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Preface

IN PREPARING the following abridgment of my larger work,
the Principles of Psychology, my chief aim has been to make
it more directly available for class-room use. For this purpose
I have omitted several whole chapters and rewritten others. I
have left out all the polemical and historical matter, all the
metaphysical discussions and purely speculative passages,
most of the quotations, all the book-references, and (I trust)
all the impertinences, of the larger work, leaving to the
teacher the choice of orally restoring as much of this material
as may seem to him good, along with his own remarks on the
topics successively studied. Knowing how ignorant the aver-
age student is of physiology, I have added brief chapters on
the various senses. In this shorter work the general point of
view, which I have adopted as that of ‘natural science,” has, I
imagine, gained in clearness by its extrication from so much
critical matter and its more simple and dogmatic statement.
About two fifths of the volume is either new or rewritten, the
rest 1s ‘scissors and paste.’ I regret to have been unable to
supply chapters on pleasure and pain, @sthetics, and the moral
sense. Possibly the defect may be made up in a later edition, if
such a thing should ever be demanded.

I cannot forbear taking advantage of this preface to make a
statement about the composition of the Principles of Psychology.
My critics in the main have been so indulgent that I must
cordially thank them; but they have been unanimous in one
reproach, namely, that my order of chapters is planless and
unnatural; and in one charitable excuse for this, namely, that
the work, being largely a collection of review-articles, could
not be expected to show as much system as a treatise cast in a
single mould. Both the reproach and the excuse misappre-
hend the facts of the case. The order of composition is doubt-
less unshapely, or it would not be found so by so many. But
planless it is not, for I deliberately followed what seemed to
me a good pedagogic order, in proceeding from the more
concrete mental aspects with which we are best acquainted to
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4 PSYCHOLOGY: BRIEFER COURSE

the so-called elements which we naturally come to know later
by way of abstraction. The opposite order, of ‘building-up’
the mind out of its ‘units of composition,” has the merit of
expository elegance, and gives a neatly subdivided table of
contents; but it often purchases these advantages at the cost
of reality and truth. I admit that my ‘analytic’ order was stum-
blingly carried out; but this again was in consequence of what
I thought were pedagogic necessities. On the whole, in SpltC
of my critics, I venture still to think that the ‘unsystematic’
form charged upon the book is more apparent than profound,
and that we really gain a more living understanding of the
mind by keeping our attention as long as possible upon our
entire conscious states as they are concretely given to us, than
by the post-mortem study of their comminuted ‘elements.’ This
last 1s the study of artificial abstractions, not of natural
things.!

But whether the critics are right, or I am, on this first
point, the critics are wrong about the relation of the
magazine-articles to the book. With a single exception all the
chapters were written for the book; and then by an after-
thought some of them were sent to magazines, because the
completion of the whole work seemed so distant. My lack of
capacity has doubtless been great, but the charge of not hav-
ing taken the utmost pains, according to my lights, in the
composition of the volumes, cannot justly be laid at my door.

'In the present volume I have given so much extension to the details of
‘Sensation’ that I have obeyed custom and put that subject first, although by
no means persuaded that such order intrinsically is the best. I feel now (when
it is too late for the change to be made) that the chapters on the Production
of Motion, on Instinct, and on Emotion ought, for purposes of teaching, to
follow immediately upon that on Habit, and that the chapter on Reasoning
ought to come in very early, perhaps immediately after that upon the Self. I
advise teachers to adopt this modified order, in spite of the fact that with the
change of place of ‘Reasoning’ there ought properly to go a slight amount of
re-writing.
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CHAPTER 1

INTRODUCTORY

he definition of Psychology may be best given in the

words of Professor Ladd, as the description and explana-
tion of states of consciousness as such. By states of consciousness
are meant such things as sensations, desires, emotions, cogni-
tions, reasonings, decisions, volitions, and the like. Their ‘ex-
planation’ must of course include the study of their causes,
conditions, and immediate consequences, so far as these can
be ascertained.

Psychology is to be treated as a natural science in this
book. This requires a word of commentary. Most thinkers
have a faith that at bottom there is but one Science of all
things, and that until all 1s known, no one thing can be com-
pletely known. Such a science, if realized, would be Philoso-
phy. Meanwhile it is far from being realized; and instead of it,
we have a lot of beginnings of knowledge made in different
places, and kept separate from each other merely for practical
convenience’ sake, until with later growth they may run into
one body of Truth. These provisional beginnings of learning
we call ‘the Sciences’ in the plural. In order not to be un-
wieldy, every such science has to stick to its own arbitrarily-
selected problems, and to ignore all others. Every science thus
accepts certain data unquestioningly, leaving it to the other
parts of Philosophy to scrutinize their significance and truth.
All the natural sciences, for example, in spite of the fact that
farther reflection leads to Idealism, assume that a world of
matter exists altogether independently of the perceiving mind.
Mechanical Science assumes this matter to have ‘mass’ and to
exert ‘force,” defining these terms merely phenomenally, and
not troubling itself about certain unintelligibilities which they
present on nearer reflection. Motion similarly is assumed by
mechanical science to exist independently of the mind, in
spite of the difficulties involved in the assumption. So Physics
assumes atoms, action at a distance, etc., uncritically; Chemis-
try uncritically adopts all the data of Physics; and Physiology
adopts those of Chemistry. Psychology as a natural science
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12 PSYCHOLOGY: BRIEFER COURSE

deals with things in the same partial and provisional way. In
addition to the ‘material world’ with all its determinations,
which the other sciences of nature assume, she assumes addi-
tional data peculiarly her own, and leaves it to more devel-
oped parts of Philosophy to test their ulterior significance and
truth. These data are—

1. Thoughts and feelings, or whatever other names transitory
states of consciousness may be known by.

2. Knowledge, by these states of consciousness, of other
facts. These things may be material objects and events, or
other states of mind. The material objects may be either near
or distant in time and space, and the states of mind may be
those of other people, or of the thinker himself at some other
time.

How one thing can know another is the problem of what is
called the Theory of Knowledge. How such a thing as a ‘state
of mind’ can be at all is the problem of what has been called
Rational, as distinguished from Empirical, Psychology. The
full truth about states of mind cannot be known until both
Theory of Knowledge and Rational Psychology have said
their say. Meanwhile an immense amount of provisional truth
about them can be got together, which will work in with the
larger truth and be interpreted by it when the proper time
arrives. Such a provisional body of propositions about states
of mind, and about the cognitions which they enjoy, is what I
mean by Psychology considered as a natural science. On any
ulterior theory of matter, mind, and knowledge, the facts and
laws of Psychology thus understood will have their value. If
critics find that this natural-science point of view cuts things
too arbitrarily short, they must not blame the book which
confines itself to that point of view; rather must they go on
themselves to complete it by their deeper thought. Incom-
plete statements are often practically necessary. To go beyond
the usual ‘scientific’ assumptions in the present case, would
require, not a volume, but a shelfful of volumes, and by the
present author such a shelfful could not be written at all.

Let it also be added that the human mind is all that can
be touched upon in this book. Although the mental life of
lower creatures has been examined into of late years with
some success, we have no space for its consideration here, and
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can only allude to its manifestations incidentally when they
throw light upon our own.

Mental facts cannot be properly studied apart from the
physical environment of which they take cognizance. The
great fault of the older rational psychology was to set up the
soul as an absolute spiritual being with certain faculties of its
own by which the several activities of remembering, imag-
ining, reasoning, willing, etc., were explained, almost without
reference to the peculiarities of the world with which these
activities deal. But the richer insight of modern days perceives
that our inner faculties are adapted in advance to the features
of the world in which we dwell, adapted, I mean, so as to
secure our safety and prosperity in its midst. Not only are
our capacities for forming new habits, for remembering se-
quences, and for abstracting general properties from things
and associating their usual consequences with them, exactly
the faculties needed for steering us in this world of mixed
variety and uniformity, but our emotions and instincts are
adapted to very special features of that world. In the main, if a
phenomenon is important for our welfare, it interests and ex-
cites us the first time we come into its presence. Dangerous
things fill us with involuntary fear; poisonous things with dis-
taste; indispensable things with appetite. Mind and world in
short have been evolved together, and in consequence are
something of a mutual fit. The special interactions between
the outer order and the order of consciousness, by which this
harmony, such as it is, may in the course of time have come
about, have been made the subject of many evolutionary spec-
ulations, which, though they cannot so far be said to-be con-
clusive, have at least refreshed and enriched the whole subject,
and brought all sorts of new questions to the light.

The chief result of all this more modern view is the gradu-
ally growing conviction that mental life is primarily teleo-
logical; that is to say, that our various ways of feeling and
thinking have grown to be what they are because of their
utility in shaping our reactions on the outer world. On the
whole, few recent formulas have done more service in psy-
chology than the Spencerian one that the essence of mental
life and bodily life are one, namely, ‘the adjustment of inner
to outer relations.” The adjustment is to immediately present
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objects in lower animals and in infants. It is to objects more
and more remote in time and space, and inferred by means of
more and more complex and exact processes of reasoning,
when the grade of mental development grows more advanced.

Primarily then, and fundamentally, the mental life is for
the sake of action of a preservative sort. Secondarily and in-
cidentally it does many other things, and may even, when
ill ‘adapted,” lead to its possessor’s destruction. Psychology,
taken in the widest way, ought to study every sort of mental
activity, the useless and harmful sorts as well as that which is
‘adapted.’ But the study of the harmful in mental life has been
made the subject of a special branch called ‘Psychiatry’—the
science of insanity—and the study of the useless i1s made over
to ‘Zsthetics.” Esthetics and Psychiatry will receive no special
notice in this book.

All mental states (no matter what their character as re-
gards utility may be) are followed by bodily activity of some
sort. They lead to inconspicuous changes in breathing, cir-
culation, general muscular tension, and glandular or other
visceral activity, even if they do not lead to conspicuous
movements of the muscles of voluntary life. Not only certain
particular states of mind, then (such as those called volitions,
for example), but states of mind as such, all states of mind,
even mere thoughts and feelings, are motor in their conse-
quences. This will be made manifest in detail as our study
advances. Meanwhile let it be set down as one of the funda-
mental facts of the science with which we are engaged.

It was said above that the ‘conditions’ of states of con-
sciousness must be studied. The immediate condition of a
state of consciousness is an activity of some sort in the
cerebral hemispheres. This proposition is supported by so
many pathological facts, and laid by physiologists at the base
of so many of their reasonings, that to the medically educated
mind it seems almost axiomatic. It would be hard, however,
to give any short and peremptory proof of the unconditional
dependence of mental action upon neural change. That a gen-
eral and usual amount of dependence exists cannot possibly
be ignored. One has only to consider how quickly conscious-
ness may be (so far as we know) abolished by a blow on the
head, by rapid loss of blood, by an epileptic discharge, by a
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full dose of alcohol, opium, ether, or nitrous oxide—or how
easily it may be altered in quality by a smaller dose of any of
these agents or of others, or by a fever,—to see how at the
mercy of bodily happenings our spirit 1s. A little stoppage of
the gall-duct, a swallow of cathartic medicine, a cup of strong
coffee at the proper moment, will entirely overturn for the
time a man’s views of life. Our moods and resolutions are
more determined by the condition of our circulation than by
our logical grounds. Whether a man shall be a hero or a cow-
ard is a matter of his temporary ‘nerves.’ In many kinds of
insanity, though by no means in all, distinct alterations of the
brain-tissue have been found. Destruction of certain definite
portions of the cerebral hemispheres involves losses of mem-
ory and of acquired motor faculty of quite determinate sorts,
to which we shall revert again under the title of aphasias. Tak-
ing all such facts together, the simple and radical conception
dawns upon the mind that mental action may be uniformly
and absolutely a function of brain-action, varying as the latter
varies, and being to the brain-action as effect to cause.

This conception is the ‘working hypothesis’ which un-
derlies all the ‘physiological psychology’ of recent years,
and it will be the working hypothesis of this book. Taken thus
absolutcly, it may possibly be too sweeping a statement of
what in reality is only a partial truth. But the only way to
make sure of its unsatisfactoriness is to apply it seriously to
every possible case that can turn up. To work an hypothesis
‘for all it is worth’ is the real, and often the only, way to prove
its insufficiency. I shall therefore assume without scruple at
the outset that the uniform correlation of brain-states with
mind-states is a law of nature. The interpretation of the law in
detail will best show where its facilities and where its difficul-
ties lie. To some readers such an assumption will seem like the
most unjustifiable 2 priors materialism. In one sense it doubt-
less 1s materialism: it puts the Higher at the mercy of the
Lower. But although we affirm that the coming to pass of
thought is a consequence of mechanical laws,—for, according
to another ‘working hypothesis,” that namely of physwlogy,
the laws of brain-action are at bottom mechanical laws,—we
do not in the least explain the nature of thought by afﬁrmmg
this dependence, and in that latter sense our proposition is
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not materialism. The authors who most unconditionally af-
firm the dependence of our thoughts on our brain to be a fact
are often the loudest to insist that the fact is inexplicable, and
that the intimate essence of consciousness can never be ratio-
nally accounted for by any material cause. It will doubtless
take several generations of psychologists to test the hypothesis
of dependence with anything like minuteness. The books
which postulate it will be to some extent on conjectural
ground. But the student will remember that the Sciences con-
stantly have to take these risks, and habitually advance by zig-
zagging from one absolute formula to another which corrects
it by going too far the other way. At present Psychology is on
the materialistic tack, and ought in the interests of ultimate
success to be allowed full headway even by those who are
certain she will never fetch the port without putting down the
helm once more. The only thing that is perfectly certain is
that when taken up into the total body of Philosophy, the
formulas of Psychology will appear with a very different
meaning from that which they suggest so long as they are
studied from the point of view of an abstract and truncated
‘natural science,” however practically necessary and indispens-
able their study from such a provisional point of view may be.

The Divisions of Psychology.—So far as possible, then,
we are to study states of consciousness in correlation with
their probable neural conditions. Now the nervous system is
well understood to-day to be nothing but a machine for re-
ceiving impressions and discharging reactions preservative to
the individual and his kind—so much of physiology the
reader will surely know. Anatomically, therefore, the nervous
system falls into three main divisions, comprising—

1) The fibres which carry currents in;
2) The organs of central redirection of them; and
3) The fibres which carry them out.

Functionally, we have sensation, central reflection, and mo-
tion, to correspond to these anatomical divisions. In Psychol-
ogy we may divide our work according to a simular scheme,
and treat successively of three fundamental conscious pro-
cesses and their conditions. The first will be Sensation; the
second will be Cerebration or Intellection; the third will be
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the Tendency to Action. Much vagueness results from this di-
vision, but it has practical conveniences for such a book as
this, and they may be allowed to prevail over whatever objec-
tions may be urged.



CHAPTER 1II

SENSATION IN GENERAL

ncoming nerve-currents are the only agents which nor-
mally affect the brain. The human nerve-centres are sur-

rounded by many dense wrappings of which the effect is to
protect them from the direct action of the forces of the outer
world. The hair, the thick skin of the scalp, the skull, and two
membranes at least, one of them a tough one, surround the
brain; and this organ moreover, like the spinal cord, 1s bathed
by a serous fluid in which it floats suspended. Under these
circumstances the only things that can happen to the brain are:

1) The dullest and feeblest mechanical jars;

2) Changes in the quantity and quality of the blood-
supply; and

3) Currents running in through the so-called afferent or
centripetal nerves.

The mechanical jars are usually ineffective; the effects of the
blood-changes are usually transient; the nerve-currents, on the
contrary, produce consequences of the most vital sort, both at
the moment of their arrival, and later, through the invisible
paths of escape which they plough in the substance of the
organ and which, as we believe, remain as more or less per-
manent features of its structure, modifying its action through-
out all future time.

Each afferent nerve comes from a determinate part of
the periphery and is played upon and excited to its inward
activity by a particular force of the outer world. Usually it
is insensible to other forces: thus the optic nerves are not im-
pressible by air-waves, nor those of the skin by light-waves.
The lingual nerve is not excited by aromatic effluvia, the audi-
tory nerve 1s unaffected by heat. Each selects from the vibra-
tions of the outer world some one rate to which it responds
exclusively. The result is that our sensations form a discon-
tinuous series, broken by enormous gaps. There is no reason
to suppose that the order of vibrations in the outer world is
anything like as interrupted as the order of our sensations.
Between the quickest audible air-waves (40,000 vibrations a
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second at the outside) and the slowest sensible heat-waves
(which number probably billions), Nature must somewhere
have realized innumerable intermediary rates which we have
no nerves for perceiving. The process in the nerve-fibres
themselves is very likely the same, or much the same, in all the
different nerves. It is the so-called ‘current’; but the current is
started by one order of outer vibrations in the retina, and in
the ear, for example, by another. This is due to the different
terminal organs with which the several afferent nerves are
armed. Just as we arm ourselves with a spoon to pick up soup,
and with a fork to pick up meat, so our nerve-fibres arm
themselves with one sort of end-apparatus to pick up air-
waves, with another to pick up ether-waves. The terminal ap-
paratus always consists of modified epithelial cells with which
the fibre is continuous. The fibre itself is not directly excitable
by the outer agent which impresses the terminal organ. The
optic fibres are unmoved by the direct rays of the sun; a cuta-
neous nerve-trunk may be touched with ice without feeling
cold.! The fibres are mere transmitters; the terminal organs
are so many imperfect telephones into which the material
world speaks, and each of which takes up but a portion of
what it says; the brain-cells at the fibres’ central end are as
many others at which the mind listens to the far-off call.
The ‘Specific Energies’ of the Various Parts of the
Brain.—To a certain extent anatomists have traced definitely
the paths which the sensory nerve-fibres follow after their en-
trance into the centres, as far as their termination in the gray
matter of the cerebral convolutions.? It will be shown on a
later page that the consciousness which accompanies the ex-
citement of this gray matter varies from one portion of it to
another. It 1s consciousness of things seen, when the occipital
lobes, and of things heard, when the upper part of the tem-

'The subject may feel pain, however, in this experiment; and it must be
admitted that nerve-fibres of every description, terminal organs as well, are to
some degree excitable by mechanical violence and by the electric current.

*Thus the optic nerve-fibres are traced to the occipital lobes, the olfactory
tracts go to the lower part of the temporal lobe (hippocampal convolution),
the auditory nerve-fibres pass first to the cerebellum, and probably from
thence to the upper part of the temporal lobe. These anatomical terms used
in this chapter will be explained later. The cortex is the gray surface of the
convolutions.
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poral lobes, share in the excitement. Each region of the cere-
bral cortex responds to the stimulation which its afferent
fibres bring to it, in a manner with which a peculiar quality of
feeling seems invariably correlated. This 1s what has been
called the law of ‘specific energies’ in the nervous system. Of
course we are without even a conjectural explanation of the
ground of such a law. Psychologists (as Lewes, Wundt,
Rosenthal, Goldscheider, etc.) have debated a good deal as to
whether the specific quality of the feeling depends solely on
the place stimulated in the cortex, or on the sort of curvent
which the nerve pours in. Doubtless the sort of outer force
habitually impinging on the end-organ gradually modifies the
end-organ, the sort of commotion received from the end-
organ modifies the fibre, and the sort of current a so-modified
fibre pours into the cortical centre modifies the centre. The
modification of the centre in turn (though no man can guess
how or why) seems to modify the resultant consciousness.
But these adaptive modifications must be excessively slow;
and as matters actually stand in any adult individual, it is safe
to say that, more than anything else, the place excited in his
cortex decides what kind of thing he shall feel. Whether we
press the retina, or prick, cut, pinch, or galvanize the living
optic nerve, the Subject always feels flashes of light, since the
ultimate result of our operations is to stimulate the cortex of
his occipital region. Our habitual ways of feeling outer things
thus depend on which convolutions happen to be connected
with the particular end-organs which those things impress.
We see the sunshine and the fire, simply because the only pe-
ripheral end-organ susceptible of taking up the ether-waves
which these objects radiate excites those particular fibres
which run to the centres of sight. If we could interchange the
inward connections, we should feel the world in altogether
new ways. If, for instance, we could splice the outer extremity
of our optic nerves to our ears, and that of our auditory
nerves to our eyes, we should hear the lightning and see the
thunder, see the symphony and hear the conductor’s move-
ments. Such hypotheses as these form a good training for
neophytes in the idealistic philosophy!

Sensation distinguished from Perception.—It is impos-
sible rigorously to define a sensation; and in the actual life of
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consciousness sensations, popularly so called, and perceptions
merge into each other by insensible degrees. All we can say is
that what we mean by sensations are FIRST things in the way of
consciousness. They are the smmediate results upon conscious-
ness of nerve-currents as they enter the brain, and before they
have awakened any suggestions or associations with past
experience. But it is obvious that such immediate sensations can
only be realized in the earliest days of life. They are all but im-
possible to adults with memories and stores of associations
acquired. Prior to all impressions on sense-organs, the brain is
plunged in deep sleep and consciousness is practically non-
existent. Even the first weeks after birth are passed in almost
unbroken sleep by human infants. It takes a strong message
from the sense-organs to break this slumber. In a new-born
brain this gives rise to an absolutely pure sensation. But the
experience leaves its ‘unimaginable touch’ on the matter of the
convolutions, and the next impression which a sense-organ
transmits produces a cerebral reaction in which the awakened
vestige of the last impression plays its part. Another sort of
feeling and a higher grade of cognition are the consequence.
‘Ideas’ about the object mingle with the awareness of its mere
sensible presence, we name it, class it, compare it, utter prop-
ositions concerning it, and the complication of the possible
consciousness which an incoming current may arouse, goes
on increasing to the end of life. In general, this higher con-
sciousness about things is called Perception, the mere inartic-
ulate feeling of their presence 1s Sensation, so far as we have
it at all. To some degree we seem able to lapse into this in-
articulate feeling at moments when our attention 1s- entirely
dispersed.

Sensations are cognitive. A sensation is thus an abstrac-
tion seldom realized by itself; and the object which a sensa-
tion knows 1s an abstract object which cannot exist alone.
Sensible qualities’ ave the objects of sensation. The sensations of
the eye are aware of the colors of things, those of the ear are
acquainted with their sounds; those of the skin feel their tan-
gible heaviness, sharpness, warmth or coldness, etc., etc. From all
the organs of the body currents may come which reveal to us
the quality of pain, and to a certain extent that of pleasure.

Such qualities as stickiness, roughness, etc., are supposed to
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be felt through the codperation of muscular sensations with
those of the skin. The geometrical qualities of things, on the
other hand, their shapes, bignesses, distances, etc. (so far as we
discriminate and identify them), are by most psychologists
supposed to be impossible without the evocation of memories
from the past; and the cognition of these attributes is thus
considered to exceed the power of sensation pure and simple.

‘Knowledge of Acquaintance’ and ‘Knowledge-about.’
— Sensation, thus considered, differs from perception only in
the extreme simplicity of its object or content. Its object, be-
ing a simple quality, 1s sensibly homogeneouns, and its function
is that of mere acquaintance with this homogeneous seeming
fact. Perception’s function, on the other hand, is that of
knowing something about the fact. But we must know what
and which fact we mean, all the while, and the various whats
and whiches are what sensations give. Our earliest thoughts are
almost exclusively sensational. They give us a set of whats, or
thats, or its; of subjects of discourse in other words, with their
relations not yet brought out. The first time we see light, in
Condillac’s phrase we are it rather than see it. But all our later
optical knowledge 1s about what this experience gives. And
though we were struck blind from that first moment, our
scholarship in the subject would lack no essential feature so
long as our memory remained. In training-institutions for the
blind they teach the pupils as much about light as in ordinary
schools. Reflection, refraction, the spectrum, the ether-theory,
etc., are all studied. But the best taught born-blind pupil of
such an establishment yet lacks a knowledge which the least
instructed seeing baby has. They can never show him what
light is in its ‘first intention’; and the loss of that sensible
knowledge no book-learning can replace. All this is so obvi-
ous that we usually find sensation ‘postulated’ as an element
of experience, even by those philosophers who are least in-
clined to make much of its importance, or to pay respect to
the knowledge which it brings.

Sensations distinguished from Images.—Both sensation
and perception, for all their difference, are yet alike in that
their objects appear vivid, lively, and present. Objects merely
thought of, recollected, or imagined, on the contrary, are rela-
tively faint and devoid of this pungency, or tang, this quality
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of real presence which the objects of sensation possess. Now
the cortical brain-processes to which sensations are attached
are due to incoming currents from the periphery of the
body—an external object must excite the eye, ear, etc., before
the sensation comes. Those cortical processes, on the other
hand, to which mere ideas or images are attached are due in
all probability to currents from other convolutions. It would
seem, then, that the currents from the periphery normally
awaken a kind of brain-activity which the currents from other
convolutions are inadequate to arouse. To this sort of ac-
tivity—a profounder degree of disintegration, perhaps—the
quality of vividness, presence, or reality in the object of the
resultant consciousness seems correlated.

The Exteriority of Objects of Sensation.—Every thing
or quality felt is felt in outer space. It 1s impossible to con-
ceive a brightness or a color otherwise than as extended and
outside of the mind. Sounds also appear in space. Contacts
are against the body’s surface; and pains always occupy some
organ. An opinion which has had much currency in psychol-
ogy 1s that sensible qualities are first apprehended as in the
mind stself, and then ‘projected’ from it, or ‘extradited,” by a
secondary intellectual or super-sensational mental act. There is
no ground whatever for this opinion. The only facts which
even seem to make for it can be much better explained in
another way, as we shall see later on. The very first sensation
which an infant gets s for him the outer universe. And the
universe which he comes to know in later life 1s nothing but
an amplification of that first simple germ which, by accretion
on the one hand and intussusception on the other, has grown
so big and complex and articulate that its first estate is unre-
memberable. In his dumb awakening to the consciousness of
something there, a mere this as yet (or something for which
even the term t/s would perhaps be too discriminative, and
the intellectual acknowledgment of which would be better
expressed by the bare interjection ‘lo!’), the infant encounters
an object in which (though it be given in a pure sensation)
all the ‘categories of the understanding’ are contained. It has
externality, objectivity, unity, substantiality, causality, in the full
sense in which any later object or system of objects has these things.
Here the young knower meets and greets his world; and the
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miracle of knowledge bursts forth, as Voltaire says, as much in
the infant’s lowest sensation as in the highest achievement of
a Newton’s brain.

The physiological condition of this first sensible experience
is probably many nerve-currents coming in from various
peripheral organs at once; but this multitude of organic con-
ditions does not prevent the consciousness from being one
consciousness. We shall see as we go on that it can be one
consciousness, even though it be due to the codperation of
numerous organs and be a consciousness of many things to-
gether. The Object which the numerous inpouring currents of
the baby bring to his consciousness is one big blooming buzz-
ing Confusion. That Confusion is the baby’s universe; and
the universe of all of us is still to a great extent such a Confu-
sion, potentially resolvable, and demanding to be resolved,
but not yet actually resolved, into parts. It appears from first
to last as a space-occupying thing. So far as it is unanalyzed
and unresolved we may be said to know it sensationally; but
as fast as parts are distinguished in it and we become aware of
their relations, our knowledge becomes perceptual or even
conceptual, and as such need not concern us in the present
chapter.

The Intensity of Sensations.— A light may be so weak as
not sensibly to dispel the darkness, a sound so low as not to
be heard, a contact so faint that we fail to notice it. In other
words, a certain finite amount of the outward stimulus is re-
quired to produce any sensation of its presence at all. This is
called by Fechner the law of the threshold—something must
be stepped over before the object can gain entrance to the
mind. An impression just above the threshold is called the
minimum visibile, andibile, etc. From this point onwards, as
the impressing force increases, the sensation increases also,
though at a slower rate, until at least an acme of the sensation
is reached which no increase in the stimulus can make sensibly
more great. Usually, before the acme, pain begins to mix with
the specific character of the sensation. This is definitely ob-
servable in the cases of great pressure, intense heat, cold,
light, and sound; and in those of smell and taste less definitely
so only from the fact that we can less easily increase the force
of the stimuli here. On the other hand, all sensations, how-
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ever unpleasant when more intense, are rather agreeable than
otherwise in their very lowest degrees. A faintly bitter taste,
or putrid smell, may at least be interesting.

Weber’s Law.—1 said that the intensity of the sensation
increases by slower steps than those by which its exciting
cause increases. If there were no threshold, and if every equal
increment in the outer stimulus produced an equal increment
in the sensation’s intensity, a simple straight line would repre-
sent graphically the ‘curve’ of the relation between the two
things. Let the horizontal line stand for the scale of intensities
of the objective stimulus, so that at o it has no intensity, at 1
intensity 1, and so forth. Let the verticals dropped from the
slanting line stand for the sensations aroused. At o there will
be no sensation; at 1 there will be a sensation represented by
the length of the vertical $*—1, at 2 the sensation will be
represented by $2—2, and so on. The line of §’s will rise
evenly because by the hypothesis the verticals (or sensations)
increase at the same rate as the horizontals (or stimuli) to
which they severally correspond. But in Nature, as aforesaid,
they increase at a slower rate. If each step forwards in the
horizontal direction be equal to the last, then each step up-
wards in the vertical direction will have to be somewhat
shorter than the last; the line of sensations will be convex on
top instead of straight.

Fig. 2 represents this actual state of things, o being the
zero-point of the stimulus, and conscious sensation, repre-
sented by the curved line, not beginning until the ‘threshold’
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FiG. 2.

1s reached, at which the stimulus has the value 3. From here
onwards the sensation increases, but it increases less at each
step, until at last, the ‘acme’ being reached, the sensation-line
grows flat. The exact law of retardation is called Weber’s law,
from the fact that he first observed it in the case of weights. I
will quote Wundt’s account of the law and of the facts on
which 1t is based.

“Everyone knows that in the stilly night we hear things unnoticed
in the noise of day. The gentle ticking of the clock, the air circulating
through the chimney, the cracking of the chairs in the room, and a
thousand other slight noises, impress themselves upon our ear. It is
equally well known that in the confused hubbub of the streets, or the
clamor of a railway, we may lose not only what our neighbor says to
us, but even not hear the sound of our own voice. The stars which
are brightest at night are invisible by day; and although we see the
moon then, she is far paler than at night. Everyone who has had to
deal with weights knows that if to a pound in the hand a second
pound be added, the difference is immediately felt; whilst if it be
added to a hundredweight, we are not aware of the difference at
all. . ..

“The sound of the clock, the light of the stars, the pressure of the
pound, these are all stzmuli to our senses, and stimuli whose outward
amount remains the same. What then do these experiences teach?
Evidently nothing but this, that one and the same stimulus, accord-
ing to the circumstances under which it operates, will be felt either
more or less intensely, or not felt at all. Of what sort now is the
alteration in the circumstances upon which this alteration in the
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feeling may depend? On considering the matter closely we see that it
is everywhere of one and the same kind. The tick of the clock is a
feeble stimulus for our auditory nerve, which we hear plainly when it
is alone, but not when it is added to the strong stimulus of the
carriage-wheels and other noises of the day. The light of the stars is a
stimulus to the eye. But if the stimulation which this light exerts be
added to the strong stimulus of daylight, we feel nothing of it, al-
though we feel it distinctly when it unites itself with the feebler stim-
ulation of the twilight. The poundweight is a stimulus to our skin,
which we feel when it joins itself to a preceding stimulus of equal
strength, but which vanishes when it is combined with a stimulus a
thousand times greater in amount.

“We may therefore lay it down as a general rule that a stimulus, in
order to be felt, may be so much the smaller if the already preéxisting
stimulation of the organ is small, but must be so much the larger,
the greater the preéxisting stimulation is. . . . The simplest relation
would obviously be that the sensation should increase in identically
the same ratio as the stimulus. . . . But if this simplest of all rela-
tions prevailed, . . . the light of the stars, e.g., ought to make as
great an addition to the daylight as it does to the darkness of the
nocturnal sky, and this we know to be not the case. . . . So it is
clear that the strength of the sensations does not increase in propor-
tion to the amount of the stimuli, but more slowly. And now comes
the question, in what proportion does the increase of the sensation
grow less as the increase of the stimulus grows greater? To answer
this question, every-day experiences do not suffice. We need exact
measurements, both of the amounts of the various stimuli, and of
the intensity of the sensations themselves.

“How to execute these measurements, however, is something
which daily experience suggests. To measure the strength of sensa-
tions 1s, as we saw, impossible; we can only measure the difference of
sensations. Experience showed us what very unequal differences of
sensation might come from equal differences of outward stimulus.
But all these experiences expressed themselves in one kind of fact,
that the same difference of stimulus could in one case be felt, and in
another case not felt at all—a pound felt if added to another pound,
but not if added to a hundredweight. . . . We can quickest reach a
result with our observations if we start with an arbitrary strength of
stimulus, notice what sensation it gives us, and then see how much we
can increase the stimulus without making the sensation seem to change. If
we carry out such observations with stimuli of varying absolute
amounts, we shall be forced to choose in an equally varying way the
amounts of addition to the stimulus which are capable of giving us a
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just barely perceptible feeling of more. A light to be just perceptible
in the twilight need not be near as bright as the starlight; it must be
far brighter to be just perceived during the day. If now we institute
such observations for all possible strengths of the various stimuli,
and note for each strength the amount of addition of the latter re-
quired to produce a barely perceptible alteration of sensation, we
shall have a series of figures in which is immediately expressed the
law according to which the sensation alters when the stimulation is
increased. . . .”

Observations according to this method are particularly easy
to make in the spheres of light, sound, and pressure. Begin-
ning with the latter case,

“We find a surprisingly simple result. The barely sensible addition to
the original weight must stand exactly in the same proportion to it, be the
same fraction of it, no matter what the absolute value may be of the
weights on which the experiment is made. . . . As the average of a
number of experiments, this fraction is found to be about V3; that is,
no matter what pressure there may already be made upon the skin,
an increase or a diminution of the pressure will be felt, as soon as the
added or subtracted weight amounts to one third of the weight orig-
inally there.”

Wundt then describes how differences may be observed in
the muscular feelings, in the feelings of heat, in those of light,
and in those of sound; and he concludes thus:

“So we have found that all the senses whose stimuli we are en-
abled to measure accurately, obey a uniform law. However various
may be their several delicacies of discrimination, t/4s holds true of all,
that the increase of the stimulus necessary to produce an increase of the
sensation bears a constant ratio to the total stimulus. The figures which
express this ratio in the several senses may be shown thus in tabular
form:

Sensation of light . . . . Yoo
Muscular sensation A 2 ¥
Feeling of pressure,

" " warmth, } Y8

" " sound,

“These figures are far from giving as accurate a measure as might
be desired. But at least they are fit to convey a general notion of the
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relative discriminative susceptibility of the different senses. . . . The
1mportant law which gives in so 51mplc a form the relatlon of the
sensation to the stimulus that calls it forth was first discovered by the
physiologist Ernst Heinrich Weber to obtain in special cases.”?

Fechner’s Law.—Another way of expressing Weber’s law
is to say that to get equal positive additions to the sensation,
one must make equal relative additions to the stimulus. Pro-
fessor Fechner of Leipzig founded upon Weber’s law a theory
of the numerical measurement of sensations, over which
much metaphysical discussion has raged. Each just perceptible
addition to the sensation, as we gradually let the stimulus
increase, was supposed by him to be a #nit of sensation, and
all these units were treated by him as equal, in spite of the
fact that equally perceptible increments need by no means
appear equally by when they once are perceived. The
many pounds which form the just perceptible addition to a
hundredweight feel bigger when added than the few ounces
which form the just perceptible addition to a pound. Fechner
ignored this fact. He considered that if » distinct perceptible
steps of increase might be passed through in gradually in-
creasing a stimulus from the threshold-value till the intensity s
was felt, then the sensation of s was composed of # units,
which were of the same value all along the line.* Sensations
once represented by numbers, psychology may become, ac-
cording to Fechner, an ‘exact’ science, susceptible of mathe-
matical treatment. His general formula for getting at the
number of units in any sensation is § = C log R, where §
stands for the sensation, R for the stimulus numerically esti-
mated, and C for a constant that must be separately deter-
mined. by experiment in each particular order of sensibility.
The sensation is proportional to the logarithm of the stimu-
lus; and the absolute values, in units, of any series of sensa-
tions might be got from the ordinates of the curve in Fig. 2, if

3Vorlesungen diber die Menschen- und Thierseele, Lecture VII.

*In other words, S standing for the sensation in general, and A for its
noticeable increment, we have the equation AS = const. The increment of
stimulus which produces AS (call it AR) meanwhile varies. Fechner calls it the
‘differential threshold’; and as its relative value to R is always the same, we
have the equation 4%k = const.
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it were a correctly drawn logarithmic curve, with the thresh-
olds rightly plotted out from experiments.

Fechner’s psycho-physic formula, as he called it, has been
attacked on every hand; and as absolutely nothing practical
has come of it, it need receive no farther notice here. The
main outcome of his book has been to stir up experimental
investigation into the validity of Weber’s law (which concerns
itself merely with the just perceptible increase, and says noth-
ing about the measurement of the sensation as a whole) and
to promote discussion of statistical methods. Weber’s law, as
will appear when we take the senses, seriatim, is only approx-
imately verified. The discussion of statistical methods is neces-
sitated by the extraordinary fluctuations of our sensibility
from one moment to the next. It is found, namely, when the
difference of two sensations approaches the limit of discern-
ibility, that at one moment we discern it and at the next we
do not. Our incessant accidental inner alterations make it im-
possible to tell just what the least discernible increment of the
sensation is without taking the average of a large number of
appreciations. These accidental errors are as likely to increase as
to diminish our sensibility, and are eliminated in such an av-
erage, for those above and those below the line then neutral-
ize each other in the sum, and the normal sensibility, if there
be one (that is, the sensibility due to constant causes as distin-
guished from these accidental ones), stands revealed. The
methods of getting the average all have their difficulties and
their snares, and controversy over them has become very sub-
tle indeed. As an instance of how laborious some of the statis-
tical methods are, and how patient German investigators can
be, I may say that Fechner himself, in testing Weber’s law for
weights by the so-called ‘method of true and false cases,’ tab-
ulated and computed no less than 24,576 separate judgments.

Sensations are not compounds. The fundamental objec-
tion to Fechner’s whole attempt seems to be this, that al-
though the outer causes of our sensations may have many
parts, every distinguishable degree, as well as every distin-
guishable quality, of the sensation itself appears to be a unique
fact of consciousness. Each sensation is a complete integer. “A
strong one,” as Dr. Miinsterberg says, “is not the multiple of
a weak one, or a compound of many weak ones, but rather
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something entirely new, and as it were incomparable, so that
to seek a measurable difference between strong and weak so-
norous, luminous, or thermic sensations would seem at first
sight as senseless as to try to compute mathematically the dif-
ference between salt and sour, or between headache and
toothache. It is clear that if in the stronger sensation of light
the weaker sensation 1s not contained, it 1s unpsychologlcal to
say that the former differs from the latter by a certain zncre-
ment.” Surely our feeling of scarlet is not a feeling of pink
with a lot more pink added; it is something quite other than
pink. Similarly with our sensation of an electric arc-light: it
does not contain that of many smoky taliow candles in itself.
Every sensation presents itself as an indivisible unit; and it is
quite impossible to read any clear meaning into the notion
that they are masses of units combined.

There 1s no inconsistency between this statement and the
fact that, starting with a weak sensation and increasing it, we
feel ‘more,” ‘more,” ‘more,” as the increase goes on. It is not
more of the same stuff added, so to speak; but it is more and
more difference, more and more distance, which we feel be-
tween the sensation we start from and the one we compare
with it, each being a unit. In the chapter on Discrimination
we shall see that Difference can be perceived between simple
things. We shall see, too, that diffevences themselves differ—
there are various divections of difference; and along any one of
them a series of things may be arranged so as to increase
steadily in that direction. In any such series the end differs
more from the beginning than the middle does. Differences
of ‘intensity’ form one such direction of possible increase—so
our judgments of more intensity can be expressed without the
hypothesis that more units have been added to a growing
sum.

The so-called ‘Law of Relativity’—Weber’s law seems
only one case of the still wider law that the more we have to
attend to the less capable we are of noticing any one detail.
The law 1s obvious where the things differ in kind. How eas-
ily do we forget a bodily discomfort when conversation waxes
hot; how little do we notice the noises in the room so long as

SBeitriige zur expervimentellen Psychologie, Heft 3, p. 3.
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our work absorbs us! Ad plura intentus minus est ad singula
sensus, as the old proverb says. One might now add that the
homogeneity of what we have to attend to does not alter the
result; but that a mind with two strong sensations of the same
sort already before it is incapacitated by their amount from
noticing the detail of a difference between them which it
would immediately be struck by, were the sensations them-
selves weaker and consequently endowed with less distracting
power.

This particular idea may be taken for what it is worth.¢
Meanwhile 1t 1s an undoubted general fact that the psychical
effect of incoming currents does depend on what other cur-
rents may be simultaneously pouring in. Not only the percep-
tibility of the object which the current brings before the mind,
but the guality of it, is changed by the other currents. “Simul-
taneous’ sensations modify each other” is a brief expresswn
for this law. “We feel all things in relation to each other”
Wundt’s vaguer formula for this general ‘law of rclativity,’
which in one shape or other has had vogue since Hobbes’s
time in psychology. Much mystery has been made of it, but
although we are of course ignorant of the more intimate pro-
cesses involved, there seems no ground to doubt that they are
physiological, and come from the interference of one current
with another. A current interfered with might naturally give
rise to a modified sensation.

Examples of the modification in question are easy to find.®
Notes make each other sweeter 1n a chord, and so do colors
when harmoniously combined. A certain amount of skin
dipped in hot water gives the perception of a certain heat.
More skin immersed makes the heat much more intense, al-
though of course the water’s heat is the same. Similarly there
is a chromatic minimum of size in objects. The image they cast

I borrow it from Zichen: Leitfaden der physiologischen Psychologie, 1891,
p- 36, who quotes Hering’s version of it.

7Successive ones also; but I consider simultaneous ones only, for sim-
plicity’s sake.

8The extreme case is where green light and red, 4., falling simultaneously
on the retina, give a sensation of yellow. But I abstract from this because it is
not certain that the incoming currents here affect different fibres of the optic
nerve.
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on the retina must needs excite a sufficient number of fibres,
or it will give no sensation of color at all. Weber observed that
a thaler laid on the skin of the forehead feels heavier when
cold than when warm. Urbantschitsch has found that all our
sense-organs influence each other’s sensations. The hue of
patches of color so distant as not to be recognized was imme-
diately, in his patients, perceived when a tuning-fork was
sounded close to the ear. Letters too far off to be read could
be read when the tuning-fork was heard, etc., etc. The most
familiar examples of this sort of thing seem to be the increase
of pain by noise or light, and the increase of nausea by all
concomitant sensations.

Effects of Contrast.—The best-known examples of the
way in which one nerve-current modifies another are the phe-
nomena of what is known as ‘simultaneous color-contrast.’
Take a number of sheets of brightly and differently colored
papers, lay on each of them a bit of one and the same kind of
gray paper, then cover each sheet with some transparent
white paper, which softens the look of both the gray paper
and the colored ground. The gray patch will appear in each
case tinged by the color complementary to the ground; and so
different will the several pieces appear that no observer, be-
fore raising the transparent paper, will believe them all cut out
of the same gray. Helmholtz has interpreted these results as
being due to a false application of an inveterate habit—that,
namely, of making allowance for the color of the medium
through which things are seen. The same t/inyg, in the blue
light of a clear sky, in the reddish-yellow light of a candle, in
the dark brown light of a polished mahogany table which may
reflect its image, is always judged of its own proper color,
which the mind adds out of its own knowledge to the appear-
ance, thereby correcting the falsifying medium. In the cases of
the papers, according to Helmholtz, the mind believes the
color of the ground, subdued by the transparent paper, to be
faintly spread over the gray patch. But a patch to look gray
through such a colored film would have really to &e of the
complementary color to the film. Therefore it s of the com-
plementary color, we think, and proceed to see it of that color.

This theory has been shown to be untenable by Hering.
The discussion of the facts i1s too minute for recapitulation
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here, but suffice it to say that it proves the phenomenon to be
physiological—a case of the way in which, when sensory
nerve-currents run in together, the effect of each on con-
sciousness 1s different from that which it would be if they ran
in separately.

Successive contrast’ differs from simultaneous contrast and is
supposed to be due to fatigue. The facts will be noticed under
the head of ‘after-images,’ in the section on Vision. It must be
borne in mind, however, that after-images from previous sen-
sations may coexist with present sensations, and the two may
modify each other just as coexisting sensational processes do.

Other senses than sight show phenomena of contrast, but
they are much less obvious, so I will not notice them here. We
can now pass to a very brief survey of the various senses in
detail.



CHAPTER III

SIGHT

he Eye’s Structure is described in all the books on anat-

omy. I will only mention the few points which concern
the psychologist.! It is a flattish sphere formed by a tough
white membrane (the sclerotic), which encloses a nervous sur-
face and certain refracting media (lens and ‘humors’) which
cast a picture of the outer world thereon. It is in fact a little
camera obscura, the essential part of which is the sensitive
plate.

'The student can easily verify the coarser features of the eye’s anatomy
upon a bullock’s eye, which any butcher will furnish. Clean it first from fat
and muscles and study its shape, etc., and then (following Golding Bird’s
method) make an incision with a pointed scalpel into the sclerotic half an
inch from the edge of the cornea, so that the black choroid membrane comes
into view. Next with one blade of a pair of scissors inserted into this aperture,
cut through sclerotic, choroid, and retina (avoid wounding the membrane of
the vitreous body!) all round the eyeball parallel to the cornea’s edge.

The eyeball i1s thus divided into two parts, the anterior one containing the
iris, lens, vitreous body, etc., whilst the posterior one contains most of the
retina. The two parts can be separated by immersing the eyeball in water,
cornea downwards, and simply pulling off the portion to which the optic
nerve is attached. Floating this detached posterior cap in water, the delicate
retina will be seen spread out over the choroid (which is partly iridescent in
the ox tribe); and by turning the cup inside out, and working under water
with a camel’s-hair brush, the vessels and nerves of the eyeball may be de-
tected.

The anterior part of the eyeball can then be attacked. Seize with forceps on
each side the edge of the sclerotic and choroid (not including “the retina),
raise the eye with the forceps thus applied and shake it gently till the vitreous
body, lens, capsule, ligament, etc., drop out by their weight, and separate
from the iris, ciliary processes, cornea, and sclerotic, which remains in the
forceps. Examine these latter parts, and get a view of the ciliary muscle which
appears as a white line, when with camel’s-hair brush and scalpel the choroid
membrane is detached from the sclerotic as far forwards as it will go. Turning
to the parts that cling to the vitreous body observe the clear ring around the
lens, and radiating outside of it the marks made by the ciliary processes be-
fore they were torn away from its suspensory ligament. A fine capillary tube
may now be used to insufflate the clear ring, just below the letter p in Fig. 3,
and thus to reveal the suspensory ligament itself.

All these parts can be seen in section in a frozen eye or one hardened in
alcohol.

35
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Fi1G. 3.

The retina is what corresponds to this plate. The optic
nerve pierces the sclerotic shell and spreads its fibres radially
in every direction over its inside, forming a thin translucent
film (see Fig. 3, Ret.). The fibres pass into a complicated ap-
paratus of cells, granules, and branches (Fig. 4), and finally
end in the so-called rods and cones (Fig. 4,—9), which are
the specific organs for taking up the influence of the waves
of light. Strange to say, these end-organs are not pointed
forwards towards the light as it streams through the pupil,
but backwards towards the sclerotic membrane itself, so that
the light-waves traverse the translucent nerve-fibres, and the
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cellular and granular layers of the retina, before they touch
the rods and cones themselves. (See Fig. s.)

The Blind Spot.—The optic nerve-fibres must thus be un-
impressible by light directly. The place where the nerve enters
is in fact entirely blind, because nothing but fibres exist there,
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F1G. 5.—Scheme of retinal fibres, after Kiiss. Nop,
optic nerve; S, sclerotic; Ch, choroid; R, retina; P,
papilla (blind spot); F, fovea.

the other layers of the retina only beginning round about
the entrance. Nothing is easier than to prove the existence of
this blind spot. Close the right eye and look steadily with
the left at the cross in Fig. 6, holding the book vertically in
front of the face, and moving it to and fro. It will be found
that at about a foot off the black disk disappears; but when
the page 1s nearer or farther, it is seen. During the experiment
the gaze must be kept fixed on the cross. It is easy to show by
measurement that this blind spot lies where the optic nerve
enters.

The Fovea.—Outside of the blind spot the sensibility of
the retina varies. It is greatest at the fovea, a little pit lying

F1G. 6.
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outwardly from the entrance of the optic nerve, and round
which the radiating nerve-fibres bend without passing over it.
The other layers also disappear at the fovea, leaving the cones
alone to represent the retina there. The sensibility of the ret-
ina grows progressively less towards its periphery, by means
of which neither colors, shapes, nor number of impressions
can be well discriminated.

In the normal use of our two eyes, the eyeballs are rotated
so as to cause the two images of any object which catches the
attention to fall on the two fovez, as the spots of acutest
vision. This happens involuntarily, as anyone may observe. In
fact, it is almost impossible #zot to ‘turn the eyes,’ the moment
any peripherally lying object does catch our attention, the
turning of the eyes being only another name for such rotation
of the eyeballs as will bring the fovexz under the object’s
image. -

Accommodation.—The focussing or sharpening of the im-
age 1s performed by a special apparatus. In every camera, the
farther the object is from the eye the farther forwards, and the
nearer the object is to the eye the farther backwards, is its
image thrown. In photographers’ cameras the back is made to
slide, and can be drawn away from the lens when the object
that casts the picture is near, and pushed forwards when it is
far. The picture is thus kept always sharp. But no such change
of length 1s possible in the eyeball; and the same result is
reached in another way. The lens, namely, grows more convex
when a near object is looked at, and flatter when the object
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recedes. This change is due to the antagonism of the circular
‘ligament’ in which the lens is suspended, and the ‘ciliary
muscle.” The ligament, when the ciliary muscle is at rest, as-
sumes such a spread-out shape as to keep the lens rather flat.
But the lens is highly elastic; and it springs into the more
convex form which is natural to it whenever the ciliary mus-
cle, by contracting, causes the ligament to relax its pressure.
The contraction of the muscle, by thus rendering the lens
more refractive, adapts the eye for near objects (‘accommo-
dates’ it for them, as we say); and its relaxation, by rendering
the lens less refractive, adapts the eye for distant vision. Ac-
commodation for the near is thus the more active change,
since it involves contraction of the ciliary muscle. When we
look far off, we simply let our eyes go passive. We feel this
difference in the effort when we compare the two sensations
of change.

Convergence accompanies accommodation. The two
eyes act as one organ; that is, when an object catches the
attention, both eyeballs turn so that its images may fall on the
fovez. When the object is near, this naturally requires them to
turn inwards, or converge; and as accommodation then also
occurs, the two movements of convergence and accommoda-
tion form a naturally associated couple, of which it is difficult
to execute either singly. Contraction of the pupil also accom-
panies the accommodative act. When we come to stereoscopic
vision, it will appear that by much practice one can learn to
converge with relaxed accommodation, and to accommodate
with parallel axes of vision. These are accomplishments which
the student of psychological optics will find most useful.

Single Vision by the two Retin®.— We hear single with
two ears, and smell single with two nostrils, and we also see
single with two eyes. The difference is that we also can see
double under certain conditions, whereas under no conditions
can we hear or smell double. The main conditions of single
vision can be simply expressed.

In the first place, impressions on the two fovex always
appear in the same place. By no artifice can they be made to
appear alongside of each other. The result is that one object,
casting its images on the fovexz of the two converging eye-
balls will necessarily always appear as what 1t is, namely,
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one object. Furthermore, if the eyeballs, instead of converg-
ing, are kept parallel, and two similar objects, one in front
of each, cast their respective images on the fovez, the two
will also appear as one, or (in common parlance) ‘their images
will fuse.” To verify this, let the reader stare fixedly before
him as if through the paper at infinite distance, with the
black spots in Fig. 8 in front of his respective eyes. He will
then see the two black spots swim together, as it were, and
combine into one, which appears situated between their
original two positions and as if opposite the root of his
nose. This combined spot is the result of the spots opposite
both eyes being seen in the same place. But in addition to the
combined spot, each eye sees also the spot opposite the other
eye. To the right eye this appears to the left of the combined
spot, to the left eye it appears to the right of it; so that
what is seen is three spots, of which the middle one is seen by
both eyes, and 1s flanked by two others, each seen by one.
That such are the facts can be tested by interposing some
small opaque object so as to cut off the vision of either
of the spots in the figure from the other eye. A vertical parti-
tion in the median plane, going from the paper to the nose,
will effectually confine each eye’s vision to the spot in front
of it, and then the single combined spot will be all that
appears.?

If, instead of two 1dentical spots, we use two different fig-
ures, or two differently colored spots, as objects for the two
fovez to look at, they still are seen in the same place; but since

2This vertical partition is introduced into stereoscopes, which otherwise
would give us three pictures instead of one.
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they cannot appear as a single object, they appear there alter-
nately displacing each other from the view. This is the phe-
nomenon called retinal rivalry.

As regards the parts of the retinz round about the fovez, a
similar correspondence obtains. Any impression on the upper
half of either retina makes us see an object as below, on the
lower half as above, the horizon; and on the right half of
either retina, an impression makes us see an object to the left,
on the left half one to the right, of the median line. Thus each
quadrant of one retina corresponds as a whole to the geomet-
rically szmilar quadrant of the other; and within two similar
quadrants, a4/ and ar for example, there should, if the corre-
spondence were carried out in detail, be geometrically similar
points which, if impressed at the same time by light emtted
from the same object, should cause that object to appear in
the same direction to either eye. Experiment verifies this sur-
mise. If we look at the starry vault with parallel eyes, the stars
all seem single; and the laws of perspective show that under
the circumstances the parallel light-rays coming from each star
must impinge on points within either retina which are geo-
metrically similar to each other. Similarly, a pair of spectacles
held an inch or so from the eyes seem like one large median
glass. Or we may make an experiment like that with the spots.
If we take two exactly similar pictures, no larger than those
on an ordinary stereoscopic slide, and if we look at one with
each eye (a median partition confining the view) we shall see
but one flat picture, all of whose parts appear single. ‘Identical
retinal points’ being impressed, both eyes see their object in
the same direction, and the two objects consequently coalesce
into one.
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Here again retinal rivalry occurs if the pictures differ. And
it must be noted that when the experiment is performed for
the first time the combined picture is always far from sharp.
This is due to the difficulty mentioned on p. 39, of accommo-
dating for anything as near as the surface of the paper, whilst
at the same time the convergence is relaxed so that each eye
sees the picture in front of itself. -

Double Images.—Now it is an immediate consequence of
the law of identical location of images falling on geometrically
similar points that zmages which fall upon geometrically DIS-
PARATE points of the two retine should be seen 1n DISPARATE
divections, and that thewr objects should consequently appear in
TWO places, or LOOK DOUBLE. Take the parallel rays from a
star falling upon two eyes which converge upon a near object,
O, instead of being parallel as in the previously instanced case.
The two fovex will receive the images of O, which therefore
will look single. If then SL and SR in Fig. 10 be the parallel
rays, each of them will fall upon the nasal half of the retina
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which it strikes. But the two nasal halves are disparate, geo-
metrically symmetrical, not geometrically simular. The star’s
image on the left eye will therefore appear as if lying to the
left of O; its image on the right eye will appear to the right of
this point. The star will, in short, be seen double—‘homony-
mously’ double.

Conversely, if the star be looked at directly with parallel
axes, any near object like O will be seen double, because its
images will affect the outer or cheek halves of the two retinz,
instead of one outer and one nasal half. The position of the
images will here be reversed from that of the previous case.
The right eye’s image will now appear to the left, the left eye’s
to the right; the double images will be ‘heteronymous.’

The same reasoning and the same result ought to apply
where the object’s place with respect to the direction of the
two optic axes is such as to make its images fall not on non-
similar retinal halves, but on non-similar parts of similar
halves. Here, of course, the positions seen will be less widely
disparate than in the other case, and the double images will
appear to lie less widely apart.

Careful experiments made by many observers according to
the so-called haploscopic method confirm this law, and show
that corresponding points, of single visual direction, exist upon the
two retine. For the detail of these one must consult the spe-
cial treatises.

Vision of Solidity.—This description of binocular vision
follows what is called the theory of identical points. On the
whole it formulates the facts correctly. The only odd thing is
that we should be so little troubled by the innumerable dou-
ble images which objects nearer and farther than the point
looked at must be constantly producing. The answer to this 1s
that we have trained ourselves to habits of inattention in regard
to double images. So far as things interest us we turn our
fovez upon them, and they are necessarily seen single; so that
if an object impresses disparate points, that may be taken as
proof that it is so unimportant for us that we needn’t notice
whether it appears in one place or in two. By long practice
one may acquire great expertness in detecting double images,
though, as someone says, it is an art which is not to be
learned completely either in one year or in two.
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Where the disparity of the images 1s but slight it 1s almost
impossible to see them as if double. They give rather the per-
ception of a solid object being there. To fix our ideas, take
Fig. 11. Suppose we look at the dots in the middle of the lines
a and & just as we looked at the spots in Fig. 8. We shall get
the same result—1i.e., they will coalesce in the median line.
But the entire lines will not coalesce, for, owing to their incli-
nation, their tops fall on the temporal, and their bottoms on
the nasal, retinal halves. What we see will be two lines crossed
in the middle, thus (Fig. 12):

F1G. 12. F1G. 13. F1G. 14.

The moment we attend to the tops of these lines, however,
our fovex tend to abandon the dots and to move upwards,
and 1n doing so, to converge somewhat, following the lines,
which then appear coalescing at the top as in Fig. 13.

If we think of the bottom, the eyes descend and diverge,
and what we see 1s Fig. 14.

Running our eyes up and down the lines makes them con-
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verge and diverge just as they would were they running up
and down some single line whose top was nearer to us than
its bottom. Now, if the inclination of the lines be moderate,
we may not see them double at all, but single throughout
their length, when we look at the dots. Under these condi-
tions their top does look nearer than their bottom—in other
words, we see them stereoscopically; and we see them so even
when our eyes are rigorously motionless. In other words, the
slight disparity in the bottom-ends which would draw the
fovex divergently apart makes us see those ends farther, the
slight disparity in the top ends which wonld draw them con-
vergently together makes us see these ends nearer, than the
point at which we look. The disparities, in short, affect our
perception as the actual movements would.?

The Perception of Distance.— When we look about us at
things, our eyes are incessantly moving, converging, diverg-
ing, accommodating, relaxing, and sweeping over the field.
The field appears extended in three dimensions, with some of
its parts more distant and some more near.

“With one eye our perception of distance is very imperfect, as
illustrated by the common trick of holding a ring suspended by a
string in front of a person’s face, and telling him to shut one eye and
pass a rod from one side through the ring. If a penholder be held
erect before one eye, while the other is closed, and an attempt be
made to touch it with a finger moved across towards it, an error will
nearly always be made. . . . In such cases we get the only clue from
the amount of effort needed to ‘accommodate’ the eye to see the
object distinctly. When we use both eyes our perception of distance
is much better; when we look at an object with two eyes the visual
axes are converged on it, and the nearer the object the greater the
convergence. We have a pretty accurate knowledge of the degree of
muscular effort required to converge the eyes on all tolerably near
points. When objects are farther off, their apparent size, and the
modifications their retinal images experience by aérial perspective,

3The simplest form of stereoscope is two tin tubes about one and one-half
inches calibre, dead black inside and (for normal eyes) ten inches long. Close
each end with paper not too opaque, on which an inch-long thick black line
is drawn. The tubes can be looked through, one by each eye, and held either
parallel or with their farther ends converging. When properly rotated, their
images will show every variety of fusion and non-fusion, and stereoscopic
effect.



SIGHT 47

come in to help. The relative distance of objects is easiest determined
by moving the eyes; all stationary objects then appear displaced in
the opposite direction (as for example when we look out of the win-
dow of a railway car) and those nearest most rapidly; from the dif-
ferent apparent rates of movement we can tell which are farther and
which nearer.”*

Subjectively considered, distance 1s an altogether peculiar
content of consciousness. Convcrgencc accommodation, bin-
ocular disparity, size, degree of brightness, parallax, etc., all
give us special feelings which are signs of the distance feeling,
but not it. They simply suggest it to us. The best way to get it
strongly is to go upon some hill-top and invert one’s head.
The horizon then looks very distant, and draws near as the
head erects itself again.

The Perception of Size.—“The dimensions of the retinal
image determine primarily the sensations on which conclu-
sions as to size are based; and the larger the visual angle the
larger the retinal image: since the visual angle depends on the
distance of an object the correct perception of size depends
largely upon a correct perception of distance; having formed a
judgment, conscious or unconscious, as to that we conclude
as to size from the extent of the retinal region affected. Most
people have been surprised now and then to find that what
appeared a large bird in the clouds was only a small insect
close to the eye; the large apparent size being due to the pre-
vious incorrect judgment as to the distance of the object. The
presence of an object of tolerably well-known height, as a
man, also assists in forming conceptions (by comparison) as
to size; artists for this purpose frequently introduce human
figures to assist in giving an idea of the size of other objects
represented.”®

Sensations of Color.—The system of colors is a very
complex thing. If one take any color, say green, one can pass
away from it in more than one dlrectlon through a series of
greens more and more yellowish, let us say, towards yellow,
or through another series more and more bluish towards
blue. The result would be that if we seek to plot out on paper
the various distinguishable tints, the arrangement cannot be

*H. Newell Martin: The Human Body, p. s30.
SIbid., p. s31.
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that of a line, but has to cover a surface. With the tints ar-
ranged on a surface we can pass from any one of them to any
other by various lines of gradually changing intermediaries.
Such an arrangement is represented in Fig. 15. It 1s a merely
classificatory diagram based on degrees of difference simply
felt, and has no physical significance. Black is a color, but
does not figure on the plane of the diagram. We cannot place
it anywhere alongside of the other colors because we need
both to represent the straight gradation from untinted white
to black, and that from each pure color towards black
as well as towards white. The best way is to put black into
the third dimension, beneath the paper, 4., as is shown
perspectively in Fig. 16, then all the transitions can be sche-
matically shown. One can pass straight from black to white,
or one can pass round by way of olive, green, and pale
green; or one can change from dark blue to yellow through
green, or by way of sky-blue, white and straw color; etc., etc.
In any case the changes are continuous; and the color
system thus forms what Wundt calls a tri-dimensional con-
tinuum.

Color-mixture.— Physiologically considered, the colors
have this peculiarity, that many pairs of them, when they im-
press the retina together, produce the sensation of white. The
colors which do this are called complementaries. Such are spec-
tral red and green-blue, spectral yellow and indigo-blue.
Green and purple, again, are complementaries. All the spectral
colors added together also make white light, such as we daily
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experience in the sunshine. Furthermore, both homogeneous
ether-waves and heterogeneous ones may make us_feel the
same color, when they fall on our retina. Thus yellow, which
is a simple spectral color, 1s also felt when green light is added
to red; blue is felt when violet and green lights are mixed.
Purple, which 1s not a spectral color at all, results when the
waves either of red and of violet or those of blue and of
orange are superposed.®

®The ordinary mixing of pigments is not an addition, but rather, as Helm-
holtz has shown, a subtraction, of lights. To add one color to another we
must either by appropriate glasses throw differently colored beams upon the
same reflecting surface; or we must let the eye look at one color through an
inclined plate of glass beneath which it lies, whilst the upper surface of the
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From all this it follows that there is no particular congru-
ence between our system of color-sensations and the physical
stimuli which excite them. Each color-feeling 1s a ‘specific
energy’ (p. 19) which many different physical causes may
arouse. Helmholtz, Hering, and others have sought to sim-
plify the tangle of the facts, by physiological hypotheses
which, differing much in detall agree 1n principle, since they
all postulatc a limited number of elementary retinal processes
to which, when excited singly, certain ‘fundamental’ colors
severally correspond. When excited in combination, as they
may be by the most various physical stimuli, other colors,
called ‘secondary,’ are felt. The secondary color-sensations are
often spoken of as if they were compounded of the primary
sensations. This is a great mistake. The sensations as such are
not compounded—yellow, for example, a secondary on
Helmbholtz’s theory, is as unique a quality of feeling as the
primaries red and green, which are said to ‘compose’ it. What
are compounded are merely the elementary retinal processes.
These, according to their combination, produce diverse re-
sults on the brain, and thence the secondary colors result
immediately in consciousness. The ‘color-theories’ are thus
physiological, not psychological, hypotheses, and for more
information concerning them the reader must consult the
physiological books.

The Duration of Luminous Sensations.—“This is
greater than that of the stimulus, a fact taken advantage of in
making fireworks: an ascending rocket produces the sensation
of a trail of light extending far behind the position of the
bright part of the rocket itself at the moment, because the
sensation aroused by it in a lower part of its course still per-
sists. So, shooting stars appear to have luminous tails behind
them. By rotating rapidly before the eye a disk with alternate
white and black sectors we get for each point of the retina
alternate stimulation (due to the passage of white sector) and

glass reflects into the same eye another color placed alongside—the two
lights then mix on the retina; or, finally, we must let the differently
colored lights fall in succession upon the retina, so fast that the second is
there before the impression made by the first has died away. This is best done
by looking at a rapidly rotating disk whose sectors are of the several colors to
be mixed.
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rest (when a black sector 1s passing). If the rotation be rapid
enough the sensation aroused is that of a uniform gray, such
as would be produced if the white and black were mixed and
spread evenly over the disk. In each revolution the eye gets as
much light as if that were the case, and is unable to distin-
guish that this light is made up of separate portions reaching
it at intervals: the stimulation due to each lasts until the next
begins and so all are fused together. If one turns out suddenly
the gas in a room containing no other light, the image
of the flame persists a short time after the flame itself is
extinguished.”” If we open our eyes instantaneously upon
a scene, and then shroud them in complete darkness, it will
be as if we saw the scene in ghostly light through the dark
screen. We can read off details in it which were unnoticed
whilst the eyes were open. This is the primary positive after-
image, so called. According to Helmholtz, one third of a sec-
ond is the most favorable length of exposure to the light for
producing it.

Negative after-images are due to more complex condi-
tions, in which fatigue of the retina is usually supposed to
play the chief part.

“The nervous visual apparatus is easily fatigued. Usually we do
not observe this because its restoration is also rapid, and in ordinary
life our eyes, when open, are never at rest; we move them to and fro,
so that parts of the retina receive light alternately from brighter and
darker objects and are alternately excited and rested. How constant
and habitual the movement of the eyes is can be readily observed by
trying to ‘fix’ for a short time a small spot without deviating the
glance; to do so for even a few seconds is impossible without prac-
tice. If any small object is steadily ‘fixed’ for twenty or thirty seconds
it will be found that the whole field of vision becomes grayish and
obscure, because the parts of the retina receiving most light get fa-
tigued, and arouse no more sensation than those less fatigued and
stimulated by light from less illuminated objects. Or look steadily at
a black object, say a blot on a white page, for twenty seconds, and
then turn the eye on a white wall; the latter will seem dark gray, with
a white patch on it; an effect due to the greater excitability of the
retinal parts previously rested by the black, when compared with the
sensation aroused elsewhere by light from the white wall acting on

’Martin: op. cit., p. s16.
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the previously stimulated parts of the visual surface. All persons will
recall many instances of such phenomena, which are especially no-
ticeable soon after rising in the morning. Similar things may be no-
ticed with colors; after looking at a red patch the eye turned on a
white wall sees a blue-green patch; the elements causing red sensa-
tions having been fatigued, the white mixed light from the wall now
excites on that region of the retina only the other primary color
sensations. The blending of colors so as to secure their greatest effect
depends on this fact; red and green go well together because each
rests the parts of the visual apparatus most excited by the other, and
so each appears bright and vivid as the eye wanders to and fro; while
red and orange together, each exciting and exhausting mainly the
same visual elements, render dull, or in popular phrase ‘kill,” one
another. . . .

“If we fix steadily for thirty seconds a point between two white
squares about 4 mm. (¥ inch) apart on a large black sheet, and then
close and cover our eyes, we get a negative after-image in which are
seen two dark squares on a brighter surface; this surface is brighter
close around the negative after-image of each square, and brightest
of all between them. This luminous boundary is called the corona,
and is explained usually as an effect of simultaneous contrast; the
dark after-image of the square it is said makes us mentally err in
judgment and think the clear surface close to it brighter than else-
where; and it is brightest between the two dark squares, just as a
middle-sized man between two tall ones looks shorter than if along-
side one only. If, however, the after-image be watched it will often
be noticed not only that the light band between the squares is in-
tensely white, much more so than the normal idio-retinal light [see
below], but, as the image fades away, often the two dark after-
images of the squares disappear entirely with all of the corona, ex-
cept that part between them which is still seen as a bright band on a
uniform grayish field. Here there is no contrast to produce the error
of judgment, and from this and other experiments Hering concludes
that light acting on one part of the retina produces inverse changes
in all the rest, and that this plays an important part in producing the
phenomena of contrasts. Similar phenomena may be observed with
colored objects; in their negative after-images each tint is represented
by its complementary, as black is by white in colorless vision.”®

This is one of the facts referred to on p. 33 which have
made Hering reject the psychological explanation of simulta-
neous contrast.

8Martin, pp. 524—7.
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The Intensity of Luminous Objects.—Black 1s an optical
sensation. We have no black except in the field of view; we do
not, for instance, see black out of our stomach or out of the
palm of our hand. Pure black is, however, only an ‘abstract
idea,” for the retina itself (even in complete objective dark-
ness) seems to be always the seat of internal changes which
give some luminous sensation. This is what is meant by the
‘idio-retinal light,” spoken of a few lines back. It plays its part
in the determination of all after-images with closed eyes. Any
objective luminous stimulus, to be perceived, must be strong
enough to give a sensible increment of sensation over and
above the idio-retinal light. As the objective stimulus in-
creases the perception is of an intenser luminosity; but the
perception changes, as we saw on p. 25, more slowly than the
stimulus. The latest numerical determinations, by Kénig and
Brodhun, were applied to six different colors and ran from an
intensity arbitrarily called 1 to one which was 100,000 times as
great. From intensity 2000 to 20,000 Weber’s law held good;
below and above this range discriminative sensibility declined.
The relative increment discriminated here was the same for all
colors of light, and lay (according to the tables) between 1 and
2 per cent of the stimulus. Previous observers have got differ-
ent results.

A certain amount of luminous intensity must exist in an
object for its color to be discriminated at all. “In the dark all
cats are gray.” But the colors rapidly become distincter as the
light increases, first the blues and last the reds and yellows, up
to a certain point of intensity, when they grow indistinct
again through the fact that each takes a turn towards white.
At the highest bearable intensity of the light all colors are lost
in the blinding white dazzle. This again is usually spoken of as
a ‘mixing’ of the sensation white with the original color-
sensation. It 1s no mixing of two sensations, but the re-
placement of one sensation by another, in consequence of a
changed neural process.



CHAPTER IV

HEARING

he Ear.—“The auditory organ in man consists of three

portions, known respectively as the external ear, the
middle ear or tympanum, and the internal ear or labyrinth; the
latter contains the end organs of the auditory nerve. The ex-
ternal ear consists of the expansion seen on the exterior of the
head, called the concha, M, Fig. 17, and a passage leading in
from it, the external auditory meatus, G. This passage is closed
at its 1nner end by the tympanic or drum membrane, T. It is
lined by skin, through which numerous small glands, secret-
ing the wax of the ear, open.

“The Tympanum (P, Fig. 17) is an irregular cavity in the
temporal bone, closed externally by the drum membrane.
From its inner side the Ewustachian tube (R) proceeds and
opens into the pharynx. The inner wall of the tympanum is
bony except for two small apertures, the oval and round fora-
mens, 0 and », which lead into the labyrinth. During life the
round aperture is closed by the lining mucous membrane, and
the oval by the stirrup-bones. The tympanic membrane, T,
stretched across the outer side of the tympanum, forms a shal-
low funnel with its concavity outwards. It is pressed by the
external air on its exterior, and by air entering the tympanic
cavity through the Eustachian tube on its inner side. If the
tympanum were closed these pressures would not be always
equal when barometric pressure varied, and the membrane
would be bulged in or out according as the external or inter-
nal pressure on it were the greater. On the other hand, were
the Eustachian tube always open the sounds of our own
voices would be loud and disconcerting, so it i1s usually
closed; but every time we swallow it is opened, and thus the
air-pressure in the cavity is kept equal to that in the external
auditory meatus. On making a balloon ascent or going rapidly

*In teaching the anatomy of the ear, great assistance will be yielded by the
admirable model made by Dr. Auzoux, 56 Rue de Vaugirard, Paris, described
in the catalogue of the firm as “No. 21—Oreille, temporal de 60 cm., nouvelle
édition,” etc.
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FIG. 17.— Semidiagrammatic section through the right ear (Czer-
mak). M, concha; G, external auditory meatus; T, tympanic mem-
brane; P, tympanic cavity; o, oval foramen; 7, round foramen; R,
pharyngeal opening of Eustachian tube; V, vestibule; B, a semicircu-
lar canal; S, the cochlea; V¢, scala vestibuli; Pt, scala tympani; A,
auditory nerve.

down a deep mine, the sudden and great change of aérial
pressure outside frequently causes painful tension of the drum
membrane, which may be greatly alleviated by frequent swal-
lowing.

The Auditory Ossicles.—“Three small bones lie in the tym-
panum forming a chain from the drum membrane to the oval
foramen. The external bone is the malleus or hammer; the
middle one, the imcus or anvil; and the internal one, the stapes
or stirrup.” They are represented in Fig. 18.!

Accommodation is provided for in the ear as well as in the
eye. One muscle an inch long, the tensor tympans, arises in the
petrous portion of the temporal bone (running in a canal par-
allel to the Eustachian tube) and 1s inserted into the malleus
below its head. When it contracts, it makes the membrane of
the tympanum more tense. Another smaller muscle, the stape-

'This description is abridged from Martin’s Human Body, pp. 535—36.
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F1G. 18.—Mcp, Mc, Ml, and Mm stand
for different parts of the malleus; Je, ],
J1, Jpl, for different parts of the incus. §
is the stapes.

dius, goes to the head of the stirrup-bone. These muscles are
by many persons felt distinctly contracting when certain notes
are heard, and some can make them contract at will. In spite
of this, uncertainty still reigns as to their exact use in hearing,
though it is highly probable that they give to the membranes
which they influence the degree of tension best suited to take
up whatever rates of vibration may fall upon them at the time.
In listening, the head and ears in lower animals, and the head
alone 1n man, are turned so as best to receive the sound. This
also 1s a part of the reaction called ‘adaptation’ of the organ
(see the chapter on Attention).

The Internal Ear.—“The labyrinth consists primarily of
chambers and tubes hollowed out in the temporal bone and
inclosed by it on all sides, except for the oval and round fora-
mens on its exterior, and certain apertures for blood-vessels
and the auditory nerve; during life all these are closed water-
tight in one way or another. Lying in the bony labyrinth thus
constituted, are membranous parts, of the same general form
but smaller, so that between the two a space is left; this is
filled with a watery fluid, called the perilymph; and the mem-
branous internal ear 1s filled by a similar liquid, the endolymph.

The Bony Labyrinth.—“The bony labyrinth is described
in three portions, the vestibule, the semicivcular canals, and the
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F1G. 19.—Casts of the bony labyrinth. A, left labyrinth seen from
the outer side; B, right labyrinth from the inner side; C, left laby-
rinth from above; Co, cochlea; V| vestibule; Fc, round foramen; Fp,
oval foramen; /4, horizontal semicircular canal; ha, its ampulla; vaa,
ampulla of anterior vertical semicircular canal; vpa, ampulla of poste-
rior vertical semicircular canal; e, conjoined portion of the two ver-
tical canals.

cochlea; casts of its interior are represented from different as-
pects in Fig. 19. The vestibule is the central part and has on its
exterior the oval foramen (Fv) into which the base of the
stirrup-bone fits. Behind the vestibule are three bony semicir-
cular canals, communicating with the back of the vestibule at
each end, and dilated near one end to form an ampulla. . . .
The bony cochlea is a tube coiled on itself somewhat like a
snail’s shell, and lying in front of the vestibule.

The Membranous Labyrinth. —“The membranous vesti-
bule, lying in the bony, consists of two sacs communicating
by a narrow aperture. The posterior 1s called the uzriculus, and
into it the membranous semicircular canals open. The ante-
rior, called the sacculus, communicates by a tube with the
membranous cochlea. The membranous semicircular canals
much resemble the bony, and each has an ampulla; . . . in the
ampulla one side of the membranous tube is closely adherent
to its bony protector; at this point nerves enter the former.
The relations of the membranous to the bony cochlea are
more complicated. A section through this part of the auditory
apparatus (Fig. 20) shows that its osseous portion consists of
a tube wound two and a half times around a central bony
axis, the modiolus. From the axis a shelf, the lamina spiralis,
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F1G. 20.—A section through the
cochlea 1n the line of its axis.

projects and partially subdivides the tube, extending farthest
across in its lower coils. Attached to the outer edge of this
bony plate is the membranous cochlea (scala media), a tube
triangular in cross-section and attached by its base to the
outer side of the bony cochlear spiral. The spiral lamina and
the membranous cochlea thus subdivide the cavity of the
bony tube (Fig. 21) into an upper portion, the scala vestibuli,
SV, and a lower, the scala tympani, ST. Between these lie the
lamina spiralis (/s0) and the membranous cochlea (CC), the
latter being bounded above by the membrane of Reissner (R)
and below by the basilar membrane (4).”>

The membranous cochlea does not extend to the tip of the
bony cochlea; above its apex the scala vestibuli and scala tym-
pani communicate. Both are filled with perilymph, so that
when the stapes is pushed into the oval foramen, o, in Fig. 17,
by the impact of an air-wave on the tympanic membranc, a
wave of perilymph runs up the scala vestibuli to the top,
where it turns into the scala tympani, down whose whorls it
runs and pushes out the round foramen, 7, ruffling probably
the membrane of Reissner and the basilar membrane on its
way up and down.

The Terminal Organs.—“The membranous cochlea con-
tains certain solid structures seated on the basilar membrane

>Martin: gp. cit., pp. §38—40.



HEARING 59

F1G. 21.—Section of one coil of the cochlea, magnified. SV, scala
vestibuli, R, membrane of Reissner; CC, membranous cochlea (scala
medin); Uls, limbus laming spiralis; t, tectorial membrane; ST, scala
tympani; Iso, spiral lamina; Co, rods of Corti; &, basilar membrane.

and forming the organ of Corti. . . . This contains the end
organs of the cochlear nerves. Lining the sulcus spiralis, a
groove in the edge of the bony lamina spiralis, are cuboidal
cells; on the inner margin of the basilar membrane they be-
come columnar, and then are succeeded by a row which bear
on their upper ends a set of short stiff hairs, and constitute
the inner hair-cells, which are fixed below by a narrow apex to
the basilar membrane; nerve-fibres enter them. To the inner
hair-cells succeed the rods of Cort: (Co, Fig. 21), which are rep-
resented highly magnified in Fig. 22. These rods are stiff and
arranged side by side in two rows, leaned against one another
by their upper ends so as to cover 1n a tunnel; they are known
respectively as the immer and outer rods, the former being
nearer the lamina spiralis. . . . The inner rods are more nu-
merous than the outer, the numbers being about 6ooo and
4500 respectively. Attached to the external sides of the heads
of the outer rods is the veticular membrane (r, Fig. 22), which
is stiff and perforated by holes. External to the outer rods
come four rows of outer hair-cells, connected like the inner
row with nerve-fibres; their bristles project into the holes
of the reticular membrane. Beyond the outer hair-cells is
ordinary columnar epithelium, which passes gradually into
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A B

F1G. 22.—The rods of Corti. A, a pair of rods separated from the
rest; B, a bit of the basilar membrane with several rods on it, show-
ing how they cover in the tunnel of Corts; 1, inner, and e, outer rods;
b, basilar membrane; 7, reticular membrane.

cuboidal cells lining most of the membranous cochlea. From
the upper lip of the sulcus spiralis projects the tectorial mem-
brane (t, Fig. 21) which extends over the rods of Corti and
the hair-cells.”

The hair-cells would thus seem to be the terminal organs
for ‘picking up’ the vibrations which the air-waves communi-
cate through all the intervening apparatus, solid and liquid, to
the basilar membrane. Analogous hair-cells receive the termi-
nal nerve-filaments in the walls of the saccule, utricle, and
ampulle (see Fig. 23).

The Various Qualities of Sound.—Physically, sounds
consist of vibrations, and these are, generally speaking, aéral
waves. When the waves are non- pCI‘lOdlC the result is a nosse;
when periodic 1t 1s what 1s nowadays called a tone, or note.
The loudness of a sound depends on the force of the waves.
When they recur periodically a peculiar quality called pitch
is the effect of their frequency. In addition to loudness and
pitch tones have each their voice or timbre, which may differ
widely in different instruments giving equally loud tones of
the same pitch. This voice depends on the form of the aérial
wave.

Pitch.—A single puff of air, set in motion by no matter
what cause, will give a sensation of sound, but it takes at least
four or five puffs, or more, to convey a sensation of pitch.

3Martin: p. cit., pp. 540—42.
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F1G. 23.— Sensory epithelium from ampulla or semicircular ca-
nal, and saccule. At # a nerve-fibre pierces the wall, and after
branching enters the two hair-cells, ¢. At # a ‘columnar cell’
with a long hair is shown, the nerve-fibre being broken away
from its base. The slender cells at f seem unconnected with
nerves.

The pitch of the note ¢, for instance, is due to 132 vibrations a
second, that of its octave ¢’ is produced by twice as many, or
264 vibrations; but in neither case is it necessary for the vibra-
tions to go on during a full second for the pitch to be dis-
cerned. “Sound vibrations may be too rapid or too slow in
succession to produce sonorous sensations, just as the ultra-
violet and ultra-red rays of the solar spectrum fail to excite the
retina. The highest-pitched audible note answers to about
38,016 vibrations in a second, but it differs in individuals;
many persons cannot hear the cry of a bat nor the chirp of a
cricket, which lie near this upper audible limit. On the other
hand, sounds of vibrational rate about 40 per second are not
well heard, and a little below this . . . they produce rather a
‘hum’ than a true tone sensation, and are only used along
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with notes of higher octaves to which they give a character of
greater depth.”

The entire system of pitches forms a continuum of one di-
mension; that 1s to say, you can pass from one pitch to another
only by one set of intermediaries, instead of by more than
one, as in the case of colors. (See p. 47.) The whole series of
pitches is embraced in and between the terms of what is called
the musical scale. The adoption of certain arbitrary points in
this scale as ‘notes’ has an explanation partly historic and
partly @sthetic, but too complex for exposition here.

The ‘timbre’ of a note is due to its ware -form. Waves are
either simple (‘pendular’) or compound. Thus if a tuning-fork
(which gives waves nearly simple) vibrate 132 times a second,
we shall hear the note ¢. If simultaneously a fork of 264 vibra-
tions be struck, giving the next higher octave, ¢, the aérial
movement at any time will be the algebraic sum of the
movements due to both forks; whenever both drive the air
one way they reinforce one another; when on the contrary
the recoil of one fork coincides with the forward stroke of
another, they detract from each other’s effect. The result
is a movement which is still periodic, repeating itself at equal
intervals of time, but no longer pendular, since it is not alike
on the ascending and descending limbs of the curves. We thus
get at the fact that non-pendular vibrations may be produced
by the fusion of pendular, or, in technical phrase, by their
composition.

Suppose several musical instruments, as those of an orches-
tra, to be sounded together. Each produces its own effect on
the air-particles, whose movements, being an algebraical sum,
must at any given instant be very complex; yet the ear can
pick out at will and follow the tones of any one instrument.
Now in most musical instruments it is susceptible of physical
proof that with every single note that is sounded many upper
octaves and other ‘harmonics’ sound simultaneously in fainter
form. On the relative strength of this or that one or more of
these Helmholtz has shown that the instrument’s peculiar
voice depends. The several vowel-sounds in the human voice
also depend on the predominance of diverse upper harmonics

*Martin: op. cit., pp. s43—44-
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accompanying the note on which the vowel is sung. When
the two tuning-forks of the last paragraph are sounded to-
gether the new form of vibration has the same period as the
lower-pitched fork; yet the ear can clearly distinguish the re-
sultant sound from that of the lower fork alone, as a note of
the same pitch but of different timbre; and within the com-
pound sound the two components can by a trained ear be
severally heard. Now how can one resultant wave-form make
us hear so many sounds at once?

The analysis of compound wave-forms is supposed (after
Helmbholtz) to be effected through the different rates of sym-
pathetic resonance of the different parts of the membranous
cochlea. The basilar membrane is some twelve times broader
at the apex of the cochlea than at the base where it begins,
and 1s largely composed of radiating fibres which may be lik-
ened to stretched strings. Now the physical principle of sym-
pathetic resonance says that when stretched strings are near a
source of vibration those whose own rate agrees with that of
the source also vibrate, the others remaining at rest. On this
principle, waves of perilymph running down the scala tym-
pani at a certain rate of frequency ought to set certain partic-
ular fibres of the basilar membrane vibrating, and ought to
leave others unaffected. If then each vibrating fibre stimulated
the hair-cell above it, and no others, and each such hair-cell,
sending a current to the auditory brain-centre, awakened
therein a specific process to which the sensation of one partic-
ular pitch was correlated, the physiological condition of our
several pitch-sensations would be explained. Suppose now a
chord to be struck in which perhaps twenty different physical
rates of vibration are found: at least twenty different hair-cells
or end-organs will receive the jar; and if the power of mental
discrimination be at its maximum, twenty different ‘objects’ of
hearing, in the shape of as many distinct pitches of sound,
may appear before the mind.

The rods of Corti are supposed to be dampers of the fibres
of the basilar membrane, just as the malleus, incus, and stapes
are dampers of the tympanic membrane, as well as transmit-
ters of its oscillations to the inner ear. There must be, in fact,
an instantaneous damping of the physiological vibrations, for
there are no such positive after-images, and no such blendings
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of rapidly successive tones, as the retina shows us in the case
of light. Helmholtz’s theory of the analysis of sounds is plau-
sible and ingenious. One objection to it is that the keyboard
of the cochlea does not seem extensive enough for the num-
ber of distinct resonances required. We can discriminate many
more degrees of pitch than the 20,000 hair-cells, more or less,
will allow for.

The so-called Fusion of Sensations in Hearing.—A very
common way of explaining the fact that waves which singly
give no feeling of pitch give one when recurrent, is to say
that their several sensations fise into a compound sensation. A
preferable explanation is that which follows the analogy of
muscular contraction. If electric shocks are sent into a frog’s
sciatic nerve at slow intervals, the muscle which the nerve sup-
plies will give a series of distinct twitches, one for each shock.
But if they follow each other at the rate of as many as thirty a
second, no distinct twitches are observed, but a steady state of
contraction instead. This steady contraction is known as teta-
nus. The experiment proves that there is a physiological cu-
mulation or overlapping of processes in the muscular tissue. It
takes a twentieth of a second or more for the latter to relax
after the twitch due to the first shock. But the second shock
comes 1n before the relaxation can occur, then the third again,
and so on; so that continuous tetanus takes the place of dis-
crete twitching. Similarly in the auditory nerve. One shock of
air starts 1n it a current to the auditory brain-centre, and af-
fects the latter, so that a dry stroke of sound 1s heard. If other
shocks follow slowly, the brain-centre recovers its equilibrium
after each, to be again upset in the same way by the next, and
the result is that for each shock of air a distinct sensation of
sound occurs. But if the shock comes in too quick succession,
the later ones reach the brain before the effects of the earlier
ones on that organ have died away. There is thus an over-
lapping of processes in the auditory centre, a physiological
condition analogous to the muscle’s tetanus, to which new
condition a new quality of feeling, that of pitch, directly cor-
responds. This latter feeling is a new kind of sensation alto-
gether, not a mere ‘appearance’ due to many sensations of
dry stroke being compounded into one. No sensations of dry
stroke can exist under these circumstances, for their physio-
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logical conditions have been replaced by others. What
‘compounding’ there is has already taken place in the brain-
cells before the threshold of sensation was reached. Just so red
light and green light beating on the retina in rapid enough
alternation, arouse the central process to which the sensation
yellow directly corresponds. The sensations of red and of
green get no chance, under such conditions, to be born. Just
so if the muscle could feel, it would have a certain sort of
feeling when it gave a single twitch, but it would undoubt-
edly have a distinct sort of feeling altogether, when it con-
tracted tetanically; and this feeling of the tetanic contraction
would by no means be identical with a multitude of the feel-
ings of twitching.

Harmony and Discord.—When several tones sound to-
gether we may get peculiar feelings of pleasure or displeasure
designated as consonance and dissonance respectively. A note
sounds most consonant with its octave. When with the octave
the ‘third’ and the ‘fifth’ of the note are sounded, for instance
c—e—yg—-c', we get the ‘full chord’” or maximum of conso-
nance. The ratios of vibration here are as 4:5:6:8, so that one
might think simple ratios were the ground of harmony. But
the interval c—d is discordant, with the comparatively simple
ratio 8:9. Helmholtz explains discord by the overtones mak-
ing ‘beats’ together. This gives a subtle grating which 1s un-
pleasant. Where the overtones make no ‘beats,” or beats too
rapid for their effect to be perceptible, there is consonance,
according to Helmholtz, which is thus a negative rather than
a positive thing. Wundt explains consonance by the presence
of strong identical overtones in the notes which harmonize.
No one of these explanations of musical harmony can be
called quite satisfactory; and the subject is too intricate to be
treated farther in this place.

Discriminative Sensibility of the Ear.—Weber’s law
holds fairly well for the intensity of sounds. If ivory or metal
balls are dropped on an ebony or iron plate, they make a
sound which is the louder as they are heavier or dropped
from a greater height. Experimenting in this way (after
others) Merkel found that the just perceptible increment of
loudness required an increase of %10 of the original stimulus
everywhere between the intensities marked 20 and sooo of his
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arbitrary scale. Below this the fractional increment of stimulus
must be larger; above it, no measurements were made.

Discrimination of differences of pitch varies in different
parts of the scale. Between 200 and 1000 vibrations per sec-
ond, one fifth of a vibration more or less can make the sound
sharp or flat for a good ear. It takes a much greater relative
alteration to sound sharp or flat elsewhere on the scale. The
chromatic scale itself has been used as an illustration of We-
ber’s law. The notes seem to differ equally from each other,
yet their vibration-numbers form a series of which each is a
certain multiple of the last. This, however, has nothing to do
with intensities or just perceptible differences; so the peculiar
parallelism between the sensation series and the outer-
stimulus series forms here a case all by itself, rather than an
instance under Weber’s more general law.



CHAPTER V

TOUCH, THE TEMPERATURE SENSE, THE
MUSCULAR SENSE, AND PAIN

Nerve-endings in the Skin.—“Many of the afferent skin-
nerves end in connection with hair-bulbs; the fine hairs
over most of the cutaneous surface, projecting from the skin,
transmit any movement impressed on them, with increased
force, to the nerve-fibres at their fixed ends. . . . Fine
branches of axis cylinders have also been described as pene-
trating between epidermic cells and ending there without ter-
minal organs. In or immediately beneath the skin several
peculiar forms of nerve end organs have also been described;
they are known as (1) Touch-cells; (2) Pacinian corpuscles; (3)
Tactile corpuscles; (4) End-bulbs”™

These bodies all consist essentially of granules formed of
connective tissue, in which or round about which one or
more sensory nerve-fibres terminate. They probably magnify
impressions just as a grain of sand does in a shoe, or a crumb
does in a finger of a glove.

Touch, or the Pressure Sense.—“Through the skin we
get several kinds of sensation; touch proper, heat and cold,
and pain; and we can with more or less accuracy localize them
on the surface of the Body. The interior of the mouth pos-
sesses also three sensibilities. Through touch proper we recog-
nize pressure or traction exerted on the skin, and the force of
the pressure; the softness or hardness, roughness or smooth-
ness, of the body producing it; and the form of this, when
not too large to be felt all over. When to learn the form of an
object we move the hand over it, muscular sensations are
combined with proper tactile, and such a combination of
the two sensations is frequcnt moreover, we rarely touch
anything without at the same time getting temperature
sensations; therefore pure tactile feelings are rare. From an
evolution point of view, touch is probably the first distinctly

Martin: op. cit., p; ss6.
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F1G. 24.—End-bulbs
from the conjunctiva
of the human eye,
magnified.

differentiated sensation, and this primary position it still
largely holds in our mental life.”

Objects are most important to us when in direct contact.
The chief function of our eyes and ears is to enable us to
prepare ourselves for contact with approaching bodies, or to
ward such contact off. They have accordingly been character-
ized as organs of anticipatory touch.

“The delicacy of the tactile sense varies on different parts of
the skin; it is greatest on the forehead, temples, and back of
the forearm, where a weight of 2 milligr. pressing on an area
of 9 sq. millim. can be felt. . . .

“In order that the sense of touch may be excited neighbor-
ing skin areas must be differently pressed. . . . When the
hand i1s immersed 1n a liquid, as mercury, which fits into all its
inequalities and presses with practically the same weight on all
neighboring immersed areas, the sense of pressure is only felt
at a line along the surface, where the immersed and non-
immersed parts of the skin meet. . . .

The Localizing Power of the Skin.—“When the eyes are
closed and a point of the skin is touched we can with some
accuracy indicate the region stimulated; although tactile feel-
ings are in general characters alike, they differ in something
besides intensity by which we can distinguish them; some
sub-sensation quality not rising definitely into prominence in

2Martin: op. cit., p. ss8.
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consciousness must be present, comparable to the upper par-
tials determining the timbre of a tone. The accuracy of the
localizing power varies widely in different skin regions and is
measured by observing the least distance which must separate
two objects (as the blunted points of a pair of compasses) in
order that they may be felt as two. The following table illus-
trates some of the differences observed —

Tongue-tip. . . . LI mm. (.04 inch)
Palm side of last phalanx

of finger. . . . . . . . 22mm. (.08 inch)
Red partof lips . . . . . 4.4 mm. (.16 inch)

Tip of nose . . . . 6.6 mm. (.24 inch)
Back of second phalanx

of finger. . . . . . . . 1momm. (.44 inch)
Heel . . . . . . . ... 22omm. (.88 inch)
Back of hand . . . . . . 308mm. (1.23 inches)
Forearm. . . . . . . . . 39.6mm. (158 inches)
Sternum. . . . . . . . . 44.0mm. (1.76 inches)
Backofneck. . . . . . . s28mm. (2.1 inches)
Middle of back. . . . . . 66.0 mm. (2.64 inches)

The localizing power 1s a little more acute across the long axis
of a imb than in it; and is better when the pressure is only
strong enough to just cause a distinct tactile sensation, than
when it 1s more powcrful it 1s also very readily and rapldly
improvable by practice.” It seems to be naturally delicate in
proportion as the skin which possesses it covers a more mov-
able part of the body.

“It might be thought that this localizing power depended
directly on nerve distribution; that each touch-nerve had con-
nection with a special brain-centre at one end (the excitation
of which caused a sensation with a characteristic local sign),
and at the other end was distributed over a certain skin area,
and that the larger this area the farther apart might two
points be and still give rise to only one sensation. If this were
so, however, the peripheral tactile areas (each being deter-
mined by the anatomical distribution of a nerve-fibre) must
have definite unchangeable limits, which experiment shows
that they do not possess. Suppose the small areas in Fig. 25 to
each represent a peripheral area of nerve-distribution. If any
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two points in ¢ were touched we would according to the the-
ory get but a single sensation; but if, while the compass
points remained the same distance apart, or were even ap-
proximated, one were placed in ¢ and the other on a contigu-
ous area, two fibres would be stimulated and we ought to get
two sensations; but such is not the case; on the same skin
region the points must be always the same distance apart, no
matter how they be shifted, in order to give rise to two just
distinguishable sensations.

“It 1s probable that the nerve areas are much smaller than
the tactile; and that several unstimulated must intervene be-
tween the excited, in order to produce sensations which shall
be distinct. If we suppose twelve unexcited nerve areas must
intervene, then, in Fig. 25, 2 and & will be just on the limits of
a single tactile area; and no matter how the points are moved,
so long as eleven, or fewer, unexcited areas come between, we
would get a single tactile sensation; in this way we can explain
the fact that tactile areas have no fixed boundaries in the skin,
although the nerve distribution 1n any part must be constant.
We also see why the back of a knife laid on the surface causes
a continuous linear sensation, although it touches many dis-
tinct nerve areas; if we could discriminate the excitations of
each of these from that of its immediate neighbors we would
get the sensation of a series of points touching us, one for
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each nerve region excited; but in the absence of intervening
unexcited nerve areas the sensations are fused together. . . .

The Temperature-sense. Its Terminal Organs.—“By this
we mean our faculty of perceiving cold and warmth; and,
with the help of these sensations, of perceiving temperature
differences in external objects. Its organ is the whole skin, the
mucous membrane of mouth and fauces, pharynx and gullet,
and the entry of the nares. Direct heating or cooling of a
sensory nerve may stimulate it and cause pain, but not a true
temperature sensation; . . . hence we assume the presence of
temperature end organs. [These have not yet been ascertained
anatomically. Physiologically, however, the demonstration of
special spots in the skin for feeling heat and cold is one of the
most interesting discoveries of recent years. If one draw a
pencil-point over the palm or cheek one will notice certain
spots of sudden coolness. These are the cold-spots; the heat-
spots are less easy to single out. Goldscheider, Blix, and Don-
aldson have made minute exploration of determinate tracts of
skin and found the heat- and cold-spots thickset and perma-
nently distinct. Between them no temperature-sensation is ex-
cited by contact with a pointed cold or hot object. Mechanical
and faradic irritation also excites in these points their specific
feelings respectively.]

The feeling of temperature is relative to the state of the
skin. “In a comfortable room we feel at no part of the Body
either heat or cold, although different parts of its surface are
at different temperatures; the fingers and nose being cooler
than the trunk which is covered by clothes, and this, in turn,
cooler than the interior of the mouth. The temperature which
a given region of the temperature organ has (as measured by
a thermometer) when it feels neither heat nor cold is its
temperature-sensation zero, and 1s not associated with any one
objective temperature; for not only, as we have just seen, does
it vary in different parts of the organ, but also on the same
part from time to time. Whenever a skin region has a temper-
ature above its sensation zero we feel warmth and vice versa;
the sensation is more marked the greater the difference, and
the more suddenly it is produced; touching a metallic body,
which conducts heat rapidly to or from the skin, causes a
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more marked hot or cold sensation than touching a worse
conductor, as a piece of wood, of the same temperature.

“The change of temperature in the organ may be brought
about by changes in the circulatory apparatus (more blood
flowing through the skin warms it and less leads to its cool-
ing), or by temperature changes in gases, liquids, or solids in
contact with it. Sometimes we fail to distinguish clearly
whether the cause is external or internal; a person coming in
from a windy walk often feels a room uncomfortably warm
which is not really so; the exercise has accelerated his circula-
tion and tended to warm his skin, but the moving outer air
has rapidly conducted off the extra heat; on entering the
house the stationary air there does this less quickly, the skin
gets hot, and the cause is supposed to be oppressive heat of
the room. Hence, frequently, opening of windows and sitting
in a draught, with its concomitant risks; whereas keeping
quiet for five or ten minutes, until the circulation has returned
to its normal rate, would attain the same end without danger.

“The acuteness of the temperature sense is greatest at tem-
peratures within a few degrees of 30° C. (86°F.); at these dif-
ferences of less than 0.1° C. can be discriminated. As a means
of measuring absolute temperatures, however, the skin 1s very
unreliable, on account of the changeability of its sensation
zero. We can localize temperature sensations much as tactile,
but not so accurately.”

Muscular Sensation.— The sensation in the muscle itself
cannot well be distinguished from that in the tendon or in its

3Martin: op. cit., pp. 5s8—63, with omissions.
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insertion. In muscular fatigue the insertions are the places
most painfully felt. In muscular rheumatism, however, the
whole muscle grows painful; and violent contraction such as
that caused by the faradic current, or known as cramp, pro-
duces a severe and peculiar pain felt in the whole mass of
muscle affected. Sachs also thought that he had demonstrated,
both experimentally and anatomically, the existence of special
sensory nerve-fibres, distinct from the motor fibres, in the
frog’s muscle. The latter end in the ‘terminal plates,” the
former in a network.

Great importance has been attached to the muscular sense
as a factor in our perceptions, not only of weight and pres-
sure, but of the space-relations between things generally. Our
eyes and our hands, in their explorations of space, move over
it and through it. It i1s usually supposed that without this
sense of an intervening motion performed we should not per-
celve two seen points or two touched points to be separated
by an extended interval. I am far from denying the immense
participation of experiences of motion in the construction of
our space-perceptions. But it 1s still an open question how our
muscles help us in these experiences, whether by their own
sensations, or by awakening sensations of motion on our skin,
retina, and articular surfaces. The latter seems to me the more
probable view, and the reader may be of the same opinion
after reading Chapter VI.

Sensibility to Weight.—When we wish to estimate accu-
rately the weight of an object we always, when possible, lift it,
and so combine muscular and articular with tactile sensations.
By this means we can form much better judgments. .

Weber found that whereas 3 must be added to a weight
resting on the hand for the increase to be felt, the same
hand actively ‘hefting’ the weight could feel an addition of
as little as 17. Merkel’s recent and very careful experiments,
in which the finger pressed down the beam of a balance
counterweighted by from 25 to 8020 grams, showed that
between 200 and 2000 grams a constant fractional increase
of about %13 was felt when there was no movement of
the finger, and of about Y19 when there was movement.
Above and below these limits the discriminative power grew
less.
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Pain.—The physiology of pain is still an enigma. One
might suppose separate afferent fibres with their own end-
organs to carry painful impressions to a specific pain-centre.
Or one might suppose such a specific centre to be reached by
currents of overflow from the other sensory centres when the
violence of their inner excitement should have reached a cer-
tain pitch. Or again one might suppose a certain extreme de-
gree of inner excitement to produce the feeling of pain in all
the centres. It is certain that sensations of every order, which
in moderate degrees are rather pleasant than otherwise, be-
come painful when their intensity grows strong. The rate at
which the agreeableness and disagreeableness vary with the
intensity of a sensation is roughly represented by the dotted
curve in Fig. 27. The horizontal line represents the threshold
both of sensational and of agreeable sensibility. Below the line
is the disagreeable. The continuous curve is that of Weber’s
law which we learned to know in Fig. 2, p. 26. With the min-
imal sensation the agreeableness is #:l, as the dotted curve
shows. It rises at first more slowly than the sensational inten-
sity, then faster; and reaches its maximum before the sensa-
tion 1s near its acme. After its maximum of agreeableness the
dotted line rapidly sinks, and soon tumbles below the hori-
zontal into the realm of the disagreeable or painful in which it

F1G. 27 (after Wundt).
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declines. That all sensations are painful when too strong is a
piece of familiar knowledge. Light, sound, odors, the taste of
sweet even, cold, heat, and all the skin-sensations, must be
moderate to be enjoyed.

The quality of the sensation complicates the question, how-
ever, for in some sensations, as bitter, sour, salt, and certain
smells, the turning point of the dotted curve must be drawn
very near indeed to the beginning of the scale. In the skin the
painful quality soon becomes so intense as entirely to over-
power the specific quality of the sort of stimulus. Heat, cold,
and pressure are indistinguishable when extreme—we only
feel the pain. The hypothesis of separate end-organs in the
skin receives some corroboration from recent experiments, for
both Blix and Goldscheider have found, along with their spe-
cial heat- and cold-spots, also special ‘pain-spots’ on the skin.
Mixed in with these are spots which are quite feelingless.
However it may stand with the terminal pain-spots, separate
paths of conduction to the brain, for painful and for merely
tactile stimulations of the skin, are made probable by certain
facts. In the condition termed analgesia, a touch 1s felt, but
the most violent pinch, burn, or electric spark destructive of
the tissue will awaken no sensation. This may occur in disease
of the cord, by suggestion in hypnotism, or in certain stages
of ether and chloroform intoxication. “In rabbits a similar
state of things was produced by Schiff, by dividing the gray
matter of the cord, leaving the posterior white columns intact.
If, on the contrary, the latter were divided and the gray sub-
stance left, there was increased sensitiveness to pain, and pos-
sibly touch proper was lost. Such experiments make it pretty
certain that when afferent impulses reach the spinal cord at
any level and there enter its gray matter with the posterior
root-fibres, they travel on 1n different tracks to conscious cen-
tres; the tactile ones coming soon out of the gray network
and coursing on in a readily conducting white fibre, while the
painful ones first travel on farther in the gray substance. It is
still uncertain if both impulses reach the cord in the same
fibres. The gray network conducts nerve impulses, but not
easily; they tend soon to be blocked in it. A feeble (tactile)
impulse reaching it by an afferent fibre might only spread a
short way and then pass out into a single good conducting
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fibre in a white column, and proceed to the brain; while a
stronger (painful) impulse would radiate farther in the gray
matter, and perhaps break out of it by many fibres leading to
the brain through the white columns, and so give rise to an
inco-ordinate and ill localized sensation. That pains are badly
localized, and worse the more intense they are, is a well-
known fact, which would thus receive an explanation.”

Pain also gives rise to ill-coérdinated movements of de-
fence. The stronger the pain the more violent the start.
Doubtless in low animals pain is almost the only stimulus;
and we have preserved the peculiarity in so far that to-day it is
the stimulus of our most energetic, though not of our most
discriminating, reactions.

Taste, smell, as well as hunger, thirst, nausea, and other
so-called ‘common’ sensations need not be touched on in
this book, as almost nothing of psychological interest is
known concerning them.

*Martin: op. cit., p. 568.



CHAPTER VI

SENSATIONS OF MOTION

I treat of these in a separate chapter in order to give them
the emphasis which their importance deserves. They are of
two orders:

1) Sensations of objects moving over our sensory surfaces;
and

2) Sensations of our whole person’s translation through
space.

1) The Sensation of Motion over Surfaces.—This has
generally been assumed by physiologists to be impossible un-
til the positions of terminus a quo and terminus ad quem are
severally cognized, and the successive occupancies of these po-
sitions by the moving body are perceived to be separated by a
distinct interval of time. As a matter of fact, however, we cog-
nize only the very slowest motions in this way. Seeing the
hand of a clock at XII and afterwards at VI, I judge that it has
moved through the interval. Seeing the sun now in the east
and again in the west, I infer it to have passed over my head.
But we can only ufer that which we already generically know
in some more direct fashion, and it is experimentally certain
that we have the feeling of motion given us as a direct and
simple sensation. Czermak long ago pointed out the difference
between seeing the motion of the second-hand of a watch,
when we look directly at it, and noticing the fact that it has
altered its position, whilst our gaze is fixed upon some other
point of the dial-plate. In the first case we have a specific qual-
ity of sensation which is absent in the second. If the reader
will find a portion of his skin—the arm, for example—where
a pair of compass-points an inch apart are felt as one impres-
sion, and if he will then trace lines a tenth of an inch long on
that spot with a pencil-point, he will be distinctly aware of the
point’s motion and vaguely aware of the direction of the
motion. The perception of the motion here is certainly not
derived from a preéxisting knowledge that its starting and
ending points are separate positions in space, because posi-
tions in space ten times wider apart fail to be discriminated as
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such when excited by the compass-points. It is the same with
the retina. One’s fingers when cast upon its peripheral por-
tions cannot be counted —that is to say, the five retinal tracts
which they occupy are not distinctly apprehended by the
mind as five separate positions in space—and yet the slightest
movement of the fingers is most vividly perceived as movement
and nothing else. It is thus certain that our sense of move-
ment, being so much more delicate than our sense of posi-
tion, cannot possibly be derived from it.

Vierordt, at almost the same time, called attention to certain
persistent illusions, amongst which are these: If another person
gently trace a line across our wrist or finger, the latter being
stationary, it will feel to us as if the member were moving in
the opposite direction to the tracing point. If; on the con-
trary, we move our limb across a fixed point, it will seem as if
the point were moving as well. If the reader will touch his
forehead with his forefinger kept motionless, and then rotate
the head so that the skin of the forehead passes beneath the
finger’s tip, he will have an irresistible sensation of the latter
being itself in motion in the opposite direction to the head.
So in abducting the fingers from each other; some may move
and the rest be still, but the still ones will feel as if they were
actively separating from the rest. These illusions, according to
Vierordt, are survivals of a primitive form of perception,
when motion was felt as such, but ascribed to the whole ‘con-
tent’ of consciousness, and not yet distinguished as belonging
exclusively to one of its parts. When our perception is fully
developed we go beyond the mere relative motion of thing
and ground, and can ascribe absolute motion to one of these
components of our total object, and absolute rest to another.
When, in vision for example, the whole field of view seems to
move together, we think it is ourselves or our eyes which are
moving; and any object in the foreground which may seem to
move relatively to the background is judged by us to be really
still. But primitively this discrimination is not perfectly made.
The sensation of the motion spreads over all that we see and
infects it. Any relative motion of object and retina both makes
the object seem to move, and makes us feel ourselves in mo-
tion. Even now when our whole field of view really does
move we get giddy, and feel as if we too were moving; and
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we still see an apparent motion of the entire field of view
whenever we suddenly jerk our head and eyes or shake them
quickly to and fro. Pushing our eyeballs gives the same illu-
sion. We know in all these cases what really happens, but the
conditions are unusual, so our primitive sensation persists un-
checked. So it does when clouds float by the moon. We know
the moon 1is still; but we see it move faster than the clouds.
Even when we slowly move our eyes the primitive sensation
persists under the victorious conception. If we notice closely
the experience, we find that any object towards which we
look appears moving to meet our eye.

But the most valuable contribution to the subject is the
paper of G. H. Schneider,! who takes up the matter zoologi-
cally, and shows by examples from every branch of the animal
kingdom that movement 1s the quality by which animals most
easily attract each other’s attention. The instinct of ‘sham-
ming death’ is no shamming of death at all, but rather a pa-
ralysis through fear, which saves the insect, crustacean, or
other creature from being noticed at all by his enemy. It is
paralleled in the human race by the breath-holding stillness of
the boy playing ‘I spy,” to whom the secker is near; and its
obverse side is shown in our involuntary waving of arms,
jumping up and down, and so forth, when we wish to attract
someone’s attention at a distance. Creatures ‘stalking’ their
prey and creatures hiding from their pursuers alike show how
immobility diminishes conspicuity. In the woods, if we are
quiet, the squirrels and birds will actually touch us. Flies will
light on stuffed birds and stationary frogs. On the other hand,
the tremendous shock of feeling the thing we are sitting on
begin to move, the exaggerated start it gives us to have an
insect unexpectedly pass over our skin, or a cat noiselessly
come and snuffle about our hand, the excessive reflex effects
of tickling, etc., show how exciting the sensation of motion is
per se. A kitten cannot help pursuing a moving ball. Impres-
sions too faint to be cognized at all are immediately felt if
they move. A fly sitting is unnoticed,—we feel it the moment
it crawls. A shadow may be too faint to be perceived. If we
hold a finger between our closed eyelid and the sunshine we

Wierteljahrsschrift fiir wissenschaftliche Philosophie, 11, 377.
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do not notice its presence. The moment we move it to and
fro, however, we discern it. Such visual perception as this re-
produces the conditions of sight among the radiates.

In ourselves, the main function of the peripheral parts of
the retina is that of sentinels, which, when beams of light
move over them, cry ‘“Who goes there?’ and call the fovea to
the spot. Most parts of the skin do but perform the same
office for the finger-tips. Of course movement of surface under
object is (for purposes of stimulation) equivalent to movement of
object over surface. In exploring the shapes and sizes of things
by either eye or skin the movements of these organs are inces-
sant and unrestrainable. Every such movement draws the
points and lines of the object across the surface, imprints
them a hundred times more sharply, and drives them home to
the attention. The immense part thus played by movements in
our perceptive activity is held by many psychologists to prove
that the muscles are themselves the space- pcrcelvmg organ.
Not surface-sensibility, but ‘the muscular sense,” is for these
writers the original and only revealer of objective extension.
But they have all failed to notice with what peculiar intensity
muscular movements call surface-sensibilities into play, and
how largely the mere discernment of impressions depends on
the mobility of the surfaces upon which they fall.

Our articular surfaces are tactile ovgans which become in-
tensely painful when inflamed. Besides pressure, the only stim-
ulus they vecerve is their motion upon each other. To the sensation
of this motion more than anything else seems due the percep-
tion of the position which our limbs may have assumed. Pa-
tients cutaneously and muscularly an®sthetic in one leg can
often prove that their articular sensibility remains, by showing
(by movements of their well leg) the positions in which the
surgeon may place their insensible one. Goldscheider in Ber-
lin caused fingers, arms, and legs to be passively rotated upon
their various joints in a mechanical apparatus which registered
both the velocity of movement impressed and the amount of
angular rotation. The minimal felt amounts of rotation were
much less than a single angular degree in all the joints except
those of the fingers. Such displacements as these, Gold-
scheider says, can hardly be detected by the eye. Anzsthesia of
the skin produced by induction-currents had no disturbing
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effect on the perception, nor did the various degrees of pres-
sure of the moving force upon the skin affect it. It became, in
fact, all the more distinct in proportion as the concomitant
pressure-feelings were eliminated by artificial ansthesia.
When the joints themselves, however, were made artificially
anzsthetic, the perception of the movement grew obtuse and
the angular rotations had to be much increased before they
were perceptible. All these facts prove, according to Herr
Goldscheider, that the joint-surfaces and these alone ave the seat
of the impressions by which the movements of our members are
immedintely perceived.

2) Sensations of Movement through Space.—These may
be divided into feelings of rotation and feelings of translation.
As was stated at the end of the chapter on the ear, the laby-
rinth (semicircular canals, utricle and saccule) seems to have
nothing to do with hearing. It is conclusively established to-
day that the semicircular canals are the organs of a sixth spe-
cial sense, that namely of rotation. When subjectively excited,
this sensation 1s known as dizziness or vertigo, and rapidly en-
genders the farther feeling of nausea. Irritative disease of the
inner ear causes intense vertigo (Méniere’s disease). Traumatic
irritation of the canals in birds and mammals makes the ani-
mals tumble and throw themselves about in a way best ex-
plained by supposing them to suffer from false sensations of
falling, etc., which they compensate by reflex muscular acts
that throw them the other way. Galvanic irritation of the
membranous canals in pigeons causes just the same compen-
satory movements of head and eye which actual rotations im-
pressed on the creatures produce. Deaf and dumb persons
(amongst whom many must have had their auditory nerves or
labyrinths destroyed by the same disease which took away
their hearing) are in a very large percentage of cases found
quite insusceptible of being made dizzy by rotation. Purkinje
and Mach have shown that, whatever the organ of the sense
of rotation may be, it must have its seat in the head. The body
is excluded by Mach’s elaborate experiments.

The semicircular canals, being, as it were, six little spirit-
levels 1n three rectangular planes, seem admirably adapted to
be organs of a sense of rotation. We need only suppose that
when the head turns in the plane of any one of them, the









CHAPTER VII

THE STRUCTURE OF THE BRAIN

mbryological Sketch.—The brain is a sort of pons asino-
rum In anatomy until one gets a certain general concep-
tion of it as a clue. Then it becomes a comparatively simple
affair. The clue is given by comparative anatomy and espe-
cially by embryology. At a certain moment in the develop-
ment of all the higher vertebrates the cerebro-spinal axis is
formed by a hollow tube containing fluid and terminated in
front by an enlargement separated by transverse constrictions
into three ‘cerebral vesicles,” so called (see Fig. 28). The walls
of these vesicles thicken in most places, change in others into
a thin vascular tissue, and in others again send out processes
which produce an appearance of farther subdivision. The
middle vesicle or mid-brain (M-4 in the figures) is the least
affected by change. Its upper walls thicken into the optic
lobes, or corpora quadrigemina as they are named in man; its
lower walls become the so-called peduncles or crura of the
brain; and its cavity dwindles into the aqueduct of Silvius.
A section through the adult human mid-brain is shown in
Fig. 31.

The anterior and posterior vesicles undergo much more
considerable change. The walls of the posterior vesicle thicken
enormously in their foremost portion and form the cerebellum
on top (C& in all the figures) and the pons Varolii below (PV.
in Fig. 33). In its hindmost portions the posterior vesicle
thickens below into the medulla oblongata (Mo in all the fig-
ures), whilst on top its walls thin out and melt, so that one
can pass a probe into the cavity without breaking through any
truly nervous tissue. The cavity which one thus enters from

*This chapter will be understood as a mere sketch for beginners. Models
will be found of assistance. The best is the ‘Cerveau de Texture de Grande
Dimension,” made by Auzoux, s6 Rue de Vaugirard, Paris. It is a wonderful
work of art, and costs 300 francs. M. Jules Talrich of No. 97 Boulevard Saint-
Germain, Paris, makes a series of five large plaster models, which I have
found very useful for class-room purposes. They cost 350 francs, and are far
better than any German models which I have seen.

84



THE STRUCTURE OF THE BRAIN &

without is named the fourth ventricle (4 in Figs. 32 and 33).
One can run the probe forwards through it, passing first un-
der the cerebellum and then under a thin sheet of nervous
tissue (the valve of Vieussens) just anterior thereto, as far as the
aqueduct of Silvius. Passing through this, the probe emerges
forwards into what was once the cavity of the anterior vesicle.
But the covering has melted away at this place, and the cavity
now forms a deep compressed pit or groove between the two
walls of the vesicle, and is called the thrd ventricle (3 in Figs.
32 and 33). The ‘aqueduct of Sylvius’ is in consequence of this
connection often called the ster a tertio ad quartum ventrvicu-
lum. The walls of the vesicle form the optic thalami (Th in all
the figures).

From the anterior vesicle just in front of the thalami there
buds out on either side an enlargement, into which the cavity
of the vesicle continues, and which becomes the hemisphere of
that side. In man its walls thicken enormously and form folds,
the so-called comvolutions, on their surface. At the same time
they grow backwards rather than forwards of their starting-
point just in front of the thalamus, arching over the latter;
and growing fastest along their top circumference, they end
by bending downwards and forwards again when they have
passed the rear end of the thalamus. When fully developed in
man, they overlay and cover in all the other parts of the brain.
Their cavities form the lateral ventricles, easier to understand

F1G. 28.

F1G. 30.

(All after Huguenin.)
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by a dissection than by a description. A probe can be passed
into either of them from the third ventricle at its anterior end;
and like the third ventricle, their wall is melted down along a
certain line, forming a long cleft through which they can be
entered without rupturing the nervous tissue. This cleft, on
account of the growth of the hemisphere outwards, back-
wards, and then downwards from its starting point, has got
rolled in and tucked away beneath the apparent surface.!

At first the two hemispheres are connected only with their
respective thalami. But during the fourth and fifth months of
embryonic life they become connected with each other above
the thalami through the growth between them of a massive
system of transverse fibres which crosses the median line like a
great bridge and is called the corpus callosum. These fibres ra-
diate in the walls of both hemispheres and form a direct con-

'All the places in the brain at which the cavities come through are filled in
during life by prolongations of the membrane called pia mater, carrying rich
plexuses of blood-vessels in their folds.
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nection between the convolutions of the right and of the left
side. Beneath the corpus callosum another system of fibres
called the formix is formed, between which and the corpus
callosum there is a peculiar connection. Just in front of the
thalami, where the hemispheres begin their growth, a gangli-
onic mass called the corpus striatum (C.S., Figs. 32 and 33) 1s
formed in their wall. It is complex in structure, consisting of
two main parts, called nucleus lenticularis and nucleus candatus
respectively. The figures, with their respective explanations,
will give a better 1dea of the farther details of structure than
any verbal description; so, after some practical directions for
dissecting the organ, I will pass to a brief account of the phys-
iological relations of its different parts to each other.

Dissection of Sheep’s Brain.—The way really to under-
stand the brain is to dissect it. The brains of mammals differ
only in their proportions, and from the sheep’s one can learn
all that is essential in man’s. The student is therefore strongly
urged to dissect a sheep’s brain. Full directions of the order of
procedure are given in the human dissecting books, e.g.,
Holden’s Practical Anatomy (Churchill), Morrell’s Student’s
Manual of Comparative Anatomy, and Guide to Dissection
(Longmans), and Foster and Langley’s Practical Physiology
(Macmillan). For the use of classes who cannot procure these
books I subjoin a few practical notes. The instruments needed
are a small saw, a chisel with a shoulder, and a hammer with a
hook on its handle, all three of which form part of the regular
medical autopsy-kit and can be had of surgical-instrument-
makers. In addition a scalpel, a pair of scissors, a pair of

F1G. 33 (after Huxley).
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dissecting-forceps, and a silver probe are required. The soli-
tary student can find home-made substitutes for all these
things but the forceps, which he ought to buy.

The first thing is to get off the skull-cap. Make two saw-
cuts, through the prominent portion of each condyle (or ar-
ticular surface bounding the hole at the back of the skull,
where the spinal cord enters) and passing forwards to the
temples of the animal. Then make two cuts, one on each side,
which cross these and meet in an angle on the frontal bone.
By actual trial, one will find the best direction for the saw-
cuts. It is hard to saw entirely through the skull-bone without
in some places also sawing into the brain. Here 1s where the
chisel comes in—one can break by a smart blow on it with
the hammer any parts of the skull not quite sawn through.
When the skull-cap is ready to come oft one will feel it ‘wob-
ble.” Insert then the hook under its forward end and pull
firmly. The bony skull-cap alone will come away, leaving the
periosteum of the inner surface adhering to that of the base of
the skull, enveloping the brain, and forming the so-called
dura mater or outer one of its ‘meninges.” This dura mater
should be slit open round the margins, when the brain will be
exposed wrapped in its nearest membrane, the pia mater, full
of blood-vessels whose branches penetrate the tissues.

The brain in its pia mater should now be carefully ‘shelled
out.” Usually it is best to begin at the forward end, turning it
up there and gradually working backwards. The olfactory lobes
are liable to be torn; they must be carefully scooped from the
pits in the base of the skull to which they adhere by the
branches which they send through the bone into the nose-
cavity. It is well to have a little blunt curved instrument ex-
pressly for this purpose. Next the optic nerves tie the brain
down, and must be cut through—close to the chiasma is eas-
iest. After that comes the prtustary body, which has to be left
behind. It is attached by a neck, the so-called mfundibulum,
into the upper part of which the cavity of the third ventricle is
prolonged downwards for a short distance. It has no known
function and 1s probably a ‘rudimentary organ.” Other nerves,
into the detail of which I shall not go, must be cut succes-
sively. Their places in the human brain are shown in Fig. 34.
When they are divided, and the portion of dura mater (tento-
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F1G. 34.—The human brain from below, with its nerves numbered
(after Henle). I, olfactory; II, optic; III, oculo-motorius; IV, trochle-
aris; 'V, trifacial; VI, abducens oculi; VII, facial; VIII, auditory; IX,
glosso-pharyngeal; X, pneumogastric; XI, spinal accessory; XII, hy-
poglossal; ncl, first cervical, etc. .

rium) which projects between the hemispheres and the cere-
bellum is cut through at its edges, the brain comes readily
out.

It 1s best examined fresh. If numbers of brains have to be
prepared and kept, I have found it a good plan to put them
first in a solution of chloride of zinc, just dense enough at first
to float them, and to leave them for a fortnight or less. This
softens the pia mater, which can then be removed in large
shreds, after which it is enough to place them in quite weak
alcohol to preserve them indefinitely, tough, elastic, and in
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their natural shape, though bleached to a uniform white
color. Before immersion in the chloride all the more superfi-
cial adhesions of the parts must be broken through, to bring
the fluid into contact with a maximum of surface. If the brain
is used fresh, the pia mater had better be removed carefully in
most places with the forceps, scalpel, and scissors. Over the
grooves between the cerebellum and hemispheres, and be-
tween the cerebellum and medulla oblongata, thin cobwebby
moist transparent vestiges of the arachnoid membrane will be
found.

The subdivisions may now be examined in due order. For
the convolutions, blood-vessels, and nerves the more special
books must be consulted.

First, looked at from above, with the deep longitudinal
fissure between them, the hemispheres are seen partly over-
lapping the intricately wrinkled cerebellum, which juts out
behind, and covers in turn almost all the medulla oblongata.
Drawing the hemispheres apart, the brilliant white corpus cal-
losum 1s revealed, some half an inch below their surface. There
is no median partition in the cerebellum, but a median eleva-
tion instead.

Looking at the brain from below, one still sees the longitu-
dinal fissure in the median line in front, and on either side of
it the olfactory lobes, much larger than in man; the optic tracts
and commussure or ‘chasma’, the infundibulum cut through just
behind them; and behind that the single corpus albicans or
mamillare, whose function 1s unknown and which 1s double in
man. Next the crura appear, converging upon the pons as if
carrying fibres back from either side. The pons itself succeeds,
much less prominent than in man; and finally behind it comes
the medulla oblongata, broad and flat and relatively large.
The pons looks like a sort of collar uniting the two halves of
the cerebellum, and surrounding the medulla, whose fibres by
the time they have emerged anteriorly from beneath the collar
have divided into the two crura. The inner relations are, how-
ever, somewhat less simple than what this description may
suggest.

Now turn forwards the cerebellum; pull out the vascular
choroid plexuses of the pia, which fill the fourth ventricle; and
bring the upper surface of the medulla oblongata into view.
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001

F1G. 35.—Fourth ventricle, etc. (Henle). III, third ventricle; IV,
fourth ventricle; P, anterior, middle, and posterior peduncles of cere-
bellum cut through; Cr, restiform body; Fg, funiculus gracilis; Cg,
corpora quadrigemina.

The fourth ventricle is a triangular depression terminating in a
posterior point called the calamus scriptovius. (Here a very fine
probe may pass into the central canal of the spinal cord.) The
lateral boundary of the ventricle on either side is formed by
the restiform body or column, which runs into the cerebellum,
forming its snferior or posterior peduncle on that side. Including
the calamus scriptorius by their divergence, the posterior
columns of the spinal cord continue into the medulla as the
fasciculi graciles. These are at first separated from the broad
restiform bodies by a slight groove. But this disappears ante-
riorly, and the ‘slender’ and ‘ropelike’ strands soon become
outwardly indistinguishable.
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Turn next to the ventral surface of the medulla, and note
the anterior pyramids, two roundish cords, one on either side
of the slight median groove. The pyramids are crossed and
closed over anteriorly by the pons Varoliz, a broad transverse
band which surrounds them like a collar, and runs up into the
cerebellum on either side, forming its muddle peduncles. The
pons has a slight median depression and its posterior edge 1s
formed by the trapezium on either side. The trapezium con-
sists of fibres which, instead of surrounding the pyramid,
seem to start from alongside of it. It is not visible in man. The
olwary bodies are small eminences on the medulla lying just
laterally of the pyramids and below the trapezium.

Now cut through the peduncles of the cerebellum, close
to their entrance into that organ. They give one surface of
section on each side, though they receive contributions
from three directions. The posterior and middle portions
we have seen: the anterior peduncles pass forwards to the cor-
pora quadrigemina. The thin white layer of nerve-tissue be-
tween them and continuous with them is called the valve of
Vieussens. It covers part of the canal from the fourth ventricle
to the third. The cerebellum being removed, examine it, and
cut sections to show the peculiar distribution of white and
gray matter, forming an appearance called the arbor vitse in
the books.

Now bend up the posterior edge of the hemispheres, ex-
posing the corpora quadrigemina (of which the anterior pair
are dubbed the nates and the posterior the zestes), and noticing
the pineal gland, a small median organ situated just in front of
them and probably, like the pituitary body, a vestige of some-
thing useful in premammalian times. The rounded posterior
edge of the corpus callosum is visible now passing from one
hemisphere to the other. Turn it still farther up, letting the
medulla, etc., hang down as much as possible and trace the
under surface from this edge forwards. It is broad behind but
narrows forwards, becoming continuous with the fornix. The
anterior stem, so to speak, of this organ plunges down just in
front of the optic thalami, which now appear with the fornix
arching over them, and the median thrd ventricle between
them. The margins of the fornix, as they pass backwards, di-
verge laterally farther than the margins of the corpus callo-
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F1G. 36.—Horizontal section of human brain just above the thal-
ami.— Ccl, corpus callosum in section; Cs, corpus striatum; S/, sep-
tum lucidum; Cf, columns of the fornix; Tho, optic thalami; Ca,
pineal gland. (After Henle.)

sum, and under the name of corpora fimbriata are carried into
the lateral ventricles, as will be seen again.

It takes a good topographical mind to understand these
ventricles clearly, even when they are followed with eye and
hand. A verbal description is absolutely useless. The essential
thing to remember is that they are offshoots from the original
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cavity (now the third ventricle) of the anterior vesicle, and
that a great split has occurred in the walls of the hemispheres
so that they (the lateral ventricles) now communicate with the
exterior along a cleft which appears sickle-shaped, as it were,
and folded in.

The student will probably examine the relations of the parts
in various ways. But he will do well to begin in any case by
cutting horizontal slices off the hemispheres almost down to
the level of the corpus callosum, and examining the distribu-
tion of gray and white matter on the surfaces of section, any
one of which is the so-called centrum ovale. Then let him cut
down in a fore-and-aft direction along the edge of the corpus
callosum, till he comes ‘through’ and draw the hemuspherical
margin of the cut outwards—he will see a space which 1is the
ventricle, and which farther cutting along the side and re-
moving of its hemisphere-roof will lay more bare. The most
conspicuous object on its floor is the nucleus caudarus of the
corpus stviatum.

Cut the corpus callosum transversely through near its pos-
terior edge and bend the anterior portion of it forwards and
sideways. The rear edge (splenium) left in situ bends round
and downwards and becomes continuous with the fornix. The
anterior part is also continuous with the fornix, but more
along the median line, where a thinnish membrane, the sep-
tum lucidum, triangular in shape, reaching from the one body
to the other, practically forms a sort of partition between the
contiguous portion of the lateral ventricles on the two sides.
Break through the septum if need be and expose the upper
surface of the fornix, broad behind and narrow in front
where its anterior pillars plunge down in front of the third
ventricle (from a thickening in whose anterior walls they
were originally formed), and finally penetrate the corpus albi-
cans. Cut these pillars through and fold them back, exposing
the thalamic portion of the brain, and noting the under sur-
face of the fornix. Its diverging posterior pillars ran backwards,
downwards, and then forwards again, forming with their
sharp edges the corpora fimbriata, which bound the cleft by
which the ventricle lies open. The semi-cylindrical welts
behind the corpora fimbriata and parallel thereto in the wall
of the ventricle are the hippocampi. Imagine the fornix and
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corpus callosum shortened in the fore-and-aft direction to a
transverse cord; imagine the hemispheres not having grown
backwards and downwards round the thalamus; and the cor-
pus fimbriatum on either side would then be the upper or
anterior margin of a split in the wall of the hemispheric ven-
tricle of which the lower and posterior margin would be the
posterior border of the corpus striatum where it grows out of
the thalamus.

The little notches just behind the anterior pillar of the
fornix and between them and the thalami are the so-called
foramina of Monro through which the plexus of vessels, etc.,
passes from the median to the lateral ventricles.

See the thick muddle commissure joining the two thalami,
just as the corpus callosum and fornix join the hemispheres.
These are all embryological aftergrowths. Seck also the ante-
vior commussure crossing just in front of the anterior pillars
of the fornix, as well as the posterior commissure with its lat-
eral prolongations along the thalami, just below the pineal
gland.

On a median section, note the thinnish anterior wall of the
third ventricle and its prolongation downwards into the -
Sfundibulum.

Turn up or cut off the rear end of one hemisphere so as to
see clearly the optic tracts turning upwards towards the rear
corner of the thalamus. The corpora geniculata to which they
also go, distinct in man, are less so in the sheep. The lower
ones are visible between the optic-tract band and the ‘testes,’
however.

The brain’s principal parts are thus passed in review. A lon-
gitudinal section of the whole organ through the median line
will be found most instructive (Fig. 37). The student should
also (on a fresh brain, or one hardened in bichromate of pot-
ash or ammonia to save the contrast of color between white
and gray matter) make transverse sections through the nates
and crura, and through the hemispheres just in front of the
corpus albicans. The latter section shows on each side the
nucleus lenticularis of the corpus striatum, and also the znner
capsule (see Fig. 38, NI, and I¢).

When all is said and done, the fact remains that, for the
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F1G. 37.—Median section of human brain below the hemispheres.
Th., thalamus; Cgq, corpora quadrigemina; V'™, third ventricle; Com,
middle commissure; F, columns of fornix; Inf., infundibulum; Op.%,
optic nerve; Pit, pituitary body; Avp., arbor vite. (After Obersteiner.)
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F1G. 38.—Transverse section through right hemisphere (after Gegen-
baur). Ce, corpus callosum; Pf; pillars of fornix; I¢, internal capsule;
V, third ventricle; N/, nucleus lenticularis.

beginner, the understanding of the brain’s structure is not an
easy thing. It must be gone over and forgotten and learned
again many times before it i1s definitively assimilated by the
mind. But patience and repetition, here as elsewhere, will bear
their perfect fruit.



CHAPTER VIII

THE FUNCTIONS OF THE BRAIN

General Idea of Nervous Function.—If I begin chop-
ping the foot of a tree, its branches are unmoved by my
act, and its leaves murmur as peacefully as ever in the wind.
If, on the contrary, I do violence to the foot of a fellow-man,
the rest of his body instantly responds to the aggression by
movements of alarm or defence. The reason of this difference
is that the man has a nervous system, whilst the tree has none;
and the function of the nervous system is to bring each part
into harmonious codperation with every other. The afferent
nerves, when excited by some physical irritant, be this as gross
in its mode of operation as a chopping axe or as subtle as the
waves of light, convey the excitement to the nervous centres.
The commotion set up in the centres does not stop there, but
discharges through the efferent nerves, exciting movements
which vary with the animal and with the irritant applied.
These acts of response have usually the common character of
being of service. They ward off the noxious stimulus and
support the beneficial one; whilst if] in itself indifferent, the
stimulus be a sign of some distant circumstance of practlcal
importance, the animal’s acts are addressed to this circum-
stance so as to avoid its perils or secure its benefits, as the case
may be. To take a common example, if I hear the conductor
calling ‘All aboard!” as I enter the station, my heart first stops,
then palpitates, and my legs respond to the air-waves falling
on my tympanum by quickening their movements. If I stum-
ble as I run, the sensation of falling provokes a movement of
the hands towards the direction of the fall, the effect of which
is to shield the body from too sudden a shock. If a cinder
enter my eye, its lids close forcibly and a copious flow of tears
tends to wash it out.

These three responses to a sensational stimulus differ, how-
ever, in many respects. The closure of the eye and the lachry
mation are quite involuntary, and so is the disturbance of the
heart. Such involuntary responses we know as ‘reflex’ acts.
The motion of the arms to break the shock of falling may also
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be called reflex, since it occurs too quickly to be deliberately
intended. It 1s, at any rate, less automatic than the previous
acts, for a man might by conscious effort learn to perform it
more skilfully, or even to suppress it altogether. Actions of
this kind, into which instinct and volition enter upon equal
terms, have been called ‘semi-reflex.” The act of running to-
wards the train, on the other hand, has no instinctive element
about it. It 1s purely the result of education, and is preceded
by a consciousness of the purpose to be attained and a distinct
mandate of the will. It is a ‘voluntary act.” Thus the animal’s
reflex and voluntary performances shade into each other grad-
ually, being connected by acts which may often occur auto-
matically, but may also be modified by conscious intelligence.

The Frog’s Nerve-centres.— Let us now look a little more
closely at what goes on.

The best way to enter the subject will be to take a lower
creature, like a frog, and study by the vivisectional method
the functions of his different nerve-centres. The frog’s nerve-
centres are figured in the diagram over the page, which needs
no further explanation. I shall first proceed to state what hap-
pens when various amounts of the anterior parts are removed,
in different frogs, in the way in which an ordinary student
removes them—that is, with no extreme precautions as to the
purity of the operation.

If, then, we reduce the frog’s nervous system to the spinal
cord alone, by making a section behind the base of the skull,
between the spinal cord and the medulla oblongata, thereby
cutting off the brain from all connection with the rest of the
body, the frog will still continue to live, but with a very pecu-
liarly modified activity. It ceases to breathe or swallow; it lies
flat on its belly, and does not, like a normal frog, sit up on its
fore-paws, though its hind-legs are kept, as usual, folded
against its body and immediately resume this position if
drawn out. If thrown on its back it lies there quietly, without
turning over like a normal frog. Locomotion and voice seem
entirely abolished. If we suspend it by the nose, and irritate
different portions of its skin by acid, it performs a set of re-
markable ‘defensive’ movements calculated to wipe away the
irritant. Thus, if the breast be touched, both fore-paws will
rub it vigorously; if we touch the outer side of the elbow, the
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F1G. 39.—C H, cerebral hemispheres; O Th, optic thalami;
O L, optic lobes; Cb., cerebellum; M O, medulla oblon-
gata; S C, spinal cord.

hind-foot of the same side will rise directly to the spot and
wipe it. The back of the foot will rub the knee if that be
attacked, whilst if the foot be cut away, the stump will make
ineffectual movements, and then, in many frogs, a pause will
come, as if for deliberation, succeeded by a rapid passage of
the opposite unmutilated foot to the acidulated spot.

The most striking character of all these movements, after
their teleological appropriateness, is their precision. They
vary, in sensitive frogs and with a proper amount of irritation,
so little as almost to resemble in their machine-like rcgularlty
the performances of a jumping-jack, whose legs must twitch
whenever you pull the string. The spinal cord of the frog thus
contains arrangements of cells and fibres fitted to convert
skin-irritations into movements of defence. We may call it the
centre for defensive movements in this animal. We may indeed
go farther than this, and by cutting the spinal cord in var-
ious places find that its separate segments are independent
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mechanisms, for appropriate activities of the head and of the
arms and lcgs respectively. The segment governing the arms is
especially active, in male frogs, in the breeding season; and
these members alonc, with the breast and back appertaining
to them, and everything else cut away, will actively grasp a
finger placed between them and remain hanging to it for a
considerable time.

Similarly of the medulla oblongata, optic lobes, and other
centres between the spinal cord and the hemispheres of the
frog. Each of them is proved by experiment to contain a
mechanism for the accurate execution, in response to definite
stimuli, of certain special acts. Thus with the medulla the an-
imal swallows; with the medulla and cerebellum together he
jumps, swims, and turns over from his back; with his optic
lobes he croaks when pinched; etc. A fiog which has lost Ins
cevebral hemispheres alone is by an unpractised observer indistin-
guishable from a normal animal.

Not only is he capable, on proper instigation, of all the acts
already mentioned, but he guides himself by sight, so that if
an obstacle be set up between him and the light, and he be
forced to move forwards, he either jumps over it or swerves
to one side. He manifests sexual passion at the proper season,
and, unlike an altogether brainless frog, which embraces any-
thing placed between his arms, postpones this reflex act until
a female of his own species is provided. Thus far, as aforesaid,
a person unfamiliar with frogs might not suspect a mutila-
tion; but even such a person would soon remark the almost
entire absence of spontaneous motion—that is, motion un-
provoked by any present incitation of sense. The continued
movements of swimming, performed by the creature in the
water, seem to be the fatal result of the contact of that fluid
with its skin. They cease when a stick, for example, touches
his hands. This is a sensible irritant towards which the feet are
automatically drawn by reflex action, and on which the animal
remains sitting. He manifests no hunger, and will suffer a fly
to crawl over his nose unsnapped at. Fear, too, seems to have
deserted him. In a word, he is an extremely complex machine
whose actions, so far as they go, tend to self-preservation; but
still a machine, in this sense— that it seems to contain no in-
calculable element. By applying the right sensory stimulus to
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him we are almost as certain of getting a fixed response as an
organist is of hearing a certain tone when he pulls out a cer-
tain stop.

But now 1f to the lower centves we add the cevebral hemispheres,
or if, in other words, we make an intact animal the subject of
our observations, all this 1s changed. In addition to the previ-
ous responses to present incitements of sense, our frog now
goes through long and complex acts of locomotion spontane-
ously, or as if moved by what in ourselves we should call an
idea. His reactions to outward stimuli vary their form, too.
Instead of making simple defensive movements with his hind-
legs, like a headless frog, if touched; or of giving one or two
leaps and then sitting still like a hemisphereless one, he makes
persistent and varied efforts of escape, as if, not the mere con-
tact of the physiologist’s hand, but the notion of danger sug-
gested by it were now his spur. Led by the feeling of hunger,
too, he goes in search of insects, fish, or smaller frogs, and
varies his procedure with each species of victim. The physiol-
ogist cannot by manipulating him elicit croaking, crawling up
a board, swimming or stopping, at will. His conduct has be-
come incalculable— we can no longer foretell 1t exactly. Effort
to escape 1s his dominant reaction, but he may do anything
else, even swell up and become perfectly passive in our hands.

Such are the phenomena commonly observed, and such the
impressions which one naturally receives. Certain general con-
clusions follow irresistibly. First of all the following:

The acts of all the centres involve the use of the same muscles.
When a brainless frog’s hind-leg wipes the acid, he calls into
play all the leg-muscles which a frog with his full medulla
oblongata and cerebellum uses when he turns from his back
to his belly. Their contractions are, however, combined differ-
ently in the two cases, so that the results vary widely. We must
consequently conclude that specific arrangements of cells and
fibres exist in the cord for wiping, in the medulla for turning
over, etc. Similarly they exist in the thalami for jumping over
seen obstacles and for balancing the moved body; in the optic
lobes for creeping backwards, or what not. But in the hemi-
spheres, since the presence of these organs brings no new
elementary form of movement with it, but only determines
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differently the occasions on which the movements shall occur,
making the usual stimuli less fatal and machine-like, we need
suppose no such machinery directly coérdinative of muscular
contractions to exist. We may rather assume, when the man-
date for a wiping-movement is sent forth by the hemispheres,
that a current goes straight to the wiping-arrangement in the
spinal cord, exciting this arrangement as a whole. Similarly, if
an intact frog wishes to jump, all he need do is to excite from
the hemispheres the jumping-centre in the thalami or wher-
ever it may be, and the latter will provide for the details of the
execution. It is like a general ordering a colonel to make a
certain movement, but not telling him how it shall be done.

The same muscle, then, 1s repeatedly represented at diffevent
heights; and at each it enters into a different combination with
other muscles to codperate in some special form of concerted
movement. At each height the movement is discharged by
some particular form of sensorial stimulus, whilst the stimuli
which discharge the hemispheres would seem not so much to
be elementary sorts of sensation, as groups of sensations
forming determinate objects or things.

The Pigeon’s Lower Centres.—The results are just the
same if, instead of a frog, we take a pigeon, cut out his hemi-
spheres carefully and wait till he recovers from the operation.
There i1s not a movement natural to him which this brainless
bird cannot execute; he seems, too, after some days to execute
movements from some inner irritation, for he moves sponta-
neously. But his emotions and instincts exist no longer. In
Schrader’s striking words:

“The hemisphereless animal moves in a world of bodies
which . . . are all of equal value for him. . . . He is, to use
Goltz’s apt expression, #mpersonal. . . . Every object is for
him only a space-occupying mass, he turns out of his path for
an ordinary pigeon no otherwise than for a stone. He may try
to climb over both. All authors agree that they never found
any difference, whether it was an inanimate body, a cat, a
dog, or a bird of prey which came in their pigeon’s way. The
creature knows neither friends nor enemies, in the thickest
company it lives like a hermit. The languishing cooing of the
male awakens no more impression than the rattling of the
peas, or the call-whistle which in the days before the injury
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used to make the birds hasten to be fed. Quite as little as the
earlier observers have I seen hemisphereless she-birds answer
the courting of the male. A hemisphereless male will coo all
day long and show distinct signs of sexual excitement, but his
activity is without any object, it is entirely indifferent to him
whether the she-bird be there or not. If one is placed near
him, he leaves her unnoticed. . . . As the male pays no atten-
tion to the female, so she pays none to her young. The brood
may follow the mother ceaselessly calling for food, but they
might as well ask it from a stone. . . . The hemisphereless
pigeon is in the highest degree tame, and fears man as little as
cat or bird of prey.”

General Notion of Hemispheres.— All these facts lead us,
when we try to formulate them broadly, to some such con-
ception as this: The lower centres act from present sensational
stimuli alone; the hemispheres act from considerations, the sensa-
tions which they may receive serving only as suggesters of
these. But what are considerations but expectations, in the
fancy, of sensations which will be felt one way or another
according as action takes this course or that? If I step aside on
seeing a rattlesnake, from considering how dangerous an ani-
mal he 1s, the mental materials which constitute my prudential
reflection are images more or less vivid of the movement of
his head, of a sudden pain in my leg, of a state of terror, a
swelling of the limb, a chill, delirium, death, etc., etc., and the
ruin of my hopes. But all these images are constructed out of
my past experiences. They are reproductions of what I have felt
or witnessed. They are, in short, remote sensations; and the
main difference between the hemisphereless animal and the
whole one may be concisely expressed by saying that the one
obeys absent, the other only present, objects.

The hemispheres would then seem to be the chief seat of memory.
Vestiges of past experience must in some way be stored up in
them, and must, when aroused by present stimuli, first appear
as representations of distant goods and evils; and then must
discharge into the appropriate motor channels for warding oft
the evil and securing the benefits of the good. If we liken the
nervous currents to electric currents, we can compare the ner-
vous system, C, below the hemispheres to a direct circuit
from sense-organ to muscle along the line§. . .C. . . Mof
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Fig. 40. The hemisphere, H, adds the long circuit or loop-line
through which the current may pass when for any reason the
direct line is not used.

Thus, a tired wayfarer on a hot day throws himself on the
damp earth beneath a maple-tree. The sensations of delicious
rest and coolness pouring themselves through the direct line
would naturally discharge into the muscles of complete exten-
sion: he would abandon himself to the dangerous repose. But
the loop-line being open, part of the current is drafted along
it, and awakens rheumatic or catarrhal reminiscences, which
prevail over the instigations of sense, and make the man arise
and pursue his way to where he may enjoy his rest more
safely. Presently we shall examine the manner in which the
hemispheric loop-line may be supposed to serve as a reservoir
for such reminiscences as these. Meanwhile I will ask the
reader to notice some corollaries of its being such a reservoir.

First, no animal without it can deliberate, pause, postpone,
nicely weigh one motive against another, or compare. Pru-
dence, in a word, is for such a creature an impossible virtue.
Accordingly we see that nature removes those functions in the
exercise of which prudence is a virtue from the lower centres
and hands them over to the cerebrum. Wherever a creature
has to deal with complex features of the environment,
dence is a virtue. The higher animals have so to deal; and the
more complex the features, the higher we call the animals.
The fewer of his acts, then, can such an animal perform with-

F1G. 40.
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out the help of the organs in question. In the frog many acts
devolve wholly on the lower centres; in the bird fewer; in the
rodent fewer still; in the dog very few indeed; and in apes and
men hardly any at all.

The advantages of this are obvious. Take the prehension of
food as an example and suppose it to be a reflex performance
of the lower centres. The animal will be condemned fatally
and irresistibly to snap at it whenever presented, no matter
what the circumstances may be; he can no more disobey this
prompting than water can refuse to boil when a fire is kindled
under the pot. His life will again and again pay the forfeit of
his gluttony. Exposure to retaliation, to other enemies, to
traps, to poisons, to the dangers of repletion, must be regular
parts of his existence. His lack of all thought by which to
weigh the danger against the attractiveness of the bait, and of
all volition to remain hungry a little while longer, 1s the direct
measure of his lowness in the mental scale. And those fishes
which, like our cunners and sculpins, are no sooner thrown
back from the hook into the water than they automatically
seize the hook again, would soon expiate the degradation of
their intelligence by the extinction of their type, did not their
extraordinary fecundity atone for their imprudence. Appetite
and the acts it prompts have consequently become in all
higher vertebrates functions of the cerebrum. They disappear
when the physiologist’s knife has left the subordinate centres
alone in place. The brainless pigeon will starve though left on
a corn-heap.

Take again the sexual function. In birds this devolves exclu-
sively upon the hemispheres. When these are shorn away the
pigeon pays no attention to the billings and cooings of its
mate. And Goltz found that a bitch in heat would excite no
emotion in male dogs who had suffered large loss of cerebral
tissue. Those who have read Darwin’s Descent of Man know
what immense importance in the amelioration of the breed in
birds this author ascribes to the fact of sexual selection. The
sexual act is not performed until every condition of circum-
stance and sentiment is fulfilled, until time, place, and partner
all are fit. But in frogs and toads this passion devolves on the
lower centres. They show consequently a machine-like obedi-
ence to the present incitement of sense, and an almost total
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exclusion of the power of choice. Copulation occurs per fas
aut nefas, occasionally between males, often with dead fe-
males, in puddles exposed on the highway, and the male may
be cut in two without letting go his hold. Every spring an
immense sacrifice of batrachian life takes place from these
causes alone.

No one need be told how dependent all human social ele-
vation is upon the prevalence of chastity. Hardly any factor
measures more than this the difference between civilization
and barbarism. Physiologically interpreted, chastity means
nothing more than the fact that present solicitations of sense
are overpowered by suggestions of @sthetic and moral fitness
which the circumstances awaken in the cerebrum; and that
upon the inhibitory or permissive influence of these alone ac-
tion directly depends.

Within the psychic life due to the cerebrum itself the same
general distinction obtains, between considerations of the
more immediate and considerations of the more remote. In all
ages the man whose determinations are swayed by reference
to the most distant ends has been held to possess the highest
intelligence. The tramp who lives from hour to hour; the bo-
hemian whose engagements are from day to day; the bachelor
who builds but for a single life; the father who acts for an-
other generation; the patriot who thinks of a whole commu-
nity and many generations; and, finally, the philosopher and
saint whose cares are for humamty and for eternity,—these
range themselves in an unbroken hierarchy, wherein each suc-
cessive grade results from an increased manifestation of the
special form of action by which the cerebral centres are distin-
guished from all below them.

The Automaton-Theory.—In the ‘loop-line’ along which
the memories and ideas of the distant are supposed to lie, the
action, so far as it is a physical process, must be interpreted
after the type of the action in the lower centres. If regarded
here as a reflex process, it must be reflex there as well. The
current in both places runs out into the muscles only after it
has first run in; but whilst the path by which it runs out is
determined in the lower centres by reflections few and fixed
amongst the cell-arrangements, in the hemispheres the reflec-
tions are many and instable. This, it will be seen, 1s only a
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difference of degree and not of kind, and does not change
the reflex type. The conception of 4/l action as conforming to
this type is the fundamental conception of modern nerve-
physiology. This conception, now, has led to two quite oppo-
site theories about the relation to consciousness of the
nervous functions. Some authors, finding that the higher vol-
untary functions seem to require the guidance of feeling, con-
clude that over the lowest reflexes some such feeling also
presides, though it may be a feeling connected with the spinal
cord, of which the higher conscious self connected with the
hemispheres remains unconscious. Others, finding that reflex
and semi-automatic acts may, notw1thstand1ng their appro-
priateness, take place with an unconsciousness apparently
complete, fly to the opposite extreme and maintain that the
appropriateness even of the higher voluntary actions con-
nected with the hemispheres owes nothing to the fact that
consciousness attends them. They are, according to these
writers, results of physiological mechanism pure and simple.

To comprehend completely this latter doctrine one should
apply it to examples. The movements of our tongues and
pens, the flashings of our eyes in conversation, are of course
events of a physiological order, and as such their causal ante-
cedents may be exclusively mechanical. If we knew thor-
oughly the nervous system of Shakespeare, and as thoroughly
all his environing conditions, we should be able, according to
the theory of automatism, to show why at a given period of
his life his hand came to trace on certain sheets of paper those
crabbed little black marks which we for shortness’ sake call the
manuscript of Hamlet. We should understand the rationale of
every erasure and alteration therein, and we should under-
stand all this without in the slightest degree acknowledging
the existence of the thoughts in Shakespeare’s mind. The
words and sentences would be taken, not as signs of anything
beyond themselves, but as little outward facts, pure and sim-
ple. In like manner, the automaton-theory affirms, we mught
exhaustively write the biography of those two hundred
pounds, more or less, of warmish albuminoid matter called
Martin Luther, without ever implying that it felt.

But, on the other hand, nothing in all this could prevent us
from giving an equally complete account of either Luther’s or
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Shakespeare’s spiritual history, an account in which every
gleam of thought and emotion should find its place. The
mind-history would run alongside of the body-history of each
man, and each point in the one would correspond to, but not
react upon, a point in the other. So the melody floats from
the harp-string, but neither checks nor quickens its vibrations;
so the shadow runs alongside the pedestrian, but in no way
influences his steps.

As a mere conception, and so long as we confine our view to
the nervous centres themselves, few things are more seductive
than this radically mechanical theory of their action. And yet
our consciousness s there, and has in all probability been
evolved, like all other functions, for a use—it is to the highest
degree improbable 2 prior: that it should have no use. Its use
seems to be that of selection; but to select, it must be effica-
cious. States of consciousness which feel right are held fast to;
those which feel wrong are checked. If the ‘holding’ and the
‘checking’ of the conscious states severally mean also the effi-
cacious reinforcing or inhibiting of the correlated neural pro-
cesses, then it would seem as if the presence of the states of
mind might help to steer the nervous system and keep it in
the path which to the consciousness seemed best. Now on the
average what seems best to consciousness is really best for the
creature. It is a well-known fact that pleasures are generally
associated with beneficial, pains with detrimental, experiences.
All the fundamental vital processes illustrate this law. Starva-
tion; suffocation; privation of food, drink, and sleep; work
when exhausted; burns, wounds, inflammation; the effects of
poison, are as disagreeable as filling the hungry stomach, en-
joying rest and sleep after fatigue, exercise after rest, and a
sound skin and unbroken bones at all times, are pleasant. Mr.
Spencer and others have suggested that these coincidences are
due, not to any preéstablished harmony, but to the mere ac-
tion of natural selection, which would certainly kill off in the
long-run any breed of creatures to whom the fundamentally
noxious experience seemed enjoyable. An animal that should
take pleasure in a feeling of suffocation would, if that pleasure
were efficacious enough to make him keep his head under
water, enjoy a longevity of four or five minutes. But if con-
scious pleasure does not reinforce, and conscious pain does
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not inhibit anything, one does not see (without some such a
preore rational harmony as would be scouted by the ‘scientific
champions of the automaton-theory) why the most noxious
acts, such as burning, might not with perfect impunity give
thrills of delight, and the most necessary ones, such as breath-
ing, cause agony. The only considerable attempt that has been
made to explain the distribution of our feelings is that of
Mr. Grant Allen in his suggestive little work, Physiological /Zs-
thetics; and his reasoning 1s based exclusively on that causal
efficacy of pleasures and pains which the partisans of pure
automatism so strenuously deny.

Probability and circumstantial evidence thus run dead
against the theory that our actions are purely mechanical in
their causation. From the point of view of descriptive Psy-
chology (even though we be bound to assume, as on p. 15,
that all our feelings have brain-processes for their condition of
existence, and can be remotely traced in every instance to cur-
rents coming from the outer world) we have no clear reason
to doubt that the feelings may react so as to further or to
dampen the processes to which they are due. I shall therefore
not hesitate 1n the course of this book to use the language of
common-sense. I shall talk as if consciousness kept actively
pressing the nerve-centres in the direction of its own ends,
and was no mere impotent and paralytic spectator of life’s
game.

The Localization of Functions in the Hemispheres.—
The hemispheres, we lately said, must be the organ of mem-
ory, and in some way retain vestiges of former currents, by
means of which mental considerations drawn from the past
may be aroused before action takes place. The vivisections of
physiologists and the observations of physicians have of late
years given a concrete confirmation to this notion which the
first rough appearances suggest. The various convolutions
have had special functions assigned to them in relation to this
and that sense-organ, as well as to this or that portion of the
muscular system. This book is no place for going over the
evidence in detail, so I will simply indicate the conclusions
which are most probable at the date of writing.

Mental and Cerebral Elements.—In the first place, there
is a very neat parallelism between the analysis of brain-
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functions by the physiologists and that of mental functions by
the ‘analytic’ psychologists.

The phrenological brain-doctrine divided the brain into ‘or-
gans,’ each of which stood for the man in a certain partial
attitude. The organ of ‘Philoprogenitiveness,” with its con-
comitant consciousness, 1s an entire man so far as he loves
children, that of ‘Reverence’ is an entire man worshipping,
etc. The spiritualistic psychology, in turn, divided the Mind
into ‘faculties,” which were also entire mental men in certain
limited attitudes. But ‘faculties’ are not mental elements any
more than ‘organs’ are brain-elements. Analysis breaks both
into more elementary constituents.

Brain and mind alike consist of simple elements, sensory
and motor. “All nervous centres,” says Dr. J. Hughlings Jack-
son, “from the lowest to the very highest (the substrata of
consciousness), are made up of nothing else than nervous ar-
rangements representing impressions and movements. . . . I
do not see of what other ‘materials’ the rest of the brain can
be made.” Meynert represents the matter similarly when he
calls the cortex of the hemispheres the surface of projection
for every muscle and every sensitive point of the body. The
muscles and the sensitive points are represented each by a cor-
tical point, and the Brain is little more than the sum of all
these cortical points, to which, on the mental side, as many
sensations and zdeas correspond. The sensations and ideas of
sensation and of motion are, in turn, the elements out of
which the Mind is built according to the analytic school of
psychology. The relations between objects are explained by
‘associations’ between the ideas; and the emotionat-and in-
stinctive tendencies, by associations between ideas and move-
ments. The same diagram can symbolize both the inner and
the outer world; dots or circles standing indifferently for cells
or ideas, and lines joining them, for fibres or associations. The
associationist doctrine of ‘ideas’ may be doubted to be a literal
expression of the truth, but it probably will always retain a
didactic usefulness. At all events, it is interesting to see how
well physiological analysis plays into its hands. To proceed to
details.

The Motor Region.—The one thing which is perfectly well
established is this, that the ‘central’ convolutions, on either
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side of the fissure of Rolando, and (at least in the monkey)
the calloso-marginal convolution (which is continuous with
them on the mesial surface where one hemisphere is applied
against the other), form the region by which all the motor
incitations which leave the cortex pass out, on their way to
those executive centres in the region of the pons, medulla,
and spinal cord from which the muscular contractions are dis-
charged in the last resort. The existence of this so-called ‘mo-
tor zone’ is established by anatomical as well as vivisectional
and pathological evidence.

The accompanying figures (Figs. 41 and 42), from Schifer
and Horsley, show the topographical arrangement of the
monkey’s motor zone more clearly than any description.

Fig. 43, after Starr, shows how the fibres run downwards.
All sensory currents entering the hemispheres run out from
the Rolandic region, which may thus be regarded as a sort of
funnel of escape, which narrows still more as it plunges be-
neath the surface, traversing the inner capsule, pons, and parts
below. The dark ellipses on the left half of the diagram stand
for hemorrhages or tumors, and the reader can easily trace, by
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F1G. 41.— Left hemisphere of monkey’s brain. Outer surface.
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FI1G. 42.—Left hemisphere of monkey’s brain. Mesial surface.

following the course of the fibres, what the effect of them in
interrupting motor currents may be.

One of the most instructive proofs of motor localization in
the cortex is that furnished by the disease now called aphemia,
or motor aphasia. Motor aphasia is neither loss of voice nor
paralysis of the tongue or lips. The patient’s voice is as strong
as ever, and all the innervations of his hypoglossal and facial
nerves, except those necessary for speaking, may go on per-
fectly well. He can laugh and cry, and even sing; but he either
is unable to utter any words at all; or a few meaningless stock
phrases form his only speech; or else he speaks incoherently
and confusedly, mispronouncing, misplacing, and misusing
his words in various degrees. Sometimes his speech 1s a mere
broth of unintelligible syllables. In cases of pure motor apha-
sia the patient recognizes his mistakes and sufters acutely from
them. Now whenever a patient dies in such a condition as
this, and an examination of his brain is permitted, it is found
that the lowest frontal gyrus (see Fig. 44) is the seat of injury.
Broca first noticed this fact in 1861, and since then the gyrus
has gone by the name of Broca’s convolutlon The injury in
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right-handed people is found on the left hemisphere, and in
left-handed people on the right hemisphere. Most people, in
fact, are left-brained, that is, all their delicate and specialized
movements are handed over to the charge of the left hemi-
sphere. The ordinary right-handedness for such movements is
only a consequence of that fact, a consequence which shows
outwardly on account of that extensive crossing of the fibres
from the left hemisphere to the right half of the body only,
which is shown in Fig. 43, below the letter M. But the left-
brainedness might exist and nor show outwardly. This would
happen wherever organs on both sides of the body could be
governed by the left hemisphere; and just such a case seems

FI1G. 43.—Schematic transverse section of the human brain, through
the rolandic region. S, fissure of Sylvius; N.C., nucleus candatus, and
N.L., nucleus lenticularis, of the corpus striatum; O.T., thalamus; C,
crus; M, medulla oblongata; VII., the facial nerves passing out from
their nucleus in the region of the pons. The fibres passing between
O.T. and N.L. constitute the so-called internal capsule.
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F1G. 44.—Schematic profile of left hemisphere, with the parts
shaded whose destruction causes motor (‘Broca’) and sensory (‘Wer-
nicke’) aphasia.

offered by the vocal organs, in that highly delicate and special
motor service which we call speech. Either hemisphere can
innervate them bilaterally, just as either seems able to inner-
vate bilaterally the muscles of the trunk, ribs, and diaphragm.
Of the special movements of speech, however, it would ap-
pear (from these very facts of aphasia) that the left hemisphere
in most persons habitually takes exclusive charge. With that
hemusphere thrown out of gear, speech is undone; even
though the opposite hemisphere still be there for the perfor-
mance of less specialized acts, such as the various movements
required in eating.

The visual centre is in the occipizal lobes. This also is proved
by all the three kinds of possible evidence. It seems that the
fibres from the left halves of both retine go to the left hemi-
sphere, those from the right half to the right hemisphere. The
consequence is that when the right occipital lobe, for exam-
ple, is injured, ‘hemianopsia’ resluts in both eyes, that 1s, both
retine grow blind as to their right halves, and the patient loses
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the leftward half of his field of view. The diagram on p. 117
will make this matter clear (see Fig. 4s).

Quite recently, both Schifer and Munk, in studying the
movements of the eyeball produced by galvanizing the visual
cortex in monkeys and dogs, have found reason to plot out an
analogous correspondence between the upper and lower por-
tions of the retinz and certain parts of the visual cortex. If
both occipital lobes were destroyed, we should have double
hemiopia, or, in other words, total blindness. In human hemi-
opic blindness there 1s insensibility to light on one half of the
field of view, but mental images of visible things remain. In
double hemiopia there 1s every reason to believe that not only
the sensation of light must go, but that all memories and im-
ages of a visual order must be annihilated also. The man loses
his visual ‘ideas.” Only ‘cortical’ blindness can produce this
effect on the 1deas. Destruction of the retinz or of the visual
tracts anywhere between the cortex and the eyes impairs the
retinal sensibility to light, but not the power of visual imagi-
nation.

Mental Blindness.—A most interesting effect of cortical
disorder is mental blindness. This consists not so much in in-
sensibility to optical impressions, as in mability to understand
them. Psychologically it is interpretable as loss of associations
between optical sensations and what they signify; and any in-
terruption of the paths between the optic centres and the cen-
tres for other ideas ought to bring it about. Thus, printed
letters of the alphabet, or words, signify both certain sounds
and certain articulatory movements. But the connection be-
tween the articulating or auditory centres and those for sight
being ruptured, we ought a priori to expect that the sight of
words would fail to awaken the 1dea of their sound, or of the
movement for pronouncing them. We ought, in short, to have
alexia, or inability to read; and this is just what we do have as
a complication of aphasic disease in many cases of extensive
injury about the fronto-temporal regions.

Where an object fails to be recognized by sight, it often
happens that the patient will recognize and name it as soon as
he touches it with his hand. This shows in an interesting way
how numerous are the incoming paths which all end by run-
ning out of the brain through the channel of speech. The
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Los  L0.D
F1G. 45.—Scheme of the mechanism of vision, after Seguin. The
cuneus convolution (Cu) of the right occipital lobe is supposed to be
injured, and all the parts which lead to it are darkly shaded to show
that they fail to exert their function. F.O. are the intra-hemispheric
optical fibres. PO.C. is the region of the lower optic centres (corpora
geniculata and quadrigemina). T.0.D. is the right optic tract; C., the
chiasma; F.L.D. are the fibres going to the lateral or temporal half T.
of the right retina, and F.C.S. are those going to the central or nasal
half of the left retina. O.D. is the right, and O.S. the left, eyeball. The
rightward half of each is therefore blind; in other words, the right
nasal field, R.N.F., and the left temporal field, L.T.F., have become

invisible to the subject with the lesion at Cu.
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F1G. 46.—Fibres associating the cortical centres together.
(Schematic, after Starr.)

hand-path 1s open, though the eye-path be closed. When
mental blindness is most complete, neither sight, touch, nor
sound avails to steer the patient, and a sort of dementia which
has been called asymbolia or apraxia is the result. The com-
monest articles are not understood. The patient will put his
breeches on one shoulder and his hat upon the other, will bite
into the soap and lay his shoes on the table, or take his food
into his hand and throw it down again, not knowing what to
do with it, etc. Such disorder can only come from extensive
brain-injury.

The centre for hearing is situated in man in the upper
convolution of the temporal lobe (see the part marked Wer-
nicke’ in Fig. 44). The phenomena of aphasia show this. We
studied motor aphasia a few pages back; we must now con-
sider sensory aphasia. Our knowledge of aphasia has had three
stages: we may talk of the period of Broca, the period of Wer-
nicke, and the period of Charcot. What Broca’s discovery was
we have seen. Wernicke was the first to discriminate those
cases in which the patient can not even understand speech from
those in which he can understand, only not talk; and to as-
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cribe the former condition to lesion of the temporal lobe. The
condition in question is word-deafness, and the disease is andi-
tory aphasia. The latest statistical survey of the subject is that
by Dr. M. Allen Starr. In the seven cases of pure word-
deafness which he has collected (cases in which the patient
could read, talk, and write, but not understand what was
said to him), the lesion was limited to the first and second
temporal convolutions in their posterior two thirds. The le-
sion (in right-handed, i.e., left-brained, persons) is always on
the left side, like the lesion in motor aphasia. Crude hearing
would not be abolished even were the left centre for it utterly
destroyed; the right centre would still provide for that. But
the linguistic use of hearing appears bound up with the integ-
rity of the left centre more or less exclusively. Here it must be
that words heard enter into association with the things which
they represent, on the one hand, and with the movements
necessary for pronouncing them, on the other. In most of us
(as Wernicke said) speech must go on from auditory cues; that
is, our visual, tactile, and other ideas probably do not inner-
vate our motor centres directly, but only after first arousing
the mental sound of the words. This is the immediate stimu-
lus to articulation; and where the possibility of this i1s abol-
ished by the destruction of its usual channel in the left
temporal lobe, the articulation must suffer. In the few cases in
which the channel is abolished with no bad effect on speech
we must suppose an idiosyncrasy. The patient must innervate
his speech-organs either from the corresponding portion of
the other hemisphere or directly from the centres of vision,
touch, etc., without leaning on the auditory region. It 1s the
minuter analysis of such individual differences as these which
constitutes Charcot’s contribution towards clearing up the
subject.

Every namable thing has numerous properties, qualities, or
aspects. In our minds the properties together with the name
form an associated group. If different parts of the brain are
severally concerned with the several properties, and a farther
part with the hearing, and still another with the uttering, of
the name, there must inevitably be brought about (through
the law of association which we shall later study) such a con-
nection amongst all these brain-parts that the activity of any
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one of them will be likely to awaken the activity of all the rest.
When we are talking whilst we think, the #ltimate process is
utterance. If the brain-part for that be injured, speech is im-
possible or disorderly, even though all the other brain-parts
be intact: and this is just the condition of things which, on
p- 113, we found to be brought about by lesion of the con-
volution of Broca. But back of that last act various orders of
succession are possible in the associations of a talking man’s
ideas. The more usual order is, as aforesaid, from the tactile,
visual, or other properties of the things thought-about to the
sound of their names, and then to the latter’s utterance. But if
in a certain individual’s mind the Jook of an object or the look
of its name be what habitually precedes articulation, then the
loss of the hearing centre will pro tanto not affect that individ-
ual’s speech or reading. He will be mentally deaf; i.e., his u#-
derstanding of the human voice will suffer, but he will not be
aphasic. In this way it is possible to explain the seven cases of
word-deafness without motor aphasia which figure in Dr.
Starr’s table.

If this order of association be ingrained and habitual in
that individual, injury to his visual centres will make him
not only word-blind, but aphasic as well. His speech will
become confused in consequence of an occipital lesion. Nau-
nyn, consequently, plotting out on a diagram of the hemi-
sphere the 71 irreproachably reported cases of aphasia which
he was able to collect, finds that the lesions concentrate
themselves in three places: first, on Broca’s centre; second,
on Wernicke’s; third, on the supra-marginal and angular
convolutions under which those fibres pass which connect
the visual centres with the rest of the brain (see Fig. 47).
With this result Dr. Starr’s analysis of purely sensory cases
agrees.

In the chapter on Imagination we shall return to these dif-
ferences in the sensory spheres of different individuals. Mean-
while few things show more beautifully than the history of
our knowledge of aphasia how the sagacity and patience of
many banded workers are in time certain to analyze the dark-
est confusion into an orderly display. There 1s no ‘organ’ of
Speech in the brain any more than there is a ‘faculty’ of
Speech in the mind. The entire mind and the entire brain are
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more or less at work in a man who uses language. The sub-
joined diagram, from Ross, shows the four parts most vitally
concerned, and, in the light of our text, needs no farther ex-
planation (see Fig. 48, p. 122).

Centres for Smell, Taste, and Touch.—The other sen-
sory centres are less definitely made out. Of smell and taste I
will say nothing; and of muscular and cutaneous feeling only
this, that it seems most probably seated in the motor zone,
and possibly in the convolutions immediately backwards and
midwards thereof. The incoming tactile currents must enter
the cells of this region by one set of fibres, and the discharges
leave them by another, but of these refinements of anatomy
we at present know nothing.

Conclusion.—We thus see the postulate of Meynert and
Jackson, with which we started on p. 11, to be on the
whole most satisfactorily corroborated by objective research.
The nghest centres do probably contain nothing but arvangements
for vepresenting impressions and movements, and other arrange-
ments for coupling the actinty of these arvangements together.
Currents pouring in from the sense-organs first excite some
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F1G. 48.—A is the auditory centre, V the visual, W the writ-
ing, and E that for speech.

arrangements, which in turn excite others, until at last a dis-
charge downwards of some sort occurs. When this is once
clearly grasped there remains little ground for asking whether
the motor zone is exclusively motor, or sensitive as well. The
whole cortex, inasmuch as currents run through it, 1s both.
All the currents probably have feelings going with them, and
sooner or later bring movements about. In one aspect, then,
every centre is afferent, in another efferent, even the motor
cells of the spinal cord having these two aspects inseparably
conjoined. Marique, and Exner and Paneth have shown that
by cutting »ound a ‘motor’ centre and so separating it from
the influence of the rest of the cortex, the same disorders are
produced as by cutting it out, so that it is really just what I
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called it, only the funnel through which the stream of inner-
vation, starting from elsewhere, escapes; consciousness accompa-
nying the stream, and being mainly of things seen if the stream 1s
strongest occipitally, of things heard if it is strongest temporally, of
things felt, etc., if the stream occupies most intensely the ‘motor
zone.” It seems to me that some broad and vague formulation
like this 1s as much as we can safely venture on in the present
state of science—so much at least is not likely to be over-
turned. But it is obvious how little this tells us of the detail of
what goes on in the brain when a certain thought is before
the mind. The general forms of relation perceived between
things, as their identities, likenesses, or contrasts; the forms of
the consciousness itself, as effortless or perplexed, attentive or
inattentive, pleasant or disagreeable; the phenomena of inter-
est and selection, etc., etc., are all lumped together as effects
correlated with the currents that connect one centre with an-
other. Nothing can be more vague than such a formula.
Moreover certain portions of the brain, as the lower frontal
lobes, escape formulation altogether. Their destruction gives
rise to no local trouble of either motion or sensibility in dogs,
and in monkeys neither stimulation nor excision of these
lobes produces any symptoms whatever. One monkey of
Horsley and Schifer’s was as tame, and did certain tricks as
well, after as before the operation.

It is in short obvious that our knowledge of our mental
states infinitely exceeds our knowledge of their concomitant
cerebral conditions. Without introspective analysis of the
mental elements of speech, the doctrine of Aphasia, for in-
stance, which is the most brilliant jewel in Physiology, would
have been utterly impossible. Our assumption, therefore
(p. 14), that mind-states are absolutely dependent on brain-
conditions, must still be understood as a mere postulate. We
may have a general faith that it must be true, but any exact
insight as to how it is true lags wofully behind.

Before taking up the study of conscious states properly so
called, I will in a separate chapter speak of two or three as-
pects of brain-function which have a general importance and
which codperate in the production of all our mental states.



CHAPTER IX

SOME GENERAL CONDITIONS OF NEURAL
ACTIVITY

he Nervous Discharge.—The word discharge is con-

stantly used, and must be used in this book, to designate
the escape of a current downwards into muscles or other in-
ternal organs. The reader must not understand the word fig-
uratively. From the point of view of dynamics the passage of
a current out of a motor cell is probably altogether analogous
to the explosion of a gun. The matter of the cell 1s in a state of
internal tension, which the incoming current resolves, tum-
bling the molecules into a more stable equilibrium and liber-
ating an amount of energy which starts the current of the
outgoing fibre. This current is stronger than that of the in-
coming fibre. When it reaches the muscle it produces an anal-
ogous disintegration of pent-up molecules and the result is a
stronger effect still. Matteuci found that the work done by a
muscle’s contraction was 27,000 times greater than that done
by the galvanic current which stimulated its motor nerve.
When a frog’s leg-muscle is made to contract, first directly, by
stimulation of its motor nerve, and second reflexly, by stimu-
lation of a sensory nerve, it is found that the reflex way re-
quires a stronger current and i1s more tardy, but that the
contraction is stronger when it does occur. These facts prove
that the cells in the spinal cord through which the reflex takes
place offer a resistance which has first to be overcome, but
that a relatively violent outward current outwards then es-
capes from them. What is this but an explosive discharge on a
minute scale?

Reaction-time.—The measurement of the time required
for the discharge 1s one of the lines of experimental investiga-
tion most diligently followed of late years. Helmholtz led the
way by discovering the rapidity of the outgoing current in the
sciatic nerve of the frog. The methods he used were soon
applied to sensory reactions, and the results caused much
popular admiration when described as measurements of the
‘velocity of thought.” The phrase ‘quick as thought’ had from
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time immemorial signified all that was wonderful and elusive
of determination in the line of speed; and the way in which
Science laid her doomful hand upon this mystery reminded
people of the day when Franklin first ‘eripuit celo fulmen,
foreshadowing the reign of a newer and colder race of gods.
I may say, however, immediately, that the phrase ‘velocity
of thought’ is misleading, for it is by no means clear in any of
the cases what particular act of thought occurs during the
time which is measured. What the times in question really
represent is the total duration of certain reactions upon stimuls.
Certain of the conditions of the reaction are prepared before-
hand; they consist in the assumption of those motor and
sensory tensions which we name the expectant state. Just
what happens during the actual time occupied by the re-
action (in other words, just what is added to the preéxistent
tensions to produce the actual discharge) is not made out at
present, either from the neural or from the mental point of
view.

The method 1s essentially the same in all these investiga-
tions. A signal of some sort is communicated to the subject,
and at the same instant records itself on a time-registering
apparatus. The subject then makes a muscular movement of
some sort, which is the ‘reaction,” and which also records it-
self automatically. The time found to have elapsed between
the two records is the total time of that reaction. The time-
registering instruments are of various types. One type is that
of the revolving drum covered with smoked paper, on which
one electric pen traces a line which the signal breaks and the
‘reaction’ draws again; whilst another electric pen (connected
with a rod of metal vibrating at a known rate) traces alongside
of the former line a ‘time-line’ of which each undulation or
link stands for a certain fraction of a second, and against
which the break in the reaction-line can be measured. Com-
pare Fig. 49, where the line is broken by the signal at the first
arrow, and continued again by the reaction at the second. The
machine most often used 1s Hipp’s chronoscopic clock. The
hands are placed at zero, the signal starts them (by an electric
connection), and the reaction stops them. The duration of
their movement, down to 10ooths of a second, 1s then read off
from the dial-plates.
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Simple Reactions.—It is found that the reaction-time dif-
fers in the same person according to the direction of his ex-
pectant attention. If he thinks as little as possible of the
movement which he i1s to make, and concentrates his mind
upon the signal to be received, it is longer; if, on the contrary,
he bends his mind exclusively upon the muscular response, it
is shorter. Lange, who first noticed this fact when working in
Wundt’s laboratory, found his own ‘muscular’ reaction-time
to average 0".123, whilst his ‘sensorial’ reaction-time averaged
as much as 0”.230. It is obvious that experiments, to have any
comparative value, must always be made according to the
‘muscular’ mcthod which reduces the figure to its minimum
and makes it more constant. In general it lies between one
and two tenths of a second. It seems to me that under these
circumstances the reaction is essentially a reflex act. The pre-
liminary making-ready of the muscles for the movement means
the excitement of the paths of discharge to a point just short
of actual discharge before the signal comes in. In other words,
it means the temporary formation of a real ‘reflex-arc’ in the
centres, through which the incoming current instantly can
pour out again. But when, on the other hand, the expectant
attention is exclusively addressed to the signal, the excitement
of the motor tracts can only begin after this latter has come
in, and under this condition the reaction takes more time. In
the hair-trigger condition in which we stand when making
reactions by the ‘muscular’ method, we sometimes respond to
a wrong signal, especially if it be of the same kind with the
one we expect. The signal is but the spark which touches off a
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train already laid. There is no thought in the matter; the hand
jerks by an involuntary start.

These experiments are thus in no sense measurements of
the swiftness of thought. Only when we complicate them 1is
there a chance for anything like an intellectual operation to
occur. They may be complicated in various ways. The re-
action may be withheld until the signal has consciously
awakened a distinct idea (Wundt’s discrimination-time,
association-time), and may then be performed. Or there may
be a variety of possible signals, each with a different reaction
assigned to 1t, and the reacter may be uncertain which one he
1s about to receive. The reaction would then hardly seem to
occur without a preliminary recognition and choice. Even
here, however, the discrimination and choice are widely dif-
ferent from the intellectual operations of which we are ordi-
narily conscious under those names. Meanwhile the simple
reaction-time remains as the starting point of all these super-
induced complications, and its own variations must be briefly
passed in review.

The reaction-time varies with the ndividual and his age.
Old and uncultivated people have it long (nearly a second, in
an old pauper observed by Exner). Children have it long (half
a second, according to Herzen).

Practice shortens it to a quantity which is for each individ-
ual a minimum beyond which no farther reduction can be
made. The aforesaid old pauper’s time was, after much prac-
tice, reduced to 0.1866 sec.

Fatigue lengthens it, and concentration of attention shortens
it. The nature of the signal makes 1t vary. I here bring together
the averages which have been obtained by some observers:

Hirsch. Hankel. Exner. Wundt.

Sound. . . . . 0.149 0.1505 0.1360  0.167
Light . . . . . 0200 02246 01506 0.222
Touch . . . . . 0.u82 0.1546 0.1337  0.213

It will be observed that sound is more promptly reacted on
than either sight or touch. Taste and smell are slower than ei-
ther. The intensity of the signal makes a difference. The in-
tenser the stimulus the shorter the time. Herzen compared the
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reaction from a corn on the toe with that from the skin of the
hand of the same subject. The two places were stimulated si-
multaneously, and the subject tried to react simultaneously
with both hand and foot, but the foot always went quickest.
When the sound skin of the foot was touched instead of the
corn, it was the hand which always reacted first. Intoxicants on
the whole lengthen the time, but much depends on the dose.

Complicated Reactions.—These occur when some kind
of intellectual operation accompanies the reaction. The ratio-
nal place in which to report of them would be under the head
of the various intellectual operations concerned. But certain
persons prefer to see all these measurements bunched to-
gether regardless of context; so, to meet their views, I give
the complicated reactions here.

When we have to think before reacting it is obvious that
there 1s no definite reaction-time of which we can talk—it all
depends on how long we think. The only times we can mea-
sure are the minimum times of certain determinate and very
simple intellectual operations. The time requared for discrimina-
tion has thus been made a subject of experimental measure-
ment. Wundt calls it Unterscheidungszest. His subjects (whose
simple reaction-time had previously been determined) were
required to make a movement, always the same, the instant
they discerned which of two or more signals they received.
The excess of time occupied by these reactions over the simple
reaction-time, In which only one signal was used and known in
advance, measured, according to Wundt, the time required
for the act of discrimination. It was found longer when four
different signals were irregularly used than when only two
were used. When two were used (the signals being the sud-
den appearance of a black or of a white object), the average
times of three observers were respectively (in seconds)

0.050  0.047  0.079.

When four signals were used, a red and a green light being

added to the others, it became, for the same observers,
0.I§7  0.073  O.I32.

Prof. Cattell found he could get no results by this method,
and reverted to one used by observers previous to Wundt and
which Wundt had rejected. This 1s the emfache Wahlmethode,
as Wundt calls it. The reacter awaits the signal and reacts if it
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1s of one sort, but omits to act if it is of another sort. The
reaction thus occurs after discrimination; the motor impulse
cannot be sent to the hand until the subject knows what the
signal is. Reacting in this way, Prof. Cattell found the incre-
ment of time required for distinguishing a white signal from
no signal to be, in two observers,
0.030 and 0.050;
that for distinguishing one color from another was similarly,
0.1I00 and 0.110;
that for distinguishing a certain color from ten other colors,
0.I0§ and 0.117;
that for distinguishing the letter A in ordinary print from the
letter Z,
0.142 and 0.137;
that for distinguishing a given letter from all the rest of the
alphabet (not reacting until that letter appeared),
0.119 and 0.116;
that for distinguishing a word from any of twenty-five other
words, from
0.118 to 0.158 sec.
—the difference depending on the length of the words and
the familiarity of the language to which they belonged.

Prof. Cattell calls attention to the fact that the time for dis-
tinguishing a word is often but little more than that for dis-
tinguishing a letter: “We do not therefore,” he says, “perceive
separately the letters of which a word is composed, but the
word as a whole. The application of this to teaching children
to read 1s evident.”

He also finds a great difference in the time with which var-
ious letters are distinguished, E being particularly bad.

The time requived for association of one idea with another
has been measured. Galton, using a very simple apparatus,
found that the sight of an unforeseen word would awaken an
associated ‘idea’ in about ¥ of a second. Wundt next made
determinations in which the ‘cue’ was given by single-
syllabled words called out by an assistant. The person experi-
mented on had to press a key as soon as the sound of the
word awakened an associated idea. Both word and reaction
were chronographically registered, and the total time-interval
between the two amounted, in four observers, to 1.009, 0.896,
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1.037, and 1154 seconds respectively. From this the simple
reaction-time and the time of merely identifying the word’s
sound (the ‘apperception-time,” as Wundt calls it) must be
subtracted, to get the exact time required for the associated
idea to arise. These times were separately determined and sub-
tracted. The difference, called by Wundt association-time,
amounted, in the same four persons, to 706, 723, 752, and 874
thousandths of a second respectively. The length of the last
figure is due to the fact that the person reacting was an Amer-
ican, whose associations with German words would naturally
be slower than those of natives. The shortest association-time
noted was when the word ‘Sturm’ suggested to Wundt the
word ‘Wind’ in 0.341 second. Prof. Cattell made some inter-
esting observations upon the association-time between the
look of letters and their names. “I pasted letters,” he says,

a revolving drum, and determined at what rate they could be
read aloud, as they passed by a slit in a screen.” He found it to
vary according as one, or more than one, letter was visible at a
time through the slit, and gives half a second as about the
time which it takes to see and name a single letter seen alone.
The rapidity of a man’s reading is of course a measure of that
of his associations, since each seen word must call up its
name, at least, ere it is read. “I find,” says Prof. Cattell, “that
it takes about twice as long to read (aloud, as fast as possible)
words which have no connexion as words which make sen-
tences, and letters which have no connexion as letters which
make words. When the words make sentences and the letters
words, not only do the processes of seeing and naming over-
lap, but by one mental effort the subject can recognise a
whole group of words or letters, and by one will-act choose
the motions to be made in naming them, so that the rate at
which the words and letters are read is really only limited by
the maximum rapidity at which the speech-organs can be
moved. . . . For example, when reading as fast as possible
the writer’s rate was, English 138, French 167, German 250,
Italian 327, Latin 434 and Greek 484; the figures giving the
thousandths of a second taken to read each word. Experi-
ments made on others strikingly confirm these results. The
subject does not know that he is reading the foreign language
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more slowly than his own; this explains why foreigners seem
to talk so fast. . . .

“The time required to see and name colours and pictures of
objects was determined in the same way. The time was found
to be about the same (over Y% sec.) for colours as for pictures,
and about twice as long as for words and letters. Other exper-
iments I have made show that we can recognise a single col-
our or picture 1n a slightly shorter time than a word or letter,
but take longer to name it. This is because in the case of
words and letters the association between the idea and name
has taken place so often that the process has become auto-
matic, whereas in the case of colours and pictures we must by
a voluntary effort choose the name.”

Dr. Romanes has found “astonishing differences in the
maximum rate of reading which is possible to different indi-
viduals, all of whom have been accustomed to extensive read-
ing. That is to say, the difference may amount to 4 to 1; or,
otherwise stated, in a given time one individual may be able
to read four times as much as another. Moreover, it appeared
that there was no relationship between slowness of reading
and power of assimilation; on the contrary, when all the ef-
forts are directed to assimilating as much as possible in a
given time, the rapid readers (as shown by their written
notes) usually give a better account of the portions of the
paragraph which has been compassed by the slow readers
than the latter are able to give; and the most rapid reader
whom I have found is also the best at assimilating. I should
further say,” Dr. R. continues, “that there is no relationship
between rapidity of perception as thus tested and intellectual
activity as tested by the general results of intellectual work;
for I have tried the experiment with several highly distin-
guished men in science and literature, most of whom I found
to be slow readers.”

The degree of concentration of the attention has much to do
with determining the reaction-time. Anything which baffles
or distracts us beforehand, or startles us in the signal, makes
the time proportionally long.

The Summation of Stimuli.—Throughout the nerve-
centres it 1s a law that a stimulus which would be inadequate by
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stself to excite a nerve-centre to effective discharge may, by acting
with one or more other stimuli (equally ineffectual by themselves
alone), bring the discharge about. The natural way to consider
this 1s as a summation of tensions which at last overcome a
resistance. The first of them produce a ‘latent excitement’ or a
‘heightened irritability’—the phrase i1s immaterial so far as
practical consequences go; —the last is the straw which breaks
the camel’s back.

This 1s proved by many physiological experiments which
cannot here be detailed; but outside of the laboratory we con-
stantly apply the law of summation in our practical appeals. If
a car-horse balks, the final way of starting him 1s by applying
a number of customary incitements at once. If the driver uses
reins and voice, if one bystander pulls at his head, another
lashes his hind-quarters, the conductor rings the bell, and the
dismounted passengers shove the car, all at the same moment,
his obstinacy generally yields, and he goes on his way rejoic-
ing. If we are striving to remember a lost name or fact, we
think of as many ‘cues’ as possible, so that by their joint ac-
tion they may recall what no one of them can recall alone.
The sight of a dead prey will often not stimulate a beast to
pursuit, but if the sight of movement be added to that of
form, pursuit occurs. “Briicke noticed that his brainless hen,
which made no attempt to peck at the grain under her very
eyes, began pecking if the grain were thrown on the ground
with force, so as to produce a rattling sound.” “Dr. Allen
Thomson . . . hatched out some chickens on a carpet, where
he kept them for several days. They showed no inclination to
scrape, . . . but when Dr. Thomson sprinkled a little gravel
on the carpet, . . . the chickens immediately began their
scraping movements.” A strange person, and darkness, are
both of them stimuli to fear and mistrust in dogs (and for the
matter of that, in men). Neither circumstance alone may
awaken outward manifestations, but together, i.e., when the
strange man is met in the dark, the dog will be excited to
violent defiance. Street hawkers well know the efficacy of
summation, for they arrange themselves in a line on the side-
walk, and the passer often buys from the last one of them,
through the effect of the reiterated solicitation, what he re-
fused to buy from the first in the row.
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Cerebral Blood-supply.—All parts of the cortex, when
electrically excited, produce alterations both of respiration
and circulation. The blood-pressure somewhat rises, as a rule,
all over the body, no matter where the cortical irritation 1is
applied, though the motor zone is the most sensitive region
for the purpose. Slowing and quickening of the heart are also
observed. Mosso, using his ‘plethysmograph’ as an indicator,
discovered that the blood-supply to the arms diminished dur-
ing intellectual activity, and found furthermore that the arte-
rial tension (as shown by the sphygmograph) was increased in
these members (see Fig. s0). So slight an emotion as that pro-
duced by the entrance of Professor Ludwig into the labora-
tory was instantly followed by a shrinkage of the arms. The
brain itself 1s an excessively vascular organ, a sponge full of
blood, in fact; and another of Mosso’s inventions showed that
when less blood went to the legs, more went to the head. The
subject to be observed lay on a delicately balanced table which
could tip downwards either at the head or at the foot if the
weight of either end were increased. The moment emotional
or intellectual activity began in the subject, down went the
head-end, in consequence of the redistribution of blood in his
system. But the best proof of the immediate afflux of blood to
the brain during mental activity is due to Mosso’s obser-
vations on three persons whose brain had been laid bare by
lesion of the skull. By means of apparatus described in his
book, this physiologist was enabled to let the brain-pulse
record itself directly by a tracing. The intra-cranial blood-
pressure rose immediately whenever the subject was spoken
to, or when he began to think actively, as in solving a prob-
lem in mental arithmetic. Mosso gives in his work a large
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FI1G. s0.—Sphygmographic pulse-tracing. A, during intellectual
repose; B, during intellectual activity. (Mosso.)
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number of reproductions of tracings which show the instanta-
neity of the change of blood-supply, whenever the mental ac-
tivity was quickened by any cause whatever, intellectual or
emotional. He relates of his female subject that one day whilst
tracing her brain-pulse he observed a sudden rise with no ap-
parent outer or inner cause. She however confessed to him
afterwards that at that moment she had caught sight of a skuil
on top of a piece of furniture in the room, and that this had
given her a slight emotion.

Cerebral Thermometry.— Brain-activity seems accompanied
by a local disengagement of heat. The earliest careful work in
this direction was by Dr. J. S. Lombard in 1867. He noted the
changes in delicate thermometers and electric piles placed
against the scalp in human beings, and found that any intel-
lectual effort, such as computing, composing, reciting poetry
silently or aloud, and especially that emotional excitement
such as an angry fit, caused a general rise of temperature,
which rarely exceeded a degree Fahrenheit. In 1870 the inde-
fatigable Schiff took up the subject, experimenting on live
dogs and chickens by plunging thermo-electric needles into
the substance of their brain. After habituation was estab-
lished, he tested the animals with various sensations, tactile,
optic, olfactory, and auditory. He found very regularly an
abrupt alteration of the intra-cerebral temperature. When, for
instance, he presented an empty roll of paper to the nose of
his dog as it lay motionless, there was a small deflection, but
when a piece of meat was in the paper the deflection was
much greater. Schiff concluded from these and other experi-
ments that sensorial activity heats the brain-tissue, but he did
not try to localize the increment of heat beyond finding that it
was in both hemispheres, whatever might be the sensation
applied. Dr. Amidon in 1880 made a farther step forwards, in
localizing the heat produced by voluntary muscular contrac-
tions. Applying a number of delicate surface-thermometers si-
multaneously against the scalp, he found that when different
muscles of the body were made to contract vigorously for ten
minutes or more, different regions of the scalp rose in tem-
perature, that the regions were well focalized, and that the
rise of temperature was often considerably over a Fahrenheit
degree. To a large extent these regions correspond to the
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centres for the same movements assigned by Ferrier and oth-
ers on other grounds; only they cover more of the skull.

Phosphorus and Thought.—Considering the large
amount of popular nonsense which passes current on this
subject I may be pardoned for a brief mention of it here.
‘Obme Phosphor, kein Gedanke,” was a noted war-cry of the ‘ma-
terialists’ during the excitement on that subject which filled
Germany in the ’60s. The brain, like every other organ of the
body, contains phosphorus, and a score of other chemicals
besides. Why the phosphorus should be picked out as its es-
sence, no one knows. It would be equally true to say, ‘Ohne
Wasser, kein Gedanke,” or ‘Ohne Kochsalz, kein Gedanke’; for
thought would stop as quickly if the brain should dry up or
lose its NaCl as if it lost its phosphorus. In America the
phosphorus-delusion has twined itself round a saying quoted
(rightly or wrongly) from Professor L. Agassiz, to the effect
that fishermen are more intelligent than farmers because they
eat so much fish, which contains so much phosphorus. All the
alleged facts may be doubted.

The only straight way to ascertain the importance of phos-
phorus to thought would be to find whether more 1s excreted
by the brain during mental activity than during rest. Unfortu-
nately we cannot do this directly, but can only gauge the
amount of PO, in the urine, and this procedure has been
adopted by a variety of observers, some of whom found the
phosphates in the urine diminished, whilst others found them
increased, by intellectual work. On the whole, it 1s impossible
to trace any constant relation. In maniacal excitement less
phosphorus than usual seems to be excreted. More 1s excreted
during sleep. The fact that phosphorus-preparations may do
good 1n nervous exhaustion proves nothing as to the part
played by phosphorus in mental activity. Like iron, arsenic,
and other remedies it is a stimulant or tonic, of whose inti-
mate workings in the system we know absolutely nothing,
and which moreover does good in an extremely small number
of the cases in which it 1s prescribed.

The phosphorus-philosophers have often compared thought
to a secretion. “The brain secretes thought, as the kidneys
secrete urine, or as the liver secretes bile,” are phrases which
one sometimes hears. The lame analogy need hardly be
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pointed out. The materials which the brain pours into the blood
(cholesterin, creatin, xanthin, or whatever they may be) are
the analogues of the urine and the bile, being in fact real ma-
terial excreta. As far as these matters go, the brain is a ductless
gland. But we know of nothing connected with liver- and
kidney-activity which can be in the remotest degree compared
with the stream of thought that accompanies the brain’s ma-
terial secretions.



CHAPTER X

HABIT

Its Importance for Psychology.—There remains a condi-
tion of general neural activity so important as to deserve a
chapter by itself—1I refer to the aptitude of the nerve-centres,
especially of the hemispheres, for acquiring habits. Az ac-
quirved habit, from the physiological point of view, 1s nothing but a
new pathway of discharge formed in the brain, by which certain
incoming curvents ever after tend to escape. That is the thesis of
this chapter; and we shall see in the later and more psycholog-
ical chapters that such functions as the association of ideas,
perception, memory, reasoning, the education of the will, etc.
etc., can best be understood as results of the formation de novo
of just such pathways of discharge.

Habit has a physical basis. The moment one tries to de-
fine what habit is, one is led to the fundamental properties of
matter. The laws of Nature are nothing but the immutable
habits which the different elementary sorts of matter follow in
their actions and reactions upon each other. In the organic
world, however, the habits are more variable than this. Even
instincts vary from one individual to another of a kind; and
are modified in the same individual, as we shall later see, to
suit the exigencies of the case. On the principles of the atom-
istic philosophy the habits of an elementary particle of matter
cannot change, because the particle is itself an unchangeable
thing; but those of a compound mass of matter can change,
because they are in the last instance due to the structure of the
compound, and either outward forces or inward tensions can,
from one hour to another, turn that structure into something
different from what it was. That is, they can do so if the body
be plastic enough to maintain its integrity, and be not dis-
rupted when its structure yields. The change of structure here
spoken of need not involve the outward shape; it may be
invisible and molecular, as when a bar of iron becomes
magnetic or crystalline through the action of certain out-
ward causes, or india-rubber becomes friable, or plaster ‘sets.’
All these changes are rather slow; the material in question
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opposes a certain resistance to the modifying cause, which it
takes time to overcome, but the gradual yielding whereof of-
ten saves the material from being disintegrated altogether.
When the structure has yielded, the same inertia becomes a
condition of its comparative permanence in the new form,
and of the new habits the body then manifests. Plasticity,
then, in the wide sense of the word, means the possession of a
structure weak enough to yield to an influence, but strong
enough not to yield all at once. Each relatively stable phase of
equilibrium in such a structure 1s marked by what we may call
a new set of habits. Organic matter, especially nervous tissue,
seems endowed with a very extraordinary degree of plasticity
of this sort; so that we may without hesitation lay down as
our first proposition the following: that the phenomena of habit
in living beings ave due to the plasticity of the organic materials of
which their bodies are composed.

The philosophy of habit is thus, in the first instance, a
chapter in physics rather than in phy51ology or psychology
That it is at bottom a physical principle 1s admitted by all
good recent writers on the subject. They call attention to an-
alogues of acquired habits exhibited by dead matter. Thus, M.
Léon Dumont writes:

“Everyone knows how a garment, after having been worn a
certain time, clings to the shape of the body better than when
it was new; there has been a change in the tissue, and this
change is a new habit of cohesion. A lock works better after
being used some time; at the outset more force was required
to overcome certain roughnesses in the mechanism. The over-
coming of their resistance is a phenomenon of habituation. It
costs less trouble to fold a paper when it has been folded
already; . . . and just so the impressions of outer objects fash-
ion for themselves in the nervous system more and more
appropriate paths, and these vital phenomena recur under
similar excitements from without, when they have been inter-
rupted a certain time.”

Not in the nervous system alone. A scar anywhere is a locus
minoris vesistentig, more liable to be abraded, inflamed, to suf-
fer pain and cold, than are the neighboring parts. A sprained
ankle, a dislocated arm, are in danger of being sprained or
dislocated again; joints that have once been attacked by rheu-



HABIT 139

matism or gout, mucous membranes that have been the seat
of catarrh, are with each fresh recurrence more prone to a
relapse, until often the morbid state chronically substitutes it-
self for the sound one. And in the nervous system itself it is
well known how many so-called functional diseases seem to
keep themselves going simply because they happen to have
once begun; and how the forcible cutting short by medicine
of a few attacks 1s often sufficient to enable the physiological
forces to get possession of the field again, and to bring the
organs back to functions of health. Epilepsies, neuralgias,
convulsive affections of various sorts, insomnias, are so many
cases in point. And, to take what are more obv1ously habits,
the success with which a ‘weaning’ treatment can often be
applied to the victims of unhealthy indulgence of passion, or
of mere complaining or irascible disposition, shows us how
much the morbid manifestations themselves were due to the
mere inertia of the nervous organs, when once launched on a
false career.

Habits are due to pathways through the nerve-centres.
If habits are due to the plasticity of materials to outward
agents, we can immediately see to what outward influences, if
to any, the brain-matter i1s plastic. Not to mechanical pres-
sures, not to thermal changes, not to any of the forces to
which all the other organs of our body are exposed; for, as we
saw on p. 18, Nature has so blanketed and wrapped the brain
about that the only impressions that can be made upon it are
through the blood, on the one hand, and the sensory nerve-
roots, on the other; and it 1s to the infinitely attenuated cur-
rents that pour in through these latter channels that the
hemispherical cortex shows itself to be so peculiarly suscepti-
ble. The currents, once in, must find a way out. In getting out
they leave their traces in the paths which they take. The only
thing they can do, in short, is to deepen old paths or to make
new ones; and the whole plasticity of the brain sums itself up
in two words when we call it an organ in which currents
pouring in from the sense-organs make with extreme facility
paths which do not easily disappear. For, of course, a simple
habit, like every other nervous event—the habit of snuffling,
for example, or of putting one’s hands into one’s pockets, or
of biting one’s nails—is, mechanically, nothing but a reflex
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discharge; and its anatomical substratum must be a path in
the system. The most complex habits, as we shall presently see
more fully, are, from the same point of view, nothing but
concatenated discharges in the nerve-centres, due to the pres-
ence there of systems of reflex paths, so organized as to wake
each other up successively—the impression produced by one
muscular contraction serving as a stimulus to provoke the
next, until a final impression inhibits the process and closes
the chain.

It must be noticed that the growth of structural modifica-
tion in living matter may be more rapid than in any lifeless
mass, because the incessant nutritive renovation of which the
living matter 1s the seat tends often to corroborate and fix the
impressed modification, rather than to counteract it by renew-
ing the original constitution of the tissue that has been im-
pressed. Thus, we notice after exercising our muscles or our
brain in a new way, that we can do so no longer at that time;
but after a day or two of rest, when we resume the discipline,
our increase in skill not seldom surprises us. I have often no-
ticed this in learning a tune; and it has led a German author
to say that we learn to swim during the winter, and to skate
during the summer.

Practical Effects of Habit.—First, habit simplifies our
movements, makes them accurate, and diminishes fatigue.

Man is born with a tendency to do more things than he has
ready-made arrangements for in his nerve-centres. Most of the
performances of other animals are automatic. But in him the
number of them is so enormous that most of them must be
the fruit of painful study. If practice did not make perfect, nor
habit economize the expense of nervous and muscular energy,
he would be in a sorry plight. As Dr. Maudsley says:!

“If an act became no easier after being done several times, if
the careful direction of consciousness were necessary to its
accomplishment on each occasion, it 1s evident that the whole
activity of a lifetime might be confined to one or two deeds—
that no progress could take place in development. A man
might be occupied all day in dressing and undressing himself;
the attitude of his body would absorb all his attention and

YThe Physiology of Mind, p. 154.
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energy; the washing of his hands or the fastening of a button
would be as difficult to him on each occasion as to the child
on its first trial; and he would furthermore be completely ex-
hausted by his exertions. Think of the pains necessary to teach
a child to stand, of the many efforts which it must make, and
of the ease with which it at last stands, unconscious even of
an effort. For while secondary automatic acts are accom-
plished with comparatively little weariness—in this regard
approaching the organic movements, or the original reflex
movements—the conscious efforts of the will soon produce
exhaustion. A spinal cord without . . . memory would simply
be an idiotic spinal cord. . . . It is impossible for an individ-
ual to realise how much he owes to its automatic agency until
disease has impaired its functions.”

Secondly, habit diminishes the conscious attention with which
our acts are pevformed.

One may state this abstractly thus: If an act require for its
execution a chain, A, B, C,D, E, F, G, etc., of successive ner-
vous events, then in the first performances of the action the
conscious will must choose each of these events from a num-
ber of wrong alternatives that tend to present themselves; but
habit soon brings it about that each event calls up its own
appropriate successor without any alternative offering itself,
and without any reference to the conscious will, until at last
the whole chain, A, B, C, D, E, F, G, rattles itself off as soon as
A occurs, just as if A and the rest of the chain were fused into
a continuous stream. Whilst we are learning to walk, to ride,
to swim, skate, fence, write, play, or sing, we interrupt our-
selves at every step by unnecessary movements and false notes.
When we are proficients, on the contrary, the results follow
not only with the very minimum of muscular action requisite
to bring them forth, but they follow from a single instanta-
neous ‘cue.’ The marksman sees the bird, and, before he
knows it, he has aimed and shot. A gleam in his adversary’s
eye, a momentary pressure from his rapier, and the fencer
finds that he has instantly made the right parry and return. A
glance at the musical hieroglyphics, and the pianist’s fingers
have rippled through a shower of notes. And not only is it the
right thing at the right time that we thus involuntarily do, but
the wrong thing also, if it be an habitual thing. Who 1is there
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that has never wound up his watch on taking off his waistcoat
in the daytime, or taken his latch-key out on arriving at the
door-step of a friend? Persons in going to their bedroom to
dress for dinner have been known to take off one garment
after another and finally to get into bed, merely because that
was the habitual issue of the first few movements when per-
formed at a later hour. We all have a definite routine manner
of performing certain daily offices connected with the toilet,
with the opening and shutting of familiar cupboards, and the
like. But our higher thought-centres know hardly anything
about the matter. Few men can tell off-hand which sock,
shoe, or trousers-leg they put on first. They must first men-
tally rehearse the act; and even that is often insufficient—the
act must be performed. So of the questions, Which valve of the
shutters opens first? Which way does my door swing? etc. I
cannot zell the answer; yet my hand never makes a mistake.
No one can describe the order in which he brushes his hair or
teeth; yet it is likely that the order is a pretty fixed one in all
of us.

These results may be expressed as follows:

In action grown habitual, what instigates each new muscu-
lar contraction to take place in its appointed order is not a
thought or a perception, but the sensation occasioned by the
muscular contraction just finished. A strictly voluntary act has to
be guided by idea, perception, and volition, throughout its
whole course. In habitual action, mere sensation is a sufficient
guide, and the upper regions of brain and mind are set com-
paratively free. A diagram will make the matter clear:
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Let A,B,C,D, E, F, G represent an habitual chain of mus-
cular contractions, and let a,b,c,d.e.f stand for the several sen-
sations which these contractions excite in us when they are
successively performed. Such sensations will usually be in the
parts moved, but they may also be effects of the movement
upon the eye or the ear. Through them, and through them
alone, we are made aware whether or not the contraction
has occurred. When the series, A,B,C,D,E,F,G, is being
learned, each of these sensations becomes the object of a sep-
arate act of attention by the mind. We test each movement
intellectually, to see if it have been rightly performed, before
advancing to the next. We hesitate, compare, choose, revoke,
reject, etc.; and the order by which the next movement is
discharged 1s an express order from the ideational centres after
this deliberation has been gone through.

In habitual action, on the contrary, the only impulse which
the intellectual centres need send down is that which carries
the command to start. This is represented in the diagram by
V; it may be a thought of the first movement or of the last
result, or a mere perception of some of the habitual condi-
tions of the chain, the presence, e.g., of the keyboard near the
hand. In the present example, no sooner has this conscious
thought or volition instigated movement A, than A, through
the sensation 2 of its own occurrence, awakens B reflexly; B
then excites C through &4, and so on till the chain is ended,
when the intellect generally takes cognizance of the final re-
sult. The intellectual perception at the end is indicated in the
diagram by the sensible effect of the movement G being rep-
resented at G’, in the ideational centres above the merely sen-
sational line. The sensational impressions, a,b,cd.e.f, are all
supposed to have their seat below the ideational level.

Habits depend on sensations not attended to. We have
called a,b,c,d.e.f by the name of ‘sensations.’ If sensations, they
are sensations to which we are usually inattentive; but that
they are more than unconscious nerve-currents seems certain,
for they catch our attention if they go wrong. Schneider’s
account of these sensations deserves to be quoted. In the act
of walking, he says, even when our attention is entirely ab-
sorbed elsewhere, “it 1s doubtful whether we could preserve
equilibrium if no sensation of our body’s attitude were there,
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and doubtful whether we should advance our leg if we had no
sensation of its movement as executed, and not even a mini-
mal feeling of impulse to set it down. Knitting appears alto-
gether mechanical, and the knitter keeps up her knitting even
while she reads or 1s engaged in lively talk. But if we ask her
how this is possible, she will hardly reply that the knitting
goes on of itself. She will rather say that she has a feeling of it,
that she feels in her hands that she knits and how she must
knit, and that therefore the movements of knitting are called
forth and regulated by the sensations associated therewithal,
even when the attention is called away. ” Again: “When
a puplil begins to play on the violin, to kccp him from raising
his right elbow in playing a book is placed under his right
armpit, which he is ordered to hold fast by keeping the upper
arm tight against his body. The muscular feelings, and feel-
ings of contact connected with the book, provoke an impulse
to press it tight. But often it happens that the beginner,
whose attention gets absorbed in the production of the notes,
lets drop the book. Later, however, this never happens; the
faintest sensations of contact suffice to awaken the impulse to
keep it in its place, and the attention may be wholly absorbed
by the notes and the fingering with the left hand. The simul-
taneous combination of movements is thus in the first instance con-
ditioned by the facility with which in us, alongside of intellectunl
processes, processes of inattentive feeling may still go on.”

Ethical and Pedagogical Importance of the Principle of
Habit.—“Habit a second nature! Habit is ten times nature,”
the Duke of Wellington is said to have exclaimed; and the
degree to which this is true no one probably can appreciate as
well as one who is a veteran soldier himself. The daily drill
and the years of discipline end by fashioning a man com-
pletely over again, as to most of the possibilities of his
conduct.

“There 1s a story,” says Prof. Huxley, “which is credible
enough, though it may not be true, of a practical joker, who,
seeing a discharged veteran carrying home his dinner, sud-
denly called out ‘Attention!” whereupon the man instantly
brought his hands down, and lost his mutton and potatoes in
the gutter. The drill had been thorough, and its effects had
become embodied in the man’s nervous structure.”
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Riderless cavalry-horses, at many a battle, have been seen to
come together and go through their customary evolutions at
the sound of the bugle-call. Most domestic beasts seem ma-
chines almost pure and simple, undoubtingly, unhesitatingly
doing from minute to minute the duties they have been
taught, and giving no sign that the possibility of an alterna-
tive ever suggests itself to their mind. Men grown old in
prison have asked to be readmitted after being once set free.
In a railroad accident a menagerie-tiger, whose cage had bro-
ken open, is said to have emerged, but presently crept back
again, as if too much bewildered by his new responsibilities,
so that he was without difficulty secured.

Habit is thus the enormous fly-wheel of society, its most
precious conservative agent. It alone is what keeps us all
within the bounds of ordinance, and saves the children of for-
tune from the envious uprisings of the poor. It alone prevents
the hardest and most repulsive walks of life from being de-
serted by those brought up to tread therein. It keeps the fish-
erman and the deck-hand at sea through the winter; it holds
the miner in his darkness, and nails the countryman to his
log-cabin and his lonely farm through all the months of snow;
it protects us from invasion by the natives of the desert and
the frozen zone. It dooms us all to fight out the battle of life
upon the lines of our nurture or our early choice, and to make
the best of a pursuit that disagrees, because there 1s no other
for which we are fitted, and it is too late to begin again. It
keeps different social strata from mixing. Already at the age of
twenty-five you see the professional mannerism settling down
on the young commercial traveller, on the young doctor, on
the young minister, on the young counsellor-at-law. You see
the little lines of cleavage running through the character, the
tricks of thought, the prejudices, the ways of the ‘shop,” in a
word, from which the man can by-and-by no more escape
than his coat-sleeve can suddenly fall into a new set of folds.
On the whole, it is best he should not escape. It is well for the
world that in most of us, by the age of thirty, the character
has set like plaster, and will never soften again.

If the period between twenty and thirty is the critical one in
the formation of intellectual and professional habits, the
period below twenty is more important still for the fixing of
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personal habits, properly so called, such as vocalization and
pronunciation, gesture, motion, and address. Hardly ever is a
language learned after twenty spoken without a foreign ac-
cent; hardly ever can a youth transferred to the society of his
betters unlearn the nasality and other vices of speech bred in
him by the associations of his growing years. Hardly ever,
indeed, no matter how much money there be in his pocket,
can he even learn to dress like a gentleman-born. The mer-
chants offer their wares as eagerly to him as to the veriest
‘swell,” but he simply cannot buy the right things. An invisible
law, as strong as gravitation, keeps him within his orbit, ar-
rayed this year as he was the last; and how his better-clad
acquaintances contrive to get the things they wear will be for
him a mystery till his dying day.

The great thing, then, in all education, is to make our ner-
vous system our ally instear of our enemy. It 1s to fund and capi-
talize our acquisitions, and live at ease upon the interest of the
fund. For this we must make automatic and habitual, as early as
possible, as many useful actions as we can, and guard against the
growing into ways that are likely to be disadvantageous to us,
as we should guard against the plague. The more of the de-
tails of our daily life we can hand over to the effortless cus-
tody of automatism, the more our higher powers of mind will
be set free for their own proper work. There i1s no more mis-
erable human being than one in whom nothing is habitual
but indecision, and for whom the lighting of every cigar, the
drinking of every cup, the time of rising and going to bed
every day, and the beginning of every bit of work, are subjects
of express volitional deliberation. Full half the time of such a
man goes to the deciding, or regretting, of matters which
ought to be so ingrained in him as practically not to exist for
his consciousness at all. If there be such daily duties not yet
ingrained in any one of my readers, let him begin this very
hour to set the matter right.

In Professor Bain’s chapter on “The Moral Habits” there
are some admirable practical remarks laid down. Two great
maxims emerge from his treatment. The first is that in the
acquisition of a new habit, or the leaving off of an old one,
we must take care to launch ourselves with as strong and decided
an initiative as possible. Accumulate all the possible circum-
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stances which shall re-enforce the right motives; put yourself
assiduously in conditions that encourage the new way; make
engagements incompatible with the old; take a public pledge,
if the case allows; in short, envelop your resolution with every
aid you know. This will give your new beginning such a mo-
mentum that the temptation to break down will not occur as
soon as 1t otherwise might; and every day during which a
breakdown is postponed adds to the chances of its not occur-
ring at all.

The second maxim 1s: Never suffer an exception to occur till
the new habit is secuvely rooted in your life. Each lapse is like the
letting fall of a ball of string which one is carefully winding
up; a single slip undoes more than a great many turns will
wind again. Continuity of training is the great means of mak-
ing the nervous system act infallibly right. As Professor Bain
says:

“The peculiarity of the moral habits, contra-distinguishing
them from the intellectual acquisitions, is the presence of two
hostile powers, one to be gradually raised into the ascendant
over the other. It is necessary, above all things, in such a sit-
uation, never to lose a battle. Every gain on the wrong side
undoes the effect of many conquests on the right. The essen-
tial precaution, therefore, is, so to regulate the two opposing
powers that the one may have a series of uninterrupted
successes, until repetition has fortified it to such a degree as
to enable it to cope with the opposition, under any cir-
cumstances. This 1s the theoretically best career of mental
progress.”

The need of securing success at the outser is imperative.
Failure at first is apt to damp the energy of all future at-
tempts, whereas past experiences of success nerve one to fu-
ture vigor. Goethe says to a man who consulted him about an
enterprise but mistrusted his own powers: “Ach! you need
only blow on your hands!” And the remark illustrates the ef-
fect on Goethe’s spirits of his own habitually successful career.

The question of ‘tapering-oft,” in abandoning such habits as
drink and opium-indulgence, comes in here, and is a question
about which experts differ within certain limits, and in regard
to what may be best for an individual case. In the main, how-
ever, all expert opinion would agree that abrupt acquisition of
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the new habit 1s the best way, if there be a real possibility of
carrying it out. We must be careful not to give the will so stiff
a task as to insure its defeat at the very outset; but, provided
one can stand it, a sharp period of suffering, and then a free
time, 1s the best thing to aim at, whether in giving up a habit
like that of opium, or in simply changing one’s hours of rising
or of work. It is surprising how soon a desire will die of ina-
nition if it be never fed.

“One must first learn, unmoved, looking neither to the
right nor left, to walk firmly on the straight and narrow path,
before one can begin ‘to make one’s self over again.” He who
every day makes a fresh resolve is like one who, arriving at the
edge of the ditch he is to leap, forever stops and returns for a
fresh run. Without unbroken advance there is no such thing as
accumulation of the ethical forces possible, and to make this
possible, and to exercise us and habituate us in it, is the sov-
ereign blessing of regular work.”

A third maxim may be added to the preceding pair: Sezze
the very first possible opportumty to act on every vesolution you
make, and on every emotional prompting you may experience in
the direction of the habits you aspive to gain. It is not in the
moment of their forming, but in the moment of their pro-
ducing motor effects, that resolves and aspirations communicate
the new ‘set’ to the brain. As the author last quoted remarks:

“The actual presence of the practical opportunity alone fur-
nishes the fulcrum upon which the lever can rest, by means of
which the moral will may multiply its strength, and raise itself
aloft. He who has no solid ground to press against will never
get beyond the stage of empty gesture-making.”

No matter how full a reservoir of maxims one may possess,
and no matter how good one’s sentiments may be, if one have
not taken advantage of every concrete opportunity to ac,
one’s character may remain entirely unaffected for the better.
With mere good intentions, hell is proverbially paved. And
this 1s an obvious consequence of the principles we have laid
down. A ‘character,” as J. S. Mill says, ‘is a completely fash-
ioned will’; and a will, in the sense in which he means it, is
an aggregate of tendencies to act in a firm and prompt and

*]. Bahnsen: Beitrige zur Charakterologie (1867), vol. 1, p. 200.
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definite way upon all the principal emergencies of life. A
tendency to act only becomes effectively ingrained in us in
proportion to the uninterrupted frequency with which the ac-
tions actually occur, and the brain ‘grows’ to their use. When
a resolve or a fine glow of feeling is allowed to evaporate
without bearing practical fruit it is worse than a chance lost; it
works so as positively to hinder future resolutions and emo-
tions from taking the normal path of discharge. There is no
more contemptible type of human character than that of the
nerveless sentimentalist and dreamer, who spends his life in a
weltering sea of sensibility and emotion, but who never does
a manly concrete deed. Rousseau, inflaming all the mothers of
France, by his eloquence, to follow Nature and nurse their
babies themselves, while he sends his own children to the
foundling hospital, is the classical example of what I mean.
But every one of us in his measure, whenever, after glowing
for an abstractly formulated Good, he practically ignores
some actual case, among the squalid ‘other particulars’ of
which that same Good lurks disguised, treads straight on
Rousseau’s path. All Goods are disguised by the vulgarity of
their concomitants, in this work-a-day world; but woe to him
who can only recognize them when he thinks them in their
pure and abstract form! The habit of excessive novel-reading
and theatre-going will produce true monsters in this line. The
weeping of the Russian lady over the fictitious personages in
the play, while her coachman is freezing to death on his seat
outside, is the sort of thing that everywhere happens on a less
glaring scale. Even the habit of excessive indulgence in music,
for those who are neither performers themselves nor musically
gifted enough to take it in a purely intellectual way, has prob-
ably a relaxing effect upon the character. One becomes filled
with emotions which habitually pass without prompting to
any deed, and so the inertly sentimental condition is kept up.
The remedy would be, never to suffer one’s self to have an
emotion at a concert, without expressing it afterwards in some
active way. Let the expression be the least thing in the
world—speaking genially to one’s grandmother, or giving up
one’s seat in a horse-car, if nothing more heroic offers—but
let it not fail to take place.

These latter cases make us aware that it is not simply partic-
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ular lines of discharge, but also general fovms of discharge, that
seem to be grooved out by habit in the brain. Just as, if we let
our emotions evaporate, they get into a way of evaporating;
so there is reason to suppose that if we often flinch from mak-
ing an effort, before we know it the effort-making capacity
will be gone; and that, if we suffer the wandering of our at-
tention, presently it will wander all the time. Attention and
effort are, as we shall see later, but two names for the same
psychic fact. To what brain-processes they correspond we do
not know. The strongest reason for believing that they do
depend on brain-processes at all, and are not pure acts of the
spirit, 1s just this fact, that they seem in some degree subject
to the law of habit, which is a material law. As a final practical
maxim, relative to these habits of the will, we may, then, offer
something like this: Keep the faculty of effort alive in you by a
little gratuitous exercise every day. That 1s, be systematically as-
cetic or heroic in little unnecessary points, do every day or
two something for no other reason than that you would
rather not do it, so that when the hour of dire need draws
nigh, it may find you not unnerved and untrained to stand the
test. Asceticism of this sort 1s like the insurance which a man
pays on his house and goods. The tax does him no good at
the time, and possibly may never bring him a return. But if
the fire does come, his having paid it will be his salvation from
ruin. So with the man who has daily inured himself to habits
of concentrated attention, energetic volition, and self-denial
in unnecessary things. He will stand like a tower when every-
thing rocks around him, and when his softer fellow-mortals
are winnowed like chaff in the blast. .
The physiological study of mental conditions 1s thus the
most powerful ally of hortatory ethics. The hell to be endured
hereafter, of which theology tells, is no worse than the hell we
make for ourselves in this world by habitually fashioning our
characters in the wrong way. Could the young but realize
how soon they will become mere walking bundles of habits,
they would give more heed to their conduct while in the plas-
tic state. We are spinning our own fates, good or evil, and
never to be undone. Every smallest stroke of virtue or of vice
leaves its never so little scar. The drunken Rip Van Winkle, in
Jefferson’s play, excuses himself for every fresh dereliction by
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saying, ‘T won’t count this time!” Well! he may not count it,
and a kind Heaven may not count it; but it is being counted
none the less. Down among his nerve-cells and fibres the mol-
ecules are counting it, registering and storing it up to be used
against him when the next temptation comes. Nothing we
ever do 1s, In strict scientific literalness, wiped out. Of course
this has its good side as well as its bad one. As we become
permanent drunkards by so many separate drinks, so we be-
come saints in the moral, and authorities and experts in the
practical and scientific spheres, by so many separate acts and
hours of work. Let no youth have any anxiety about the up-
shot of his education, whatever the line of it may be. If he
keep faithfully busy each hour of the working day, he may
safely leave the final result to itself. He can with perfect cer-
tainty count on waking up some fine morning, to find himself
one of the competent ones of his generation, in whatever pur-
suit he may have singled out. Silently, between all the details
of his business, the power of judging in all that class of matter
will have built itself up within him as a possession that will
never pass away. Young people should know this truth in ad-
vance. The ignorance of it has probably engendered more dis-
couragement and faint-heartedness in youths embarking on
arduous careers than all other causes put together.



CHAPTER XI

THE STREAM OF CONSCIOUSNESS

he order of our study must be analytic. We are now
prepared to begin the introspective study of the adult
consciousness itself. Most books adopt the so-called synthetic
method. Starting with ‘simple ideas of sensation,” and regard-
ing these as so many atoms, they proceed to build up the
higher states of mind out of their ‘association,” ‘integration,’
or ‘fusion,’ as houses are built by the agglutination of bricks.
This has the didactic advantages which the synthetic method
usually has. But it commits one beforehand to the very ques-
tionable theory that our higher states of consciousness are
compounds of units; and instead of starting with what the
reader directly knows, namely his total concrete states of
mind, it starts with a set of supposed ‘simple ideas’ with
which he has no immediate acquaintance at all, and concern-
ing whose alleged interactions he is much at the mercy of any
plausible phrase. On every ground, then, the method of ad-
vancing from the simple to the compound exposes us to illu-
sion. All pedants and abstractionists will naturally hate to
abandon it. But a student who loves the fulness of human
nature will prefer to follow the ‘analytic’ method, and to be-
gin with the most concrete facts, those with which he has a
daily acquaintance in his own inner life. The analytic method
will discover in due time the elementary parts, if such exist,
without danger of precipitate assumption. The reader will
bear in mind that our own chapters on sensation have dealt
mainly with the physiological conditions thereof. They were
put first as a mere matter of convenience, because incoming
currents come first. Psychologically they mught better have
come last. Pure sensations were described on page 21 as pro-
cesses which in adult life are well-nigh unknown, and nothing
was said which could for a moment lead the reader to suppose
that they were the elements of composition of the higher states
of mind.
The Fundamental Fact.—The first and foremost concrete
fact which everyone will affirm to belong to his inner ex-
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perience is the fact that consciousness of some sort goes on. ‘States
of mind’ succeed each other in him. If we could say in English ‘it
thinks,” as we say ‘it rains’ or ‘it blows,” we should be stating
the fact most simply and with the minimum of assumption.
As we cannot, we must simply say that thought goes on.

Four Characters in Consciousness.—How does it go on?
We notice immediately four important characters in the pro-
cess, of which it shall be the duty of the present chapter to
treat in a general way:

1) Every ‘state’ tends to be part of a personal consciousness.

2) Within each personal consciousness states are always
changing.

3) Each personal consciousness 1s sensibly continuous.

4) It 1s interested in some parts of its object to the exclu-
sion of others, and welcomes or rejects— chooses from among
them, in a word—all the while.

In considering these four points successively, we shall have
to plunge 1 medias ves as regards our nomenclature and use
psychological terms which can only be adequately defined in
later chapters of the book. But everyone knows what the
terms mean in a rough way; and it 1s only in a rough way that
we are now to take them. This chapter is like a painter’s first
charcoal sketch upon his canvas, in which no niceties appear.

When I say every state’ or ‘thought’ s part of a personal con-
sciousness, ‘personal consciousness’ is one of the terms in ques-
tion. Its meaning we know so long as no one asks us to define
it, but to give an accurate account of it is the most difficult of
philosophic tasks. This task we must confront in the next
chapter; here a preliminary word will suffice. - .

In this room—this lecture-room, say—there are a multi-
tude of thoughts, yours and mine, some of which cohere
mutually, and some not. They are as little each-for-itself and
reciprocally independent as they are all-belonging-together.
They are neither: no one of them 1s separate, but each belongs
with certain others and with none beside. My thought be-
longs with my other thoughts, and your thought with your
other thoughts. Whether anywhere in the room there be a

mere thought, which is nobody’s thought, we have no means
of ascertaining, for we have no experience of its like. The only
states of consciousness that we naturally deal with are found
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in personal consciousnesses, minds, selves, concrete particular
I’s and you’s.

Each of these minds keeps its own thoughts to itself. There
is no giving or bartering between them. No thought even
comes into direct sight of a thought in another personal con-
sciousness than its own. Absolute insulation, irreducible
pluralism, is the law. It seems as if the elementary psychic
fact were not thought or thus thought or that thought, but my
thought, every thought being owned. Neither contempora-
neity, nor proximity in space, nor similarity of quality and
content are able to fuse thoughts together which are sundered
by this barrier of belonging to different personal minds.
The breaches between such thoughts are the most absolute
breaches in nature. Everyone will recognize this to be true, so
long as the existence of something corresponding to the term
‘personal mind’ is all that is insisted on, without any particular
view of its nature being implied. On these terms the personal
self rather than the thought might be treated as the immediate
datum in psychology. The universal conscious fact is not ‘feel-
ings and thoughts exist,” but ‘I think’ and ‘I feel.” No psychol-
ogy, at any rate, can question the existence of personal selves.
Thoughts connected as we feel them to be connected are what
we mean by personal selves. The worst a psychology can do is
so to interpret the nature of these selves as to rob them of
their worth.

Consciousness is in constant change. I do not mean by
this to say that no one state of mind has any duration—even
if true, that would be hard to establish. What I wish to lay
stress on is this, that »no state once gone can recur and be identi-
cal with what it was before. Now we are seeing, now hearing;
now reasoning, now willing; now recollecting, now expect-
ing; now loving, now hating; and in a hundred other ways
we know our minds to be alternately engaged. But all these
are complex states, it may be said, produced by combination
of simpler ones;—do not the simpler ones follow a different
law? Are not the sensations which we get from the same ob-
ject, for example, always the same? Does not the same piano-
key, struck with the same force, make us hear in the same
way? Does not the same grass give us the same feeling of
green, the same sky the same feeling of blue, and do we not
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get the same olfactory sensation no matter how many times
we put our nose to the same flask of cologne? It seems a piece
of metaphysical sophistry to suggest that we do not; and yet a
close attention to the matter shows that there is no proof that
an incoming curvent ever gives us just the same bodily sensation
twice.

What is got twice is the same OBJECT. We hear the same note
over and over again; we see the same guality of green, or
smell the same objective perfume, or experience the same spe-
cies of pain. The realities, concrete and abstract, physical and
ideal, whose permanent existence we believe in, seem to be
constantly coming up again before our thought, and lead us,
in our carelessness, to suppose that our ‘ideas’ of them are the
same ideas. When we come, some time later, to the chapter
on Perception, we shall see how inveterate is our habit of sim-
ply using our sensible impressions as stepping-stones to pass
over to the recognition of the realities whose presence they
reveal. The grass out of the window now looks to me of the
same green In the sun as in the shade, and yet a painter would
have to paint one part of it dark brown, another part bright
yellow, to give its real sensational effect. We take no heed, as a
rule, of the different way in which the same things look and
sound and smell at different distances and under different cir-
cumstances. The sameness of the things is what we are con-
cerned to ascertain; and any sensations that assure us of that
will probably be considered in a rough way to be the same
with each other. This 1s what makes off-hand testimony about
the subjective identity of different sensations well-nigh worth-
less as a proof of the fact. The entire history of what is called
Sensation 1s a commentary on our inability to tell whether
two sensible qualities received apart are exactly alike. What
appeals to our attention far more than the absolute quality of
an impression is its ratio to whatever other impressions we
may have at the same time. When everything 1s dark a some-
what less dark sensation makes us see an object white. Helm-
holtz calculates that the white marble painted in a picture
representing an architectural view by moonlight is, when seen
by daylight, from ten to twenty thousand times brighter than
the real moonlit marble would be, yet the latter looks white.

Such a difference as this could never have been sensibly
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learned; it had to be inferred from a series of indirect consid-
erations. These make us believe that our sensibility is altering
all the time, so that the same object cannot easily give us the
same sensation over again. We feel things differently accord-
ingly as we are sleepy or awake, hungry or full, fresh or tired;
differently at night and in the morning, differently in summer
and in winter; and above all, differently in childhood, man-
hood, and old age. And yet we never doubt that our feelings
reveal the same world, with the same sensible qualities and
the same sensible things occupying it. The difference of the
sensibility is shown best by the difference of our emotion
about the things from one age to another, or when we are in
different organic moods. What was bright and exciting
becomes weary, flat, and unprofitable. The bird’s song 1is
tedious, the breeze i1s mournful, the sky is sad.

To these indirect presumptions that our sensations, follow-
ing the mutations of our capacity for feeling, are always
undergoing an essential change, must be added another pre-
sumption, based on what must happen in the brain. Every
sensation corresponds to some cerebral action. For an identi-
cal sensation to recur it would have to occur the second time
in an unmodified braun. But as this, strictly speaking, is a phys-
iological impossibility, so is an unmodlﬁed feeling an impos-
sibility; for to every brain-modification, however small, we
suppose that there must correspond a change of equal amount
in the consciousness which the brain subserves.

But if the assumption of ‘simple sensations’ recurring in im-
mutable shape is so easily shown to be baseless, how much
more baseless 1s the assumption of immutability in the larger
masses of our thought!

For there it is obvious and palpable that our state of mind
is never precisely the same. Every thought we have of a given
fact 1s, strictly speaking, unique, and only bears a resemblance
of kind with our other thoughts of the same fact. When the
identical fact recurs, we must think of it in a fresh manner, sece
it under a somewhat different angle, apprehend it in different
relations from those in which it last appeared. And the
thought by which we cognize it is the thought of it-in-those-
relations, a thought suffused with the consciousness of all that
dim context. Often we are ourselves struck at the strange dif-
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ferences in our successive views of the same thing. We wonder
how we ever could have opined as we did last month about a
certain matter. We have outgrown the possibility of that state
of mind, we know not how. From one year to another we see
things in new lights. What was unreal has grown real, and
what was exciting is insipid. The friends we used to care the
world for are shrunken to shadows; the women once so di-
vine, the stars, the woods, and the waters, how now so dull
and common!—the young girls that brought an aura of in-
finity, at present hardly distinguishable existences; the pic-
tures so empty; and as for the books, what was there to find
so mysteriously significant in Goethe, or in John Mill so full
of weight? Instead of all this, more zestful than ever is the
work, the work; and fuller and deeper the import of common
duties and of common goods.

I am sure that this concrete and total manner of regarding
the mind’s changes is the only true manner, difficult as it may
be to carry it out in detail. If anything seems obscure about it,
it will grow clearer as we advance. Meanwhile, if it be true, it
is certainly also true that no two ‘ideas’ are ever exactly the
same, which is the proposition we started to prove. The prop-
osition is more important theoretically than it at first sight
seems. For it makes it already impossible for us to follow obe-
diently in the footprints of either the Lockian or the Her-
bartian school, schools which have had almost unlimited
influence in Germany and among ourselves. No doubt it is
often convenient to formulate the mental facts in an atomistic
sort of way, and to treat the higher states of consciousness as
if they were all built out of unchanging simple ideas which
‘pass and turn again.’ It is convenient often to treat curves as
if they were composed of small straight lines, and electricity
and nerve-force as if they were fluids. But in the one case as in
the other we must never forget that we are talking symboli-
cally, and that there 1s nothing in nature to answer to our
words. A permanently existing ‘Ldea’ which makes its appearance
befove the footlights of consciousness at periodical intervals is as
mythological an entity as the Jack of Spades.

Within each personal consciousness, thought is sensibly
continuous. I can only define ‘continuous’ as that which is
without breach, crack, or division. The only breaches that can
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well be conceived to occur within the limits of a single mind
would either be interruptions, time-gaps during which the con-
sciousness went out; or they would be breaks in the content
of the thought, so abrupt that what followed had no connec-
tion whatever with what went before. The proposition that
consciousness feels continuous, means two things:

a. That even where there is a time-gap the consciousness
after 1t feels as if it belonged together with the consciousness
before it, as another part of the same self;

b. That the changes from one moment to another in the
quality of the consciousness are never absolutely abrupt.

The case of the time-gaps, as the simplest, shall be taken
first.

a. When Paul and Peter wake up in the same bed, and rec-
ognize that they have been asleep, each one of them mentally
reaches back and makes connection with but one of the two
streams of thought which were broken by the sleeping hours.
As the current of an electrode buried in the ground unerr-
ingly finds its way to its own similarly buried mate, across no
matter how much intervening earth; so Peter’s present in-
stantly finds out Peter’s past, and never by mistake knits itself
on to that of Paul. Paul’s thought in turn is as little liable to
go astray. The past thought of Peter is appropriated by the
present Peter alone. He may have a knowledge, and a correct
one too, of what Paul’s last drowsy states of mind were as
he sank into sleep, but it is an entirely different sort of
knowledge from that which he has of his own last states. He
remembers his own states, whilst he only concerves Paul’s.
Remembrance is like direct feeling; its object is suffused with
a warmth and intimacy to which no object of mere concep-
tion ever attains. This quality of warmth and intimacy and
immediacy is what Peter’s present thought also possesses for
itself. So sure as this present is me, is mine, it says, so sure is
anything else that comes with the same warmth and intimacy
and immediacy, me and mine. What the qualities called
warmth and intimacy may in themselves be will have to be
matter for future consideration. But whatever past states ap-
pear with those qualities must be admitted to receive the
greeting of the present mental state, to be owned by it, and
accepted as belonging together with it in a common self. This
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community of self is what the time-gap cannot break in twain,
and 1s why a present thought, although not ignorant of the
time-gap, can still regard itself as continuous with certain cho-
sen portions of the past.

Consciousness, then, does not appear to itself chopped up
in bits. Such words as ‘chain’ or ‘train’ do not describe it fitly
as it presents itself in the first instance. It is nothing jointed; it
flows. A ‘river’ or a ‘stream’ are the metaphors by which it is
most naturally described. In talking of it hereafter, let us call it
the stream of thought, of consciousness, or of subjective life.

b. But now there appears, even within the limits of the
same self, and between thoughts all of which alike have this
same sense of belonging together, a kind of jointing and sep-
arateness among the parts, of which this statement seems to
take no account. I refer to the breaks that are produced by
sudden contrasts in the quality of the successive segments of
the stream of thought. If the words ‘chain’ and ‘train’ had no
natural fitness in them, how came such words to be used at
all> Does not a loud explosion rend the consciousness upon
which it abruptly breaks, in twain? No; for even into our
awareness of the thunder the awareness of the previous silence
creeps and continues; for what we hear when the thunder
crashes 1s not thunder pure, but thunder-breaking-upon-
silence-and-contrasting-with-it. Our feeling of the same objec-
tive thunder, coming in this way, is quite different from what
it would be were the thunder a continuation of previous
thunder. The thunder itself we believe to abolish and exclude
the silence; but the feeling of the thunder is also a feeling of
the silence as just gone; and it would be difficult to find in the
actual concrete consciousness of man a feeling so limited to
the present as not to have an inkling of anything that went
before.

‘Substantive’ and ‘Transitive’ States of Mind.—When
we take a general view of the wonderful stream of our con-
sciousness, what strikes us first 1s the different pace of its
parts. Like a bird’s life, it seems to be an alternation of flights
and perchings. The rhythm of language expresses this, where
every thought is expressed in a sentence, and every sentence
closed by a period. The resting-places are usually occupied by
sensorial imaginations of some sort, whose peculiarity is that
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they can be held before the mind for an indefinite time, and
contemplated without changing; the places of flight are filled
with thoughts of relations, static or dynamic, that for the
most part obtain between the matters contemplated in the
periods of comparative rest.

Let us call the vesting-places the ‘substantive parts,’ and the
places of flight the transitive parts,” of the stream of thought. It
then appears that our thinking tends at all times towards
some other substantive part than the one from which it has
just been dislodged. And we may say that the main use of the
transitive parts is to lead us from one substantive conclusion
to another.

Now it is very difficult, introspectively, to see the transitive
parts for what they really are. If they are but flights to a con-
clusion, stopping them to look at them before the conclusion
is reached is really annihilating them. Whilst if we wait till the
conclusion e reached, it so exceeds them in vigor and stabil-
ity that it quite eclipses and swallows them up in its glare. Let
anyone try to cut a thought across in the middle and get a
look at its section, and he will see how difficult the introspec-
tive observation of the transitive tracts is. The rush of the
thought is so headlong that it almost always brings us up at
the conclusion before we can arrest it. Or if our purpose is
nimble enough and we do arrest it, it ceases forthwith to be
itself. As a snowflake caught in the warm hand is no longer a
flake but a drop, so, instead of catching the feeling of relation
moving to its term, we find we have caught some substantive
thing, usually the last word we were pronouncing, statically
taken, and with its function, tendency, and particular meaning
in the sentence quite evaporated. The attempt at introspective
analysis in these cases is in fact like seizing a spinning top to
catch its motion, or trying to turn up the gas quickly enough
to see how the darkness looks. And the challenge to produce
these transitive states of consciousness, which