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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 average 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 is ‘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
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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 misapprehend the facts
of the case. The order of composition is doubtless un-
shapely, 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 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 com-
position,” has the merit of expository elegance, and gives a
neatly subdivided table of contents; but it often pur-
chases these advantages at the cost of reality and truth.
I admit that my ‘ synthetic ’ order was stumblingly carried
out ; but this again was in consequence of what I thought
were pedagogic necessities. On the whole, in spite of my
critics, I venture still to think that the ‘unsystematic’
form charged upon the book is more apparent than pro-
found, and that we really gain a more living understand-
ing of the mind by keeping our attention as long as
possible upon our entire conscious states as they are con-
cretely given to us, than by the post-mortem study of their
comminuted ‘elements.” This last is the study of artificial
abstractions, not of natural things.*

*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 intrinsi-
cally 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 immedi-
ately 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.



PREFACE v

3

But whether the critics are right, or I am, on this first
point, the critics are wrong about the relation of the mag-
azine-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 having taken the utmost pains, according to my lights,
in the composition of the volumes, cannot justly be laid at
my door.
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PSYCHOLOGY

CHAPTER 1
INTRODUCTORY

The definition of Psychology may be best given in the
words of Professor Ladd, as the description and explana-
tion of states of consciousness as suck. By states of con-
sciousness are meant such things as sensations, desires,
emotions, cognitions, reasonings, decisions, volitions, and
the like. Their ¢explanation’ must of course include
the study of their causes, conditions, and immediate con-
sequences, 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 think-
ers have a faith that at bottom there is but one Science of
all things, and that until all is known, no one thing can be
completely known. Such a science if realized, would be
Philosophy. 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 provi-
sional begmnmgs of learning we call ¢ the Sciences ’ in the
plural. In order not to be unwieldy, 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
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to scrutinize their significance and truth, All the natural
sciences, for example, in spite of the fact that farther re-
flection 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 dis-
tance, etc., uncritically; Chemistry uncritically adopts all
the data of Physics; and Physiology adopts those of Chem-
istry. Psychology as a natural science 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 additional
data peculiarly her own, and leaves it to more developed
parts of Philosophy to test their ulterior significance and
truth. These data are—

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

2. Knowledge, by these states of consciousness, of other
things. 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 o”
mind may be those of other people, or of the thinker him-
self 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 to-
gether, which will work in with the larger truth and be
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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 ul-
terior 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. Incomplete statements are often practically nec-
essary. 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 shelf-
ful 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 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 cogniz-
ance. Thegreat 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 remem-
bering, imagining, reasoning, willing, etc., were explained, al-
most without reference to the pecularities of the world with
which these activities deal. But the richer insight of modern
days perceives that our inner faculties are adapted in ad-
vance 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 sequences, and for abstracting general prop-
erties from things and associating their usual consequences
with them, exactly the faculties needed forggteering us in
this world of mixed variety and uniformity, but our emo-
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tions 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 excites us the first time we
come into its presence. Dangerous things fill us with invol-
untary fear; poisonous things with distaste; indispensa-
ble 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 specula-
tions, which, though they cannot so far be said to be con-
clusive, have at least refreshed and enriched the whole sub-
ject, and brought all sorts of new questions to the light.

The chief result of all this more modern view is the
gradually growing conviction that mental life is primarily
teleological; 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 reections on the outer world.
On the whole, few recent formulas have done more service
in psychology than the Spencerian one that the essence of
mental life and bodily life are one, namely, ‘ the adjust-
ment of innner to outer relations.” The adjustment is to
immediately present objects in lower animals and 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
incidentally it does many other things, and may even, when
ill ¢adapted,’” lead to its possessor’s destruction. Psychol-
ogy, 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
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the study of the useless is made over to ‘Asthetics.
ZAsthetics and Psychiatry will receive no special notice in
this book.

All mental states (no matter what their character as
regards utility may be) are followed by bodily activity of
some sort. They lead to inconspicuous changes in breath-
ing, circulation, general muscular tension, and glandular or
other visceral activity, even if they do not lead to conspic-
uous 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 consequences. This will be made manifest
in detail as our study advances. Meanwhile let it be set
down as one of the fundamental 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 general and usual amount of dependence
exists cannot possibly be ignored. One has only to con-
sider how quickly consciousness 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 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 is. 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,
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by the condition of our circulation than by our logical
grounds. Whether a man shall be a hero or a coward 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 memory and of acquired motor faculty of quite determi-
nate sorts, to which we shall revert again under the title of
aphasias. Taking 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
underlies all the ‘ physiological psychology’ of recent
years, and it will be the working hypothesis of this book.
Taken thus absolutely, 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 there-
fore assume without scruple at the outset that the uniform
correlation of brain-states with mind-states is a law of na-
ture. The interpretation of the law in detail will best show
where its facilities and where its difficulties lie. To some
readers such an assumption will seem like the most unjus-
tifiable a priori materialism. In one sense it doubtless is
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 physiology,
the laws of brain-action are at bottom mechanical laws,—
we do not in the least explain the nature of thought by
affirming this dependence, and in that latter sense our
proposition is not materialism. The authors who most
unconditionally affirm the dependence of our thoughts
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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 rationally 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 postu-
late it will be to some extent on conjectural ground.
But the student will remember that the Sciences constantly
have to take these risks, and habitually advance by zig-
zagging from one absolute formula to another which cor-
rects it by going too far the other way. At present Psychol-
ogy 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 practi-
cally necessary and indispensable 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
receiving impressions and discharging reactions preserva-
tive 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
motion, to correspond to these anatomical divisions. In
Psychology we may divide our work according to a similar
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scheme, and treat successively of three fundamental con-
scious processes and their conditions. The first will be
Sensation; the second will be Cerebration or Intellection;
the third will be the Tendency to Action. Much vagueness
results from this division, but it has practical conveniences
for such a book as this, and they may be allowed to pre-
vail over whatever objections may be urged.



CHAPTER II
SENSATION IN GENERAL

Incoming nerve-currents are the only agents which
normally affect the brain. The human nerve-centres are
surrounded 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, is bathed by a serous fluid in which it floats
suspended. Under these circumstances the only things
that can kappen 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-cur-
rents, 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 permanent features of its structure, modify-
ing its action throughout 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

9
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are not impressible by air-waves, nor those of the skin by
light-waves. The lingual nerve is not excited by aromatic
effluvia, the auditory nerve is unaffected by heat. Each
selects from the vibrations of the outer world some one
rate to which it responds exclusively. The result is that
our sensations form a discontinuous series, broken by enor-
mous gaps. There is no reason to suppose that the order
of vibrations in the outer world is anything like as inter-
rupted as the order of our sensations. Between the quick-
est audible air-waves (40,000 vibrations a second at the
outside) and the slowest sensible heat-waves (which num-
ber probably billions), Nature must somewhere have real-
ized 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 apparatus 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 cutaneous 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 no but a portion of what

* 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.
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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 defi-
nitely the paths which the sensory nerve-fibres follow after
their entrance 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 accom-
panies the excitement of this gray matter varies from one
portion of it to another. It is consciousness of things seen,
when the occipital lobes, and of things heard, when the
upper part of the temporal lobes, share in the excitement.
Each region of the cerebral cortex responds to the stimula-
tion which its afferent fibres bring to it, in a manner with
which a peculiar quality of feeling seems invariably cor-
related. This is what has been called the law of ‘specific
energies ’ in the nervous system. Of course we are with-
out even a conjectural explanation of the grownd of such
a law. Psychologists (as Lewes, Wundt, Rosenthal, Gold-
scheider, etc.) have debated a good deal as to whether the
specific quality of the feeling depends solely on the placc
stimulated in the cortex, or on the sort of current which the
nerve pours in. Doubtless the sort of outer force habitu-
ally 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-modi-
fied fibre pours into the cortical centre modifies the centre.
The modification of the centre in turn (though no man

* Thus the optic nerve-fibres are traced to the occipital lobes, the
olfactory tracts go to the lower part of the temporal lobe (hippo-
campal 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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can guess how or why) seems to modify the resultant con-
sciousness. But these adaptive modifications must be ex-
cessively 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 opera-
tions 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 par-
ticular end-organs which those things impress. We sce the
sunshine and the fire, simple because the only peripheral
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 con-
ductor’s movements. Such hypotheses as these form a good
training for ncophytes in the idealistic philosophy!
Sensation distinguished from Perception.—It is im-
possible rigorously to define a sensation; and in the actual
life of consciousness sensations, popularly so called, and per-
ceptions merge into each other by insensible degrees. All
we can say is that whkat we mean by sensations are FIRST
things in the way of consciousness. They are the immedi-
ate results upon consciousness of nerve-currents as they
enter the brain, and before they have awakened any sug-
gestions 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 impossible 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 ron-
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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 im-
pression which a sense-organ transmits produces a cerebral
reaction in which the awakened vestige of the last impres-
sion 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 pres-
ence, we name it, class it, compare it, utter propositions
concerning it, and the complication of the possible con-
sciousness 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
inarticulate feeling of their presence is Sensation, so far as
we have it at all. To some degree we seem able to lapse
into this inarticulate feeling at moments when our atten-
tion is entirely dispersed.

Sensations are cognitive. A sensation is thus an ab-
straction seldom realized by itself; and the object which a
sensation knows is an abstract object which cannot exist
alone. ‘Sensible qualities’ are 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 tangible keaviness, 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 cer-
tain extent that of pleasure.

Such qualities as stickiness, roughness, etc., are sup-
posed to be felt through the coGperation of muscular sen-
sations with those of the skin. The geometrical qualities
of things, on the other hand, their skapes, bignesses, dis-
tances, etc. (so far as we discriminate and identify them),
are by most psychologists supposed to be impossible with-
out the evocation of memories from the past; and the
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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, being a simple quality, is sensibly homogeneous; and
its function is that of mere acquaintance with this homo-
geneous seeming fact. Perception’s function, on the other
hand, is that of knowing something about the fact. But
we must know what fact we mean, all the while, and the
various wkhkats are what sensations give. Our earliest
thoughts are almost exclusively sensational. They give us
a set of wkats, 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 is about
what this experience gives. And though we were struck
blind from that first moment, our scholarship in the sub-
ject would lack no essential feature so long as our memory
remained. In training-institutions for the blind they teach
the pupils as much ebowt 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 in knowledge which the
least instructed seeing baby has. They can never show
him wkat light is in its ‘first intention’; and the loss of
that sensible knowledge no book-learning can replace. All
this is so obvious that we usually find sensation ¢ postulated ’
as an element of experience, even by those philosophers
who are least inclined to make much of its importance, or
to pay respect to the knowledge which it brings.

Sensation 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 relatively faint and devoid of this pungency, or tang,
this quality of real presence which the objects of sensation
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possess. Now the cortical brain-processes to which sensa-
tions 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 activity—a pro-
founder 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 is impossible to con-
ceive a brightness or a color otherwise than as extended and
outside of the body. Sounds also appear in space. Con-
tacts are against the body’s surface; and pains always
occupy some organ. An opinion which has had much
currency in psychology is that sensible qualities are first
apprehended as in the mind itself, and then ‘ projected ’ from
it, or ‘ extradited,” by a secondary intellectual or super-sen-
sational 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 is
for him the outer universe. And the universe which he
comes to know in later life is nothing but an amplifica-
tion 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 unrememberable. In his dumb awakening to the con-
sciousness of something there, a mere this as yet (or some-
thing for which even the term this 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
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be given in a pure sensation) all the ‘categories of the
understanding ’ are contained. [t has externality, objec-
tivity, unity, substantiality, causality, in the full senst in
which any later object or system of objects has these things.
Here the young knower meets and greets his world; and
the 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 experi-
ence is probably many nerve-currents coming in from
various peripheral organs at once; but this multitude of
organic conditions 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 coOperation of numerous organs and be a conscious-
ness of many things together. The Object which the
numerous inpouring currents of the baby bring to his
consciousness is one big blooming buzzing Confusion.
That Confusion is the baby’s universe; and the universe of
all of us is still to a great extent such a Confusion, poten-
tially 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 stimu-
lus is required 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 visible, audibile, etc.
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From this point onwards, as the impressing force increases,
the sensation increases also, though at a slower rate, until
at last 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 char-
acter of the semsation. This is definitely observable 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,
however unpleasant when more intense, are rather agree-
able than otherwise in their very lowest degrees. A faintly
bitter taste, or putrid smell, may at least be interesting.
Weber’s Law.—I said that the intensity of the sensation
increases by slower steps than those by which its exciting

U 1

Fic. 1.

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 represent 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
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S$2—2, and so on. The line of S’s will rise evenly be-
cause 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 forward in the
horizontal direction be equal to the last, then each step
upward 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.

Fig. 2 represents this actual state of things, o being
the zero-point of the stimulus, and conscious sensation,
represented by the curved line, not beginning until the
¢ threshold ’ is 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 it is based.

“Every one knows that in the stilly night we hear things unnoticed
in the noise of day. The gentle ticking of the clock, the air circu-
lating 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,
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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.
Every one who has had to deal with weights knows that if to a
pound in the hand a second pound be added, the difference is im-
mediately 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 stimuli to our senses, and stimuli whose out-
ward amount remains the same. What then do these experiences
teach? Evidently nothing but this, that one and the same stimulus,
according to 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 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 one, 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, although we feel it distinctly when it unites
itself with the feebler stimulation of the twilight. The pound-
weight 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 gefieral rule that a stimulus,
in order to be felt, may be so much the smaller if the already pre-
existing 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 relations 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
proportion 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 sen-
sations is, as we saw, impossible ; we can only measure the difference
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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 sensa-
tion seem to change. 1f we carry out such observations with
stimuli of varying absolute amounts, we shall be forced to choose
in arr equally varying way the amounts of addition to the stimulus
which are capable of giving us a 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 per-
ceived during the day. If now we institutc such observations for
all possible strengths of the various stimuli, and note for each
strength the amount of addition of the latter required 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.
Beginning with the latter case,

“We find a surprisingly simple result. The barely sensible addi-
tion to the original weight wmust 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 cxperiments, this fraction is found to
be about 1-3; 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 originally 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
enabled to measure accurately, obey a uniform law. However vari-
ous may be their several delicacies of discrimination, this holds true
of all, that the increase of the stimulus necessary to produce an



SENSATION IN GENERAL e 21

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..........cocvvvuinnn. 1/100
Muscular sensation......ooevevininnn... 1/17
Feeling of pressure,
“ “ warmth, } ................. 1/3
“ “ 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 relative discriminative susceptibility of the different
senses. . . . The important law which gives in so simple a form
the relation 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 sensa-
tion, one must make equal relative additions to the stimu-
lus. Professor 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 unit
of sensation, and all these units were treated by him as
equal, in spite of the fact that equally perceptible incre-
ments need by no means appear equally big 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 per-
ceptible addition to a pound. Fechner ignored this fact.
He considered that if » distinct perceptible steps of in-
crease might be passed through in gradually increasing 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.f Sensations once
represented by numbers, psychology may become, according

* Vorlesungen iiber Menschen u. Thierseele, Lecture VII.
1 In other words, § standing for the sensation in general, and
d for its noticeable increment, we have the equation dS = const.
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to Fechner, an ‘ exact ’ science, susceptible of mathematical
treatment. His general formula for getting at the number
of units in any sensation is S = C log R, where S stands for
the sensation, R for the stimulus numerically estimated,
and C for a constant that must be separately determined by
experiment in each particular order of sensibility. The
sensation is proportional to the logarithm of the stimulus;
and the absolute values, in units, of any series of sensations
might be got from the ordinates of the curve in Fig. 2, if
it were a correctly drawn logarithmic curve, with the
thresholds 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 nothing about the measurement of the
sensation as a whole) and to promote discussion of statis-
tical methods. Weber’s law, as will appear when we take
the senses, seriatim, is only approximately verified. The
discussion of statistical methods is necessitated by the ex-
traordinary fluctuations of our sensibility from one moment
to the -next. It is found, namely, when the difference of
two sensations approaches the limit of discernibility, 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 num-
ber of appreciations. These accidental errors are as likely
to increase as to diminish our sensibility, and are elimi-
nated in such an average, for those above and those below

The increment of stimulus which produces dS (call it dR) mean-
while varies. Fechner calls it the ‘differential threshold’; and as
:it;i’ relative value to R is always the same, we have the equation

5 = const.
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the line then neutralize each other in the sum, and the nor-
mal sensibility, if there be one (that is, the sensibility due
to constant causes as distinguished from these accidental
ones), stands revealed. The methods of getting the aver-
age all have their difficulties and their snares, and contro-
versy over them has become very subtle indeed. As an
instance of how laborious some of the statistical 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,’
tabulated and computed no less than 24,576 separate judg-
ments. :

Sensations are not compounds. The fundamental objec-
tion to Fechner’s whole attempt seems to be this, that
although the outer causes of our sensations may have many
parts, every distinguishable degree, as well as every dis-
tinguishable quality, of the semsation itself appears to be
a unique fact of consciousness. Each sensation is a com-
plete 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 something entirely new, and as
it were incomparable, so that to seek a measurable differ-
ence between strong and weak sonorous, luminous, or ther-
mic sensations would seem at first sight as senseless as to
try to compute mathematically the difference between salt
and sour, or between headache and toothache. It is clear
that if in the stronger sensation of light the weaker sen-
sation is not contained, it is unpsychological to say that the
former differs from the latter by a certain increment.”’*
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 tallow 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.

* Beitrdge zur exp. Psychol., Heft 3. p. 4.
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There is no inconsistency between this statement and the
fact that, starting with a weak sensation and increas-
ing 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,
from the starting-point, which we feel. In the chapter on
Discrimination we shall see that Difference can be perceived
between simple things. We shall see, too, that differences
themselves differ—there are various directions of differ-
ence; 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 is obvious where the things differ in
kind. How easily do we forget a bodily discomfort when
conversation waxes hot; how little do we notice the noises
in the room so long as 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 themselves
weaker and consequently endowed with less distracting
power.

This particular idea may be taken for what it is worth.*
Meanwhile it is an undoubted general fact that the psychi-

* I borrow it from Ziehen: Leitfaden d. Physiologischen Psycho-
logie, 1801, p. 36, who quotes Hering’s version of it,
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cal effect of incoming currents does depend on what other
currents may be simultaneously pouring in. Not only the
perceptibility of the object which the current brings before
the mind, but the quality of it, is changed by the other
currents. “ Simultaneous* sensations modify each other ”
is a brief expression for this law. ‘“ We feel all things in
relation to each other ” is Wundt’s vaguer formula for this
general ‘law of relativity,” which in one shape or other has
had vogue since Hobbes’s time in psychology. Much mys-
tery has been made of it, but although we are of course
ignorant of the more intimate processes 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.f Notes make each other sweeter in a chord, and so
do colors when harmoniously combined. A certain amount
of skin dipped in hot water gives the perception of a cer-
tain heat. More skin immersed makes the heat much more
intense, although of course the water’s heat is the same.
Similarly there is a ckromatic minimum of size in objects.
The image they cast 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 influ-
ence each other’s sensations. The hue of patches of color
so distant as not to be recognized was immediately, in his
patients, perceived when a tuning-fork was sounded close
to the ear. Letters too far off to be read could be read

* Successive ones also; but I consider simultaneous ones only, for
simplicity’s sake.

+ The extreme case is where green light and red, ¢.g. light falling
simultaneously on the retina, give a sensation of yellow. But I
abstract from this because it is not certain that the incoming cur-
rents here affect different fibres of the optic nerve.
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when the tuning-fork was heard, etc., etc. The most famil-
iar 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
phenomena of what is known as ‘simultaneous color-con-
trast” 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 trans-
parent 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, before 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 thing, in the blue light of a clear sky, in the red-
dish-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 appearance, thereby cor-
recting 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 be of the
complementary color to the film. Therefore it is of the
complementary 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 is too minute for recapitulation
here, but suffice it to say that it proves the phenomenon
to be physiological—a case of the way in which, when sen-
sory nerve-currents run in together, the effect of each on
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consciousness is different from that which it would be if
they ran in separately.

¢ Successive contrast’ differs from the simultaneous va-
riety, and is supposed to be due to fatigue. The facts will
be noticed under the head of ®after-images,’ in the sec-
tion on Vision. It must be borne in mind, however, that
after-images from previous sensations 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 vari-
ous senses in detail.



CHAPTER I1I
SIGHT
The Eye’s Structure is described in all the books on an-

atomy. I will only mention the few points which concern
the psychologist.* It is a flattish sphere formed by a tough

* The student can easily verify the coarser features of the eye’s
anatomy upon a bullock’s cye, which any butcher will furnish.
Clean it first from fat and muscles and study its shape, etc, and
then (followmg Golding Bird’s method) make an incision wrth a
pointed scalpel into the sclerotic half an inch from the edge of the
cornea, so that the hlack chormd 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 mem-
brane of the vitreous body!) all round the eyeball parallel to the
cornea’s edge.

The eyeball is thus divided into two parts, the anterior one con-
taining 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 pull-
ing off the portion to whick the optic nerve is attached. Floating
this detached posterior cap in water, the delicate retina will he 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 detected

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 selorotic, which remain in the forceps. Ex-
amine 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 forward
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 proc8esscs before they were torn away

2
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white membrane (the sclerotic), which encloses a nervo 1=
surface and certain refracting media (lens and * humors *)
which cast a picture of the outer world thereon. It is in

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 hard-
ened in alcohol.
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fact a little camera obscura, the essential part of which is
the sensitive plate.

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 in-
side, forming a thin translucent film
(see Fig. 3, Ret.). The fibres pass
into a complicated apparatus of cells,
granules, and branches (Fig. 4), and
finally end in the so-called rods and
cones (Fig. 4,—9), which are the spe-
cific organs for taking up the influence
of the waves of light. Strange to say,
these end-organs are not pointed for-
ward towards the light as it streams
through the pupil, but backwards to-
wards the sclerotic membrane itself, so

22
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=———— - Fic. 5—Scheme of retinal fibres, after Kiiss. Nop.

—_— optic nerve; S, sclerotic; Ch, choroid; R, retina;
F1c. 4. P, papilla (blind spot); F, fovea.

that the light-waves traverse the translucent nerve-fibres,

and the cellular and granular layers of the retina, before

they touch the rods and cones themselves. (See Fig. 5.)
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The Blind Spot.—The optic nerve-fibres must thus be
unimpressible by light directly. The place where the
nerve enters is in fact entirely blind, because nothing but
fibres exist there, the other layers of the retina only be-
ginning 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,

F1c. 6.

holding the book vertically in front of the face, and mov-
ing it to and fro. It will be found that at about a foot off
the black disk disappears; but when the page is nearer or
farther, it is seen. During the experiment the gaze must
be kept fixed on the cross. It is easy to show by measure-
ment 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 outwardly from the entrance of the optic nerve, and
round which the radiating nerve-fibres bend without pass-
ing over it. The other layers also disappear at the fovea,
leaving the cones alone to represent the retina there. The
sensibility of the retina 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 ro-
tated 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 any one
may observe. In fact, it is almost impossible not to ¢ turn
the eyes.” the moment any peripherally lying object does
catch our attention, the turning of the eyes being only
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another name for such rotation of the eyeballs as will
bring the fove® under the object’s image.

C tiary ﬁwesa.

Fic. 7.

Accommodation.—The focussing or sharpening of the
image is performed by a special apparatus. In every cam-
era, the farther the object is from the eye the farther for-
ward, and the nearer the object is to the eye the farther
backward 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 forward when it is far. The picture is thus
kept always sharp. But no such change of length is
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 re-
cedes. 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,
assumes 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 muscle, by contracting, causes the ligament to relax
its pressure. The contraction of the muscle, by thus ren-
dering the lens more refractive, adapts the eye for near
objects (‘ accommodates’ it for them, as we say); and its
relaxation, by rendering the lens less refractive, adapts the
eye for distant vision. Accommodation for the near is thus
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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 at-
tention, both eyeballs turn so that its images may fall on
the foveze. 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
accommodation form a natural associated couple, of which
it is difficult to execute either singly. Contraction of
the pupil also accompanies the accommodative act. When
we come to stereoscopic vision, it will appear that by much
practice one can learn to converge with relaxed accommo-
dation, and to accommodate with parallel axes of vision.
These are accomplishments which the student of psycho-
logical optics will find most useful.

Single Vision by the two Retinze.—We hezr 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 con-
ditions can we hear or smell double. The main conditions
of single vision can be simply expressed.

In the first place, impressions on the two fovez 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 fovee of
the two converging eyeballs will necessarily always ap-
pear as what it is, namely, one object. Furthermore, if
the eyeballs, instead of converging, are kept parallel,
and two similar objects, one in front of each, cast their
respective images on the fove®, 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
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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 oppo-
site 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 is flanked by two

Fic. 8.

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 partition 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 identical spots, we use two different
figures, or two differently colored spots, as objects for the
two fovez to look at, they still are seen in the same place;
but since they cannot appear as a single object, they appear
there alternately displacing each other from the view. This
is the phenomenon called retinal rivalry.

As regards the parts of the retine round about the fovez,
a similar correspondence obtains. Any impression on the

* This vertical partition is introduced into stereoscopes, which
otherwise would give us three pictures instead of one.
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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 geometrically similar quadrant of the other;

Fic. 9.

and within two similar quadrants, a! and ar for example,
there should, if the correspondence were carried out in de-
tail, be geometrically similar points which, if impressed at
the same time by light emitted from the same object, should
cause that object to appear in the same direction to either
eye. Experiment verifies this surmise. If we look at the
starry vault with parallel eyes, the stars all seem single;
and the laws of perspective show that under the circum-
stances the parallel light-rays coming from each star must
impinge on points within either retina which are geometri-
cally similar to each other. Similarly, a pair of spectacles
held an inch or so from tl2 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.

Here again retinal rivalry occurs if the pictures differ.
And it must be noted that when the experiment is per-
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formed for the first time the combined picture is always
far from sharp. This is due to the difficulty mentioned on
p. 33, of accommodating 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 geometri-
cally similar points that images which fall upon geometri-
cally DISPARATE points of the two retine should be seen
in DISPARATE directions, and that their objects should

; Ai

/

4

F1G. 10.

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
fovez will receive the images of O, which therefore will
look single. If then SL and RS 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,
geometrically symmetrical, not geometrically similar. 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—‘ homonymously ’ 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 posi-
tion 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 sim-
ilar halves. Here, of course, the positions seen will be less
widely disparate thah 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 retinz. For the detail of these one
must consult the special 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 innu-
merable double images which objects nearer and farther
than the point looked at must be constantly producing.
The answer to this is 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
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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 some one says, it is an art which is not to be
learned completely either in one year or in two.

Where the disparity of the images is but slight it is
almost impossible to see them as if double. They give
rather the perception of a solid object being there. To fix
our ideas, take Fig. 11. Suppose we look at the dots in the

FiG. 11.

middle of the lines @ and & just as we looked at the spots in
Fig. 8. We shall get the same result—i.e., they will coalesce
in the median line. But the entire lines will not
coalesce, for, owing to their inclination, 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):
The moment we attend to the tops of these lines,
however, our fovee tend to abandon the dots and
to move upwards, and in doing so, to converge Fic.
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 is Fig. 14.
Running our eyes up and
Fra. 13. Fie. 14 down the lines makes them
converge and diverge just as they would were they running
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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 conditions their top does look nearer than their bot-
tom—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 wowld draw the fove divergently apart makes us
see those ends farther, the slight disparity in the top ends
which would draw them convergently 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,
diverging, 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 dis-
tance 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

* The 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.
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tolerably near points. When objects are farther off, their apparent
size, and the modifications their retinal images experience by aerial
perspective, 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 window of a railway car) and those nearest most
rapidly; from the different apparent rates of movement we can tell
which are farther and which nearer.” *

Subjectively considered, distance is an altogether peculiar
content of consciousness. Convergence, accommodation,
binocular 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 dis-
tant, and draws near as the head erects itself again.

The Perception of Size.—* The dimensions of the reti-
nal image determine primarily the sensations on which con-
clusions 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 reti-
nal 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 previous 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 repre-
sented.” 1

Sensations of Color.—The system of colors is a very
complex thing. If one take any color, say green, one can

* Martin: ‘The Human Body,’ p. 530.
1 1bid.
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pass away from it in more than one direction, 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 that of a line, but has to cover
a surface. With the tints arranged 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 is a merely
classificatory diagram based on
degrees of difference simply felt,
and has no physical signifi-
cance. 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” Frc. 1s.
pure color towards black as well as towards white. The
best way is to put black into the third dimension, beneath
the paper, e.g., as is shown perspectively in Fig. 16, then
all the transitions can be schematically 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 continuum.
Calor-mixture.—Physiologically considered, the colors
have this peculiarity, that many pairs of them, when they
impress the retina together, produce the sensation of white.
The colors which do this are called complementaries. Such
are spectral red and green-blue, spectral yellow and indigo-
blue. Green and purple, again, are complementaries. All
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the spectral colors added together also make white light,
such as we daily experience in the sunshine. Further-
more, 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, is
also felt when green light is
added to red; blue is felt when
violet and green lights are
mixed. Purple, which is 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.*

From all this it follows
that there is no particular
congruence between our sys-
tem of color-sensations and
the physical stimuli which ex-
cite them. Each color-feeling
is a ‘specific energy’ (p. 11)
which many different physical
causes may arouse. Helm-
holtz, Hering, and others have
sought to simplify the tangle
of the facts, by physiologi-
cal hypotheses, which, differ-
ing much in detail, agree in
principle since they all postulate a limited number of
elementary retinal processes to which, when excited singly,

Black
Fi1c. 16 (after Ziehen),

* The ordinarv mixing of pigments is not an addition, but rather,
as Helmholtz 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 glass reflects into the
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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 spoke of as if
they were compounded of the primary sensations. This is
a great mistake. The semsations as such are not com-
pounded—yellow, for example, a secondary on Helmholtz’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
results 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 con-
sult 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 sen-
sation 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 persists. 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 rest (when a black
sector is 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

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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much light as if that were the case, and is unable to dis-
tinguish 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 second 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 arc 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 practice. 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 receiv-
ing most light get fatigued, 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 cye 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 e'sewhere by light from the
white wall acting on the previously stimulated parts of the visual
surface. All persons will recall many instances of such phenomena,
which are especially noticeable soon after rising in the morning.

* Martin: op. cit.
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Similar things may be noticed with colors; after looking at a red
patch the eye turned on a white wall sees a blue-green patch; the
elements causing red sensations 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, ren-
der dull, or in popular phrase ‘kill,’ one another.

“If we fix steadily for thirty seconds a point between two white
squares about 4 mm. (1-6 inch) apart on a large black sheet, and
then close and cover our eyes, we get a negative after-image in
which are scen 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 elsewhere; and it is brightest between the two dark
squares, just as a middle-sized man between two tall ones looks
shorter than if alongside one only. If, however, the after-image be
watched, it will often be noticed not only that the light band between
the squares is intensely 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, except 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 experi-
ments 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. 27 which have
made Hering reject the psychological explanation of simul-
taneous contrast.

The Intensity of Luminous Objects.—Black is an op-
tical sensation. We have no black except in the field of

* Martin, pp. 525-8.
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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 ob-
jective darkness) 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 the above the idio-retinal
light. As the objective stimulus increases the perception
is of an intenser luminosity; but the perception changes,
as we saw on p. 18, more slowly than the stimulus. The
latest numerical determinations, by Konig and Brodhun,
were applied to six different colors and ran from an in-
tensity arbitrarily called 1 to one which was 100,000 times
as great. From intensity 2,000 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 different 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 sensa-
tion white with the original color-sensation. It is no mix-
ing of two sensations, but the replacement of one sensation
by another, in consequence of a changed neural process.



CHAPTER IV
HEARING *
The 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 laby-

F16. 17.—Semidiagrammatic section through the right ear (Czermak). M,
concha; G, external auditory meatus; 7, tympanic membrane; P, tympanic
cavity; o, oval foramen; r, round foramen; R, pharyngeal opening of Eusta-
chian tube; ¥, vestibule; B, a semicircular canal; S, the cochlea; V', scala
vestibult; P¢, scala tympani; A, auditory nerve.

rintk; the latter contains the end-organs of the auditory
nerve. The external ear consists of the expansion seen on
the exterior of the head, called the comcka, M, Fig. 17,

*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 ag “No
21—Oreille, temporal de 60 cm., nouvelle édition,” etc.
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and a passage leading in from it, the external auditory
meatus, G. This passage is closed at its inner end by the
tympanic or drum membrane, T. It is lined by skin,
through which numerous small glands, secreting the wax
of the ear, open.

“ The Tympanum (P, Fig. 17) is an irregular cavity in
the temporal bone, closed externally by the drum mem-
brane. From its innner side the Eustachian tube (R) pro-
ceeds and opens into the pharynx. The inner wall of the
tympanum is bony except for two small apertures, the oval
and round foramens, o and r, which lead into the laby-
rinth. 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 shallow 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 in-
ternal 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 is 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.
Pie. xdep HMe, M) ond Min sand One making a balloon ascent

Jb, Ji, Jpl, for different parts of the or going rapidly down a
incus. S is the stapes. A

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

“ Tke Auditory Ossicles—Three small bones lie in the
tympanum forming a chain from the drum-membrane to
the oval foramen. The external bone is the malleus or
hammer; the middle one, the incus or anvil; and the in-
ternal one, the stapes or stirrup. They are represented in
Fig. 18.7 *

Accommodation is provided for in the ear as well as in
the eye. One muscle an inch long, the tensor tympani,
arises in the petrous portion of the temporal bone (running
in a canal parallel to the Eustachian tube) and is inserted
into the malleus below its head. When it contracts, it
makes the membrane of the tympanum more tense.
Another smaller muscle, the stapedius, 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 mem-
branes 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 in man, are turned so as
best to receive the sound. This also is a part of the reac-
tion 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
foramens 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

* This description is abridged from Martin’s ‘ Human Body.’
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a space is left; this is filled with a watery fluid, called the
perilymph; and the membranous internal ear is filled by
a similar liquid, the endolymph.

F16 19.—Casts of the bony labyrinth. A, left labyrinth seen from the outer
side, B, right labyrinth from the inner side; C, left labyrinth from above;
Co, cochlea; V', vestibule; Fc, round foramen; Fz, oval foramen; h, hori-
zontal semicircular canal; ha, 1ts ampula; vaa, ampulla of anterior vertical
semicircular canal; vpa, ampulla of posterior vertical semicircular canal;
vc, conjomned portion of the two vertical canals.

The Bony Labyrinth.—* The bony labyrinth is de-
scribed in three portions, the vestibule, the semicircular
canals, and the cochlea; casts of its interior are represented
from different aspects in Fig. 19. The vestibule is the cen-
tral part and has on its exterior the oval foramen (Fv) into
which the base of the stirrup-bone fits. Behind the vesti-
bule are three bony semicircular 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 ves-
tibule, lying in the bony, consists of two sacs communicat-
ing by a narrow aperture. The posterior is called the utri-
cwlus, and into it the membranous semicircular canals
open. The anterior, called the sacculus, communicates by
a tube with the membranous cochlea. The membranous
semicircular canals much resemble the bony, and each has
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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 rela- f§
tions of the membranous§
to the bony cochlea are
more complicated. A
section through this part
of the auditory appara-
tus (Fig. 20) shows that
lfs 0sseous POrtion CON- gy, o, A gection through the cochlea in
~2~+~ of a tube wound two the line of its axis.

and a half times round a central bony axis, the modiolus.
From the axis a shelf, the lamina spiralis, 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 (scale media), a tube tri-
angular 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 scale

P1e. 21.~Section of one coil of the cochlea, magnified. SV, scala vestibuli;
%, brane o i ; CC, membranous cochlea (scala media); lis,
limbus lamine spiralis; t, tectorial membrane; ST, scala tympani; lso, spiral
lamina; Co, rods of Corti; b, basilar membrane.

vestibuli, SV, and a lower, the scala tympani, ST. Be-
tween these lie the lamina spiralis (Iso) and the mem-
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branous cochlea (CC), the latter being bounded above by
the membrane of Reissner (R) and below by the basilar
membrane (b).” *

The membranous cochlea does not extend to the tip of
the bony cochlea; above its apex the scala vestibuli and
scala tympani communicate. Both are filled with peri-
lymph, 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 membrane, a wave of perilymph runs up the
scala vestibuli to the top, where it turns into the scala tym-
pani, down whose whorls it runs and pushes out the round
foramen r, 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 mem-
brane and forming the organ of Corti. This contains the
end-organs of the cochlear nerves. Lining the sulcus

F16. 22—The rods of Cortr. A, a pair of rods separated from the rest; B, a
bit of the basilar membrane with several rods on it, showing how they cover
in the tunmel of Corti; i, inner, and e, outer rods; b, basilar membrane;
7, reticular membrane.

spiralis, a groove in the edge of the bony lamina spiralis,

are cuboidal cells; on the inner margin of the basilar mem-

brane they become columnar, and then are succeeded by a

row which bear on their upper ends a set of short stiff

hairs, and constitute the inmer kair-cells, which are fixed
below by a narrow apex to the basilar membrane; nerve-
fibres enter them. To the inner hair-cells succeed the

* Martin: op. cit.
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rods of Corti (Co, Fig. 21), which are represented 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 in a tunnel; they are known
respectively as the inner and outer rods, the former being
nearer the lamina spiralis. The inner rods are more
numerous than the outer, thé numbers being about 6000
and 4500 respectively. Attached to the external sides of
the heads of the outer rods is the reticular membrane (r,
Fig. 22), which is stiff and perforated by holes. Exter-
nal 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 mem-
brane. Beyond the outer hair-cells
is ordinary columnar epithelium,
which passes gradually into cu-
boidal cells lining most of the mem-
branous cochlea. From the upper
lip of the sulcus spiralis projects
the tectorial membrane (t, Fig. 21)
which extends over the rods of
Corti and the hair-cells.” *

The hair-cells would thus seem to Sl
be the terminal organs for ¢ picking Fi. 23.—Sensory epithelium
up’ the vibrations which the air- {rom ampulla or semicireu

lar canal, and saccule.

waves communicate through all the # a nervefibre pierces the
wall, and after branching

intervening apparatus, solid and enters the two hair-cells,
e . c. At h a *columnar cell’
liquid, to the basilar membrane. wih a long bair is shown,

the nerve-fibre being brokenm

Analogous hair-cells receive the .yay from its base.  The
terminal nerve-filaments in the Slender cells at f scem un-
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,

aérial waves. When the waves are non-periodic the result is

* Martin: op. cit.
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a noise; when periodic it is what is nowadays called a fone,
or note. The loudness of a sound depends on the force of
the waves. When they recur periodically a peculiar quality
called pitck 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. 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 neces-
sary for the vibrations to go on during a full second
for the pitch to be discerned. “ 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 litle below this they produce rather a ‘hum’ than a
true tone-sensation, and are only used along with notes of
higher octaves to which they give a character of greater
depth.” *

The entire system of pitches forms a continuum of one
dimension; that is 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. 41.) 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 ex-

* Martin : op. cit.



HEARING 55

planation partly historic and partly ®sthetic, but too con_
plex for exposition here.

The ¢ timbre ’ of a note is due to its wave-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 vibrations be struck, giving the next higher
octave, ¢’, the a€rial movement at any time will be the alge-
braic 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 or-
chestra, 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 com-
plex; 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 ¢ har-
monics > sound simultaneously in fainter form. On the
relative strength of this or that one or more of these Helm-
holtz has shown that the instrument’s peculiar voice de-
pends. The several vowel-sounds in the human voice also
depend on the predominance of diverse upper harmonics
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 resultant sound from that of the lower fork alone, as a
note of the same pitch but of different timbre; and within
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the compound 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 Helmholtz) to be effected through the different rates
of sympathetic resonance of the different parts of the mem-
branous cochlea. The basilar membrane is some twelve
times broader at the apex of the cochlea than at the base
where it begins, and is largely composed of radiating fibres
which may be likened to stretched strings. Now the phys-
ical principle of sympathetic 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 peri-
lymph running down the scala tympani at a certain rate of
frequency ought to set certain particular 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 particular 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 transmitters of its oscillations to the inner ear. There
must be, in fact, an instantaneous damping of the physio-
logical vibrations, for there are no such positive after-images,
and no such blendings of rapidly successive tones, as the
retina shows us in the case of light. Helmholtz’s theory of
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the analysis of sounds is plausible and ingenious. One
objection to it is that the keyboard of the cochlea does not
seem extensive enough for the number of distinct reso-
nances 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 fuse into a compound sensa-
tion. 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 supplies 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 con-
traction is known as fctanus. The experiment proves that
there is a physiological cumulation or overlapping of proc-
esses 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 in before the
relaxation can occur, then the third again, and so on; so
that continuous tetanus takes the place of discrete twitch-
ing. Similarly in the auditory nerve. One shock of air
starts in it a current to the auditory brain-centre, and
affects the latter, so that a dry stroke of sound is 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 be-
fore the effects of the earlier ones on that organ have died
away. There is thus an overlapping 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 corresponds. This latter
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feeling is a new kind of sensation altogether, not a merc
¢ appearance ’ due to many sensations of dry stroke being
compounded into one. No sensations of dry stroke can
exist under these circumstances, for their physiological
conditions have been replaced by others. What ‘com-
pounding ’ 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 sensa-
tions of red and of green get no chance, under such con-
ditions, 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 undoubtedly have a distinct sort of
feeling altogether, when it contracted tetanically; and this
feeling of the tetanic contraction would by no means be
identical with a multitude of the feelings of twitching.

Harmony and Discord.—When several tones sound to-
gether we may get peculiar feelings of pleasure or displeas-
ure 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—g—c’, we get the ‘full chord’ or maximum
of consonance. The ratios of vibration hcre are as 4: 5: 6: 8,
so that one might think simple ratios were the ground of
harmony. But the interval ¢—d is discordant, with the
comparatively simple ratio 8:9. Helmholtz explains discord
by the overtones making ‘ beats’ together. This gives a
subtle grating which is unpleasant. 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 iden-
tical 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.
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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 3/10 of the original
stimulus everywhere between the intensities marked 20 and
5000 of his arbitrary scale. Below this the fractional in-
crement of stimulus must be larger; above it, no measure-
ments were made.

Discrimination of differences of pitck varies in different
parts of the scale. In the neighborhood of 1000 vibrations
per second, 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 Weber’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
skfn~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 penetrating between epidermic cells
and ending there without terminal or-
gans. In or immediately beneath the
skin several peculiar forms of nerve
end-organs have also been described;
Fig. 24—Endbulbs from they are known as (1) Touch-cells;

the conjunctiva of the
human eye, magnified. () Pgcinjan corpuscles; (3) Tactile

corpulscles; (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 mag-
nify 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 possesses also three sensibilities. Through touch
proper we recognize pressure or traction exerted on the
skin, and the force of the pressure; the softness or hard-
ness, roughness or smoothness, of the body producing it;

* Martin: op. cit.
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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 tac-
tile, and such a combination of the two sensations is fre-
quent; 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 differentiated sensa-
tion, 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 char-
acterized 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. press-
ing on an area of 9 sq. millim. can be felt.

“In order that the sense of touch may be excited neigh-
boring skin-areas must be differently pressed. When the
hand is immersed in 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 feelings 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 consciousness must be present, comparable to
the upper partials determining the timbre of a tone. The
accuracy of the localizing power varies widely in different

* Martin: op. cit.
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skin regions and is measured by observing the least dis-
tance 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 illustrates some of the
differences observed:

Tongue-tip ......covvviieiiiinans 1.1mm. (.04inch)
Palm side of last phalanx of finger.,. 22mm. (.08inch)
Red part of lips..........co.uunn. 4.4mm. (.16 inch)
Tip of NOSE...vvvveeeinnnennnnnnn 6.6mm. (.24inch)
Back of second phalanx of finger.. 11.0mm. (.44 inch)
Heel ..ottt 22omm. (.88inch)
Back of hand.................... 30.8 mm. (1.23 inches)
Forearm ........cccvviiiinnnnn.. 39.6 mm. (1.58 inches)
Sternum .........c00iiiiieenn.. 44.0 mm, (1.76 inches)
Back of neck.................... 52.8 mm. (2.11 inches)
Middle of back................... 66.0 mm. (2.04 inches)

The localizing power is a little more acute across the long
axis of a limb than in it; and is better when the pressure
is only strong enough to just cause a distinct tactile sensa-
tion than when it is more powerful;
it is also very readily and rapidly
improvable by practice.” It seems to
be naturally delicate in proportion
as the skin which possesses it covers
a more movable part of the body.
“It might be thought that this
localizing power depended directly
on nerve-distribution; that each
touch-nerve had connection with
/  a special brain-centre at one end
\- 4/'{ (the excitation of which caused a

e sensation with a characteristic local
1G. 28.

- tnaa,
~

&
-

sign), and at the other end was dis-
tributed 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 determined by the
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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
two points in ¢ were touched we should according to the
theory get but a single sensation; but if, while the com-~
pass-points remained the same distance apart, or were even
approximated, one were placed in ¢ and the other on a con-
tiguous 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 dis-
tance apart, no matter how they be shifted, in order to give
rise to two just distinguishable sensaiions.

“It is probable that the nerve-areas are much smaller than
the tactile; and that several unstimulated must intervene
between the excited, in order to produce sensations which
shall be distinct. If we suppose twelve unexcited nerve-
areas must intervene, then, in Fig. 25, a 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-distri-
bution in 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 distinct nerve-
areas. If we could discriminate the excitations of each of
these from that of its immediate neighbors we should get
the sensation of a series of points touching us, one for 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 tempera-
ture differences in external objects. Its organ is the whole
skin, the mucous membrane of mouth and fauces, pharynx
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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 Donaldson have made
minute exploration of determi-
R Toes .~ | nate tracts of skin and found
t .__‘_5; MR the heat- and cold-spots thick-

e Sl ‘%7 | set and permanently distinct.
mfi.oﬁ'ﬁ?&lﬁ%ﬁ&,ﬁ?ﬁnﬁkﬁ Betwe.en t.hem 130 temperature'

gePo:ll;e LDeat:spots, and the md. sensation 1s excited by contact

patch of skin on one of Gold- With a pointed cold or hot

scheider’s fngers. 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
is 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 temperature above its
sensation-zero we feel warmth; and vice versa: the sensa-
tion is more marked the greater the difference, and the more
suddenly it is produced; touching a metallic body, which

_CcP Hairs HP
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conducts heat rapidly to or from the skin, causes a more
marked hot or cold sensation than touching a worse con-
ductor, 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 circulation 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
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
temperatures within a few degree§ of 30° C. (86° F.); at
these differences of less than o.1° C. can be discriminated.
As a means of measuring absolute temperatures, however,
the skin is very unreliable, on account of the changeability
of its sensation-zero. We can localize temperature-sensa-
tions 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 insertion. In muscular fatigue the insertions are the
places most painfully felt. In muscular rheumatism, how-
ever, the whole muscle grows painful; and violent con-
traction such as that caused by the faradic current, or
known as cramp, produces a severe and peculiar pain felt in

* Martin: op. cit., with omissions.
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the whole mass of muscle affected. Sachs also thought
that he had demonstrated, both experimentally and ana-
tomically, the existence of special sensory nerve-fibres, dis-
tinct from the motor fibres, in the frog’s muscle. The
lztter 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
pressure, but of the space-relations between things gener-
ally. Our eyes and our hands, in their explorations of
space, move over it and through it. It is usually supposed
that without this sense of an intervening motion performed
we should not perceive 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 is still an open question Zow our muscles help us in these
experiences, whether by their own sensations, or by awak-
ening 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 */; 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 /,;. Merkel’s recent and very careful experi-
ments, in which the finger pressed down the beam of a
balance counterweighted by from 25 to 8020 grams, showed
that between 2co and 2000 grams a constant fractional
increase of about /,; was felt when there was no movement
of the finger, and of about !/,, 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 certain pitch. Or again one might suppose a
certain extreme degree of inner excitement to produce the
feeling of pain in all the centres. It is certain that sensa-
tions of every order, which in moderate degrees are rather
pleasant than otherwise, become painful when their inten-
sity 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

F16. 27 (after Wundt).

horizontal line represents the threshold both of sensational
and of agreeable sensibility. Below the line is the disagree-
able. The continuous curve is that of Weber’s law which
we learned to know in Fig. 2, p. 18, With the minimal
sensation the agreeableness is nil, as the dotted curve shows.
It rises at first more slowly than the sensational intensity,
then faster; and reaches its maximum before the sensation
is near its acme. After its maximum of agreeableness the
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dotted line rapidly sinks, and soon tumbles below the hori-
zontal into the realm of the disagreeable or painful in
which it 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,
however, 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 overpower 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 special 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 con-
dition termed analgesia, a touch is felt, but the most vio-
lent 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 col-
.umns intact. If, on the contrary, the latter were divided
:and the gray substance left, there was increased sensitive-
.ness to pain, and possibly 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 in different tracts to conscious centres; the tactile ones
coming soon out of the gray network and coursing on in a
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readily conducting white fibre, while the painful ones 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 reach-
ing it by an afferent fibre might only spread a short way
and then pass out into a single good conducting 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
incodrdinate 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 explana-
tion.” *

Pain also gives rise to ill-cobrdinated movements of
defence. 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.



CHAPTER VI

SENSATIONS OF MOTION

I 1REAT 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 sur-
faces; 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
until the positions of terminus a quo and terminus ad quem
are severally cognized, and the successive occupancies of
these positions by the moving body are perceived to be
separated by a distinct interval of time. As a matter of
fact, however, we cognize only the very slowest motions in
this way. Seeing the hand of a clock at XII and after-
wards 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 infer 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 dif-
ference 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 quality 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

70
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apart are felt as one impression, 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 per-
ception of the motion here is certainly not derived from a
preéxisting knowledge that its starting and ending points
are separate positions in space, because positions in space
ten times wider apart fail to be discriminated as 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 per-
ceived as movement and nothing else. It is thus certain
that our sense of movement, being so much more delicate
than our sense of position, cannot possibly be derived
from it.

Vierordt, at almost the same time, called attention to
certain persistent illusions, amongst whick 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 mem-
ber were moving in the opposite” direction to the tracing
point. If on the contrary, 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 fore-
finger 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 ¢ content ’ of consciousness, and not yet distin- '
guished as belonging exclusively to one of its parts. Whegy
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our perception is fully developed we go beyond the mere
relative motion of thing and ground, and can ascribe abso-
lute 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 primi-
tively 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 our-
selves in motion. Even now when our whole field of view
really does move we get giddy, and feel as if we too were
moving; and 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 eye-
balls gives the same illusion. We know in all these cases
what really happens, but the conditions are unusual, so
our primitive sensation persists unchecked. So it does
when clouds float by the moon. We know the moon is
still; but we see it move faster than the clouds. Even
when we slowly move our eyes the primitive sensation per-
sists 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 zoG-
logically, and shows by examples from every branch of
the animal kingdom that movement is the quality by which
animals most easily attract each other’s attention. The
instinct of ‘ shamming death’ is no shamming of death at
all, but rather a paralysis 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

*Vierteljahrsch. fiir wiss. Philos., 11. 377.
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the breath-holding stillness of the boy playing ‘I spy,’ to
whom the seeker 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 crea-
tures 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 noise-
lessly come and snuffle about our hand, the excessive reflex
effects of tickling, etc., show how exciting the sensation of
motion is per se. A Kkitten cannot help pursuing a moving
ball. Impressions too faint to be cognized at all are imme-
diately 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 do not notice its presence.
The moment we move it to and fro, however, we discern it.
Such visual perception as this reproduces the conditions of
sight among the radiates. i

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 sur-
face under object is (for purposes of stimulation) equiva-
lent to movement of object over surface. In exploring the
shapes and sizes of things by either eye or skin the move-
ments of these organs are incessant 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
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muscles are themselves the space-perceiving organ. Not
surface-sensibility, but ‘the muscular sense,” is for these
writers the original and only revealer of objective exten-
sion. 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 im-
pressions depends on the mobility of the surfaces upon
which they fall.

Our articular surfaces are tactile organs which become
intensely painful when inflamed. Besides pressure, the
only stimulus they receive is their motion upon each other.
To the sensation of this motion more than anything else
seems due the perception of the position which our limbs
may have assumed. Patients cutaneously and muscularly
anzsthetic 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 Berlin 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 ezcept
those of the fingers. Such displacements as these, Gold-
scheider says, can hardly be detected by the eye. Ans-
thesia of the skin produced by induction-currents had
no disturbing effect on the perception, nor did the vari-
ous degrees of pressure of the moving force upon the skin
affect it. It became, in fact, all the more distinct in pro-
portion as the concomitant pressure-feelings were elimi-
nated by artificial anesthesia. When the joints themselves,
however, were made artificially apasthetic, 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 are the seat of the impres-
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sions by whick the movements of our members are immedi-
ately perceived.

2) Sensations of Movement through Space.—These
may be divided into feelings of rotation and feelings of trans-
lation. As was stated at the end of the chapter on the ear,
the labyrinth (semicircular canals, utricle and saccule)
seems to have nothing to do with hearing. It is conclu-
sively established to-day that the semicircular canals are
the organs of a sixth special sense, that namely of rotation.
When subjectively excited, this sensation is known as diz-
ziness or vertigo, and rapidly engenders the farther feeling
of nausea. Irritative disease of the inner ear causes intern.:e
vertigo (Méniére’s disease). Traumatic irritation of the
canals in birds and mammals makes the animals tumble
and throw themselves about in a way best explained 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 cause just the same compen-
satory movements of head and eye which actual rotations
impressed on the creatures produce. Deaf and dumb per-
sons (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 in 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 relative inertia of the endolymph momentarily in-
creases its pressure on the nerve-termini in the appropri-
ate ampulla, which pressure starts a current towards the
central organ for feeling vertigo. This organ seems to be
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the cerebellum, and the teleology of the whole business
would appear to be the maintenance of the upright posi-
tion. If a man stand with shut eyes and attend to his
body, he will find that he is hardly for a moment in
equilibrium. Incipient fallings towards every side in suc-
cession are incessantly repaired by muscular contractions
which restore the balance; and although impressions on
the tendons, ligaments, foot-soles, joints, etc., doubtless
are among the causes of the compensatory contractions,
yet the strongest and most special reflex arc ‘would seem
to be that which has the sensation of incipient vertigo for
its afferent member. This is experimentally proved to
be much more easily excited than the other sensations re-
ferred to. When the cerebellum is disorganized the reflex
response fails to occur properly and loss of equilibrium is
the result. Irritation of the cerebellum produces vertigo,
loss of balance, and nausea; and galvanic currents through
the head produce various forms of vertigo correlated with
their direction. It seems probable that direct excitement
of the cerebellar centre is responsible for these feelings.
In addition to these corporeal reflexes the sense of rota-
tion causes compensatory rollings of the eyeballs in the
opposite direction, to which some of the subjective phe-
nomena of optical vertigo are due. Steady rotation gives
no sensation; it is only starting or stopping, or, more
generally speaking, acceleration (positive or negative),
which impresses the end-organs in the ampulle. The sen-
sation always has a little duration, however; and the
feeling of reversed movement after whirling violently may
last for nearly a minute, slowly fading out.

The cause of the semse of translation (movement for-
wards or backwards) is more open to dispute. The seat of
this sensation has been assigned to the semicircular canals
when compounding their currents to the brain; and also
to the utricle. The latest experimenter, M. Delage, con-
siders that it cannot possibly be in the head, and assigns
it rather to the entire body, so far as its parts (blood-ves-
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sels, viscera, etc.) are movable against each other and
suffer friction or pressure from their relative inertia when
a movement of translation begins. M. Delage’s exclusion
of the labyrinth from this form of sensibility cannot, how-
ever, yet be considered definitively established, so the
matter may rest with this mention.



CHAPTER VII
THE STRUCTURE OF THE BRAIN *

Embryological Sketch.—The brain is a sort of pons
asinorum in anatomy until one gets a certain general con-
ception of it as a clue. Then it becomes a comparatively
simple affair. The clue is given by comparative anatomy
and especially by embryology. At a certain moment in
the development of all the higher vertebrates the cerebro-
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(All after Huguenin,)
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spinal axis is formed by a hollow tube containing fluid and
terminated in front by an enlargement separated by trans-
verse constrictions into three ‘cerebral vesicles,” so called
(see Fig. 28). The walls of these vesicles thicken in most

* This chapter will be understood as a mere sketch for beginners.
Models will be found of assistance. The hest is the ‘Cervcau de
Texture de Grande Dimension, made by Auzoux, 56 Rue de Vau-
girard, 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 gave seen.

7
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places, change in others into a thin vascular tissue, and in
others again send out processes which’ produce an appear-
ance of farther subdivision. The middle vesicle or mid-
brain (Mb in the figures) is the least affected by change.
Its upper walls thicken into the optic lobes, or corpora
quadrigeming 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 vesi-
cles undergo much more consider-
able change. The walls of the
posterior vesicle thicken enor-
mously in their foremost portion
and form the cerebellum on top

Nates '
[
aq

F1c. 31 —The ¢ nates’ are the
anterior corpora quadrige-
mina, the spot above aq 1s a
section of the sylvian aque-
duct, and the tegmentum and
two ¢ feet ’ together make the
Crura. These are marked
C.G., and a cross (+) marks
the aqueduct, in Fig. 32. Fic. 32 (after Huxley).

(Cb in all the figures) and the pons Varolii below (P.V. in
Fig. 33). In its hindmost portions the posterior vesicle
thickens below into the medulla oblongata (Mo in all the
figures), 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 without is named the fourth ventricle
(4 in Figs. 32 and 33). One can run the probe for-
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ward through it, passing first under the cerebellum and
then under a thin sheet of nervous tissue (the wvalve of
Vieussens) just anterior thereto, as far as the aqueduct of
Silvius. Passing through this, the probe emerges forward
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 tkird ventricle
(3 in Figs. 32 and 33). The ‘aqueduct of Sylvius’ is in
consequence of this connection often called the iter a
tertio ad quartum ventriculum. The walls of the vesicle
form the optic thalami (Th in all the figures).

’ ( 4
Fic. 33 (after Huxley),

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
kemisphere of that side. In man its walls thicken enor-
mously and form folds, the so-called convolutions, 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 down-
wards 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 by
a dissection than by a description. A probe can be passed
into either of them from the third ventricle at its anterior
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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 hemi-
sphere outwards, backwards, 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 radiate in the walls of both hemi-
spheres and form a direct connection between the convolu-
tions of the right and of the left side. Beneath the
corpus callosum another system of fibres called the fornix
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 ganglionic
mass called the corpus striatum (C.S. Figs. 32 and 33)
is formed in their wall. It is corfiplex in structure, con-
sisting of two main parts, called nucleus lenticularis and
nucleus candatus respectively.  The figures, with their
respective explanations, will give a better idea 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 physiological relations of
its different parts to each other.

Dissection of Sheep’s Brain.—The way really to understand 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

* 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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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
cannnt 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 dissecting-forceps, and a silver probe are required. The solitary
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 articular surface
bounding the hole at the back of the skull, where the spinal cord
enters) and passing forwards to the temples of tne 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
is 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 off one will feel it ‘wobble.’
Insert then the hook under its forward end and pull firmly. The
bony skull-cap alone will come away, leaving the periostcum 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 expressly for this purpose. Next the optic
nerves tie the brain down, and must be cut through—close to the
chiasma is easiest. After that comes the pituitary body, which has
to be left behind. It is attached by a neck, the so-called infundi-
bulum, into the upper part of which the cavity of the third entricle
is prolonged downwards for a short distance. It has no known
function and is probably a ‘rudimentary organ’ Other nerves,
into the detail of which I shall not go, must be cut successively.
Their places in the human brain are shown in Fig. 34. When they



THE STRUCTURE OF THE BRAIN 83

are divided, and the portion of dura mater (tentorium) which pro-
jects between the hemispheres and the cerebellum is cut through at
its edges, the brain comes readily out.

It is best examined fresh. If numbers of brains have to be pre-
pared 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,

Fi1G6. 34.—~The human brain from below, with 1ts nerves numbered, after
Henle. 1, olfactory; 11, optic; III, oculo-motorius; IV, trochlearis; V, tn-
facial; VI, abducens oculi; VII, facial; VIII, auditory; IX, glosso-pharyn-
geal; X, pneumogastric; XI, spinal accessory; XII, hypoglossal; ncl, first
cervical, etc.

and to leave them for a fortnight or less. This softens the pia

mater, which can then he removed in large shreds, after which it

is enough to place them in quite weak alcohol to preserve them in-
definitely, tough, elastic, and in their natural shape, though bleached
to a uniform white color. Before immersion in the chloride all the
more superficial adhesions of the parts must be broken through, to



° PSYCHOLOGY

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 between
the cerebellum and medulla oblongata, thin cobwebby moist trans-
parent 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 decp longitudinal fissure
between them, the hemispheres are seen partly overlapping 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 callosum is revealed, some half an
inch below their surface. There is no median partition in the
cerebellum, but a median elevation instead.

Looking at the brain from below, one still sees the longitudinal
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 com-
missure or ‘chiasma’; the infundibulum cut through just behind
them; and behind that the single corpus albicans or mamillare,
whose function is unknown and which is 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, however, somewhat less simple than what this descrip-
tion may suggest.

Now turn forward 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. The fourth ven-
tricle is a triangular depression terminating in a posterior point
called the calamus scriptorius. (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 inferior or pos-
terior 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 sepa-
rated from the broad restiform bodies by a slight groove. But this
disappears anteriorly, 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 Varolii, a broad transverse band which
surrounds them like a collar, and runs up into the cerebellum on
either side, forming its middle peduncles. The pons has a slight

Fg

Fic. 35.—Fourth ventricle, etc. (Henle). III, third ventricle; IV, fourth
ventricle; P, anterior, middle, and posterior peduncles of cerebellum cut
through; Cr, resiform body; Fg, funiculus gracilis; Cg, corpora quadri-
gemina,

median depression and its posterior edge is formed by the trapezium
on either side. The trapezium consists of fibres which, instead of
surrounding the pyramid, seem to start from alongside of it. It is
not visible in man. The olivary 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
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side, though they receive contributions from three directions. The
posterior and middle portions we have seen: the anterior peduncles
pass forward to the corpora quadrigemina. The thin white layer of
nerve-tissue between 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 vite in the books.

Now bend up the posterior edge of the hemispheres, exposing the
corpora quadrigemina (of which the anterior pair are dubbed
the nates and the posterior the testes), and noticing the pineal gland,
a small median organ situated just in front of them and probably,
like the pituitary body, a vestige of something useful in premam-
malian 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 forward. It is
broad behind but narrows forward, becoming continuous with the
forniz. 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 third ventricle between them.
The margins of the fornix, as they pass backwards, diverge laterally
farther than the margins of the corpus callosum, 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 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 cxamine 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 distribution 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 hemispherical margin of the cut outwards—he will see a
space which is the ventricle, and which farther cutting along the
side and removing of its hemisphere-roof will lay more bare. The
most conspicuous object on its floor is the nucleus caudatus of the
corpus striatum.
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Cut the corpus callosum transversely through near its posterior
edge and bend the anterior portion of it forwards and sideways.
The rear edge (splenium) left in situ bends round and downwards

F1c. 36.—Horizontal section of human brain just above -the thalami.—Ccl,
corpus callosum in section; Cs, corpus striatum; SI, septum lucidum; Cf,
columns of the fornix; Tho, optic thalami; C#, pineal gland. (After Henle.)

and becomes continuous with the forniz. The anterior part is also
continuous with the fornix, but more along the median line, where
a thinnish membrane, the septum lucidum, triangular in shape,
reaching from the one body to the other, practically forms a sort
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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 albicans. Cut these pillars
through and fold them back, exposing the thalamic portion of the
brain, and noting the under surface of the fornix. Its diverging
posterior pillars run 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 corpus callosum shortened in the fore-and-aft direction to a
transverse cord; imagine the hemispheres not having grown back-
wards and downwards round the thalamus; and the corpus fimbri-
atum on either side would then be the upper or anterior margin of
a split in the wall of the hemispheric ventricle 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 middle commissure joining the two thalami, just as
the corpus callosum and fornix join the hemispheres. These are all
embryological aftergrowths. Seek also the anterior commissure
crossing just in front of the anterior pillars of the fornix, as well
as the posterior commissure with its lateral prolongations along the
thalami, just beléw the pineal gland.

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

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. Thc corpora genmiculata to which they also go, dis-
tinct 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 longi-
tudinal 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 potash or ammonia
to save the contrast of color between white and gray matter) make
transverse sections through the mates and crura, and through the
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F16, 37.—Median section of human brain below the hemispheres. Th, thalamus;
Cg, corpora ?uadrigemina; VM, third ventricle; Com, middle commissure;
F, columns of fornix; Inf, infundibulum; Op.n, optic nerve; Pit, pitwitary
body; Av, arbor vite. (After Obersteiner.)
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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 inner capsule (see Fig. 38, N, and Ic).

Fig. 38.—Transverse section through right hemisphere (after Gegenbaur).
Cc, corpus callosum; Pf, pillars of formix; Ic, internal capsule; V/, third
ventricle; NI, nucleus lenticularis.

When all is said and done, the fact remains that, for the
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 is definitively assimi-
lated 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 differ-
ence 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 chop-
ping axe or as subtle as the waves of light, conveys the
excitement to the nervous centres. The commotion set up
in the centres does not stop there, but discharges through
the efferent nerves, exciting moveéments 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 stim-
ulus be a sign of some distant circumstance of practical
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 T 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 stumble 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

ar
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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,
however, in many respects. The closure of the eye and the
lachrymation are quite involuntary, and so is the disturb-
ance of the heart. Such involuntary responses we know
a ‘reflex’ acts. The motion of the arms to break the
shock of falling may also be called reflex, since it occurs
too quickly to be deliberately intended. It is, 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 towards the train,
on the other hand, has no instinctive element about it. It
is purely the result of education, and is preceded by a con-
sciousness 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 gradually, being connected by acts which may
often occur automatically, 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 vivisection 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 happens when various amounts of the ante-
rior 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 ob-
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longata, 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 pe-
culiarly 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 Fi ai” "C H, cere-

) hemis; hcres,
remarkable ¢ defensive’ movements calcu- O Th, optic  tha-

lated to wipe away the irritant. Thus, if }:L‘;’., 8o, “tereher
the breast be touched, both fore-paws will ‘hjonacer &' ‘;L‘?
rub it vigorously; if we touch the outer cord.

side of the elbow, the hind-foot of the same side will rise
directly to the spot and wipe it. The bdck 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 regularity 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 various places find that its
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separate segments are independent mechanisms, for appro-
priate activities of the head and of the arms and legs re-
spectively. The segment governing the arms is especially
active, in male frogs, in the breeding season; and these
members alone, 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 defi-
nite stimuli, of certain special acts. Thus with the medulla
the animal swallows; with the medulla and cerebellum to-
gether he jumps, swims, and turns over from his back;
with his optic lobes he croaks when pinched; etc. A frog

‘which has lost his cerebral hemispheres alore is by an ui-
practised observer indistinguishable from a mormal 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 forward, he either jumps over it
or swerves to one side. He manifests the sexual instinct
at the proper seasons, and discriminates between male and
female individuals of his own species. He is, in short, so
similar in every respect to a normal frog that it would take
a person very familiar with these animals to suspect any-
thing wrong or wanting about him; but even then such a
person would soon remark the almost entire absence of
spontaneous motion—that is, motion unprovoked 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 th contact of that fluid with its
skin. They cease when a stick, for example, touches his
hands. This is a censible irritant towards which the feet
are automatically drawn by reflex action, and on which
the animal remains sitting. He manifests no hunger, and
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will suffer a fly to crawl over his nose unsnapped at. Fear,
too, seems to have deserted him. In a word, he is an ex-
tremely 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 incalculable element. By apply-
ing the right sensory stimulus to him we are almost as
certain of getting a fixed response as an organist is of hear-
ing a certain tone when he pulls out a certain stop.

But now if to the lower centres we add the cerebral hems-
spheres, or if, in other words, we make an intact animal
the subject of our observations, all this is changed. In
addition to the previous responses to present incitements
of sense, our frog now goes through long and complex acts
of locomotion spontaneously, 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 contact of
the physiologist’s hand, but the notion of danger suggested
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
physiologist cannot by manipulating him elicit croaking,
crawling up a board, swimming or stopping, at will. His
conduct has become incalculable—we can no longer fore-
tell it exactly. Effort to escape is 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 conclusions follow irresistibly. First of all the
following:

Tke 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
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full medulla oblongata and cerebellum uses when he turns
from his back to his belly. Their contractions are, how-
ever, combined differently 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. Simi-
larly they exist in the thalami for jumping over seen ob-
stacles and forsbalancing the moved body; in the optic
lobes for creeping backwards, or what not. But in the
hemisphere, since the presence of these organs brings no
new elementary form of movement with it, but only deter-
mines differently the occasions on which the movements
shall occur, making the usual stimuli less fatal and ma-
chine-like, we need suppose no such machinery directly
coordinative of muscular contractions to exist. We may
rather assume, when the mandate 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 wherever 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, is repeatedly represented at dif-
ferent keights; and at each it enters into a different com-
bination with other muscles to codperate in some special
form of concerted movement. At each height the move-
ment is discharged by some particular form of sensorial
stimulus, whilst the stimuli which discharge the hemi-
spheres 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
hemispheres carefully and wait till he recovers from the
operation. There is not a movement natural to him which
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this brainless bird cannot execute; he seems, too, after some
days to execute movements from some inner irritation, for
he moves spontaneously. But his emotions and instincts
exist no longer. In Schrader’s stnﬁmg 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, impersonal. . . . 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 inani-
mate 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 im-
pression than the rattling of the peas, or the call-whistle
which in the days before the injury 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 attention 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
conception as this: Tke lower centres act from present sen-
sational stimuli alone; the hemispheres act from considera-
tions, the sensations 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
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that? If I step aside on seeing a rattlesnake, from consid-
ering how dangerous an animal he is, 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 experi-
ences. They are reproductions of what I have felt or wit-
nessed. 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 ke
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 off the evil and securing the benefits
of the good. If we liken the nervous currents to electric
currents, we can compare the nervous system, C, below the
hemispheres to a direct circuit from sense-organ to muscle
along the line S ...C ... M of Fig. 40. The hemisphere,
H, adds the long circuit or loop-line through which the cur-
rent 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 deli-
cious rest and coolness pouring
themselves through the direct
line would naturally discharge
into the muscles of complete ex-
tension: he would abandon him-
self to the dangerous repose.
But the loop-line being open,
part of the current is drafted
.along it, and awakens rheu-
matic or catarrhal reminiscences,
which prevail over the instiga-
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tions 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 remi-
niscences 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, post-
pone, nicely weigh one motive against another, or compare.
Prudence, in a word, is for such a creature an impossible
virtue. Accordingly we see that nature removes those func-
tions in the exercise of which prudence is a virtue from the
lower centres and hands them over to the cerebrum. Wher-
ever a creature has to deal with complex features of the
environment, prudence 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 suck an animal perform without 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 prehen-
sion of food as an example and suppose it to be a reflex
performance of the lower centres. The animal will be con-
demned fatally and irresistibly to snap at it whenever pre-
sented, 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, is 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
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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. Ap-
petite 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 sub-
ordinate centres alone in place. The brainless pigeon will
starve though left on a corn-heap.

Take again the sexual function. In birds this devolves
exclusively upon the hemispheres. When these are shorn
away the pigeon pays no attention to the billings and coo-
ings of its mate. It is the same, according to Goltz, with
male dogs who have suffered large losses of cerebral tissue.
Those who have read Darwin’s Descent of Man will recol-
lect what an importance this author ascribes to the agency
of sexual selection in the amelioration of the breeds of
birds. The females are naturally coy, and their coymess
must be overcome by the exhibition of the gorgeous plu-
mage, and various accomplishments in the way of strutting
and fighting, of the males. In frogs and toads, on the
other hand, where (as we saw on page g4) the sexual in-
stinct devolves upon the lower centres, we find a machine-
like obedience to the present incitements of sense, and an
almost total exclusion of the power of choice. The conse-
quence is that every spring an immense waste of batrachian
life, involving numbers of adult animals and innumerable
eggs, takes place from no other cause than the blind char-
acter of the sexual impulse in these creatures.

No one need be told how dependent all human social
elevation 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 permis-
sive influence of these alone action directly depends.
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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 bohemian whose engagements are from day
to day; the bachelor who builds but for a single life; the
father who acts for another generation; the patriot who
thinks of a whole community and many generations; and,
finally, the philosopher and saint whose cares are for hu-
manity and for eternity,—these range themselves in an
unbroken hierarchy, wherein each successive grade results
from an increased manifestation of the special form of
action by which the cerebral centres are distinguished
from all below them.

The Automaton-Theory.—In the ‘loop-line’ along
which the memories and ideas of the distant ate supposed to
lie, the action, so far as it is a physical process, must be inter-
preted 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 reflections are many and instable.
This, it will be seen, is only a difference of degree and not
of kind, and does not change the reflex type. The con-
ception of all action as conforming to this type is the fun-
damental conception of modern nerve-physiology. This
conception, now, has led to two quite opposite theories
about the relation to consciousness of the nervous func-
tions. Some authors, finding that the higher voluntary
functions seems to require the guidance of feeling, conclude
that over the lowest reflexes some such feeling also pre-
sides, though it may be a feeling connected with the spinal
cord, of which the higher conscious self connected with
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the hemispheres remains unconscious. Others, finding that
reflex and semi-automatic acts may, notwithstanding their
appropriateness, take place with an unconsciousness ap-
parently complete, fly to the opposite extreme and maintain
that the appropriateness even of the higher voluntary
actions connected with the hemispheres owes nothing to
the fact that consciousness attends them. They are,
according to these writers, results of physiological mechan-
ism 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 conversa-
tion, are of course events of a physiological order, and as
such their causal antecedents may be exclusively mechan-
ical. If we knew thoroughly the nervous system of Shake-
speare, 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 understand
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 any-
thing beyond themselves, but as little outward facts, pure
and simple. In like manner, the automaton-theory affirms,
we might 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 pre-
vent us from giving an equally complete account of either
Luther’s or 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 cor-
respond to, but not react upon, a point in the other. So



THE FUNCTIONS OF THE BRAIN 103

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 is tkere, and has in all
probability been evolved, like all other functions, for a
use—it is to the highest degree improbable a priori that
it should have no use. Its use seems to be "fHit of selec-
tion; but to select, it must be efficacious. States of con-
sciousness which feel right are held fast to; those which
feel wrong are checked. If the ‘ holding’ and the ¢ check-
ing’ of the conscious states severally mean also the effica-
cious reinforcing or inhibiting of the correlated neural
processes, 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 con-
sciousness 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. Starvation;
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,
enjoying 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 coincidéncés are due, not to any preéstablished har-
mony, but to the mere action of natural selection, which
would certainly kill off in the long-run any breed of crea-
turcs to whom the fundamentally noxio®s experience
seemed enjoyable. An animal that should take pleasure
in a feeling of suffocation would, if that pleasure were effi-
cacious enough to make him keep his head under water,
enjoy a longevity of four or five minutes. But if conscious
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pleasure does not reinforce, and conscious pain does not
inhibit, anything, one does not see (without some such a
priori rational harmony as would be scouted by the  scien-
tific’ champions of the automaton-theory) why the most
noxious acts, such as burning, might not with perfect im-
punity give thrills of delight, and the most necessary ones,
such as breathing, 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 suggestlve
little' work, Physiological Asthetics; and his reasoning is
based excluswely on that causal efﬁcacy of pleasures and
pains which the partisans of pure automatism so stren-
uously deny.

Probability and circumstantial evidence thus run dead
against the theory that our actions are purelv mechanical
in their causation. From the point of view of descriptive
Psychology (even though we be bound to assume, as on p. 6,
that all our feelings have brain-processes for thelr condi-
tion of existence, and can be remotely traced in every in-
stance to currents 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 in 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 impetent
and paralytic spectator of life’s game.

The Localization of Functions in the Hemispheres.—
, The hemlszeres, lately said, must be the organ of mem-
ory,. ;and in some way retain vestlges of former currents, by
means of which mental considerations drawn from the past
may be aroused before action takes place. The vivisec-
tions of phy$ologists 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
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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-functions by the physiologists and that of mental
functions by. the ‘ analytic ’ psychologists.

The phrenological brain-doctrine divided the brain into
‘ organs,’ each of which stood for the man in a certain par-
tial attitude. The organ of ¢ Philoprogenitiveness,” with its
concomitant consciousness, is an entire man so far as he
loves children, that of ¢ Reverence’ is an entire man wor-
shipping, 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, sen-
sory and motor. “All nervous centres,” says Dr. Hugh-
lings Jackson, “from the lowest to the very highest (the
substrata of consciousness), are made up of nothing else
than nervous arrangements, representing impressions and
movements. . . . I do not see of what other materials the
brain can be made.” Meynert represents the matter simi-
larly when he calls the cortex of the hemispheres the sur-
face of projection for every muscle and every sensitive
point of the body. The muscles and the sensitive points
are represented each by a cortical point, and the Bram is
little more than the sum of all these cortical points, to
which, on the mental side, as many sensations and ideas
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 emotional and instinctive ten-
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dencies, by associations between ideas and movements.
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 per-
fectly well established is this, that the ‘central’ con-

F16. 41.—Left hemisphere of monkey’s brain. Outer surface.

volutions, on either side of the fissure of Rolando, and (at
léast in the monkey) the calloso-margitfil” 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
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which the muscular contractions are discharged in the last
resort. The existence of this so-called ‘motor zone’ is
established by anatomical as well as “vivisectiotal and
pathological evidence.

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

F16. 42.—Left hemisphere of monkey’s brain. Mesial surface,

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 beneath 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 following the course of the
fibres, what the effect of them in interrupting motor cur-
rents may be.
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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

F16, 43.—Schematic transverse section of the human brain, through the rolan-
dic region. S, fissure of Sylvius; N.C., nuclexs candatxs, and N.L., nuclexs
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.7T. and N.L. constitute the
so-called internal capsule.

hypoglossal and facial nerves, except those necessary for

speaking, may go on perfectly 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,
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mispronouncing, misplacing, and misusing his words in
various degrees. Sometimes his speech is a mere broth of
unintelligible syllables In cases of pure motor aphasia
the patient recognizes his mistakes and suffers acutely
from them. Now whenever a patient dies in such a con-
dition as this, and an examination of his brain is per-

F16. 44.—Schematic profile of left lmmsphere, with the parts shaded whose
destruction causes motor (‘ Broca’) and sensory (‘ Wernicke ’) aphasia.

mitted, 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 convolution. The injury in right-handed people is
found on the left hemisphere, and in left-handed people on
the rlght hemisphere. Most people, in fact, are left-brained,
that is, all their delicate and specmhzed movements are
handed over to the charge of the left hemisphere. The
ordinary right-handedness for such movements is only a
consequence of that fact, a consequence which shows out-
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wardly 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 /. But
the left-brainedness might exist and not show outwardly.
This would happen wherever organs on botk sides of the
body could be governed by the left hemisphere; and just
such a case seems offered by the vocal organs, in that
highly delicate and special motor service which we call
speech. Either hemisphere cen innervate them bilater-
ally, just as either seems able to innervate bilaterally
the muscles of the trunk, ribs, and diaphragm. Of the
special movements of speech, however, it would appear
(from these very facts of aphasia) that the left hemisphere
in most persons habitually takes exclusive charge. With
that hemisphere thrown out of gear, speech is undone;
even though the opposite hemisphere still be there for the
performance of less specialized acts, such as the various
movements required in eating.

The visual centre is in the occipital lobes. This also
is proved by all the three kinds of possible evidence.
It seems that the fibres from the left halves of botk retinze
go to the left hemisphere, those from the right half to
the right hemisphere. The consequence is that when the
right occipital lobe, for example, is injured, ‘ hemianopsia
results in both eyes, that is, both retinz grow blind as to
their right halves, and the patient loses the leftward half
of his field of view. The diagram on p. r11 will make this
matter clear (see Fig. 45).

Quite recently, both Schaefer 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 portions of the retine 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 hemiopic blindness there is
insensibility to light on one half of the field of view, but
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mental images of visible things remain. In double hemi-
opia there is every reason to believe that not only the sen-

sation of light must go, but that all memories and images
L_T. £

F16. 45.—Scheme of the mechanism of vision, after Seguin. The cumexs con-
volution (Cx) 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. P.O.C. is the
region of the lower optic centres (corpora geniculata and %uadrigemim).
T.0.D. 1s 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 e
going to the central or nasal half of the left retina. O.D. is the rght, and
O.S. the left, eyeball. The rightward half of each is therefore blind; in
gtiier words, fhe right nasal field, RN.F, and the Ieft temporal feld, L1F.,
have become invisible to the aufnect with the lesion at Cw.
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of a visual order must be annihilated also. The man loses
his visual ‘ideas.’ Only ‘cortical ’ blindness can produce
this effect on the ideas. 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 imagination,

Mental Blindness.—A most interesting effect of cortical
disorder is mental blindness. This consists not so much

F16. 46.—Fibres associating the cortical centres together.
(Schematic, after Starr.)

in msensibility to optical impressions, as in inability to
understand them. Psychologically it is interpretable as
loss of associations between optical sensations and what
they signify; and any interruption of the paths between
the optic centres and the centres 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 between the articulating
or auditory centres and those for sight being ruptured, we
ought a priori to expect that the sight of words would
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fail to awaken the idea 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 apkasic 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 running out of the brain through the
channel of speech. The hand-path is open, though the
eye-path be closed. When mental blindness is most com-
plete, neither sight, touch, nor sound avails to steer the
patient, and a sort of dementia which has been called asym-
bolia or apraxia is the result. The commonest 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
‘ Wernicke’ in Fig. 44). The phenomena of aphasia show
this. We studied motor aphasia a few pages back; we
must now consider semsory aphasia. Our knowledge of
aphasia has had three stages: we may talk of the period
of Broca, the period of Wernicke, and the period of Char-
cot. What Broca’s discovery was we have seen. Wer--
nicke 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 ascribe
the former condition to lesion of the temporal lobe. The
condition in question is word-deafness, and the disease is.
auditory aphasia. The latest statistical survey of the
subject is that by Dr. Allen Starr. In the seven cases.
of pure word-deafness which he has collected (cases im:
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which the patient could read, talk, and write, put not
understand what was said to him), the lesion was limited
to the first and second temporal convolutions in their
posterior two thirds. The lesion (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 integrity 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 innervate our motor centres directly, but only after
first arousing the mental sound of the words. This is the
immediate stimulus to articulation; and where the possi-
bility of this is abolished 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 idiosyn-
crasy. 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 is 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 connection amongst all these brain-
parts that the activity of any one of them will be likely to
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awaken the activity of all the rest. When we are talking
whilst we think, the ultimate process is utterance. If the
brain-part for zkat be injured, speech is impossible or dis-
orderly, even though all the other brain-parts be intact:
and this is just the condition of things which, on p. 109,
we found to be brought about by lesion of the convolution
of Broca. But back of that last act various orders of suc-
cession are possible in the associations of a talking man’s
ideas. The more usual order is, as aforesaid, from the tac-
tile, visual, or other properties of the things thought-about
to the sound of their names, and then to the latter’s utter-
ance. But if in a certain individual’s mind the look of an
object or the look of its name be what habitually precedes
articulation, then the loss of the kearing centre will pro
tanto not affect that individual’s speech or reading. He
will be mentally deaf, i.e. his understanding 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.
Naunyn, consequently, plotting out on a diagram of the
hemisphere the 71 irreproachably reported cases of aphasia
which he was able to collect, finds that the lesions concen-
trate 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, p. 116). With this result Dr. Starr’s analysis of
purely sensory cases agrees.

In the chapter on Imagination we shall return to these
differences in the sensory spheres of different individuals.
Meanwhile few things show more beautifully than the his-
tory of our knowledge of aphasia how the sagacity and
patience of many banded workers are in time certain to
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analyze the darkest confusion into an orderly display.
There is 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 more or less at work in a

Fi16. 47.

man who uses language. The subjoined diagram, from
Ross, shows the four parts most vitally concerned, and
in the light of our text, needs no farther explanation (see
Fig. 48, p. 117).

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 back-
wards and midwards thereof. The incoming tactile cur-
rents 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.
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Conclusion.—We thus see the postulate of Meynert and
Jackson, with which we started on p. 105, to be on the whole
most satisfactorily corroborated by objective research. The
highest centres do probably contain nothing but arrange-

F1G6. 48.—A is the auditory centre, V' the visual, W the writing, and
E that for speech.
ments for representing impressions and movements, and
other arrangements for coupling the activity of these ar-
rangements together. -Currents pouring in from the sense-
organs first excite some arrangement, which in turn excite
others, until at last a discharge 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
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currents run through it, is both. All the currents probably
have feelings going with them, and sooner or later bring
movements about. In one aspect, then, every centre is affer-
ent, 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 rownd
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 called it,
only the funnel through which the stream of innervation,
starting from elsewhere, escapes; consciousness accompany-
ing the stream, and being mainly of things seen if the
stream is stromgest occipitally, of things heard if it is
strongest temporally, of things felt, etc., if the stream occu-
pies most intensely the ‘motor zone.’ It seems to me that
some broad and vague formulation like this is as much as
we can safely venture on in the present state of science—
so much at least is not likely to be overturned. 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
interest and selection, etc., etc., are all lumped together as
effects correlated with the currents that connect one centre
with another. 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 what-
ever. One monkey of Horsley and Schaefer’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 concomi-
tant cerebral conditions. Without introspective analysis of
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the mental elements of speech, the doctrine of Aphasia, for
instance, which is the most brilliant jewel in Physiology,
would have been utterly impossible. Our assumption,
therefore (p. 5), 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 kow 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 aspects of brain-function which have a general im-
portance and which codperate in the production of all our
mental states.



CHAPTER IX
SOME GENERAL CONDITIONS OF NEURAL ACTIVITY

‘The 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
internal organs. The reader must not understand the
word figuratively. 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 mat-
ter of the cell is in a state of internal tension, which the
incoming current resolves, tumbling the molecules into a
more stable equilibrium and liberating an amount of
energy which starts the current of the outgoing fibre.
This current is stronger than that of the incoming fibre.
‘When it reaches the muscle it produces an analogous dis-
integration of pent-up molecules and the result is a stronger
effect still. Matteuci found that the work done by a mus-
cle’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
stimulation of a sensory nerve, it is found that the reflex
way requires a stronger current and is 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 escapes from them. What is this but an
explosive discharge on a minute scale?

Reaction-time.—The measurement of the time required
for the discharge is one of the lines of experimental inves-

120
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tigation 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 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, how-
ever, 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 {uration of certain reactions upon
stimuli. Certain of the conditions of the reaction are
prepared beforehand; they consist in the assumption of
those motor and sensory tensions which we name the ex-
pectant state. Just what happens during the actual time
occupied by the reaction (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 is essentially the same in all these investiga-
tions. A signal of some sort is communicated to the sub-
ject, and at the same instant records itself on a time-regis-
tering apparatus. The subject then makes a muscular
movement of some sort, which is the ‘reaction,” and which
also records itself 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
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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. Compare Fig.
49, where the line is broken by the signal at the-first

Signal. Reaction.

b

‘__l_—' Reaction-line.
ANV NNNNNVY Timeline,
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arrow, and continued again by the reaction at the second.
The machine most often used is 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 roooths of a second,
is then read off from the dial-plates.

Simple Reactions.—It is found that the reaction-time
differs in the same person according to the direction of his
expectant attention. If he thinks as little as possible of
the movement which he is 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 muscu-
lar response, it is shorter. Lange, who first noticed this
fact when working in Wundt’s laboratory, found his own
‘muscular’ reaction-time to average o”.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’ method,
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 cir-
cumstances the reaction is essentially a reflex act. The
preliminary making-ready of the muscles for the move-
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ment 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 forma-
tion 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 exclu-
sively 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 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
is there a chance for anything like an intellectual operation
to occur. They may be complicated in various ways. The
reaction may be withheld until the signal has consciously
awakened a distinct idea (Wundt’s discrimination-time, asso-
ciation-time), and may then be performed. Or there may be
a variety of possible signals, each with a different reaction
assigned to it, and the reacter may be uncertain which one
he is 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 different from the intellectual operations of which
we are ordinarily conscious under those names. Mean-
while the simple reaction-time remains as the starting
point of all these superinduced complications, and its own
variations must be briefly passed in review.

The reaction-time varies with -the individual 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 indi-
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vidual a minimum beyond which no farther reduction can
be made. The aforesaid old pauper’s time was, after much
practice, reduced to 0.1866 sec.

Fatigue lengthens it, and concentration of attention
shortens it. The nature of the signal makes it 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............. 0.200 0.2246 0.1506 0.222
Touch............ 0.182 0.1546 0.1337 0.213

It will be observed that sound is more promptly reacted
on than either sight or touck. Taste and smell are slower
than either. The intensity of the signal makes a differ-
ence. The intenser the stimulus the shorter the time.
Herzen compared the reaction from a corn on the toe with
that from the skin of the hand of the same subject. The
two places were stimulated simultaneously, 