D the rate of movement of the stapes increases to maxi-
mum again, while the pressure on the tympanal side of the stapes
reduces to half. But the pressure within must be somewhat greater,
more especially if the stapes is not so much pulled out by the tympanum
as pushed back from within (48, 497). All this must however be done
at the expense of the pressure within the cochlea, not only from &
towards a, but also from ¢ towards b, and from parts between ¢ and d
backwards; in fact homogeneously throughout.

In the final quarter the rate of movement of the stapes reduces
to nothing, and the pressures become equal again on both sides. Then
all the pressures within the bulge, which will have just reached e, are
also equal and there is no more any forward push in the whole.

Still another analysis may be offered (ef. Fig. 9).

From A to B. Suppose at a moment soon after 4, the basis of the
basilar membrane were bulged out to a depth z. Owing to the elasticity
of the membrane the extent of membrane bulged would return the
pressure upon it, but would find no place for the fluid before it (as the
pressure on the stapes is increasing), except forwards towards the
apex. So the membrane in that direction would be bulged out and the
depth of the bulge z would reduce itself in proportion to the length

1 Jn a detailed study of the behaviour of the part @ of the basilar membrane, the
facts and theory of pp. 95 fi. above, would have to be considered. This consideration
might lead to modification of the graphs of Figs. 9 and 10 at their @ ends. But I have
thought it best to ignore this subtlety for the present.
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of the extra membrane bulged out. But as the stapes is advancing
at a greater rate than before, the depth z is not only not reduced but
further extended. And so on.

The rate of progression of the forward movement of the wave on
the basilar membrane thus depends on the elasticity of the basilar
membrane. For the less the depth to which any excursion of the stapes
will bulge out a point near the basis of the membrane, 1.e. the greater
the tension in the membrane for any given depth of bulge, the longer
a stretch of the basilar membrane must be bulged out to accommodate
the fluid displaced by that excursion of the stapes. Thus the length
of the basilar membrane required for the reception of sounds is entirely
within the command of the interadjustment of tissues within the
cochlea and is only relatively dependent on the length of the aerial
waves of sound.

The constancy of the length of the basilar membrane (i.e. the pitch)
affected for different intensities is due to the fact that the excursion
of the stapes varies with the intensity of sound, and that the depth
of bulge of the basilar membrane varies with the amount of fluid dis-
placed by the stapes in a given time. When the intensity of a tone
gets very high, so that the elasticity limits of the bulge are reached, the
rate of flow of wave in the cochlea will increase considerably; and there
may seem to be some glight increase (i.e. lowering of pitch) for moderate
increases of intensity, i.e. the bulge of the basilar membrane is not
under all eircumstances, but only within a normal range, quite pro-
portionate to the excursion of the stapes (above, p. 157, note).

From B to €. Consider first a moment soon after B, namely B’
Let the distance from b to b' be y. The stapes at B’ is not receding.
Hence the pressure of the moment B will have spread itself equally
over the whole distance y. For although this pressure as a whole
i1s moving forward, it has for any distance of progress only half the
distance of regress to make; so that the regress will never lag behind
the progress. But during this time B—B’ the stapes has moved forward
at a rate only little less than the maximum. Hence the bulge next
the stapes will still be the greatest.

If the stapes did not move any more till C, this increase next the
stapes would spread itself evenly over the whole distance a—b with
the exception of a space y next to b. But the stapes does move at
continually decreasing rates. Hence layers of less and less depth
will add themselves to this first imaginary even level from a—b, each
layer beginning at a next the stapes, being increasingly shorter and
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thinner, to correspond to the decreasing rates of the movement of
the stapes. Hence the bulge at moment €' will be as in the figure.
The level of bulge due to moment B has decreased far below its depth
at moment B. But the other layers coming on the top make it up.
And the decreasing rates of movement of the stapes, and the decreasing
amounts of fluid displaced by it are properly represented by the lengths
and thinnesses of the layers. It is obvious that the extra pressure due
to the last movement of the stapes before (', has time to spread itself
over only a very little distance from the basis of the basilar membrane.

For the periods from C to D, and D to E, the reasoning is exactly
similar to the above, only the process is now reversed.

Cto D. Let the bulge have moved along for a very short distance y.
If the stapes were motionless during this period, the pressure over
the distance y from the basis of the basilar membrane would be
homogeneous. But to produce this, a reduction would have to be
made in the depth of bulge of the basilar membrane all over, each part
losing and adding to the parts next it. But the stapes was not motion-
less, it receded a little, owing to the return pressure from the basilar
membrane and to the increasing rarefaction on the tympanal side, and
made a little more space than the elasticity of the basilar membrane would
have made for itself by the forward movement of the whole wave.
Hence the bulge of the basilar membrane will be reduced a little more
than it otherwise would next to the stapes, because the undue reduction
of pressure has only time to cover that part. And so on.

LXX. Now the elasticity of the basilar membrane is not perfect.
Therefore it must not be supposed that the pressure on the vestibular
side of the stapes is exactly equal to that on the tympanal side precisely
at the moment E. Nor will the pressures over the length a—e be entirely
normal, although they will by that time have been equalised, so that
the progress of the motion will be at an end. They will have also been
equalised on the other side of the basilar membrane in the scala tympani
(of course without any use having been made of the helicotrema).
The basilar membrane, in short, will not regain its normal position
precisely at the end of the period. With each succeeding period this
remnant effect will therefore increase, till a position of equilibrium
is attained, after which the periodie movement of the stapes will produce
a certain periodic increase and decrease of the amplitude of the whole
bulge over the extent of the basilar membrane affected (a—e), whereby
any effect upon experience of the progression along the basilar membrane
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of the successive moments of the period would be largely obliterated.
Thus we should have a proper basis for the initiatory increase of the
auditory excitation (1, 202), and for the brief after-effect of tonal
stimulation, till the excitation has again died down (2, 411). The time of
expiration of tone seems to be some thirty thousandths of a second.

LXXI. The increase of breadth of the basilar membrane towards
the apex need not be due to any merely receptive necessity, as the
resonance theories suppose!. It is a peculiar fact that this increase
of breadth is concurrent with a decrease of diameter of the scalae that
must be quite as great. This suggests that the increase of breadth
of the basilar membrane is a device to attain greater sensitivity. Both
changes (basilar membrane and diameter of scalae) could then be
expressed as an increase of the relative proportions of basilar membrane
and the rest of the wall of the scalae. The relatively bigger surface
would be much more easily bulged by the probably small changes
of pressures that survive passage far along the scala®. Are not low
tones less intensive for the same physical force than high ones? The
mcreaging difficulty of getting trills in the bass would then be a mere
reflex of the slight change of pressure thus far along the basilar mem-
brane and the consequently slow recovery of the basilar membrane
left unaffected by a momentary rise of pitch.

Hearing by bone conduction should probably be possible for the
same reason as accounts for the passage of the wave bulge along
the basilar membrane. This is the only direction within the cochlea
in which the molecular movement could change into the adequate
stimulus. Molecular movements may, of course, at the same time
cross the contents of the cochlea in all other directions3. That

! On this point cf. Hurst (33, 332) who was perhaps the first to depart from the Helm-
lioltzian view. The inerease of breadth from base to apex—some twelve times—could
be made compatible with Helmholtz's theory, but does not exactly encourage it. Denker
(10) points out that in the parrot—which has a range of hearing wide enough for the
perception of our speech and of many tones,—the broadening of the basilar membrane
is much less than in our ears, for the greater part of the membrane not more than twofold.

* Cf. above (p. 144) where reference iz made to Gray's reminder that the ligamentum
spirale increases in size and becomes more fibrous towards the base of the cochlea, thus
putting greater tension on the basilar membrane at the base than at the apex of the
cochlea,

3 Cf. F. Bezold (6) : ** While the waves which impinge upon the labyrinth directly remain
inaudible, probably only those of the waves of sound arriving by air or bone conduction
are heard which on their way to the labyrinth have traversed the apparatus for sound
conduction; and of these again only those which have set the latter apparatus along with
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such a conversion from molecular movement into push is possible,
seems as likely as that air waves should push the tympanum inwards,
apart from the intensifying power of this special mechanism. The
evolution of the cochlea presupposes that the mere molecular move-
ment is not incapable of this conversion even without the special
transforming mechanism.

My physical analysis gives no indication of any cause for combina-
tion tones and such secondary pitch phenomena, other than beats,
the basis of which is as obvious here as it is in the superposition curves
of the air. The secondary pitch phenomena probably have their
ground in processes of physical interference outside the forces upon
which my analysis builds altogether; so that they would be carried
from their point of origin to the basilar membrane by the processes
I assume for my analysis in the same way as any objective tones.
Peterson says: “We seem to be at a juncture where physiological
theories of hearing have to do, so far as the existence of all perceived
tones is concerned, principally with the primary phenomena of tonal
analysis™ (90, 817. Cf. above, p. 55).

The above analysis might be true independently of the question
as to how the auditory stimulus enters the cochlea, whether by the
stapes and oval window, as is commonly supposed, or by the pro-
montorium (142), or by the round window (59). These various ways
would no doubt make differences in the intensity of the experiences;
but such differences do occur, as between air and bone conduction.
And bone conduction does seem to imply the existence of alternate
routes of entry. My analysis would show a correlation between changes
of air pressure and changes in bulge of the basilar membrane without
prejudice to the route by which the correlation is determined.

LXXII. The analysis of tonal masses by the ear may be illus-
trated by a simple example—the octave. I take again as basis of
analysis a period from one maximal rarefaction to another (v. Fig. 10).

It is clear that from the moments 4 to B there will be a summation
of the pressures of the two tones, just as in the superposition curve

the column of labyrinth water resting upon it as a whole into transverse vibrations, i.e.
incursions and excursions.,” *“The work of the sound conducting apparatus,” says
Bezold, *“consists in converting the longitudinal sound waves of the air as well as the
longitudinal sound waves directly traversing the skull into transverse vibrations, which
are alone able to set the neural end apparatus of the ear into perceptible sympathetic
vibration.” According to Bezold the sound conducting apparatus is required for all
sounds up to the once accented octave.
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for the air. But from B to C the pressure will proceed to a maximum
in respect of the lower tone, but to a minimum in respect of the higher
tone. Thus far (i.e. in respect of the higher tone) the whole block
of pressures set up from 4 to B will be greater than the sequence of
pressures set up from B to (' and there will be room in the latter for
some retroactive dissipation of the former: just as much room relatively,
in fact, as there would be, were no lower tone present at the time.
Thus while the maximum of the whole volume (i.e. the volume of the
lower tone) comes at (', a relative predominance will occur at the basilar

C+0C

Fig. 10.

point b. Similarly on the down grade of the lower tone, this relative
maximum will recur. The basilar point b lies half-way between the
basis of the membrane and the point ¢, which gives the pitch of the
lower tone, i.e.: it is an octave higher.

The relations for any other interval can be studied after this pattern.
I find it easiest to conceive the matter by introducing the second tone
in minimal amplitude and by then supposing the amplitude to increase.
What holds for a small amplitude will hold for any amplitude, apart
from the special lowering effect of intensity. No new principle is
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introduced for these tonal masses. The processes of equilibrisation
which go on as the tone advances, cannot distort one another, the higher
disfiguring the lower tone, as it were. For the reach of these processes,
as we have seen above, is limited by the constant rate of propagation
of pressure difference over the basilar membrane owing to the average
and constant elasticity of the basilar membrane. So the debit made
retroactively on the lower volume can only proceed as far as the previous
credit has been given by the higher volume. Here we encounter again
the regularity, balance, or symmetry peculiar to the tone as such.
This account, however, be it noted, ignores for the sake of simplicity
of analysis any relative obliterating effect that may well be exerted
by a lower tone upon any higher tone as a whole (cf. above, p. T01.).

And it is evident herefrom that the processes of bulge of the basilar
membrane are essentially independent of any phase relations. It
makes no difference to the equilibrisation whether the higher tone
sets in at the moment 4 or at B or at any intervening period; it
will still affect exactly the same part of the basilar membrane. All
periodic waves, no matter how irregular, will therefore be resolved
mto their pendular components, i.e. into such components as result
from the law of the uniform spreading of pressures over the basilar
membrane in virtue of its elasticity. The spread will always be balanced
and symmetrical round points of relative maximum, i.e. the analysis
will result in tones, balanced volumes. Any vibration, whether periodic
or not, will produce a sound; but only periodie vibrations will produce
tone or tonal mass. Tone, thus, has long had a physical definition,
although in this work it has been shown for the first time what dis-
tinguishes a tone psychically from other sounds.

LXXIII. As regards the minute localisation of pitches and volumes
upon the basilar membrane, the physiological evidence seems to be
hardly sufficient as yet. It seems, however, fairly certain that the
higher the pitch of a tone, the nearer its receptors lie towards the
basal end of the basilar membrane. That was Helmholtz’s inference
from the variation of breadth shown by the transverse fibres. And
the recent work on the experimental injury of the cochlea by very
loud tones has confirmed it (cf. 141). Pitches are found in a series
also centrally (cf. 49, €18). But the fact does not necessarily presuppose
that the variation of breadth of the transverse fibres is the essential
variant of the tonal receptors. It is quite compatible with the theory
just propounded.
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The results of experimental injury do not seem to indicate with all
desirable precision the exact position on the cochlea of particular
tones. For the injuries that have been found cover considerable lengths
of the basilar membrane, much greater lengths than could be accom-
modated by Helmholtz’s theory! (cf. 17, 192). An attempt should be
made to produce minimal injuries for tones of different pitch, so that
the point of incidence of the pitch of these tones may be determined.
But probably the cochlea is not adjusted for stimuli of injurious intensity,
so that an exact correspondence between the place of incidence of
injury -and that of the normal excitation could not be guaranteed.
There would naturally be some sort of correspondence between series
of either; but it might well be that excessive stimuli would produce
their injurious effects too far along the basilar membrane towards
the apex. This is strongly supported by the dependence of pitch upon
intensity within the normal variations of the latter (cf. 157, note, abowve).
Measurement of the point of incidence of injuries should certainly
not be given in terms of the whorls of the cochlea, but in terms of
distance from the base of the basilar membrane and in relation to its
whole length. The cochlea is differently coiled in different animals
and the first coil always includes a much greater length of basilar
membrane than do the others.

The existence of tone islands and tone gaps, as described by
F. Bezold, whose work I have not been able to see, obviously calls
for no particular justification or explanation within my theory. The
only point to notice is that a tonal gap would not necessarily involve
complete deafness, or auditory insensitivity of every sort, to the tones
whose pitches fell within the range of the gap.

In the following table (No. XII) I have made an attempt to show
the implications and the possibility of my theory with reference to the
cochlea. According to Retzius (93, vol. m. 346) the number of trans-
verse fibres in the human basilar membrane is 24,000. Hensen's
number, 16,400 (149, 1141.) refers to the number of hair-cells or neural
receptors. As the basilar membrane is the basis of reception, the
limits of receptivity must be closely determined by its subdivision.

But the hair-cells, in which the receptive terminals are embedded,
do not lie in parallel rows, but in alternate rows, like the cells of a honey-
combh or like the bricks in a wall, each member of an upper row lying
on the line between two members of the lower row (ef. 93, u. 350; 48, 507).

! T have not been able to see the original work in experimental injury, the most o
which has appeared in the Ztsch. f. Ohrenheilkunde.
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The receptive capacity of the neural terminals might therefore be greater
than that of the transverse fibres. Twice as great a capacity has been
allowed, and even a greater amount is conceivable, so that we may treat
the total number of hair-cells approximately as if it were a single series!.

The further assumption is made that the number of transverse
fibres to the unit of length is constant along the basilar membrane.
But it might well be smaller towards the apex where the fibres are
longer. That would leave a larger number for the reception of higher
tones. The number for each octave would increase as we go upwards

TasLe XII.
i | ——— -I — —_— - — —_—— = -
No. of No. of | No. of No. of
transverse nenral Piteh. | Limits of jon.d. i.n.a. fibres
fibres terminals Vibrations | correct in vhs. in per
(Retrius) { Hensen) per sec. naming ootave j-n.d.
24,000 16,400 A, 27 Lower
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in pitch, without prejudice to the reduction of the volume by one
half for each octave upwards.

In the last column of the table the number of transverse fibres
available for each just noticeable difference is given. Allowing a just
noticeable difference (j.n.d.) in the octave between @’ and «® of 0-3
vibration per second, we should then have in the whole octave 1460
distinguishable sensations. For these there are available some 375
fibres, which would give about 0-25 of a fibre to each distinguishable

1 Cf. 154, 118: “In place of these fibres of the basilar membrane I would substitute
the 385,000 percipient capillary proceszes floating freely in the endolymph and connected

directly with the sensory cell transmission apparatus...as the parts of Corti’s organ which
are sympathetically afiected by sonorous waves entering the ear.” A reassuring number!
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difference. That allowance would hardly be exceeded for the higher
octave, if we suppose the threshold of diserimination of pitch to
increase as indicated in the third column from the right. In the
octaves lower than &' the number of fibres to the just noticeable
difference increases. There, as we have already assumed (above,
p. 811.), discrimination does not depend directly upon the number of
transverse fibres, but upon the distinet displacement of the point of
predominant volume. As the predominance in low tones is probably
rather blunt, a considerable shift would be required to produce a distinet
impression of change of pitch.

It would therefore seem that the dimensions and structure of the
cochlea are at least approximately compatible with the various facts
brought together in the table.

LXXIV. But further concessions may be made without aban-
doning any of the principles upon which my psychological analysis
is based. It might, for example, be urged that the theory of this
work involves much too special an hypothesis—that the rate of pro-
pagation of a wave upon the basilar membrane is constant and the
distance traversed exactly proportional to the time allowed, 1.e. to the
rate of physical vibration. No objection can be made on that ground
to the psychological analysis from which the physiological demand
was deduced. For the fusions of the octave and the fifths must be
special volumic coincidences, as shown above by purely psychological
means. And yet a little freedom and licence might be desirable on
the physical side. A small deviation would make no appreciable dif-
ference to the balanced and symmetrical nature of tones.

One of the results that flowed from our psychological analysis seems
to offer this desirable scope for individual variation—the absolutely
thoroughgoing proportionality of all intervals, that has been so striking.
What if this proportionality has so seized hold upon the whole of
hearing that it has moulded even the basis of the great consonances—
the octave and the fifth—+to itself? Suppose the elasticity of the basilar
membrane is not constant throughout, but decreases towards the apex.
That might be the function of the increase of the length of the transverse
fibres; not only a greater sensitivity, but a slowing down of the wave
progression would result. But the effects would be, as nearly as possible,
proportional throughout, otherwise the ear would be a bad instrument,
unsuitable at least for musical appreciation.

The result for the octave (cf. Fig. 4, p. 70) would be that the point
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of predominance (the pitch) of a tone an octave lower would always
be by a definite proportion (less than one-one) further along the
basilar membrane: but the lower limiting point of the upper volume
would still always fall exactly on the point of predominance of the
lower tone. For the fifth (Fig. 5, p. 70) the two determining points
of the upper volume would no longer lie at exactly equal distances
on either side of the point of predominance of the lower volume; but
the distance from the latter point on the lower side (physiologically—
towards the apex of the cochlea) would be smaller than the distance
on the upper side (basis of cochlea) by a definite proportion. No
difference would, then, result throughout our whole scheme of volumes;
only, as proportion would now be the essential matter, not only for
intervals, in respect of the whole volumes that compose them, but
also in respect of the parts of the volumes marked out within them,
all the relations above considered important on the basis of a one-
one proportion would still be important on any other proportion. The
availability and utility of tones for their special purposes would thus
be greatly widened, and it would be easier for nature to conform to the
peychical ideal set for her. The expense incurred by her in accommo-
dating low tones would not be so disproportionate to the number housed.

For the probable existence, and effects, of minor deviations from the
uniformity of elasticity of the basilar membrane compare p. 180 ff,, below,

CHAPTER IX

BINAURAL HEARING

LXXV. Modern research has established the fact that the two
ears serve to localise sounds. For those who deny the presence in
gensations of sound of any spatial attribute, that fact is itself the
strongest confirmation of their view that could be desired. And for
those who are so minded it affords ground for the belief that hearing
is originally devoid of spatiality altogether, getting it only by associa-
tion or conjunction with other senses. Almost all theories of the spatial
powers of hearing have followed these lines up to the present time.
That is only natural, for they are but the consistent pursuance of those
laid down for the elements of hearing, which we have already discussed
and rejected. If localisation is present in the double ear and absent
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in the single, it can obviously get there only from some other source
than hearing. So the argument would run; and any theory would
naturally turn to seek the likely source.

A likely source may readily be found, but trouble arises when the
means has to be indicated by which spatiality comes to be borrowed
and lent. It is easy to postulate the transference, but very difficult
to establish it wvalidly and irrefutably. In fact it cannot be done.
The transference of sensory modes is as much a castle in the air as
the transmission of acquired characteristics. When it is really justified,
it 13 found to be untrue. It is therefore a quicker means to the good
end to reverse the whole argument. Thus: whether hearing seems
to have borrowed its spatiality or not, it has itin the double ear; there-
fore it must have had something in the single ear from which spatiality
might have emerged. Localisation is a kind of order; a single ear
will therefore possess a kind of order; pitch differences are a kind of
order. So pitch differences will be the basis upon which localisation
rests. This conclusion 1s confirmed by the fact that the localisations
of binocular vision are products of those of uniocular vision, and these
are primarily matters of order.

This inverse deduction will seem to many to give just the absurd
gort of conclusion they expected. For if no one has argued quite in
this way, the attempt has been made to fasten localisation on to pitch
in one way or another, e.g. by Mach, and has necessitated subsidiary
hypotheses so far beyond verification or proof that no one could hope
thereby to bring the psychology of hearing to a successful conclusion.

But the deduction regarding the connexion between pitch and
localisation is valid for all that. The fault lies not in it, but in the
hypotheses by which it had to be buttressed, when it was not built
out according to the natural plan of its parts. It is the finest structures
which are most dependent upon the harmonious presence and co-
operation of all parts. I have already shown why the true theory
of hearing was never found by those various thinkers who fell upon
one or other of the foundations of that theory that are so obvious
when they are once seen. The chief obstruction was the ever recurrent
problem of space. The inability to think the space of experience as
one of a class of ordinal systems, a want of faith in the systematic
nature of sensory experience, the prejudice of physiological investigation
and theory, and the failure to think out prineciples to the end, no matter
how absurd and impossible much of the work might seem in the doing
of it.
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The aim of this part of my work then, is to show that the ordinal
differences of the elements of hearing arve the basis of the binaural
localisation of hearing. 1 hope to show to the conviction of the reader
that all the main phenomena of hearing can be deduced from the theory
of the elements I have propounded; and that whatever remains over
18 doubtful or problematical for no want or weakness in my theory
as far as it goes. The presumption must rather be that these out-
standing fields will yield on further knowledge to my theory.

The problems of binaural hearing find a parallel in the problems
of binocular vision. Each ear, like each eye, iz a vast system of ele-
mentary sense-organs, or a vast system of elementary ordinal differences.
The problems of binaural and of binocular processes may therefore
be grouped together as the problems of bi-systemic integration. It
is important that these problems should be kept in mind together;
for the problems and results that stand out clearly in the one sense
may be obscure and unobtrusive in the other sense. And great advantage
may acerue from transferring to the one sense the results of labour
spent upon the analogous problem of the other sense. I have else-
where dealt with the problems of binocular wvision at considerable
length (148). I may be permitted, therefore, to treat some of the
problems of binaural hearing a little less ab nitio than was necessary
in the first assault upon a specific level of integrative action.

LXXVI. One of the less obtrusive problems of binaural hearing
is how we come to hear the same with both ears. This problem of
sameness 18 quite obvious in vision, at least as far as the sameness of
form is concerned. For we do sometimes get double visual images
from one and the same object; and so we naturally wonder why we
ever fail to distinguish the two images we always receive. The only
reason that can be adduced for our ignoring the problem in hearing
i8 the qualitative classification of pitch. That classification begins by
postulating the whole series of pitches in the single ear without explaining
how it comes to be there. And later theories that reject Helmholtz’s
theory of consonance by identity of partials have to postulate also
all the peculiar properties of the series. So much being taken for
granted, a little more may seem to be of no importance. The pitch
series is surely as identical in the two ears as is the spectral series in
the two eyes. And if it be recalled in protest that we can easily re-
duplicate the spectral series in the two eyes by letting it fall upon
disparate points of either eye, the answer would be: in hearing there

w. P. 5, 12
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are no disparate points; there is only one point for each quality of the
series, and so, of course, the two series are identical. We need only
make “the simple assumption that corresponding points of the two
cochleas are such as are stimulated by the same tone” (55, 252). That
assumption is so simple merely because in a few words it assumes
everything. If every pair of ears is thus assumed to be attuned to
each other, so to speak, it is a mere trifle to assume further for the
purpose of explaining certain unusual facts, that certain pairs of ears
are tuned differently (55, 236).

[t is a merit of my theory that at this point it can bear a new burden
of service in the general cause of biology. We have already seen how
the origin of the tonal series and its special features are to be explained.
Now, this explanation offers a ready basis for the identification of
the series as given in either ear. Each series is, of course, constituted
by a primarily different series of orders. Any assumption of identity
would be as arbitrary as is the assumption of the original correspondence
of the two retinae (148, 146t.). How could two organs be in conformity
with one another from the very start, unless some miracle of pre-
established harmony were admitted? And if they were really identical,
the duplication of the ears would be useless. It is obviously a sort
of all-or-nothing case. Either the two ears were originally identical,
which is absurd; or they were two and totally independent. The
only conceivable original relation between the two is that given by
their differences of orders; the two would form one larger system
including all their orders. As a fact we find that the two ears can be
distinguished auditorily. We can tell with fair ease whether an
objective or, perhaps better still, a subjective sound is of the left or
right ‘system’ (ear) (41, 204t.). This can be done, as Baley (3, 34711.)
has shown, even with ten simultaneous tones, separated from one
another by an interval of not less than a fourth, and distributed between
the two ears, as soon as the single tones emerge clearly out of the
whole mass. The tones are, of course, usually identified and localised
at the proper ear successively, although two tones can be heard and
ascribed to opposite ears at once. In such a large grouping of tones,
however, an error of localisation, as between one ear and the other,
can occur (3, 371),

But as we find them the two auditory systems or fields seem to be
not simple parts of a greater system, but coordinate parts of a complex
system. It is not immediately evident how great this complexity is.
Perhaps it is not nearly so great as it seems to be. But on the basis
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of the analysis of this work, it is at least easy to see how the tonal
coordination of the two fields has arisen. The medium can only have
been the identity or great similarity of the volumie forms which would
appear in each ear through their relations to the common stimuli.
Every tonal complex heard by one ear would repeat itself in highly
similar, if not in identical, form in the other system. And this high
grade of similarity would necessarily bring the experiences of either
gystem to a common centre of interest. In fact all the integrations
of the one system would be equally present in the other in so far as they
were founded upon the experiences of a single auditory system. And
all attentional and practical processes directly based upon the one
would inevitably find equal application to the other. This equality
would arise, if only because the deviation to the other system from
the one first chosen as the object of attention would be irrelevant
for the issue. Thus attention would come by mere probability to be
equally divided between both. Such a division, however, is no division,

And this equal division of attention would find its chief justification
and maintenance in its result—the localisation of sounds. In the
general analysis of the hearing of a single system we leave out of account
altogether the development of binaural localisation that has accom-
panied the development of uniaural hearing (or intra-systemic hearing).
In the study of binaural hearing it is not possible to leave the identifica-
tion of the intra-systemic aspects out of account until we have justified
their identification. But in the treatment of binaural localisation we
can then abstract from the intra-systemic aspects or treat them as if
the two so complex systems had shrivelled into mere points. This
punctate basis of localisation seems in fact to be realised in the auditory
processes of certain insects (v. below, p. 1911f.).

The two auditory systems then are identified because of their
similarity. Or, if the passive voice of the verb suggests cognitive
activity, we might rather say: they are not identical to start with or
in respect of the elements out of which they are composed; but they
become identical, in so far as their integrative products are identical
or very similar. The identification is a ‘natural’ process, so to speak,
not a process of cognition in the logical sense.

LXXVII. Moreover traces of the identification can be discovered
by special examination. It is a well known fact that in many persons
there is a difference of pitch between the two ears. One and the same
stimulus appears higher to one ear than to the other. G. Révész has

12—2
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made a special study of this subject in the interests of his theory of
octave qualities in pitch. He found that in the neighbourhood of the
second accented b (ca. 1000 vbs. per sec.) most persons of normal hearing
show a difference between their ears, often amounting to a semitone.
If one and the same tonal stimulus 18 presented successively to either
ear, the observer notices a difference of pitch; but if the stimulus acts
on both ears simultaneously, a new third intermediate pitch arises.
Suitable variation of intensity of the stimulus as it affects either ear,
makes the pitch deviate towards the stronger pitch from the one pitch
to the other. Usually the binaural pitch lies quite close to the pitch
of the more intensely affected ear. Moreover the binaural tone shows
a summation of the intensities of either ear (96, 811.). These relations
were confirmed in the abnormal case of Dr P. v. Liebermann (55).

Révéaz thinks that these facts prove the occurrence of a mixture
of tonal qualities similar to the mixture of the visual qualities, e.g.
red and yellow, whereby a colour intermediary in the series between
the two components results. But it must be evident that not a proof,
but only a confirmation, could thus be given. The facts allow of other
interpretations and could only be definitely interpreted in the sense
of qualitative mixture, if it were already definitely proved that pitches
are qualities. DBaley (4, 331), who has studied the *mixture’ of slightly
different pitches presented to either ear separately, and has thereby
found considerable agreement with the observations of Révész, believes
that the mixture can be explained with the help of the spread of reso-
nance on the basilar membrane round the point of maximum resonance,
as that was deduced by Helmholtz. And this explanation is very
much in line with the explanation which inevitably follows from the
analysis of tones propounded in this work. The two different pitches
presented to either ear represent two maxima of velumic intensity
which are slightly displaced against one another, and would then
presumably add themselves together centrally so as to form a new
volumic outline with a maximum usually lying between the two original
maxima, according to the relative magnitudes of these.

But why the two auditory systems should contain such differences
of pitch as Révész worked upon, we are not required to decide here.
Their probable basis is physiological and at the best only vague indica-
tions of their nature could be given. The point of greatest interest
for the problem of the identification of the two ears is that such dif-
ferences do occur. The ordinal arrangements of the two systems are
not necessarily identical in all details, although they have in the long
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course of time naturally been brought for the most part into co-
ordination with one another. Indeed so far as the basilar membrane
is of a texture to receive the auditory stimulus, a large degree of
similarity must necessarily result in the two systems, at least as far
as volume is concerned. But minor deviations might still be possible
at any time. The point of predominance of the uniaural volume may
be affected by other {factors than merely the intensity of the stimulus,
e.g. the sensitivity of the receptors, the irregularities of form or texture
or elasticity of the receiving membrane, ete. Thus pitches might
vary without any variation of volume.

These are the factors which in one way or another doubtless account
for the peculiar phenomena observed by Dr v. Liebermann in his
own hearing and used by Révész as the basis of the distinction he
advocates between octave qualities and height or brightness of tone
(137, 184.). Phenomenologically the findings of these two authors
carry us beyond the phenomena of ordinary hearing only in that they
show that the point of predominance of a tonal volume is not under
all conditions the usual central one.

In persons whose ears show considerable pitch differences, the
standardisation of the musical range in terms of octaves would nof
necessarily be upset. It is in fact conceivable that this standardisation
should hold first for either ear separately and then for binaural hearing,
and yet show different results when the pitch of a stimulus presented
to one ear is compared with the pitch of the same stimulus in the
other ear. This would happen if all volumic coincidences were main-
tained in either ear in spite of the displacement of one or more of them
relatively to the corresponding coincidences of the other ear. Thus
if we suppose the whole volume of a tone divided into two hundred
equal parts, the predominance of the octave tone might fall at 48
in the one ear and at 50 in the other. And yet the lower limiting order
of the next higher octave in the former ear might still fall at 48, thus
producing the regular volumic coincidence of the octave at that point.
When the two uniaural tones were sounded together, we should then
get a tone of an intermediate value, say 49. That order, however,
would be the one usually designated the octave pitch, so that the
pitch of the one ear would seem to be lower and the pitch of the other
ear higher, and yet each ear would hear the double stimulus as the
octave fusion. No disturbance, as e.g. of musical nomenclature, of
fusion, of interval, etc., would be apparent in hearing apart from
specially arranged observations. This case may be supposed to be
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the most frequent, being produced probably only by more or less
normal physical variations in the texture of the basilar membrane,
which would affect all tones equally in so far as they involved the
affected part. '

In other cases the standardisation might hold only for binaural
hearing. This might happen in those cases where in the one system
a false predominance was created by some special sensitivity of one
ear, to be corrected by the combined use of both ears—a sort of ortho-
symphony, to use Révész’s term. In other cases again a slight disturb-
ance or lapse of standardisation may occur. It is conceivable that
errors of this kind are responsible for much of the musical incapacity
of many personsl.

LXXVIII. Let us now consider what exactly is involved in the
notion of two curves of excitation each containing a central maximum,
adding themselves together. That is a kind of overlapping, like what
is presupposed in the superposition of two sine curves or in Bernstein’s
theory of single touch from double contact. But, if it were a complete
overlapping, such as is presupposed when two equal straight lines are
superposed on one another, all possibility of binaural functions would
disappear. The tonal excitations would sum themselves all along
the line, and their distinction would thereby become as impossible
as is the introspective separation of two very close touches on the
gkin. Obviously the overlapping must have, not only a longitudinal
aspect—along the pitch length of the tonal volumes,—but also a
transverse aspect—across the volumes,—and the overlapping in the
latter case must always be only partial. For if there were no transverse
overlapping, there could be no summation of intensities. In the
dilemma between the impossibility of binaural function and denial
of the fact of summation of intensities, we must choose the hypothesis
of partial transverse overlapping of volumes.

LXXIX. This hypothesis is at least not commonly adopted, even
if it may have been advanced before. I am not acquainted with any
such suggestion. But certain facts give it considerable support. Those
of a physiological nature are most familiar. The receptors of the
basilar membrane are supplied with three to five parallel lines of neural
terminals (93, n. 350; 48, 507). After the destruction of the cortex of

1 Cf. 121, 325, Stumpf had not the first possibility suggested in the text in mind.
The binaural case is not quite on the same footing as uniaural fusion.



1X] BINAURAL HEARING 183

a whole temporal field hearing is much reduced on the opposite side
and little reduced on the corresponding side. That indicates the in-
complete decussation of the auditory fibres (49, 619; cf. 7).

But this physiological evidence is not by itself sufficient. We must
first establish the presence of a transverse aspect psychologically;
then these physiological facts will gain voice. But it must be
admitted that a transverse aspect is not psychically very obwious,
unless it be inferred from the persistent use of the notion of volume
in reference to the extensity of sounds. Volume implies two dimensions.
This unobtrusiveness of the transverse aspect might, however, be put
down to the fact that it is probably invariable for all tones, no matter
what their pitch is. But, if it appears at all, it should appear where
its variation is possible, i.e. in the comparison of uniaural and binaural
tones. |

And, in fact, Baley’s observers spoke of such a difference between
uniaural and binaural tones. In his experiments tones of different
pitch were led separately to either ear; this method of hearing he calls,
after Stumpf, dichotic, as against the usual action of the same tones
on both ears at once, or diotic hearing. One of Baley’s observers,
Dr v. Hornbostel, observed something peculiar in the dichotic tone,
as against the uniaural tone, that he called its “breadth’ (4, 340); other
observers spoke of the ‘fulness’ of the dichotic impression.

Now, if the binaural tone consists of two strips of tone which overlap
partially transversely, the whole binaural mass should be distinguishable
into three parts—one in the centre and binaural, and one on each
gside of that and uniaural. This is confirmed at some length by Baley’s
observers. “So long as the tone is still qualitatively unitary, it seems
to this observer in respect of its spatial nature still to be an undifferen-
tiated mass that stretches from one ear to the other partly within,
partly outside, the head. With increasing difference of pitch of the
primary tones this mass falls into three parts, of which the one lies
medially, while the two others appear to the right and to the left of
that, in the neigchbourhood of the ears, and become the source of two
different pitches contained in the impression.” As the pitches come
to differ more and more, the median part of the whole seems to shrink
in favour of the two outside parts. At the same time the maxima of
the uniaural components, when they differ, will lie severally above and
below the resulting binaural maximum. “Thus the observer sometimes
does not in the first moment succeed in hearing in the impression
two tones of different pitch™; but if he passes with his attention from
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one ear to the other, he notices ““ that it sounds at the one ear somewhat
higher, at the other somewhat lower.” Ewven when the tones of either
ear lie far apart in pitch, they appear broader than a uniaural tone;
for if one of the tones is stopped, the other seems to shrink and grow
small, withdrawing into its ear (4, 343).

We shall see later on that the binaural function of localisation
presupposes this partial transverse overlapping also. We may then
consider it to be well established.

LXXX. A similar process of identification by means of similarity
of forms presented in the two systems is found in vision. In that
case a new set of orders arigses that is different from those of either
integrating system. It is easy to convince oneself of this new system
for any relations of points other than that of exact ‘correspondence’;
but correspondence in wision is itself clearly only a special case of
stereoscopy, since true stercoscopic differences integrated from dis-
parate forms are found both ‘nearer’ and ‘farther’ than the orders
produced by correspondence. The question thus arises for hearing
whether we must think the pitches of binaural tones as a new system
of orders, not identical with that of either ear singly, but created by
their integration. It is clear that there is in binaural hearing no such
obviously new system of orders as in binocular vision. If there is any
new system, it is so like the uniaural systems as to be hardly distin-
guishable from them. Nor does theory indicate in hearing any need
for a new system in a distinctive sense. It seems possible to satisfy
all the demands of theory with such a transverse overlapping of system
as has been assumed above. We could talk of a really new system
of integration in this case as little as we can in the case of Bernstein’s
overlapping touch circles. In both cases we have only a displacement
of the distribution of intensities owing to the summation consequent
on overlapping.

In judging this question we must not think of the original differences
of orders which make up the two uniaural systems as if they were
necessarily as different as the two ears are far apart. The distance
of the peripheral receptors of hearing is no better evidence of the
degree of difference of order of the sensations they evoke than it is of
the distance of their central projections. The peripheral receptors
are placed where they are in order that the stimulations they receive
may be as different in intensity as possible. But that requirement
presupposes nothing regarding the difference of order of their sensations.
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The positions of the peripheral receptors in the head require only some
degree of difference of order in the corresponding sensations, as does
the psychical integration based upon the latter. And the psychical
overlapping we have detected requires partial identity and partial
neighbourhood or difference in the transverse orders of the two sets
of uniaural sensations.

In vision there is no summation of intensities and consequently
no overlapping or identity of the uniocular fields. The correspondence
of the two eyes is a purely functional identity of forms or rather an
integration of bisystemic areal forms to produce a new direction of
form, a third dimension of form. The integration of forms in vision
1s favoured to a high degree by the similar changes of distinctness and
acuity of vision in each system from the point or area of clearest vision
to the periphery. This ensures a parallel movement of the attention
over any similar forms that may appear in the two fields. In hearing
there is no point of clearest sensitivity, nor is there need for any. All
the requirements of binaural hearing are satisfied by the assimilations of
identical or similar forms and by the transverse overlapping of volumes.

LXXXI. Let us now consider the relation of transverse overlapping
to the binaural function of localisation.

The maximum of transverse intensity would probably lie about
the middle of the whole transverse volume, if the intensity of either
uniaural component was the same. If either of the latter exceeded
the other in intensity, the point of maximum intensity would pass to
the side of the greater intensity, just as it does in cases of longitudinal
overlapping shown by Révész's results. So an oscillation might be
produced from one side to the other, from a preponderance of the
right uniaural component with the maximum at the right side to a
preponderance of the left component with the maximum at the left
side. We should thus obtain a line or series of orders peculiar to bin-
aural hearing, not of course a new system in the sense in which the
third visual dimension of orders is new, but new over against the
probably complete invariability of the transverse outline in either
ear. The new series ig, as it were, merely the mobilising of the transverse
uniaural volumes in their own plane, not in any new direction.

This summation and consequent oscillation is the basis of the
binaural localisation of sounds. Hearing has nothing more to offer
than this as a correlative within experience to the placement of a source
of sound at any point of the surface of any sphere concentric with the
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head. The ordinal differences of the uniaural system are unavailable
for the determination of localisation; or they suffer practically no
displacement in consequence of the displacement of their physical
source. (Near sounds are a little lower because they are more intense.)
At most their existence is sometimes dependent upon the position of
that source, and in this way the latter does affect pitch-blend to some
extent and so provide a basis for correlation with the varying position
of the source. I shall consider this case later on. We need notice
at present only that the basis for correlations thus provided is not a
true direct basis, as is the interaural oscillation. The latter is composed
of two relative predominances of an ordinal kind and yields a compound
predominance of an ordinal kind, which oscillates over its own volume.
Being ordinal, this is a proper basis for correlation with those ordinal
displacements of other senses that underlie the differences of localisation
attributed to their experiences; in other words it is a proper basis for
localisations. Or—to think in the reverse direction—auditory localisa-
tion calls for a primary ordinal basis, since localisation is itself a kind
of order, namely that system of orders which binds all the senses together
and falls into cognitive correlation with the spatial orders of material
things. (We cannot go into the nature and origin of spatial localisation
here.) This primary ordinal basis must be binaural and the demands
put upon it by our actual powers of localisation in hearing seem to
be satisfactorily met by the oscillations offered by the binaural series
we have deduced.

LXXXIIL. Intensity is not, as has often been supposed, the direct
basis of auditory localisations, but only the indirect basis. It is required
secondarily to provide a means whereby the predominance of ome
order over others may be attained. It is the only such means available
in hearing. But the essential or direct basis, which carries the psychical
integration, is the order thus made predominant. Stumpf attributed
a difference pg to the auditory sensations of the right and left ears.
This difference is not itself a reference to the ear as an object; for
that requires association with the experiences of other senses, especially
touch and sight, and such like. But it is the basis for these associations.
Stumpf, however, thought we had no reason to designate p and g
as themselves ‘right’ and ‘left,’ as ‘places’ in the usual psychical
sense. We might only say they corresponded to right and left'. This

L 112, 531 ; ef. above, p. 28, note 2, and J. Sully, 124, 129, who speaks of a *quasi-local
difference’ between the ears.
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account agrees perfectly with that above presented, if we remember
that Stumpf did not see localisation as a kind of order and so had
no method for discovering what the primary basis of the pq difference
was. But it is clear that his intention goes exactly in the direction
of our theory. He set up the problem in this case correctly for analysis,
although neither he nor any of his successors ever solved it.

LXXXIII. Let us now examine the actual capacities of binaural
localisation and see whether the basis we have above provided for
localisation can adequately meet the facts.

A circle round the head at the level of the ears and nostrils defines
the horizontal plane. A circle from ear to ear over the top of the head
gives the frontal plane, and one from the nose over the head to the
back of the neck the sagittal or median plane. The discrimination
of the direction in which a source of sound lies in the horizontal plane
1 finest in front and behind. The threshold—the angular distance
through which a source of sound must be displaced so that a sound
coming from the original position as compared with a sound coming
from the position reached after displacement, shall be judged to
come from a different direction—is variously given as 2:5° (91, 56),
0-9° (18,000 measurements 104, 601.), 1-7° (109, cited from 41, 182) in
front, and 3-3°, 1°, and 1-7° respectively behind. Opposite the ears
the threshold reaches its maximum; the values are 85° (91), 4-5°
(104), 7° (109). That the point of least sensitivity to change of position
is opposite the ears and the maximum at the median plane is to be
attributed to the operation of Weber's law. Between the front and
back minima there are five relative maxima, but, of these, that opposite
the ear on each side is the greatest. These relative maxima are doubt-
less due chiefly to the shape of the external ear and to the position of
the meatus in relation to the position of the ears in the head, and they
vary very much from one person to another (91, 60) when the sounds
used originate within a few feet of the head, as must be the case in
most experimental tests of localisation. We seem justified in assuming
from the results that if the head were in any plane a perfect sphere
and the organs of hearing equally accessible apart from their position
on that sphere, then between the two minima, front and back, and the
two maxima opposite the ears there would be a gradual inecrease of
the threshold value (ef. 41, 2101.; 91, 118t.).

For the frontal plane the same general scheme of relations holds.
In the median plane the threshold of localisation is lower in front



188 BINAURAL HEARING | CH.

than behind, which is no doubt due to the position of the external
ears behind the meatus. Myers has shown (84, 159; cf. 41, 185) that the
distinetion of positions in the median plane is got from slight differences
in pitch-blend and loudness of sounds as they come from these positions.
This is noticed introspectively; and when the pitch-blend and loudness
of a sound are changed from time to time, the numbers of erroneous
localisations become distinctly greater. The median plane is thus
eliminated, as far as true localisation is concerned. And as the four
cardinal points of the median plane are included in the other two
planes, it would follow that these are also distingunishable, at least
towards their sections with the median plane, by the same means
of pitch-blend and loudness. Rayleigh (92) showed that the directions
in front and behind outside the median plane are regularly confused
with one another. But the right and left hemispheres are never confused.

The three planes thus reduce themselves to one series of directions
proceeding outwards from the centre of the head, as it were, and ranging
from the direction ‘opposite the left ear’ to ‘opposite the right ear.
We must think of the sphere of directions first collapsing into a circle
of directions with the elimination of the median plane, and then
collapsing into a line of directions with the established confusion of
‘behind’ and ‘in front.” It then becomes doubtful whether we can speak
of directions at all. The term directions would itself seem to be a cogm-
tive and not a true primary feature of auditory localisation. As
certain we can claim only a continuous ordinal oscillation from a maximal
left to a maximal right capable of acting as a basis for the cognition of
directions. Of course, as Stumpf pointed out, the terms right and left
are also really cognitive. In the stuff of auditory sensation we have
only ‘extreme order at one end of a series’ and ‘extreme order at the
other end of same series.’

This is no more than we could claim above. The differences noted
in the threshold of direction present no real difficulty, but rather provide
a basis for determinations regarding the spread of intensity in the
uniaural volume and in the binaural volume, or, if these must be
supposed to be regular, in the ratios of the uniaural intensities as deter-
mined by the various positions between the extremes of the series.

All these results are in perfect accord with the physical theory of
the relations of the uniaural intensities in their dependence upon
positions round the head. As the ears are equidistant from all points
of the median plane, a source of sound produces equally intense
impressions on either ear from any point of that plane. Similarly,
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for any one point of the front horizontal semicircle of positions, a
point can be found in the back horizontal sector at which a source
of sound would act upon each separate ear equally intensely. It is,
of course, true that for any point » with a rightwards angle of incidence
to the line joining the ears a point [ can be found with an equal left-
wards angle of incidence to that line, from which a source of sound
will affect the two ears with the same absolute (and relative) intensities.
There is, however, no confusion of the directions of these two points
in our hearing because the distribution of the two intensities between
the ears is distinguished by the ordinal differences of the uniaural
systems. The localisation is based neither upon intensities nor upon
ratios of intensities, but upon the predominance of orders within the
transverse binaural volume which results from the distribution of the
intensities (cf. 134). This is the sole basis upon which we can explain
the psychological fact that in auditory localisation we are directly
aware of the localisation so far as the ordinal series above deseribed
is concerned, but that we are seldom normally aware of the difference
of the intensities of the right and left impressions.

Sewall (105) has shown by experimental test that an intensive
predominance of one ear over the other is only noticed when the electrical
vibrations which evoke the differences ‘of intensity are double the
strength in the one ear of what they are in the other. This stands
in marked contradiction with the great accuracy of binaural localisation,
and confirms the view that binaural localisation is not a matter of
differences of intensity, but of ordinal predominance. For a similar
reason Hocart and McDougall (31, 404) infer that it “seems necessary
to postulate some local difference of the tone sensations determined by
the unperceived differences of intensities of the stimulations of the
two ears.”

LXXXIV. If the number of distinguishable angular directions on
the aural axis seems too great to be given by the transverse displace-
ment of predominance in the binaural volume, which (in view of the
number of parallel rows of receptors in each ear) might consist of
hardly more than eight or ten different ordinal steps, we must remember
that those differences of pitch-blend and loudness which can give
occasion for a judgment regarding localisation in the median plane, where
all intensive ratios are identical, can also enter to refine the localising
judgment in the transverse line itself (ef. 159). These differences of
pitch-blend and loudness in the transverse line emerge for introspection,
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when auditory localisation is carried out uniaurally. If changes of
intensity are introduced during the course of a series of binaural
localisations, the distinetion of directions of localisation becomes more
uncertain. And uniaural localisation can be carried out on the basis
of observed differences in pitch, even if intensity has been eliminated
(41, 230£.). If the intensity of a sound is so reduced that it could no
longer be conducted to the auditory receptors through the bones of
the skull, but only through the meatus and attached organs, all localisa-
tions become very uncertain and even left and right may be alone dis-
tinguishable (41, 184, 229).

It has been found by all observers that complex masses of sound
are better localised than are simple ones. With pure tones localisation
18 reduced perhaps to its lowest limits of differentiation, but evem
then there is never a confusion of right and left (41, 183). Hocart and
MecDougall (31, 302) found as values for the threshold of direction for
noises and tones: in front circa 3° and 20°, opposite the ears cireca 15°
and 35°, between circa 7° and 20°. But “a very slight and unappreciated
impurity of tone suffices to reduce the threshold of diserimination to,
or very nearly to, the same value as that of noises™ (31, 393).

It is not by any means clear why noises and complex sounds are
better localised than simple tones. There are several probabilities.
(1) As a complex sound contains many points of pitch predominance
it will therefore also contain many points where the position of trans-
verse predominance will be of outstanding clearness. For we may
properly presume that where the intensity is low for both ears, the
point of transverse predominance will not be so well marked as where
it i3 higher. And even if the opposite presumption seem more acceptable,
one or other of them will hold; and thus irregular variations in the
clearness of transverse predominance will be produced throughout the
length of the sound’s volume, as against the even gradation in the simple
tone. Thus the observer will have many points at which he may fix
his observation, which will then be keener and more rapid. In the
case of very high tones, whose partials lie beyond the range of our
hearing, localisation is bad (cf. 37, 146; 41, 235). (2) As the complex
gsound contains many pitch predominances, these will be subject to
modification in intensity and, it may be, to obliteration by the position
of the source of sound relatively to the head; the resultant differences
between the uniaural impressions would provide a basis for cognitive
correlation with differences of position of the source of sound. This
second reason is not so good nor so preferable as the first, because it
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does not like the first provide any improvement in the direct basis
of localisation, i.e. in localisation itself, but only a new, different,
secondary basis of localisation by means of cognitive correlations.
That this second ground of advantage for complex sounds is not the
only one seems to be supported by the fact that the advantage remains
even when both ears are closed with the fingers (31, 3051.; cf. 41, 2101.).

As the object of this chapter on binaural hearing is to show that
the theoretical groundwork of hearing provided in the earlier chapters
forms a proper basis upon which a purely psychological function of
binaural order can be built and that that function corresponds, approxi-
mately at least, to the scope of the direct processes of binaural localisa-
tion and so confirms and justifies these, it is unnecessary to proceed
here to expand or discuss the processes of purely uniaural localisation
or the judgment of the distance of sounds from the observer, and such
like. The greatest weight of evidence goes to show that these processes
are not, as it were, the direct presentation of differences of localisation
or distance in hearing, as binaural localisations primarily are; they
are secondary processes of cognitive correlations between minor dif-
ferences in pitch-blend and loudness, due to positions relative to the
head, and these positions themselves, as known through other senses
than hearing. However interesting and important, then, the theory of
these secondary processes of localisation may be, they do not affect
the theory propounded in this work. As regards the peculiarities of
localisation within the head, it is to be noted that the differences provided
by it do not exceed the primary rudiment of normal localisation, i.e.
an ordinal series ‘from ear to ear.” Special conditions doubtless
decide whether a sound shall be located within or without the head.
These conditions form an interesting topic for study. But it is evident
that the primary differences underlying these subjective localisations
are identical with those of normal objective hearing. The reader may
be referred to Klemm'’s excellent summary.

LXXXV. While observing a mosquito under the microscope,
A. Mayer noticed that the sound of a tuning fork set the numerous
elastic fibrils of its antennae into sympathetic vibration in varying
strength (63, 95); ““the mosquito,” he says, “turns his body in the
direction of that antenna whose fibrils are most affected, and thus
gives greater intensity to the vibrations of the fibrils of the other
antenna. When he has thus brought the vibrations of the antennae
to equality of intensity, he has placed his body in the direction of the
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radiation of the sound, and he directs his flight accordingly; and from
my experiments it would appear that he can thus guide himself to
within 5 of the direction of the female” (63, 98)., Klemm (41, 222)
asks whether this arrangement of the mosquito’s does not approxi-
mately embody what is demanded by many theories of spatial experience
as the condition of any true localisation, viz. stimulation of the receiving
organ at some of its elements, or, if all its elements are stimulated
together, at its different elements with different strength, according
to the position of the source of sound. This question must be answered
affirmatively. But we do not need to seek our instance in the mosquito;
our own process of auditory localizsation exemplifies the same thing
exactly. The only difference between the two is that our fibrils are
not on the surface, and are in each uniaural system brought into a
state of enormous complication whereby a fine response to differences
of vibratory rate is attained.

There is no primary difference either physiologically or psychically
between the binaural basis of localisation and the uniaural basis of
pitch. The two are distinguished only by their differences of function,
which are excited physically by different variations in the stimulus,
and psychically integrate into different complexes. But these psychical
complexes remain always akin to the primary atoms of their substance ;
both in pitech-volumes and in localisations they begin as orders and end
as orders. Pitch-volumes never come in experience into cognitive
correlation with objective places, but remain as they are; binaural
orders, on the contrary, integrate with those ordinal differences of
other senses that are dependent upon the physical positions of their
stimuli, and so become localisations. For localisation is our cognitive
name for the ordinal system of a certain level of integration.

The minimal requirements of the mosquito’s act would be met
by two auditory ‘spots’ of sensation, of neighbouring order, capable
of variation of intensity. Greater excitation of one receptor giving
predominance of the corresponding order, would create a basis for the
direction of turning; equality of excitation a basis for direction of
flight. Of course a greater refinement of direction would be given
by a slight increase in the transverse mass of the ‘spot,” as we have
supposed above in accordance with the indications of intensive summa-
tion.



CHAPTER X
SUMMARY

Note. The Roman numerals below correspond with the same
numerals appearing throughout the preceding text. They indicate
where the subject of each paragraph is expounded in the text, but
a complete correspondence is not guaranteed.

I. The study of hearing is primarily a purely psychological effort,
based upon a direct examination of the facts of auditory experience
in conjunction with a study of allied groups of facts, namely the
experiences of the other senses, p. 1.

II. If every obstruction and difficulty could be overcome by frontal
attack, the direct examination of auditory experience would doubtless
yield results perfectly conformable to the results of direct examination
of the experiences of other senses. But the failure of this eondition
raises the conjunction of the study of the different senses into a method.
Outstanding difficulties in any one sense may be expected to be solved
towards the rule that already holds for the corresponding feature of
the majority of the (other) senses, p. 2.

[Thus there comes into view a ‘pure’ science of experience as a
perfectly homogeneous, closed, system of reality without prejudice to
its dependence on other systems of reality and to the particular changes
and rules thus forced upon it.

I cannot offer any & priort proof of this pure science of experience.
But its probability is already very great by virtue of the success
which follows the application of the ‘idea’ to the study of sensory
experience. FEx pede Herculem.]

ITI. The study of a group of simple sensations—of cutaneous and
visceral origin—offers at once two easily distinguished and universally
accepted attributes, quality (e.g. cold as against warmth, touch as
against pain), and intensity, p. 3.

IV. The axiom of the inseparability of the attributes from one
another is based on the fact that apparently constant attributes prove
to be constant, and that apparently inconstant attributes belong to a
different level of experience, for which the conditions of integration

W. P. 8. 13
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may not coincide with the conditions of the presence of the sensations
to which the inconstant features adhere, p. 4.

V. Localisation is not an attribute, because its presence in experi-
ence involves a reference from the sensation to which it adheres to
some other experience. But it must have a basis in the sensation to
which it adheres; and this basis must be psychically similar, or akin,
to localisation. 1T call this basis ‘order,” p. 6.

VI. Along with order goes a fourth attribute of extensity. These
two find a parallel in temporal attributes of order and durance. The
latter order is distinguished from the former by the terms temporal
and systemic (= system of sense organs of the same kind giving the
same quality, system of orders of the same quality). The temporal
attributes are not the subject of special consideration in this work,
as they are equally common to all sensations, p. 8.

VII. The other four attributes—quality, intensity, extensity, and
systemic order—are verifiable in the second (obscure) group of senses,
comprising the articular, muscular, and organic senses. The obscurity
peculiar to one or other attribute in these senses is satisfactorily ex-
plained by their lack of variation, due to physiological restrictions, p. 9.

VIII. The senses of the third group—vision, smell, and hearing—
are complex and difficult. But as their difficulties do not converge,
they reduce each other’s effectiveness. Intensity is problematical only
in vision. Extensity and order are very obscure in smell, p. 12.

[The theory advanced in this book brings hearing into clear and
full conformity with the formula of attributes derived from the first
two groups of senses.

Whatever be the outcome of these difficulties, the probability of
the (at least approximate) correctness of the proposed list of attributes
of sensation is very high.

This result is supported by the comparative study of the eomplex
or integrative experiences which appear in the different senses and
of their attributive bases. The conviction produced by the systematie
consistency of all these results justifies their use as a method towards

the rapid and sure advance of (pure) psychological theory.]

IX. A preliminary survey of tones is given by the tones of any
musical instrument, e.g. the piano. The different series of tones given
by different musical instruments may be reduced to one series of pure
tones by the analysis and elimination from each musical tone of the
partial pitches it contains (Helmholtz), p. 15.
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X. Musical tones thus contain, or are, a group or blend of pitches,
The difference between the tones of different instruments may therefore
be called a difference of pitch-blend. Whether it may also be held
to be a blend of tones is a special problem, not a presupposition of the
psychology of hearing, p. 18.

XI. Only two attributive classifications of pitch come into account
—the qualitative and the ordinal. The alternative is to be settled not
merely by a direct phenomenological dictum, as it were, but by a
systematic consideration of all the available evidence. The result will
doubtless receive phenomenal justification, i.e. the mind will assent to
the conclusion, not only because it has attained, and can again attain,
that conclugion at any time, but alzo because that conclusiof, in face
of its objects, carries with it a certain self-evidence, p. 20.

XII. The ordinal classification of pitch is supported by both
direct and indirect evidence. The latter includes consideration of the
facts of discrimination, the typical groupings of attributes in other
senses, the integrative forms of auditory experience, and the structure
and development of the organ of hearing, p. 23.

XIII. Along with the ordinal differences of pitech goes a variation
of volume, involving the extensive attribute. Volume is a real, not
an associative, character of sounds; or rather sounds are volumes
in just as real a sense as stones are masses, except that the latter are
material, while the former are psychical. The evidence for the volumie
nature of the ‘rising’ aspect of sounds falls into the classes mentioned
in XII, p. 26. :

[The failure of previous psychologists to find the true analysis
of sensations of hearing is due to two reasons: (1) they had attained
no method of dealing with the attributes; (2) they were governed by
the false notion that the only kind of order and continuity admissible
among sensory experiences is a spatial one. This hindrance effectually
barred the way to the former method and destroyed the power of
hearing itself to point to the true direction. Far from being fundamental,
the space of experience is a special and elaborate kind of order and
continuty, p. 28.]

XIV. Hearing thus conforms perfectly to the type suggested by
the other senses, at least so far as the attributes are concerned, p. 30.

XV. The volumic nature of sounds leads us to recognise that
tones are not atoms, but rather molecules of auditory sensation, the
smallest masses we find before us. Pitch then appears as the intensively

13—2
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predominant atom(s), order(s), of the whole volume, which is other-
wise regularly and symmetrically balanced in relation to pitch. These
results provide an adequate definition of tone, as distinet from sound
or noise, ete., p. 30. :

XVI. We can thus account for all the psychical character of tones
and of the tonal series, and for the psychical and musical status of
pitch-blends. These are marked by minor predominances within their
total volume, which do not however affect the constancy of the latter.
Thus pitch-blends are in their musically useful forms immediately
identifiable with one another and with the perfect tone of the same
nominal pitech. But they are much more pleasurable than the latter,
p. 32.

XVII. The psychological study of noise has been immensely
obstructed by the unjustifiable substitution of the term ‘tone’ for the
term ‘pitch’ in the analysis of sounds. Subsequently the term tone
is held to imply characters that belong to 1ts proper object, but that had
never been incorporated in the term itself. If they had, the substitution
of “tone’ for ‘pitch’ would have been impossible. This surreptitious
character of tone is then made the excuse for saying that noises are
irreducible to tones, even though they contain pitches, p. 34.

XVIII. Noises are auditory masses that are characterised by
extreme departure from the regularity and balance of tones. This
irregularity of mass is attainable by various means, especially by the
rapid oscillation of vibratory rates, by which means the dominance
of pitch is more or less obliterated. Tones and noises are not reducible
to one another, but to a common ‘atom’ of auditory sensation, p. 39.

XIX. Vowels are not a new phenomenon of hearing. They occupy
a place somewhere between tones and noises, being probably charac-
terised by a slight blurring of pitch predominance. The various theories
of vowels with the exception of Kéhler’s are all compatible with the
analysis of hearing here propounded, p. 41.

XX. The theory of octave qualities is untenable. Its formulation
is due not so much to any services it can render as to the inherent
wealkness of the prevailing foundations of the psychology of hearing,
which call for any possible re-modelling, however doubtful its outlook
may be. Nevertheless octaves do possess a kind of ‘similarity,” which
is explicable on my theory in connexion with the problem of fusion, p. 44.

XXI. When two sources of sound depart gradually from unison,
certain deviations from the regular system of the perfect tone appear,
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chiefly fluctuations of intensity (beats), multiple pitches (primaries and
intertones), and noises. These phenomena offer no new problems for
psychological analysis, p. 53.

XXII. The same applies to the differential and other pitches
which succeed or accompany them. These fall under the head of
multiple pitches. Beats and differential pitches are psychically quite
independent things, because beats adhere to the primary predominances,
whereas differential pitches may appear far away from them, even
outside the primary volumes altogether, p. 54.

XXIII. The problem of multiple pitches passes over into the
problem of multiple tones or of the fusion of tones, in virtue (1) of our
natural tendency to substitute the term ‘tone’ for the term denoting
its specific characteristic—pitch,” and (2) of the fact that in a tonal
mass the pitches it contains and the ‘tones’ they suggest do not
seem to possess the same independence and intensity as they show on
successive presentation, p. 55. :

XXIV. There are only three distinet and unmistakable grades of
fusion—the octave, the fifth, and the fourth with all the others. These
grades are so clearly fusional that they are hardly to be confused with
any other difference between pairs of tones. They must therefore
form the prime basis for the study of fusion, p. 57.

XXV. Stumpf’s failure to attain to a psychological theory of fusion
18 due to the obstruction caused by the qualitative classification of
pitch, the consequent confusion of pitch and tone, and the want of a
proper method of analysis, p. 58.

XXVI. Stumpf’s exclusion of any explanation in terms of the
psychical adjuncts of fusing tones implies that the basis of fusion is
to be found in these tones themselves. But it is useless to try to explain
by raising the process of fusion itself in the person of the octave to the
peerage of attributes, as Stumpf and others have recently done, p. 59.

XXVIL. With the help of a proper method Stumpf's laws of
fusion suffice to locate the basis of fusion. Stumpf’s first law: that
“the grade of fusion is independent of the tone-region,” and the fact
that fusion is not altered by the diserimination of pitches, exclude
pitch as the basis of fusion, p. 60.

XXVIII. The acceptance of Stumpf’s second law: that ““fusion
18 independent of intensity, both relative and absolute,” excludes
the attribute of intensity. Quality and extensity drop out as invariables,
go that there remains as the only possible basis of fusion the volumic
differences of tones, p. 61.
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XXIX. The volumic differences of single tones and the serial
continuity of their pitches or predominating orders lead us to infer
that simultaneous tones of neighbouring pitch are largely coincident
in volume, p. 62. 1

XXX. The fact that simultancous tones never seem to lie com-
pletely apart or outside of one another, no matter how different or
distant their pitches may be, leads to the conclusion that the upper
limiting order of all tones is identical and that the volume of any tone
always falls wholly within the volume of every other lower tone, p. 62.

XXXI. The standard nature of the relations of the octave suggests
that the octave is a constant and natural pattern of volumic relations.
As the upper limiting orders of the two tones coineide, the most natural
pattern would seem to be given by coincidence of the lower limiting
order of the upper tone with the predominant order of the lower tone.
This would imply that the predominant order not only seems to be,
but is really, central to the whole tone, and that the tone’s volume
not only seems to decrease regularly with increase in the rate of vibra-
tion, but really does so.

The upper tone of the octave is distingwishable from the lower
one chiefly by the second predominance it adds to the whole volume,
which is identical with that of the lower tone. Some effect is doubtless
produced by way of extra ‘weight’ in the whole of the upper half of
the volume. These coincidences and slight differences seem to account
fully for the phenomena of fusion in the octave, p. 63.

XXXII. A second arrangement of coincidence of volumes approxi-
mating to the symmetry of the perfect tone i1s given when the lower
limit and the predominance of the upper tone lie equally far on opposite
gides from the predominance of the lower tone. Here the upper tone
adds two new points to the lower volume. There is no other outstanding
form of balance of volumes. Thus we must ascribe this one to the
fifth.

The psychical volumes of the octave and fifth would thus bear
the same relations to one another (1:2, 2:3) as do the corresponding
physical ratios. But they are educed independently of the latter.
And we can obtain the proportions of any other interval either indi-
rectly through these psychical standards or directly from the law just
established that wolumes decrease continuously with rise of pitch.
On reflexion the methods of measuring these tonal volumes appear
very similar in principle to the methods of measuring °physical’
distances, p. 65.
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XXXIIT. Amongst the other intervals some decrease of balance
and symmetry in volumic coincidence can be traced which seems to
provide a basis for the minor grades of fusion shown by them. But the
conceptual reconstruction, or as it were, empathy, of these proportions
18 uncertain. The ear alone can settle what for it, at the best, are very
shight differences, p. G6.

XXXIV. Diagrams are given to embody this theory, which
presents ground upon which a special experimental study of the inten-
sive relations within the whole volume of a tone could be built up, p. 69.

XXXV. The theory of tonal masses and fusion thus shows itself
to be of a piece with the theory of the ‘pure’ tone. In view of the
considerable symmetry and balance within the tonal mass of the parts
adjacent to any pitch predominance within the mass, it is permissible
to speak of the analysis of the mass by discrimination of its pre-
dominances as an analysis into tones, provided the limitations of
that analysis are remembered, p. T1.

XXXVI. The experience of distance which is found in some other
senses is in them based upon differences in the attribute of order. We
should therefore expect to find in hearing a similar experience based
upon the differences of order that are prominent in hearing, viz. dif-
ferences of pitch of tones, p. 73.

XXXVII. Tonal distances do occur, but they are not comparable
with such ease as in other senses. Tonal distances are most noticeable
when they are quite small, and also when they show distinct variations
for one and the same ratio of vibrations in different parts of the anditory
range, p. 75.

XXXVIII. The chief reason for the obscurity of tonal distance
is the prominence of tonal interval, which is for any ratio a constant
experience throughout the musical range, p. 76.

XXXIX. Interval is the volumic outline of the whole mass of
sound formed by two tones. This is always characteristic, no matter
what the degree of fusion may be. Interval is concerned with the
intensive outline of the mass or its proportions, fusion with its balance
and symmetry, p. 77.

XL. These two different aspects of the same mass give the octave
its great importance as a tonal standard. Our whole attitude to the
musical range of pitches is governed by the octave fusion and interval,
to which all others are subordinated. Hence the great ‘similarity’
of octave tones, p. T8
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XLI. In spite of the facts of the discrimination of pitch the nature
of volume seems to imply that the multitude of ordinal ‘atoms’
constituting a volume is proportional to the size of that volume.
Similarly the distance between the tones of an interval would be pro-
portionate to the pitch of the interval, and would decrease with rise
of pitch, p. 81.

XLII. The impression of increase of distance with rise of pitch
may therefore well be illusory, being based upon our power of dis-
criminating pitches, p. 32,

XLIII. If intervals are essentially constant tonal forms, any
changes of distance due to the raising or lowering of an interval would be
quite irrelevant as being merely a part of the whole form which must
change proportionately in every part with any change of piteh, p. 83.

XLIV. Absolute ear emerges when the natural absolutenesz of
tonal orders maintains its efficiency in spite of the tremendous emphasis
laid on relativity or proportion in musie, p. 84.

XLV. The relations established between successive tones rest
upon the same basis as do those of simultaneous tones and are therefore
the same in nature. Thus in the octave sequence the upper orders of
both tones are identical, as are also the lower order of the upper and the
predominance of the lower. These successive relations are therefore
also relations of form, p. 86.

XLVI. An explanation of the difficulty most felt by less musical
persons in identifying and learning to name simultaneous intervals
and ascending and descending successive intervals is ready to hand.
These difficulties are analogous to those apparent in identifying a
visual pattern with its inversion or of identifying the sum of two curves
with their sequence, p. 89.

XLVII. The anomalies of pitch at the extremes of the musical
range observed by v. Maltzew seem to follow naturally from the
difficulty (which must ultimately emerge) of the basilar membrane’s
responding to high vibratory frequencies with a small enough volume,
and to low frequencies with a large enough volume. Then on the upper
side the octave would appear too late, on the lower side too soon, p. 95.

XLVIII. The theory of fusion given above provides an adequate
basis for all the minor phenomena of fusion, p. 99.

XLIX. The experience of motion which is found in some other
senses, is based upon progressive differences in the attributes of systemic
and temporal order. We should therefore expect to find in hearing
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a similar experience based upon differences in pitch and in temporal
order, p. 113.

L. A parallel can be found in hearing both to the visual motion
that is founded upon an intense and obtrusive basis and to the elusive
motion that connects certain motionless impressions. The former is
gliding tone, the latter is an important aspect of melody, p. 115.

LI. As we know it familiarly, melody is a static ‘figure’ based
upon the architecture of our tonal system, as well as being a motional
‘figure.” But though the former has subordinated the latter to its
needs, the latter was the earlier by origin and is still the essence of
melody, p. 118,

LII. Certain primitive forms of music seem to show motional
melody developed in relative freedom from the static demands of
scales, p. 122.

LIII. The octave is the basis of standardisation of all scales
whatever. Its appearance and influence are not to be ascribed to any
sort of parallelistic process in hearing, not even to the parallelism or
coincidence of partials (Helmholtz), p. 123.

LIV. A second, almost universal, interval, or pair of intervals,
is the fifth with its reflex, the fourth. The intervals of the octave
and fifth derive their impulse towards self-realisation, as it were, from
their natural source, indicated in XXXIf., p. 125.

LV. If the fourth appeared as a common adjunct of the fifth,
it could be precisely remembered as a volumic outline, like every other
interval, p. 126.

LVI. The preferability of the fourth in practice may have been
due to the ease of string division into halves and quarters, or to the
serial outcome of the oetave and fifth: fourth, whole tone, fourth.
But the actual course of development in any particular case is a
problem for ethnological study, p. 126.

LVII. From this natural basis development proceeds according
to a few principles, of which the chief is the intercomplication of the
foundations themselves. But this procedure must not be supposed
to limit the variability of its result in the way that our mathematical
conceptions of interval suggest. The deficiencies of purely auditory
procedure leave room for the operation of subsidiary principles of
formation, while the desire for system and fixity invite them, p. 127.

LVIII. Moreover, the method of derivation of a scale has no
relevance to the musical coherence and utility of that scale, p. 128,
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LIX. It follows from the theory of interval given in XXXIX
that a scale is a series of more or less definite proportions (filling out
the octave), whose origin lies in various principles and whose maintenance
depends upon the musical stability and generative power of the scale
itself. Scales differ in these latter respects, not in their nature as a
series of mere intervals, p. 129.

LX. The variant scales of any people may be brought into relation
to one another in a cyclical manner (Greek, ecclesiastical), or by the
modifications of equal temperament (Javese, Siamese, and our own). The
latter method attains thorough systematisation or reciprocity. The whole
mugical scale becomes again in its diserete divisions what it is originally
in 1ts continuity—a surface of constant curvature, so to speak, p. 129.

LXI. The course of discovery of equal pentatonic and heptatonie
scales shows how necessary it is in the study of exotic musie to inhibit
the assimilative tendencies of our musical habits, formed upon our
own music, and to form a notion of the nature and intentions of that
music only after a meticulous study of its actual (phonographic) records,
supported by a record of the conscious intentions of the best native
musicians, p. 132.

LXII. The formation of pentatonic and heptatonic scales pre-
supposes no new principle or method of procedure unknown in our
own music. We have only toshow that intervals could readily be got
so nearly alike as to suggest the ideal of equality. Up to that point
reduplication and repetition of the intervals given by octave and
fifth—e¢, f, g, ¢',—suffice, p. 135.

LXIII. A third principle of scale development is the equal division
of the playing string, while a rather vague fourth is given by the merely
playful formation of small intervals, p. 137.

LXIV. The further development of music is due to an interaction
of all the aspects of all its simpler structures, whereby the lines of
greatest potentiality ultimately attract the greatest migration of
interest. The rate of development is restrained only by the ability
of the average influential listener to follow and to enjoy, p. 138.

LXV. The physiology and the psychology of hearing are essentially
independent, though partially convergent, disciplines. In so far as
physiology deals with the specific neural basis of auditory experiences,
the dependence of experience upon organism will give psychology an
inevitable primacy. Psychology sets a problem which physiology
must answer to its satisfaction, p. 139.
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LXVI. 1In the sense of this last statement a review is made of the
chief physiological theories of hearing: by v. Helmholtz and others
(especially A. A. Gray), by W. Rutherford and Th. Lipps, by C. H.
Hurst, M. Meyer, J. R. Ewald, E. ter Kuile, A. Lehmann, and O. Gébel.
In so far as these theories attempt to provide a satisfactory basis for
the nature and the development of auditory experiences, they all leave
much to be desired. Their different merits set their various psycho-
logical defects into broad relief, while their physiological convergence
hopefully suggests the possibility of finding a satisfactory answer to
the demands of experience. This convergence appears most clearly in
Gray’s extension of Helmholtz’s resonance theory, Ewald’sand Lehmann’s
standing-wave theory, and ter Kuile’s propelled-wave theory, p. 142.

LXVIL. The method of solution suggested by psychological
analysis is the direct deduction of a physiological result which would
form an exact parallel to the results of psychological analysis and the
search for a complex of physical processes which would yield that result,.
p. 162.

LXVIII. This leads to the acceptance of the advancing-wave
type of theoretical basis, first suggested by Hurst, and given in a better
form by ter Kuile, as the most promising for theoretical construction.
The basilar membrane is supposed to be of uniform, or nearly uniform,
elasticity in the transverse direction (with considerable freedom in
the longitudinal direction). Any defect from uniformity would probably
give a gradual increase of elasticity (sensitivity) towards the apex of
the cochlea, p. 162,

LXIX. Consideration of the dissipation within the cochlea of any
momentary pressure exerted by the stapes and of the interaction of
a series of dissipating pressures with the series of subsequently impinging
pressures leads to the conclusion that the effect of a regular periodic
vibration of the air upon the basilar membrane would be to produce
upon it a bulge beginning at the basis of the membrane, reaching
along it in proportion to the length of the air wave, and possessing
a point of maximal bulge in the centre of the length affected or approxi-
mately so, p. 163.

LXX. The effect of a periodic series of pressures on the basilar
membrane will not be totally annulled by the end of each period, but
will only be brought into a condition of longitudinal equilibrium round
the central maximum of intensity. This leaves room for the initiatory
increase of excitation, which is complete when perpendicular equilibrium
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has been reached after several periods between the longitudinal, balanced
system of pressures exerted upon the basilar membrane and the reactive
elasticity of the length of basilar membrane affected, p. 167.

LXXI. The broadening of the basilar membrane towards the apex
of the cochlea seems most probably to be a device for securing greater
sensitivity to the pressures that survive the passage of so much of
the cochlea. Remarks concerning bone conduction, combination tones,
ete., p. 168.

LXXII. Analysis of irregular periodic waves follows as a matter
of course upon the process of longitudinal equilibrisation of pressures
described in LXIX. Such equilibrisations will take place in so far
as the conditions are provided for them in any periodic wave, just
as they do in Fourier’s analysis. Only the process is mechanical, as
1s that of an adding machine. Thus all phase relations become ineffective
in so far as uniaural hearing is concerned, p. 169.

LXXIII. This physical construction seems compatible with the
results of the investigations into the localisation of tones (pitches)
on the basilar membrane (experimental injury) and with the number
of transverse fibres on the basilar membrane or of neural receptors
connected therewith, p. 171.

LXXIV. If these numbers seem too small, their scope may be
widened by the hypothesis of uniformly decreasing elasticity of the
basilar membrane indicated in LXVIII and LXXI. This hypothesis
1s not inconsistent with the psychological analysis already given,
especially with XV and XXXI fi. For the introspective facts show
that the departure from an equal elasticity cannot be great, and some
departure from equality with maintenance of uniformity is in perfect
accord with the proportional nature of interval expounded in XXXIX
and XLIIT; ef. LXXVII, p. 174.

LXXV. The problem of binaural hearing for pure psychological
theory is to show that the ordinal differences of the elements of
hearing are an adequate basis for the bi-systemic phenomena of
hearing, especially the ‘localisation’ of sounds. Compare the psycho-
logical problem of binocular vision, p. 175.

LXXVI. The coordination of the two uniaural systems must
not be presupposed. It must have imposed itself upon the ordinal
differences of the two systems in virtue of the approximately identical
forms evoked in each by their relations to the common stimulus, p. 177.

LXXVIL. A certain amount of natural incoordination of the two
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ears is found in cases described as showing a pitch difference between
the two ears. These cases do not by any means involve the assumption
of a “mixture’ of tonal qualities like that of visual qualities. Their
proximate cause is probably a certain variation in the texture, or in
the uniformity of elasticity of, the basilar membrane, p. 179.

LXXVIII. The facts of binaural ‘mixture’ and the binaural
summation of intensities presuppose not only a longitudinal overlapping
of uniaural volumes, but also and especially a transverse overlapping
of these volumes, which can, moreover, only be partial. If it were
complete, the distinction of the two ears from one another would be
impossible (except perhaps on successive stimulation of the ears),
as would be also binaural localisation. If there were no overlapping,
summation of intensities and binaural ‘mixture’ would be impossible,
p. 182.

LXXIX. These assumptions are supported both by anatomical or
physiological, and by introspective, psychological evidence, p. 182.

LXXX. Binaural integration does not give rise to a really new
system or dimension of orders, as does binocular integration. It means
at most only the mobilising, as it were, of the transverse uniaural
volumes in their own plane, not in any new direction. The two uniaural
systems, then, really remain coordinate parts of an inclusive system—
the binaural—not coordinate contributors to a new integrative level,
as are the two binocular systems, p. 184,

LXXXI. The oscillation thus produced is such as may combine
with simultaneous oscillations in other senses to produce the localisation
of sounds, p. 185.

LXXXII. Thus the intensive difference of uniaural impressions is
not the direct, but only the indirect basis of binaural localisation, in
so far as it procures a variation of obtrusiveness of uniaural differences
of transverse order, p. 186.

LXXXIII. An analysis of the experimental observations of binaural
localisation shows that the latter does not primarily involve more than
can be provided by the theory just developed, namely an oscillation
of (spatial) orders (‘directions’) from one end of a series (‘opposite
the left ear’) to the other (‘opposite the right ear’), p. 187.

LXXXIV. The only improvement in the direct basis of localisation
procured by other factors than mere interaural difference of intensity
is that produced by complexity of pitches (pitch-blends and noises).
This seems due to the great repetition of predominances, which would
give a much more detailed basis for the observation of interaural



206 SUMMARY [CH.

difference of emphasis than that given by a pure tone. All other im-
provements are secondary, being based upon cognitive correlations and
thus lying outside the range of sensory processes, p. 189.

LXXXV. Analysis thus shows the auditory localisations of the
mosquito and of man to be processes whose identity is obscured only
by the complicated nature of our uniaural systems, p. 191.

CHAPTER XI

SHORT SUMMARY

1. A purely psychological science of experience is possible and
necessary. It calls for a reform of the psychology of hearing by the
help of the method of systematic comparison of hearing with the
probably typical structure of the other senses.

2. Comparative study of the senses in their simpler forms and
aspects yields a probable type of elementary sensation possessing six
attributes: quality (cold, warm, red, bitter, ete.), intensity, systemie
order (underlying all localisations and positions), extensity, temporal
order and durance. This type is the key to the theoretical gates of
hearing.

3. The tonal series, reduced by the elimination of partials, conforms
to this type by the classification of pitch as systemic order, the extensive
implication of the volumes of tones, the obvious intensity, and the
one and equal quality of all tones.

4. Tones, being volumes, are not ‘atoms,” but rather regular
balanced ‘molecules’ of sound in which the central ‘atom’ pre-
dominates, thus giving the whole a pitch.

5. Noise is a very irregularly balanced mass of elementary sound
‘atoms’ in which more or less vaguely defined predominances (pitches)
may appear. It is coordinate with, not reducible to, tone. Vowels
form another coordinate.

6. It is a problem, not a presupposition of the psychology of
hearing that pitch is to be identified with “tone’ in the analysis of
tonal masses. This problem is the problem of fusion, which the method
of analysis followed shows to be due to coincidence of volumes. The
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proportions of the coinciding volumes can be obtained by purely
psychological analysis and are strictly proportionate to the physical
rates of vibration. All the phenomena of fusion are explicable on this
basis.

7. All simultaneous tones have a common upper limiting ‘atom’
of sound and coincide downwards from that point in the proportion
of their relative volumes. Their predominances or ‘pitches’ stand
centrally in their volume. Fusion is determined by this coincidence
and the resulting balance of the lower limiting and predominating
points of the higher tone round the predominance of the lower.

8. The theory of tone thus runs gradually and continuously into
the theory of pitch-blends (‘timbre’), fusion, and consonance. No
new principle separates the sensations of tone, as we know them, from
their eonjunction in groups.

9. The experience of distance is found in hearing and is there based,
as in the other senses, on differences in the ordinal attribute. But
its value is far outweighed by that of interval, the constant proportion
of volumic outline or stress. With the help of the preferences given
by fusion, interval is responsible for the standardisation of the whole
musical range. Or rather the musical range is the range of constancy
of interval proportions.

10. The explanation of the problems of tonal sequences involves
no new principle and no change of basis of explanation.

11. The experience of motion found in other senses is confirmed in
hearing both in the obtrusive form of gliding tones and in the elusive
form of ‘passage’ between successive tones. The latter is an important
aspeet of melody, independent of laws of proportional progression
(scales) to which it has been made completely subordinate in almost
all forms of musie.

12. The octave and the fifth, with its common adjunct the fourth,
as being the only distinet, naturally (fusionally) determined, intervals,
are the probable ground of development of all specific scales.

13. A scale is a series of intervals or volumie proportions whose
value lies in the basis of familiarity and guidance it supplies to the
listener’s attention. Its musical coherence and potentialities do not
emanate from any of its probable or possible sources, but are intrinsie.

14. The further determination of scales proceeds according to
two principles, directly issuing from this natural basis: namely, the
intercomplication (1) of the foundations themselves by repetition, and
(2) of the products of that manipulation by equalisation of approximately



208 SHORT SUMMARY [cH.

equal intervals. Two extrinsic sources of small intervals are the sub-
divisions of strings and the playful formation of small intervals.

15. The most acceptable type of physiological theory of hearing is
that which assumes the propulsion of a wave along the basilar membrane.
Consideration of the elasticity of the membrane and of the interaction
of the pressures set up within the cochlea before any moment with
those set up in the remainder of the period shows that every physical
tone produces a wave of depression of the basilar membrane beginning
from the basis and extending along in proportion to its pitch, with a
point of maximal depression in the centre round which relative inten-
sities are arranged symmetrically and decreasingly. This deduction
forms a satisfactory parallel to the psychological facts of hearing and
seems physically probable.

16. The preceding psychological theory of hearing seems to
present a sufficient basis for a complete theory of binaural integration.

17. The binaural systems are really as identical as they appear
to us to be, in virtue of the volumic forms which are evoked in them
by their relations to the common stimulus, and in spite of the original
differences of their ultimate elements.

18. The facts of binaural ‘mixture’ of tones, the binaural summa-
tion of intensities, and the diseriminability of the two ears show that
uniaural volumes ‘overlap’ transversely, but only partially so. The
differences of emphasiz produced in each system by the intensive
differences of uniaural stimulation seem to provide a sufficient basis
for all the direct localisational efficiency of hearing.

CHAPTER XII
UNTECHNICAL ACCOUNT OF RESULTS

In order to help those who are not familiar with the niceties of
psychological terminology I shall now attempt to state the results
of my theory in the terms of common knowledge. But I explicitly
decline to accept any responsibility for misunderstandings that may
thus arise. A science can be advanced only upon the conceptions that
are most adequate to its objects. I have shown repeatedly throughout
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this work how insufficient care in the use of popular or generally
accepted notions regarding auditory experiences may raise barriers to
progress that can be removed only with great difficulty and with the
closest scrutiny of the implications of all conceptions adopted in
explanation. I believe that of the new conceptions used by me those
of order and volume will appear most strange to those not accustomed
to philosophical and psychological terminology. They are also in them-
selves the ground of the greater part of the theoretical reconstruction
I offer.

It is commonly held that the visual parallel to the pitch differences
of musical tones is the series of colours in the spectrum or at least a
series of colours of different kinds. Francis Galton (21) gave an
interesting account of certain peculiar people who assert that they
have coloured hearing as it were; when a certain vowel or word is
sounded they have at once in mind a certain colour, which always
appears with that sound; for other words or vowels other colours
will come to their mind. In some people colours are associated with
different keys of music or with different notes of the scale (cf. 83; 86;
87, s14i.; 78; the discussion appended to 78 shows how difficulties
arise ag soon as the analogy is pushed beyond the basis of the vibrational
series). Instruments have been constructed on which music can be
played in colour; each ivory of the keyboard is connected with an
electric lamp of a certain colour, so that when chords and melodies are
played, not only are the usual sounds heard, but also groups of coloured
dises or the like are illuminated. The constructor’s idea evidently
i3 that music may thus be translated into the equivalent terms of our
other most developed and artistically most useful sense?.

I consider this view to be entirely wrong. And it is inconsistent
unless all local differences in the colours are eliminated. Tones do not
appear at different places; they all blend together. And so, if colours
are the parallel to pitches, the colours should all be made to illuminate
only one constant surface. But every one knows that if they did so,

1 Cf. 144. Rimington’s colour organ is constructed to bring out analogies between
the spectrum band and the musical octave. These analogies and the resulting colour
changes are held to be the basis of a probable art of pure colour of the future. It is said
to be very interesting to watech the ever-varying combinations of colours. For another
attempt v. Athenaeum, 1913, no. 4483, p. 322: A corresponding arrangement of colours
is shown at the same time by means of wires connected with rows of twelve electric
lamps in coloured screens. There are in all seven such rows, placed one above another
in a spiral....The intensity of light in the seven rows of lamps varies according to the
intensity” of the sounds played.

W. P. 8. 14
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only one colour at a time would be visible. In fact the colour dise
should be reduced to a spot of just visible size; for tones are not com-
monly, or at least on the basis of this analogy, supposed to have any
size at all. So it would seem that if this analogy between hearing
and wvision is carried out strietly, the eolour organ would make a very
poor show. This shows how even a popular notion about the properties
of sounds and colours can involve itself quickly in the greatest difficulties.

One who defends the parallel between pitches and colours might
then proceed to prop up his claim by various assertions about the nature
of sounds. If he did so, he would only work himself further and further
into a quagmire of difficulties. We will not try to follow his efiorts.
The various psychologists we have discussed have made such efforts
in the best possible way, and have not succeeded with them. Of course
it is hard for those who set out from a knowledge of the physical basis
of sounds and colours, to give up the preconception suggested by the
octaves of vibrations. Colours correspond to different wave-lengths
of ethereal vibration and pitches to different wave-lengths of aerial
vibration. To part from the parallelism of these series in favour of
similarities established by comparison of the sounds and colours as
they appear to us subjectively, seems—well, it may seem to some like
giving up knowledge or even Science in favour of mere opinion.
“People,” they may say, “who start analysing their feelings, as they
appear to them, can get anything out of them. And that’s all there
is in ‘psychology,” anyway.”

Others, who are more respectful, may attempt to evade the difficulties
they encounter by admitting the hopelessness of establishing a true
parallel between vision and hearing. But they will take their stand
by the knowledge that they deem ‘attainable and sure’—physical
or physiological knowledge for example; and say: the work of
‘psychology”’ is to find out what organs our senses depend upon, how
these organs are affected by physical sounds and lights, ete., how
they work to give us our sensations, and upon what parts of the brain
our other experiences, such as feelings and thoughts, are dependent.
As for us, they will say, we will abide by our physical knowledge and
believe that the parallel of pitches and colours is well founded in nature
and, anyway, cannot be proved to be wrong. How could we start
making a pure science out of mere experiences? They are so fleeting
and elusive, so intangible, so undemonstrable. Anyone could believe
anything about them. And as a matter of fact, every sort of thing
has been said about them by philosophers and psychologists. One
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says one thing, another another; and together they never get on at
all. Whereas physical processes and the workings of the body are
things we can really study and understand®.

It is useless to attempt to meet these arguments. For much of
the indictment is true. The only possible answer is to present what
results can be attained and invite comparison of them and the methods
of their discovery with those of any reputable science.

My claim is that the true parallel between music and pictorial
art rests on the basis of form. Music as an art is more like the arts
of etching or drawing which dispense with all change of colour, except
the series from white to black. Music is like a higher elaborate art of
ornamentation devoid of all representation of objects. No true parallel
between music and any of the forms of pictorial art can be established ;
but it is right to say that, if differences of visual colour are left out
of account, both are arts of pure form.

Sounds are not the parallel of colours. But sounds are like colours
in being spread out; in the act of vision colours are spread over a
certain extent of sensitive surface in the eye, the retina; in the act
of hearing sounds are spread over a certain extent of the sensitive
surface in the ear, the basilar membrane, ete. But colours all lie side
by side, or we cannot distinguish them from one another; they mix
then to form other colours. Sounds always overlap each other more
or less, though never completely so long as they differ in pitch. We
distinguish them by the different way they affect the basilar membrane;
one sound makes the most intense impression at one point of the
membrane, another sound at another point. The most intense points
for the series of tones from highest to lowest pitch lie along the basilar
meimbrane, beginning from the one end (the basis) and running towards
the other end. The most intense point for any one tone lies in the
middle of the extent of the basilar membrane affected by it.

Is this not also true, merely as we hear it? High tones are small

! The paragraph represents no special point of view, but only an average. But I am
not overstating, Even from the pen of an excellent psychologist we have recently read :
“1 am not one of those high and dry theorists who hold that physiology and psychology
must be kept strictly apart as independent disciplines.”” If that does not mean that
psychology is not an independent discipline whereas physiology is, I am much mistaken.
But if each can be an independent diseipline, each mwost be it, however much the two
may finally cooperate. Ii one of them cannot be independent, I do not know who would
yet suggest that physiology is the dependent one. And if psychology is dependent, the
point of view is essentially that sketched in the text.

142
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and thin; the lower a tone gets, the bigger and bulkier it becomes.
And pitch moves progressively to one side of a series, as we listen to
the tones of the piano played from the high to the low end of the
keyboard. Moreover, tones played together always seeim to be together,
unseparate, blended or fused, no matter how different their pitches
may be. One can never get two tones entirely away from one another,
as one separates two patches of colour.

When octaves are played, the upper tone coincides with the upper
half of the lower tone, making that half more intense; with a special
point of intensity at the middle of this upper half. If the octave above
that again is added, a third notch of intensity appears an eighth of the
length of the lowest tone from the upper end of it. If a fifth is played
the notch of the upper tone and its lower end lie equally far apart on
either side of the notch of the lowest tone. And so on. These notches
are the pitches of the tones. So that harmonies and the musical
‘colours’ of tones are like an ornamentation of the outline of the
volume or extent of the lowest tone that is played or heard.

As music is played, the ear follows all the prominences in the main
volume of sound as they appear, to the extent that it endeavours
or is accustomed to do so. All other prominences and the volumes
around them it hears only in bulk. They make a characteristic and
recognisable mass-impression and are more or less pleasant. That,
then, is the reason why I say that music is like an art of ornamentation ;
it is an art of form. If music is to please, it cannot change at random
the ornamental outline of the masses of sound that it gives in succession ;
it must do that in such a way as to let the ear follow and apprehend
all the important changes in the prominences of the outline, i.e. all
the important changes of pitch; and all pauses and final sounds must
leave the ear with a nicely proportioned, well-balanced, regular mass
of sound before it.

When we look at a beautiful etching, we do not think of the points
and lines in it as places on the printed paper. Of course we cannot
abstract entirely from the interest of the places represented in an
etching. But if it gave us no more than that, the work would be
a mere illustration, of no artistic value as such. The artistic basis of
every picture is the whole mass of points, lines, and surfaces it presents:
as a mass of forms, not as a mass of represented physical distances
or places. It is the agreeableness of all we see before us, merely
as visual experience, that forms the first ground of the art. Much
may then be added because of the representational interests of the
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subject. But the former purely visual ‘harmony’ is essential to the
work of art.

We say harmony here, simply because that word takes us away
from real interests, the interest in houses, places, persons, etc. to the
agreeable unity of what we merely feel and experience through sense.
The beauty of musical harmonies does not rest upon the interests of
representation, but merely upon the intrinsic relations of sounds as
heard.

This process of abstraction leads to a notion of what I mean by
order. It is not places or spatial positions; but just this purely
psychical (seen or heard) arrangement common to the distinguishable
components of the artistic etching and to the pitches of music. These
components of the etching may take on in our minds the significance
. of places, things, persons; just as pitches may take on, at times, the
significance of speeds of motors, engines, persons’ voices, birds, ete.
But they do not begin thus in our minds.

It fascinates me to think of an art that deals with purely psychical
volumes and prominences in these volumes, and that delights us by
leading us about amongst these volumes in an endless variety of rhythms,
and speeds, sometimes complex, sometimes clear, now smooth and
fluent, now strained, involved, and restless. It is an art which can
embody the manners of all our bedily and mental activities without
actually presenting us with these in representation. If there is a way
in which we can move about in the world, that way can be depicted
in the bulks and volumes of sounds; we can be brought to move about
in them in just such a way. All our activities can be brought home to
our minds with never a word or picture by which we could recognise
them and perhaps forget the interest of the mere manner of our soul’s
life. All this can only be if sounds share a common basis with the
space in which all our daily activities are performed.

It gives a new pleasure to tone to think of it as, not merely a speck
of quality, whose relation to a kindred quality we cannot understand,
but as a volume, a perfectly regular, balanced volume of ‘atoms’
of hearing which may be varied, and so made the basis of great pleasure
by certain minor alterations of the balance of its volume (partial pitches).
We can understand the relations of tones to one another; for they all
reduce to one identical series of atoms of hearing. We have had no
unalterable discords and noises thrust as eternal °qualities’ upon
our soul. All our hearing can be used for beauty and we can understand
this beauty. Our art is not a creation of biological chances. It is
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ordered and intelligible and yet natural; as much a part of the natural
world as are the heavens and our bodies.

For in spite of the seeming abandonment of the results of physical
science, the purely psychological analysis of hearing offered in this
work conforms much more closely to the physical and physiological
basis of hearing (at least) than does the parallel between hearing and
vision based upon the serial systems of the vibrations that cause them.
How our sensations of colour are to be analysed so as to appear equally
conformable to their physical basis, does not concern us here. In the
physical plane we have (1) aerial medium, (2) amplitude of oscillation,
(3) wave length with (4) one maximum of condensation. On the physio-
logical plane we have (1) the specific function of hearing, (2) amplitude
of displacement of the basilar membrane, ete., (3) length of membrane
affected, and (4) point at which membrane is maximally affected. In
the psychical plane we have (1) quality of hearing, (2) intensity, (3)
volume of sound, (4) predominance of intensity within this volume,
or pitch, To each point of the basilar membrane affected or rather
to each neural terminal attached to the organs of the basilar membrane,
there corresponds in the psychical realm an ‘atom’ of hearing ; although
we probably never experience these single atoms, but only more or
less regular ‘molecules’ or volumes of sound, i.e. tones or noises, or
masses of tones and noise,

The musical ‘ideal’ is the perfectly pure tone, devoid of all upper
partials. Tt is perfectly balanced, regular, and continuous, a perfect
system of ‘atoms’ of sound. But no instrument naturally produces
or can conveniently be made to produce such perfect tones. Many
instruments produce tones, which, though they contain upper partial
pitches, nevertheless approximate closely to the perfect balance of
the pure tone. For this purpose the partials must be so produced
that they are completely subordinate to the proper pitch of the tone
played and do not draw away the attention from the pitch of the latter
to their own pitches or otherwise upset its balance. If this restriction
is observed, a great many beautiful variations upon the ‘ideal’ perfect
tone can be obtained. These indeed are so interesting in their variety
that they supersede the pure tone in musical value. They are also
probably easier to recognise and to follow than the perfect simplicity
of the pure tone would be, were it readily producible.

When several tones are produced after one another, variations in
volume of tone are produced. These create a special interest through
the experience of motion which arises from successive changes of pitches
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(orders). This motion may be compared with the motion of a point
of light from one place to another; or in an art, to the motion of the
defining points of a dancer’s limbs. The relation of this motional
aspect of melody to the motions of vision is not mere analogy, but
has a very real psychical foundation, which entirely justifies the terms
applied by musicians to melodies, such as outline, wave, progression,
speed, etc. This real foundation is that pointed out above with the
help of the comparison of etching and music. The motion of the
dancer’s limbs from place to place is not our interest; the mere places
they occupy are quite irrelevant. What interests us artistically is
the mere motion as an experience, the relations of the various motions
as regards speed, distance traversed (merely for the ‘eye,’ i.e. as experi-
ences, not as physical distances) and the forms built up by them all
at once and in succession. So too in the music; the tones do not move
about; they only give experienced motions, which are as truly motions
as those of the dancer, even although we can, and usually do, apprehend
the dancer’s motions at the same time as motions in space, i.e. as real
motions, not experienced motions.

Successive tones also provide an interest through the relations of
their volumes to one another. Some volumes pass easily into one
another, e.g. octaves and fifths; for the pitch of the lower tone of an
octave falls just at the end of the whole volume of the upper tone;
while the pitch of a fifth down falls just half-way between the middle
and end of the volume of the upper tone. These special relations
between successive volumes make certain sequences of tones pre-
ferable to others. For they enable us to prepare for the tone next
to come by giving us a lead to the points (orders) at which its charac-
teristic features will appear. We bear these relations in mind all the
way through a melody and see the melody as a whole in relation to them.
From them in various ways other relations are bult up, till a useful
rounded off system of them is gained (a scale). Hach member of this
series and its relation to the others can be learned so that we can acquire
a high degree of preparedness for any melody and remember it more
readily, than we would if its successive tones jumped about anyhow.
We can change gradually into other systems of tones by certain methods ;
and sudden changes may be made to serve artistic ends by the shock
they give to our attention and preparedness.

The relations which bind simultaneous tones together rest on this
same basis, although it acquires certain new influences when tones
are given together. Certain pairs or sets of tones when given together
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approximate much more closely to the perfect balance of the pure
tone than do others. Thesge special pairs make certain groupings of
tones much more preferable than others. For they enable us to follow
the pitches that appear in successive tonal masses by leading the expecta-
tion forwards along recognised lines. We learn to know and recognise
the various sets of tones in common use, just as we learn the forms
of familiar signs, symbols or words. Considerable departures from
balance in tonal mass can be used, if they help to lead over from one
well balanced mass to another. But they must not be used at random,
but according to certain methods which ensure both pleasant variety
and sequence, and enable the listener to follow their changes. Of
course here again it may be of artistic value at times to baffle the
listener, so as to give him the experience of difficulty and obstruction.

The growth of the power to build up masses of tone, both harmonie
and melodic, and the discovery of the best and most variable ways
of treating them requires much time. The listener also requires to
gain practice in hearing and analysing what the composer puts before
him. He has to be educated to the style and complexity of the art.
These demands sufficiently explain the slow development of the art
of music without our appealing to any development of the ear or its
central neural attachments at all. There is no more substantial evidence
from the development of the musical art that the organs of hearing
have developed than there is from the course of pictorial art that the
organs of vision have developed. Evervthing goes to show that it is
rather the complexity and probable pleasantness of what is set before
the spectator and the complexity of the demands made upon his
attention and experience that have developed.

CHAPTER XIII

‘PURE® PSYCHOLOGY

The theory expounded in this book has been devised by the writer
not in the interest of a study of hearing as such, but for the sake of
the more inclusive study of the whole range of sensory experience.
This work in hearing is thus only an episode in a larger effort. It is
my firm belief that all our sensory experiences can be completely
accounted for in general systematic terms without our having recourse
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to the discoveries of physics or physiology at all. Sensory experience
would then appear as a perfectly self-complete, closed, system of reality,
as 1s for example the system of the elaborations of matter included
in the scope of chemistry. No doubt the universe has much travail
to reach the height of complexity at which experiences emerge. But
puny as our human cognition may be, we can now surely dare to say:
let the creating spirit move over the face of matter and inspire it to
the complexity that is experience; we, who are children of that spirit,
will unravel the plan of as much of it as is within our ken, although
we cannot with our thought add an inch to the stature of experience
and can only take, never make, even what we may call our own. Let
us dare to say it. If we do not seek with all our strength we can never
hope to find the plans of all experience. And proof of some plan com-
ménsurate with our cognitive powers of reconstruction is evidence
of much more. We shall perhaps be unable to depict the whole of our
experience upon the canvas of cognition, but we do not yet know the
limits of our powers and what is beyond us can well be thought in
the fashion of our achievements. The knowledge whose ideal exceeds
itself is faith.

Many theories have been propounded regarding the nature of
experience. Many of them have been hardly more than expres-
sions of the failure of theorists to attain to a knowledge of the nature
of experience. Hspecially great has been the emphasis Jaid upon the
vast differences that separate the worlds of matter and mind. This
again was often hardly more than the admission that no success had
been won in the application to experience of the methods already
successfully applied to matter. In this work I have shown on the basis
of a special department of sensory experience that conceptions and
methods can be applied to experience that have been successfully
applied to matter. In philosophical work it seems to me that a piece
of detailed and exhaustive treatment is always of much more value
in its general significance than 1s a piece of general and superficial
treatment of wide scope. It is not my present task to develop fully
the general philosophical implications of the methods I have applied
to hearing and of the success of their application. If my work is in the
main successful, these implications will inevitably follow of themselves.
But I feel it is important to draw some measure of attention to these
things, if only to emphasise the importance for philosophy of the
results of special psychological investigations.

For instance, I think I have shown convincingly that noises (vowels)
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and tones consist of a common stuff; in other words that they are
made up of identical particles of auditory stuff, which differ only in
order and intensity. In so far then as sounds are simultaneous and
overlap, they consist strictly of the same psychical stuff. I say stuf
deliberately ; I will not use the word matter, because that is reserved
for the realm specifically known as material. But as I conceive it,
tones and noises consist of particles of auditory stuff, of particles of
experience, in just as true a sense as water consists of particles of
oxygen and hydrogen. And these again of smaller particles, and so
on. Our knowledge of experience differs no doubt from our knowledge
of matter. We may know of experience what we can never know
of matter, e.g. its qualities. We may know of experience what we
can never know directly of matter, e.g. its intensities. We may know
of experience what we can never know phenomenally of matter, elg.
the essences of its integrative unities. We know that atoms, molecules,
cells, lives, are unities; but we do not apprehend that unity essentially,
as we apprehend the unity of a thought, a concept, a feeling. And
so on. But apart from all that, it seems to me that we have as much
right to talk of psychical stuff and to treat it as a real object, having
properties we can only discover through eareful cognitive investigations,
as we have to talk of matter as we do. And from that I can see forwards
to a perfectly continuous treatment of matter and experience. We
shall perhaps not say that a thought consists of the experiences upon
which it is based ; but it certainly unifies them. And if we say a molecule
consists of its atoms, that is only a tautology in full knowledge; we
do not know what its unity is; if that unity is an essence, it is entirely
real to us, it is in no respect phenomenal to us. The only difference
between the worlds of matter and experience would therefore be, that
the world of experience is at least partly phenomenal for us, whereas
the world of matter is entirely real for us. No doubt laws may emerge
in certain relations between objects that are entirely real for us, that
never emerge amongst those objects that are partly phenomenal for us.
That should not disturb us. Probably new laws emerge at each different
level of integration. That will appear clearly as knowledge becomes
fuller. But that certain laws run throughout long chains of integrations,
seems to me highly probable. And as far as I can see, it seems probable
that our psychical integrations form chains that reach back into the
physical world.

It may seem, then, that the time has come to throw away our
preconceptions regarding the psychical world and its connexion with
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the material world that are based on previous imperfect or wrong
methods and knowledge. 1f the methods I have advocated and applied,
and their results, stand in the main—and I do not expect more,—it is
surely time that the fullest scope and opportunity were given to
psychological science, and that it were encouraged in every possible
way, instead of being ignored, or hampered by the propagation of
systems of philosophy and even of psychology that have outlived
their value and efficiency. In so far as philosophy is concerned with
experience and is in principle inductive, the progress of pure psychology
i8 vital to its development. I make no assertions regarding the other
scope and contents of philosophy. But in this country philosophy
has always included much of the science of mind or experience. It
is a plain duty laid upon those of us who are interested in mind to
maintain the excellent tradition of British philosophy in its dealings
with mind, to have a clear eye for what is a furtherance of knowledge
and for what i1s a mere pawing of the air and a wind of words. We
should hesitate at nothing, neither fearing to doubt, or to deny, nor
tiring of trying to encompass the mysterious with knowledge.
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In an investigation begun since this work was written and to be published
soon (155), I have been able té prove (1) “that the cochlea is built according
to a constant plan, of which the scale alone varies from case to case. This
gcale shows a decidedly high correlation with the size of the organism as a
whole. A change of scale will obviously alter all the dimensions recorded
except the number of whorls. But even that number, when it varies inde-
pendently, does not alter the other dimensions of the cochlea. The only
other variant thus far detected is the rate of curvature of the spiral, which
15 greater in the bigger scale organs”; and (2) “that there are two sources
of change in the length of the basilar membrane. The chief one is its own
absolute increase in length, which appears in a greater number of whorls
than usual. The other is the increase in the relative thickness of the tube
of the cochlea. There are no other internal variations in the dimensions
of the cochlea than these.”

There seems thus to be “an increased rate of curvature for absolutely
long basilar membranes (large cochleas) and a decreased rate for relatively
long ones.” 1 should favour the theory regarding the curvature of the
cochlear spiral put forward by Hurst (v. p. 148 f. above). Curvature could
hardly be, as M. Meyer suggests (151, 376), a mere matter of the *“ mechanics
of development,” e.g. a device for stowing the long cochlear tube into little
space and so devoid of all effect upon hearing.

It appears that man stands rather low among the animals in respect
of the length of his basilar membrane relatively to the dimensional scale of
the whole cochlea. Any arguments based upon the supposition that the
elementary efficiency of the hearing of man is finer or further developed than
is that of the animals would thus be rendered groundless. Gray’s photo-
graphs, besides (27), show that for delicacy and regularity of structure man’s
cochlea cannot compete with that of many animals. All that we can do
cognitively and artistically with what we hear, must be done in spite of the
roughness and restrictions of our receptory apparatus.

These new data and conclusions fit in well with the theory of hearing
developed in this book. The work of the basilar membrane can readily
be adjusted to any scale of dimensions of the cochlea as a whole without
any change of basilar length being required. At the same time it is evident
that a greater tension of elasticity would spread the same range of tones

15—2
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over a greater length of basilar membrane; or, if the elasticity remained the
same, the greater length would give a greater range of hearing. A greater
basilar length would, therefore, in either case imply greater efficiency of
hearing, as seems otherwise to be the case. z

I was unfortunately unable to obtain Dr K&hler’s third paper (156) until
the present work was passing through the press. The paper was published
in June, 1915, while it was received by the editor of the Zeitschrift fiir Psycho-
logie on 14th Nov., 1914. As the views propounded in this paper differ in
certain most important aspects radically from the general psychological
theory of Dr Kdhler’s earlier papers (42), I feel it necessary to recall that my
first paper dealing with the attributes of sound from the point of view of a
systematic treatment of all the senses (133) was published in September, 1911,
while my second, devoted solely to the systematic problems of the attributes
and integrations of sound (137) was published in May, 1914, when I sent a
copy of it to Dr Kéhler at Frankfurt a. M.

In this latest paper Kohler gives himself considerable trouble to show that
*“phenomenally pitch has not the character of a guale, but of a space point,
degree, niveau, in which a tone is” (p. 187). In view of the novelty and
importance of this view, it might seem natural that Kéhler should have taken
the trouble to refer to those of his predecessors who had expressed similar
conclusions, however distantly they resembled his own, even if he had only
glanced at the latest literature in his hands. But it is fair to Dr Kéhler to
observe that he expressly culfivates independence of thought and argument.
Thus in a note on the first page of this paper he writes: **The following
investigations are entirely independent of those published by Révész and
v. Liebermann in recent years. In order to preserve this independence I
have up till the closure of this work not yet read Révész's Grundlegung der
Tonpsychologie” (1913, 95). Then on p. 157, when actually discussing the
validity of Révész's view of pitch as quality, he points out in a footnote
that “as already emphasised, the arguments in Révész’s larger work are
still unknown to me.” Probably I ought to infer from this that, in omitting
to refer to my analysis of hearing, Kéhler does not mean to claim any priority
for his classification of pitch as an attribute, but is only working at the matter
independently, in order that there may be the greater diversity of effort
and, as a consequence, the greater gain of truth. 1 fully appreciate the
restraint and self-sacrifice involved in this method. The conclusion regarding
pitch must seem novel and striking to anyone familiar with the psychology
of the senses and with sound in particular. It certainly seemed so to me
when 1 first came upon the obvious need for it and felt the overpowering
certainty of its correctness in the autumn of 1910. It was an exciting task
to work out the implications of the change as far as they could rapidly be
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traced. I have not the.slightest doubt that Kohler feels it so too and is
busily engaged on the work. But surely the question was as irresistible to
him as to me: has anyone ever held this theory before, and, if not, why not?
After all it is a very remarkable fact that such an elementary distinction,
such a ground fact, of hearing should have been kept in hiding all this time
for us twentieth century folk to discover. Professor Kiilpe said to me in
July, 1914, when we were talking about my paper (137): “I should never
have thought that the foundations of the psychology of sound could still
have been shaken in that way.”

However it may be, I feel it right and proper to emphasise not only my
own originality and priority of method and result, but also the considerable
development I have given to the method and the wide scope I have justified
for the results; and to use Dr Kohler’s paper as a means of showing up these
merits of my labour.

The method I adopted and urged from the beginning is a systematic
consideration of the attributes and integrations of all the senses. In an
illustrative fragmentary way Kohler follows that method in his discussion
of the attributive classification to be given to pitch and (more briefly) to
the brightness and vocality of sounds. In so far as he classifies pitch with
the place-values of vision (pp. 22, 37, 119, 184 fi.)—otherwise he speaks of
it as something degree-like or niveau-like (pp. 36, 184 ff.) or, as it were,
mathematical (pp. 36, 145 f., 184 fl.)—he seconds my own result, although
he omits to make the very necessary and highly significant distinctions
required, if pitch and place-value are to be identified. The last passage
of his paper is entitled “ Objective justification of terminology”; but it
is mainly occupied with justifying his classification of pitch with the place-
values of vision. That is no justification of his terminology; the word
he constantly uses—tone-body”"—means *brightness and vocality taken
together™ (p. 3). The only justification of that strange term and its stranger
use is contained on the last two pages of his paper. The reason given is that
brightness and vocality as qualities in the narrower, stricter, sense, stand
closer to one another than does each to pitch; they are the real ‘content’
of sound. “The name ‘tone-body’ seems to me to signify somewhat the
qualitative totality of a sound phenomenon, especially as this totality, as is
well known, ‘occupies a volume,’ and in many cases is allocated to a ‘pitch’”
(p. 192). But he has nowhere explained or justified this term “ volume ™ or
what it implies. His whole paper set out to show, and shows, to his satis-
faction, that “musical pitch is not [to be] reckoned as belonging to the tone-
body™ (p. 3).

This poorly justified, and, perhaps especially, phenomenologically unjusti-
fied, habitual terminology, as well as the few references to the new interpreta-
tion of pitch in the main text (pp. 22, 36 f., 119%) besides other reasons that
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will presently appear, lead me to believe that the classification of pitch with
place-value was an after-thought of Kéhler'sl.

It is interesting to me to see that Kéhler gladly notes (p. 185] how the
Greek comparison of pitch with a moodv rather than with' a =oudy, fits our
common cause. I myself found that valuable note in Stumpfs work and
referred to it in 1911 (133, 143). There is a difference, however; for the Greeks
evidently thought of tones as quantitative, more as what Kohler has reckoned
in with tone-body than as localisational. And, although the terms ‘degree-
like” and “niveau-like’ seem at the first glance to have a more quantitative
significance than have ‘place-values,’ they are really just the same: for
a degree or a niveau is only a surface or a mark of height, whereas only the
distance or volume between two surfaces can properly be held to be a quantum.
But I do not know how seriously the inclusion of “volume™ in ‘tone-body’
is to be taken; in his lengthy paper Kéhler might have found space to explain
what he meant by that; perhaps by including ““volume, occasionally also
further aspects, which, to avoid confusion I here leave quite aside,” he meant
merely to draw his terminological net close enough for all eventualities,

That the place-value view of pitch is an after-thought is borne out by the
fact that Kohler has hardly begun to appreciase the significance of that theory.
Thus he rightly appreciates the value of the lines of classification he has
touched upon, in the following words (p. 184 £.): “One need only think of
the problems that will later on emerge for the physiological study of the
brain to recognise what importance accrues to the phenomenologically
adequate correlation of the various aspects of different sensory fields: the
inductions of the physiologists will then find support in our correlations and
grievous fallacies will be possible, if we do not properly consider phenomeno-
logical correspondences, to which the physiological must of course run
parallel.” That is a sort of principle of discovery. Three pages earlier he
had stated positively that “a bright tone iz similar to a bright optical
picture,” i.e. it is directly or phenomenologically similar, not merely indirectly
associated for any sort of subsidiary reasons. Now it is a familiar fact
that ““optical brightnesses correspond to intensities, but so-called acoustical
brightnesses correspond to frequencies” of vibration (p. 183). To get over
this psychophysical discrepancy Kéhler then proceeds to invent a speculation
about some possible chemical processes of identical nature, arising centrally
from these different peripheral excitations. But if there is anything in the
idea of parallelism at all, we may expect the parallelism to hold over the
whole journey from the periphery to the experience. That would lead us to

1 Cf. 42 (1911), 1w02: * everything that is to be said in a later paper on the concept
of pitch will, from the negative side,”” ete. So Kéhler did not, then, anticipate any
positive thesis about pitch, and, true to his anticipation, his whole third paper is built
up on & negative treatment of pitch,
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suspect the phenomenological identity of visual brightness and *so-called
acoustical brightness.”

This leads on to the general problem of phenomenology. Kéhler seems
to share the notion that phenomenology is a discipline like the laws of the
Medes and Persians. You have only to point to two amongst other objects
and in a disinterested manner to ask: aren’t these two much more like one
another, don’t they belong more obviously to one another, than does either
to any of the rest? The answer is in the affirmative, of course. And no con-
sideration from any other source can change the verdict, whether contradiction
appear or not. That is more or less the manner in which Kéhler comes to
identify pitch and place-value, brightness in sights and ““so-called brightness”
in sounds. As a result, the reader may either yield to the suggestion, or,
remembering the number of other different views about brightness and pitceh,
incline to be sceptical of the method of procedure. Why should he yield so
easily to such suggestive questions? If the things suggested are so obvious
why were they not generally admitted long ago? Probably because they are
not just a matter of this very modern phenomenclogical activity.

Unless we are to open the door of psychological study to a confusion of
arbitrary classifications and theory, we must take our phenomenology
scientifically and proceed to establish our classifications on as broad a basis
as possible. For an example of this method I may refer to my discussion of
the proper classification of pitch and volume, above, p. 23 fi.

The following are amongst the special ‘qualities’ of sound claimed by
Kéhler in this paper: all the simple vowels m, u, o, a, e, 1, the two pitch-less
sounds s and f; the rolling rr; the explosives p, t, k, etc.; and many others
only faintly indicated. The number of possible qualities seems unlimited.
The rr quality arises with a certain rapidity of beats, which are well-known
to be essentially a more or less rapid oscillation of the intensity of sound;
at slow rates in fact they are obviously so; but at faster rates we do not so
obviously hear them as fluctuations of intensity; but we do hear them as
‘err...” “I do not know,” says Kdhler (p. 93), “if there are now many
psychologists who would still consider debatable any such statement as:
the rr quality is nothing but an oscillating of heard intensity,—when it is,
as it is here, a question of description.” 1f you do hear oscillations of intensity,
they are not the substance or the basis of rr, but only accompany it, being
due to other causes than those directly responsible for rr.

Similarly (p. 109) when you listen to the cadences of speech, it is possible
to isolate in attention the changes of pitch. “But the important point is:
as soon as you succeed in hearing pitches, the phenomenal character of the
heard sentence has been radically changed, the spoken sentence has become
a sung sentence and the contrast between these two phenomenal forms is
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so great that it can hardly be easily overlooked by anyone.” Therefore
spoken speech has no pitches (p. 112).

This latter conclusion agrees with the idea of depreciating the importance
of pitch in sound that is the fundamental motive of Kéhler's work in this
paper. And it seems to make hay of older views promulgated by Helmholtz
and his successors, according to which spoken speech has a more or less
indefinite form of pitch which can be apprehended by special analytic effort
and noted roughly in musical notation. But these older views had a very
good purpose, which can still be encouraged and furthered. In fact Kohler's
work may be looked upon—apart from phenomenological considerations—
as but a more successful continuation of that earlier work. When he finds
an optimal @ or o in a pure tone of so and so many vibrations per second,
we may recognise that he is doing for vowels further service of the same
kind as Helmholtz did for both vowels and for spoken speech in fixing
their pitch wvariations in musical notation. And after his criticism of
Helmholtz’s efforts, he is surely not going to ask us to believe that pure
tones and vowels are phenomenologically identical.

Helmholtz, of course, never meant his notation examples to be sung.
The pitches indicated were intended to be approximately those of spoken
speech, according to the difference between spoken and sung pitches. How
will Kéhler represent the pitches of spoken speech? The question is, of course,
mistaken; “spoken speech has no pitches.” It consists of vowels, and con-
sonants, ete., in a peculiar stream. True: but all these vowels and con-
sonants have optimal relations to pure tones and other sounds, which can
to some extent be indicated in musical notation, as also can the approximate
nivean of the voice sounds. Then we are back on Helmholtz’s lines again.
I suppose every reader used to give these notational illustrations of the
intonation of sentences in his own or other languages the same sort of
eriticism as Koéhler gives them : I don’t sing like that, but it's funny how like
the singing is to my accent or to that of these foreigners. The problem is
to do Helmholtz’s service better than Helmholtz,

Besides if a certain tone has an optimal resemblance to a given vowel,
that vowel has an optimal resemblance to the tone, the more certainly so
since the two sets of variants are linear series. So if the vowel is devoid of
pitch, then the pitch is devoid of vocality; the resemblance must be due
to a third common element—presumably Kohler's brightness. Then if the
vowels are amongst the qualities of sounds, and pitches are not qualitative,
tones will have no quality, or merely brightness. That reminds one of the
‘colourless’ visual phenomena. But these are only popularly considered
‘colourless’ or devoid of quality. They really have quality as much as the
colour-hues do. Then pure tones will have a quality too—apart from their
brightness. But what can this quality be? It must be a quality that is
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unlike the vowel qualities that are so beautifully periodic from octave to
octave of vibratory frequencies!, like the colours of the colour figure, one
quality passing gradually over into another. Then this tone quality cannot
fall into one system with the vowel qualities. And what of the rr quality
and the explosive qualities and all the other innumerable noise qualities?
Do they form a system like the colour figure, or are there just a host of them?
Or is brightness really the quality that is common to them all?

In fact Kohler does assert a view like this last. Brightness and vocality
are to be taken together as qualities; that is a change upon his earlier view
which regarded vocality as the only kind of quality These two “appear in
a relation of most intimate penetration” (p. 191). But where has voeality
gone to in pure tone? Oris it not absent there (as I argue), but really there in
full form, the only difference being that tone has a pitch whereas the ordinary
vowel has not? Then we need some knowledge of the conditions under
which pitch appears. This really does become a rather mysterious problem
for Kéhler. He speaks vaguely of some special peripheral simplicity in the
conditions underlying pitch (pp. 102 f., 180). To say the least, Koéhler's
views bristle with difficulties.

Incidentally Kéhler makes a notable remark about Jaensch’s work. The
s given by the Galton whistle, which causes a periodic vibratory process, can
be made more lifelike, Kihler finds, *“if one sounds on two Galton whistles
simultaneously two tones of this region that lie far enough apart not to give
any distinct beats.”” *‘In similar manner one can more or less increase the
speech likeness of all simple tones.” “This is how all the experiments
lately published by Jaensch are to be interpreted.” In my opinion it is
rather the other way about. The work that Koéhler has recently published
on vowels is better interpreted according to the indications of Jaensch’s work.
Vowels are {partial) sounds of a somewhat indefinite pitch, which lies about
the point of the range of pure tones of definite pitch where the greatest resem-
blance to these vowels is to be found. Thus phenomenological resemblances
and physical connexions are brought into parallel.

With Jaensch’s leading then we can begin to understand the phenomeno-
logical difference and connexion between vowels and tones. Indefiniteness
of pitch is a category that will include many progressively variant forms,
and yet remind us that indefiniteness can be attained in a multitude of ways
which may be characteristic of the vowel sounds produced by cats, dogs,
monkeys and men. A study after this method may teach us in the end that

1 The new values reported found in this paperare: vowel i—16 x 2613 vbe, 4 62 vbs;
sound or consonant s—32 x 2644 vbs, 4 ca. 200 vbs; sound or consonant f—oca. 64 x 260,
Compare Table 1, p. 43, above., The sound ¢, as in German ick, is believed to lie in the

octave higher,
16—5
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vowel sounds and the like are not to be classed with the gualities of other
senses, but with their forms, surfaces, textures; and that we must look else-
where for the qualities or quality of sound.

It is a familiar fact that these forms have often been called qualities—figure-qualities.
They were obviously figures, but in order to express their unitv and individuality they
were also ealled qualities. Some experiences, such as these of Kohler, may for the same
reasons make claim to the name of quality and also, but less obviously so, be figures or
forms. And yet it be wrong to call either set qualities. The proof of their nature as
‘forms’ depends on broad theory such as I have advoeated in this volume.

Of course Kohler'’s brisk and vivid phenomenology may see differently.
What 1 want to urge is a broad, contemplative, judicial, scientific, pheno-
menology. In fact, I do not see that there is anything specially to be gained
by speaking of phenomenology. As I have said above (p. 23) even phenomena
are to all intents and purposes realities when we come to study them scien-
tifically. We have to look around so carefully and deliberately and trace
connexions amongst the phenomena as if they were more than phenomena.
Whereas, the word phenomenology suggests that a reliable study of pheno-
mena can be made without their being considered as realities and without
concern for their relations to realities. The word psychology in the sense
of pure psychology seems to me to cover the whole field of inquiry sufficiently,
whether it be phenomenal or real. It certainly does not suggest such flights
of descriptive and classificatory fancy as does the other term, but a more
cautious and critical spirit.

Kohler suggests various changes in the point of view from which we
approach the problems of sound. These are quite clever and suggestive in
many ways. But in various cases it is not clear that any important alteration
in the ‘traditional’ attitude or knowledge has been efiected. Nor do the
hypotheses suggested by the change go beyond the vaguest indications.
A discussion of them would hardly be profitable.

The main purport of Kohler's paper is to prove that most forms of sound
are devoid of pitch, or rather, as he so often more particularly says, of
“musical pitch.” In the theory developed in this book these two things
are by no means synonymous, and to some extent it is certainly true that
everyone has been distinctly aware that many of the forms of sound mentioned
by Kohler had no “musical pitch.” One has to be careful in reflecting on
Kéhler's argument not to suppose that in all cases he has proved these forms
of sound to be devoid of pitch, simply.

Thus very high tones lose their ‘musical pitch’ long before they could
reasonably be supposed to lose their pitch. I should rather incline to the
view that they first lose their volume, in the sense that it gets so small as
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to be no longer efficient as a standard by which the relative musical place
of the tone is determined. Very high tones are as pointed and mathematical
as one could desire. The difference between the vowel ¢ and the consonant
s, a8 K6hler expounds them, is that hetween tone with pitch (but not neces-
sarily ‘musical pitch’) and noise (whether the latter has any sort of pitch
or not); or i my own terminology the difference between regular balanced
sound volume and irregular sound volume of very small extent.

Some doubt arises with the problem of the criterion of the optimal form
of a vowel in relation to pure tones. Kohler himself points out (p. 31 £)
“that a decided vowel or consonant is really very seldom exactly the same
in character as one of the optimal points” * Especially amongst men—
who have produced the most of the vowels examined—a pure ¢ is hardly
ever heard, but strictly always a sound midway between i and e,” ete. And
the ear is so easily fatigued, that the i-character quickly changes towards
the e-character.

I suppose Kohler would reply that the progressive change from one quality
to another, from a to e, and then from e to i, as from red to yellow, is obvious
to anyone who has a phenomenological ear, and that the validity of the point
he selects for # or e purity, is greatly inereased by this serial nature of qualita-
tive changes. Only, we must not forget, the serial nature must be first
definitely established with all the rigour of incognitive methods as generally
valid. Even then, however, the series would not decide as to the qualitative
classification. There are many series of visual geometrical forms that are
not qualitative; e.g. squares within squares, where the angle of one rests on
the middle point of a side of another, efc.

As regards the hearing of Dr v. Liebermann, which shows an abnormal
displacement of pitch over against the volume of tone (v. above p. 50 £,
Kéhler's demonstration that v. Liebermann hears vowels and selects the
optimal frequencies for them very much as persons with normal hearing do,
must be kept in relation with the fact that v. Liebermann hears intense and
well sustained tones and chords in the normal way as regards pitch, and
that as the subject is very deaf Kohler had to * present the tones relatively
loud to the ear” (p. 12).

Kéhler’s observations on a very unmusical subject (p. 53 ff.) are of much
interest. He shows that that subject probably hears no pitches, as he does not
understand the term and the adjectives ‘high’ and ‘low” applied to them. That
seems to me a natural consequence of the absence of pitch, which alone would
give the idea of a definite series moving, as *brightness’ increases, or volume
decreases, towards one side progressively, which side is then called ‘high’
by associative connexions. For the unmusical person the series of change is
exhausted by degrees of brightness or dullness. He hears no moving to one
side, though it is still possible that he might be brought to hear it. Tt must
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be there in some rough form. On the other hand he would probably never
attain to an appreciation of interval, because his volumic proportions are
always rough and irregular. And yet Kéhler has not proved that the absence
of pitch is without influence upon the tone-body; its ‘absence’ merely does
not disable & man from distinguishing vowels and noises; these, however,
are probably in any case rough or irregular ‘tone-bodies, and while there
is only one perfection, there may be many serviceable approximations to it.
It is not certain that a very unmusical person hears vowels, ete., exactly
as we others do, although he can operate correctly with them.

I have already suggested that the absence-argument cuts two ways. If
pitch is absent in the unmusical person, vocality is absent for the musical
person when he is listening to music. It is not phenomenologically there.
So, if the traditional pitch qualities gradually vanish as we pass from the
normal to the abnormally unmusical person, then none the less the new
Kohler vowel qualities must gradually vanish as we pass from the musical
person’s vowels to the musical person’s musical tones. If the old way is
so wrong, can Kohler's way be so right? I think Kobler’s arguments show
that both are equally wrong.

Kohler's work on absolute ear does not yet prove, I think, more than was
already known as fact regarding the process. If a change of tone-colour
puts to confusion most persons who profess some degree of absolute ear, this
is not therefore necessarily a matter of “tone-body.” For if the pitch seems to
be eliminated by the permanence of the fundamental in spite of change of
timbre, so might one think that ‘tone-body’ is eliminated, because the tone-
body of the fundamental remains unaltered. (Kdéhler would not argue thus,
but another might well do so.) And if it is argued that the peculiar complex
tone-body characteristic of a tone rich in partials is the basis of the recogni-
tions of the lesser absolute ears, it must be emphasised that one might just
as well argue that the peculiar group of partial pitches of the tone is the
basis sought. For in the pure tone this group is removed.

At this point Kéhler has two lines of objection. The first is that the com-
plication of tone-body in compound sounds—clangs and chords—is of a special
kind. He does not give any account of this that is clear enough to reproduce,
But for his account see pp. 59 f., 150 ff., 166 fi.

The second objection is that “of the pitch effects which the components
of a chord would each produce in isolation, only one is at any one time
realised in the unanalysed chord” (p. 155). That sentence reads like a
tautology : when a chord is unanalysed, when only one pitch is heard, then
only one pitch is heard. But from the context Kdhler obviously means:
only one pitch can be heard at one and the same moment, no matter what
effort is made or how musical or practised the observer is. That I do not
believe, though T readily grant that it is much easier to attend to the pitches
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successively. I explained that above (p. 102 f.) by pointing out that the pitch
series is an ordinal system in which the attention moves from point to point.
But although in vision it is much easier to attend to points in the visual field
successively, no one doubts that one can attend to several points at once and
see them at one and the same moment without movement of the attention.

In this connexion Kéhler actually states “that for each person there are
only as'many pitches as he can produce by voice, and that all high and very
low tones that the singing voice would not reach, in so far ‘borrow’ their
pitch from the field of possible singing tones as necessarily an automatic
“sliding of the pitch’ over octaves and into the singing range takes place, as
soon as the objective tones exceed the limits of that range” (p. 158). This
view reminds one of the curious notions that only recently held their
place with great tenacity in psychological literature; such as, that smaller
differences than quarter tones were not distinguishable because they could
not be sung, and that no tone beyond the voice range could be imaged by
the mind’s ear. The idea is not only manifestly absurd to anyone who
has for a moment considered the phenomenology of pitches, but is utterly
irreconcilable with all Kéhler's speculations regarding pitch. On the other
hand it is clear on my theory that such an opinion could be formed only
because musical matters are largely independent of the brightness or volume
level at which music is played. Relative proportions of musical volume are
so very important. Absolute degrees of volume are, of course, also important ;
but we can very often abstract from them entirely and some people may do
so almost always, unless the difference is forced upon their attention by rapid
comparison or by wverbal instruction.

Kéhler's work on absolute ear then, does not prove that absolute ear rests
less on pitch than on volume or wice versa. We do not get with his help
bevond the fact that in its lesser degrees it is very dependent upon pitch-
blend or timbre.

As conelusion and summary I think I may say that apart from the classi-
fication of pitch with the place-values of vision, Dr Kéhler's paper does not
carry us any further theoretically than we were before. Of course, as 1 have
shown above, pitches are not place-values; they are ordinal, which is a very
areat difference, of great significance, not only for the theory of the senses,
but as a ground for the permanent failure of the phenomenological identi-
fication of the essence of pitch and localisational values until—apart from
the indications I have referred to throughout the preceding chapters,—the
identity of the substratum of localisational values and pitches was discovered
by my systematic search amongst the attributes of sound for the attributes
prominent in most senses and my comparative study oif the integrational
forms apparent in the different senses (v. 133).
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