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PREFACE,

TPLHE object of this treatise is to give a full and

systematic account of’ two principal divisions of
the science ot Mind  the Senses and the Intellect.
The remaining two divisions, comprising the Kmotions
and the Will, will be the subject of a future treatise.

While endeavouring to present in a methodical
form all the important facts and doctrines bearving
upon mind, considered as a hranch of science, T have
seen reason to adopt some new views, and to depart,
in a few instances, from the most usual arrangement
of the topics.

Conceiving that the time has now come when
many of the striking discoveries of Physiologists
relative to the nervous system should find a recog-
nized place in the Science of Mind, T have devoted
a separate chapter to the Physiology of the Brain
and Nerves.

In treating of the Senses, hesides recognizing the
so-called  muscular sense as distinet from  the five
senses, I have thought proper to assign to Movement
and the feelings of Movement a position preceding
the Sensations of the senses; and have endeavoured
to prove that the exercise of active energy, origi-
nating in purely internal impulses, independent. of
the stimulus produced by outward impressions, is a
primary fact of our constitution.

Among the Senses have been here enrolled and
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described with some degrec of minuteness, the feelings
connected with the various processes of organic life,- -
Digestion, Respiration, ete.-- which make up so large
a part of individual happiness and misery.

A systematic plan has been introduced into the
description of the conscious states in general, so as
to enable them to be compared and classified with
more precision than heretofore.  However imperfect
may he the first attempt to construct a Natural
History of the Feclings, upon the basis of a uniform
descriptive method, the subject of Mind cannot attain
a high scientific character until some progress has
heen made towards the accomplishment of this object.

In the department of the Senses, the Instincts, or
primitive endowments of our mental constitution, are
fully considered; and in endeavouring to arrive at the
original foundation, or first rudiments, of Volition,
a theory of this portion of the mind has heen sug-
gested.

In treating of the Intellect, the subdivision into
faculties is (tb.uulmwd. The exposition proceeds
entirely on the Laws of Association, which are ex-
emplified with minute detail, and followed out into
a variety of applications.

Loxpoxn, June, 1855.



PREFACE TO THE SKCOND EDITION.

FPHIS edition has been thoroughly revised, and in
many places re-written.  Although 1 have not
seen reason to change any of my leading views on
the subject of Mind, T hope T may have succeeded
in improving the statement. and exposition of then.
It is in the first part of the work where most
alteration has been made.  The explanations of the
Nervous system and the Senses have been amended
according to the best recent authorities on Physi-
ology.  The Definition of Mind has been somewhat
differently expressed.  The systematic plan of de-
seribing the Feelings has heen modified, and all the
detailed descriptions re-cast. .An attempt has heen
made to generalize the Physical accompaniments of
Pleasure and Pain. The Instinetive foundations of
Volition are stated more explicitly.

In the second part, the Introduction to the Intel-
lect has been revised, with a view to rendering as
precise as possible the natural subdivisions of this
portion of the mind.  The doctrine referring to the
physical scat of revived impressions has been dis-
cussed anew, and applied to clear up the difficulties
attending the explanation of Sympathy.  The associ-
ating principle of Contrast has, on further considera-
tion, been treated as the reproductive aspect  of
Discrimination, or Relativity.

The origin of our notions of Space and Time has
been more minutely traced ; and some  additions
have been made to the handling of the great Meta-
physical problem, relating to the External World.

ABERDEEN, Felbruary, 1864.



PREFACE TO THE THIRD EDITION.

N this third edition, the work has again heen sub-

Jjeeted toa thorongh revision, involving numercns
amendments both in matter and in style.

The sketeh of the Nervous System, and the
Physiological references generally, have heen com-
pared with the statements given in the newest works.
The Reflex Actions, illustrating the Will, by contrast
and by resemblance, ave more fully and systematically
discussed.

In the Tutelleet, the fundamental conditions, hoth
of Retentiveness and of Similarity, have heen set
forth with greater precision; whereby clearness is
gained in following out the details of those great
leading functions,

The value of the work is greatly enhanced by an
account. of the Psychology of Arvistotle, which has
been contributed by Mr. Grote. The chief signi-
ficance of Aristotle’s views, at the present day, lies
in his recognizing, in an almost unqualified manner,
the double-sidedness of the mental states.

ABERDEEN, September, 1868,



PREFACE TO THE FOURTH EDITION,

AF'[‘ER a considerable interval of time, in the

course of which psychological investigation and
discussion, both in Europe and in America, have been
more actively carried on than during any former
period of philosophical history, T now, for the last
ti.ne, re-issue this work, with such additions, modifi-
ations and emendations as have commended them-
selves to my mind. 1 have endeavoured to take full
advantage of the numerous suggestions in contem-
porary philosophical literature, and, while adhering
to the main points of doctrine, and the general plan of
arrangement, 1 have introduced improved forms of
statement, and corrected what T deemed either in-
accurate or imperfect in the expression.

In regard to the physiological portions, the
chapter on the Nervous System has been entirely
re-written.  This task has been executed by Dr.
W. Leslie Mackenzie, Medical Officer of Health for
the counties of  Kirkcudbright and Wigton, who
has spared no pains to cmbody the results of the
latest authorities. 1 have profited by his assistance,
also, in improving the physiology of the Senses. My
conviction of the propriety of bringing these topics
before  the student, notwithstanding the adverse
opinion of many, has been strengthened rather than
otherwise. It is not merely that the definitions and
the doctrines of physiology have a divect applica-
tion, and that their absence would make psychology
poorer in its own province,—it is, further, that the
expression of mental states is, in many ways, aided
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by reference to their physical adjuncts. Even when
such adjuncts are so imperfectly known as to have
only a hypothetical rendering, the mention of them
is still valuable in improving our scanty resources of
subjective delineation.  Perhaps it may be said that
the student should refer to works of Anatomy and
Physiology for this special instruction, which is
quite true. .\t the same time, the including of
a suitable physiological sclection in a treatise of
psychology proper has high expository value.

It is now generally recognized that systematic
Psychology should be dishurdened of Metaphysics—
that is, the problem of knowing and being,— however
closely they may be connected.  To analyze Subject
and Object is o strictly psychological task: the
nature of our Perception of a material world s
something different and apart.  Likewise, what is
now termed Epistemology has psychological relation-
ships, but is pursued into issues of a specific char-
acter, lying outside pure psychology.

The chapter on InstiNer, which contains the fun-
damentals of Pleasure and Pain, together with their
physical embodiment and expression, and the germ
of Volition, has been so far re-cast as to make more
explicit the distinction between the Physical and
the Mental, while assigning due force to cach.

The supposed origination of our mental products,
known to us only in their maturity, has entered
largely into psychological inquiry.  'Whether certain
fundamental conceptions— such as  Space, Time,
(‘ause, the Moral Sense, the Ego or Personality,—
are instinctive, or grow out of experience and edu-
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sation, has long been the battle-ground of the
philosophy of mind. The controversy may have a
somewhat factitious importance ; at all events, it is
regarded with more than merely speculative curiosity.
The argumentative treatment, however, has assumedd
a new aspect from the doctrine of evolution, taken
in the guarded form of the hereditary transmission
of foregone aptitudes or acquirements.  Instead of
Kant’s contention that the notion of Space, as a
“form of thought,” is prior to any experience on the
part of cach individual, the question now is, whether
or not we possess at birth a large contribution to-
wards the full realizing of the three dimensions of
the extended world.  Such a mode of looking at
the problem changes the whole character of the
rescarch into origins; depriving us of the right to
define the absolute commencement of any of the
great fundamental notions, and leaving us merely to
watch theit accessions of growth within the sphere
of our observation, and to reason hy analogy as to
their probable course or manner of growth hefore
entering that sphere. It may, however, he  still
argued, without fear of rejoinder, that experience or
acquisition is the remote genesis of what transcends
our available sources of knowledge.  The qualifica-
tions introduced in the present edition of this work,
having reference to experience as opposed to instinet,
have taken shape in accordance with the leading
hypothesis above sketched.

The plan and object of the present work, as well
as of its continwation The FEwmotions and the Will,
having been conceived more exclusively with a view
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to practical results, I have seen no ground for ma-
terially altering the expository ovder and the propor-
tions, in the laying out of the details.

The Retentive power of the Mind, which occupies
the largest division of the Intellectual Powers, has
received some additions, with a view to eclucidate
still further the more complex bearings of the Re-
cuperative process.

[ recognize, in the broadest sense, the possibility
of advancing psychological doctrines by means of
well-contrived experiments.  The researches usually
alled  psycho-physical have already  borne some
fruits, and hold out still greater expectations for the
future.  They can, at best, cover but a small portion
of the wide domain of psychological research; but,
if pursued with a clear recognition of introspective
concurrence, they may accelerate the pace of psycho-
logical investigation, more especially on the side of
practical uscefulness.

The account of the Psychology of Aristotle, con-
tributed by Grote to the previous edition, having
been embodied in his own posthumous work on
Aristotle, is here omitted.

Subsequently to the publication of the former
edition, I appended a Postseript, containing a minute
and exhaustive criticisim of the psychological parts of
Darwin on Expression.  This has been retained in
the present edition. It serves the purpose of ex-
panding the treatment in the text, and also of illus-
trating at length the alternative positions as to the
respective priority of Emotion and Volition in the
order of development.

ABERDEEN, Aprd, 1894,
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INTRODUCTION.

CHAPTER L
DEFINITION AND DIVISIONS OF MIND.

1. 'PHE operations and appearances that constitute MIND

are indicated by such terms as Feeling, Thought,
Memory, Reason, Conscience, Imagination, Will, Passions,
Affections, Taste. But the Definition of Mind aspires to
comprehend in few words, by some apt generalisation, the
whole kindred of mental facts, and to exclude everything
foreign to these.

Mind is commonly opposed to Matter, but more correctly
to the so-called Kxtermal World.  These two opposites
define cach other. To know one is to know both. The
External, or, in more philosophical language, the Object
World is distinguished by the property called Extension,
pertaining both to resisting Matter, and to unresisting, or
cmpty Space. The Internal, or the Subject, World is our
expericnce of everything not extended ; it is neither Matter
nor Space. A tree, which possesses extension, is a part of
the object world; a pleasure, a volition, a thought, are facts
of the subject world, or of mind proper.

Thus Mind is definable, in the first instance, by the
method of contrast, or as a remainder arising from subtract-
ing the Object World from the totality of conscious experi-
cnce. It happens that the Object World is easily defined or
circumscribed ; the one well-understood property, Extension,
serves for this purpose. Hence the alternative, or the

correlative Mind, can be circumscribed with equal exactness.
1
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But this negative definition, although precise, so far as it
goes, fails to indicate the full scope of the inquiry.

The distinction of the Object and the Subject, the world
of extension, and the world where extension has no part, is
still farther shown by the manner of knowing the two.  For
the extended or outer world, we employ sense observation ;
for the mental world, we use the power that we possess
named self-consciousness or introspection,

Farther, in observation, by the senses, we can work in
the company of our fellow-beings ; the same world that is
open to one is open to all, and the impression made 1s sub-
stantially the same for all.  In the exercise of introspection,
each of us works apart and alone; hence the study of the
Subject is purely individual ; and this fact of Individuality
1s sometimes added to its definition.

The importance of the distinction is seen in communi-
cating knowledge from onc to another. It is easier to
impart Object knowledge, from the circumstance of identical
discernment.  In Subject knowledge, the communication is
indireet, circuitous, while the attainment of a common
understanding is precarious.

It has been found possible to sum up all the properly
mental phases in a small number of general properties,
whose enmmeration (whieh is strictly speaking a Division) is
what we offer as a positive Definition of Mind.

2. The phenomena of the Unextended, or Subject Mind,
are comprehended under three heads :—

[. FerELING, which includes, but is not exhausted by,
owr pleasures and pains. Idmotion, passion, affection, senti-
ment, are names of Feeling.

II. Voration, or the Will, embracing the whole of our
activity as directed by our feclings.

III. TroucHur, Intellect or Cognition.

Our SENSATIONS, as will be afterwards scen, come partly
under Feeling and partly under Thought.

3. First. For a notion of what FEELING 1s, we must
refer each person to their own experience. The warmth felt
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in sunshine, the sweetness of honey, the fragrance of flowers,
the beauty of a landscape, are so many known states of
freling.

Our pleasures and pains are all included under this head ;
but many other states, both simple and complex, that are
neutral as regards pleasure and pain, must also be referred to
it. The entire compass of onr Feelings could be known only
by an exhaustive enumeration ; from which also we might
expect to obtain a general definition of Feeling. [t is not
requisite av this stage that we should either classify the
feelings, or arrive at thehr common or defining properties.
It so happens that we can readily circumscribe this part of
our mental being by the nevative method already exemplified
in the definition of mind as & whole: for the characters both
of thought and of volition are remarkably intelligible and
precise, and therefore give us a ready means of laying down
the boundary of the remaining departient.

We may, however, remark, before passing to the consideration
of the other divisions, that the présence of Feeling is the foremost
and most unmistakable mark of mind.  The members of the
human race agree in manifesting it.  The different orders of the
brute creation show symptoms of the same endowment.  The
vegetable and mineral worlds arve devoid of 1t.  True, it is each in
omrselves that we have the diveet evidence of the state; no one
person’s consciousness being open to another person.  But finding
all the outward appearances that accompany feeling m ourselves
to be present in other human beings, and, under some variety of
degree, in the lower animals, we naturally conclude their mental
state to be similar to our own.,  The gambols of a child, the smile
of joy, a cry on account of pain, and the corresponding expressions
for mental states common to all languages, prove that men in
every age and nation have been similarly affeceted.  The terns
for expressing pleasure and pain in their various forms and degrees,
are names of feclings; joy, happiness, bliss, comfort, sorrow,
misery, agony—are a few examples out of this part of the voca-
bulary.

Secondly. All beings recognised as possessing mind can
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not only feel, but also act. The exerting of force to attain
some end marks a mental nature. Kating, running, flying,
sowing, building, speaking—are operations rising above the
play of feeling. They all originate in some feelings to be
satisfied, which gives them the character of proper mental
actions. When an animal tears, masticates and swallows its
food, hunts its prey, or flees from danger, the stimulus or
support of the activity is furnished by its sensations or feel-
ings. To this feeling-prompted activity we give the name
Volition.

The characteristic of being stimulated by the feelings of
sentient beings makes a wide contrast between volition and the
energies familiar to us in nature,—the powers of wind, water,
gravity, steam, gunpowder, clectricity, vegetation, ete.  For
although the strong personifying tendeney of mankind has often
compared these powers to a human will, yet in reasoning about
them scientifically no such comparison is admitted ; while, in the
explanation of voluntary actions, the reference to feeling and to
thought is indispensable.

Volition is farther contrasted with such animal functions as
breathing, the circulation of the blood and the movements of the
intestines.  These are actions, and serve a purpose, but they ave
not strictly mental actions. We could imagine ourselves so con-
stituted, that these processes would have had to be prompted and
controlled by sensations, emotions and desires; they would then
have been mental actions. As it is, they form a class apart,
denominated Reflex Actions.  When narrowly examined, they
appear to shade by insensible degrees into voluntary actions ; but
we are not on that account to confound the broad and fundamen-
tal distinetion between the unconscious and the conscious, involved
in the opposition of the reflex and the voluntary.

Tt is impossible, in a brief preliminary sketch, to indicate
and discriminate all the varieties of animal activity. There
is a complication to be unravelled in this department of the
mind, such as to test severely the resources of mental science.
It is sufficient to remark, as the most general law of volition,
that pleasure prompts to action for its continuance, increase
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or renewal ; and that pain prompts to action for its cessation,
abatement or prevention.

Thirdly. The concluding attribute of the mental consti-
tution is THOUGHT, Intelligence, Intellection or Cognition.
This includes such functions as Memory, Reason, Judgment
and Imagination. The first fact implied in 1t is Discrimina-
tion, or sense of difference, shown by our being conscious of
one sensation as more intense than another, or when we are
aw~re of two feelings as differing in kind,—for example, pain
and pleasure, taste and smell, fear and anger. Another fact
is Similarity, or sensc of agreement, which is interwoven
with the preceding in all the processes of thought.  'When we
1dentify any sensation or present mental 1mpression with
one that occurred previously, there being an interval be-
tween, we exemplify the power of similarity; the sun seen
to-day recalls our previous impressions of his appearance. A
third fact or property of the Intellect is Retentiveness, com-
monly understood by the familiar names ‘memory’ and
‘recollection . This power is essential to the operation of
the two former powers; we could not discriminate two suc-
cessive Impressions, if the first did not persist mentally to be
contrasted with the second; and we could not identify a
present fecling with one that had left no trace in our frame-
work. Retentiveness, which sums up all that we designate
by memory, acquisition, education, habit, learning by ex-
perience, is not wanting in the lower orders of sentient life.
For an animal to have a home, a certain degree of memory
Is requisite.

We have seen that Volition is separated from Feeling, by
superadding the characteristic of action, or the putting forth
of energy to serve an end. And now, after the foregoing
enumeration of Intellectual attributes, we can draw the line
between Thought and Feeling, which is to complete the
definition of mind, so far as is needtful.at the outsect.

In proportion as a mental experience contains the facts named
diserimination, comparison and retentiveness, it is an Intellectual
experience ; and in proportion as it is wanting in these, and shows
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itself in pleasure or pain, it is of the nature of Feeling. The very
same state of mind may have both an intellectual side and an
emotional side; indeed, this is the usual occurrence. And, like
many things that are radically contrasted, as day and night, these
two distinct facts of ouwr nature pass into one another by a gradual
transition, so that an absolute line of separation is not alwavs
possible ; a circumstance that does not invalidate the genuineness
of their mutual contrast.

The exercise of Thought 1s greatly mixed up with Voli-
tion also, but there is rarely any difficulty in distinguishing
the two functions. Tndeed, it is a matter of doubt whethcr
we can ever exist in one state alone. Still, in our explana-
tions of things, we often require to separate in statement
what is not separated in fact.

4. If we advert to the various classifications of the mental
phenomena that have hitherto passed current, we shall find
that the three attributes above specified have been more or
less distinctly recognised.

In the old division of mind into Understanding and Will, the
element of Feeling would appear to be left out entively.  We shall
find in fact, however, that the feelings are implicated in, or placed
under, hoth heads. The same remark applies to Reid’s classifica-
tion, also twofold and substantially identical with the foregoing,
namely, into Intellectual Powers and Aetive Powers. The sub-
merged departiment of Feeling will be found partly mixed up with
the Intellectual Powers, wherein are included the Scnses and the
Limotions of Taste, and partly treated of among the Active
Powers, which comprise the exposition of the benevolent and
the malevolent Affections.

Dr. Thomas Brown, displeased with the mode of applying the
term ¢« Active” in the above division, went into the other extreme,
and brought forward a classification where Feeling seems entively
to overlie the region of Volition. He divides mental states into
Fixternal affections and Internal affections. By external affections
he means the feelings we have by the Senses, in other words,
Sensation. 'T'he internal affections he subdivides into Intellectual
states of mind and FKmotions. His division therefore is tanta-
mount to Sensation, Emotion, and Tntellect. All the phenomena
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commonly recognised as of an active or volitional character, he
classes as a part of Iimotion.

Sir William Hamilton, in remarking on the arrangement
followed in the writings of Dugald Stewart, states his own view
as follows :— If we take the Mental to the exclusion of Material
phenomena, that is, the phenomena manifested through the
medium of Self-consciousness or Reflexion, they naturally divide
themselves into three categories or primnary genera ;—the pheno-
mena of Knowledge or Cognition,—the phenomena of Ieeling
ov of Pleasure and Pain,—and the phenomena of Conation or
of Will and Desire? Tntelligence, Feeling, and Will, are thus
distinctly set forth.

The mutual solidarity of the fundamental attributes of
Mind has been variously stated. Some have aftirmed it in
the form of absolute and inseparable co-existence, like length,
breadth, and thickness in a material body. Thus, according
to Hamilton—* Thought and Volition can no more be
exerted apart than the sides and angles of a square can exist
separately from each other’.

A second question relates to the priority of the different
powers in the order of dependence or causation. Upon
this, a decided position is taken by Hamilton, as well as by
the Germans, in favour of the primacy of Cognition or
Thought, from which the others are derived or educed.
The full discussion of this matter raises other questions of
a fundamental character. See Note A.

So far we have been dealing with the fundamental notions
of Mental Science, as expressed in the highest goneralities
yet reached. 1t remaius that we should briefly indicate the
ultimate or foundation laws, axioms, or truths of the science,
if any such arc attainable. The Science of Mechanics follows
up its Definitions with the Liaws of Motion; Chemistry
«commences with the Atomic Theory, which rules all that
follows.

As regards Psychology, the most fundamental and per-
vading truths are these :—

I. The Alliance of MIND AND Boby.
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The thorough-going concomitance of physical processes
with mental is a law of all mind. It will be vindicated,
once for all, in the next chapter (Brain), and will be ws-
folded in the detail as the exposition proceeds.

II. Connected with each of the three powers, there are
laws of more or less generality.

(1) The Law of RuvraTiviTy, or the dependence of each
state upon the state or states preceding.

(2) The Law of RETENTIVENESS, which, although nmwst
identified with Intellect, 1s likewisc essential to Feeling and
to Will, both of which contain acquisitions and growths as
a part of their nature.

(3) The Law of StiMuLUS.

There is here a general principle that the mental impres-
sions due to outward stimulation of the Senses, are pro-
portioned to the intensity of the stimulus in cach case.

This principle 1s modified by another, namely, the dimi-
nution of the effect after continuance.

These laws belong more especially to the treatment of
Sensation.

(4) The Laws of MuTtuAaL ActioN of the Three Powers.

It has to be shown in detail, how Iecling, Will, and
Thought act and re-act on each other.

5. In the plan of the present volume, Part first, entitled
* Movement, Sense, and Instinet,” will include the discussion
of both Fecling and Volition in their lower forms, that is,
apart from Intellect, or so as to involve Intellect in the least
possible degree ; the Sensations of the different Senses will
form a leading portion of the contents. This division will
cover all that is primitive or instinctive in the susceptibilities
and impulses of the mental organisation. The second Part
will aim at a full exposition of the Intellectual properties.

Thus, while Feeling, Volition, and Intellect are regarded
as the ultimate properties and the fundamental classification
of mind, it is not proposed that the exposition should proceed
strictly in the order thus stated.



CHAPTER IIL
THE NERVOUS SYNTEM.

L. A LTHOUGH Subject and Object (Mind and Matter) are

the most diametrically opposite facts of our experi-
ence, yet there is a concomitance or connexion between
mind and a material organism. This position is best sup-
ported by the subsequent details.

The parts of the human frame that chietly concern the
student of mental science are the Nerves and Nerve Centres
(principally collected in the Brain), the Organs of Sense, and
the Muscular System. The organs of sense and of move-
ment will be described afterwards; a brief description of
the Nerves and Nerve Centres will occupy this preliminary
chapter, in which we shall confine ourselves as far as possible
to the facts bearing directly or indirectly upon Mind.

2. That the Brain is the principal organ of Mind is
proved by such observations as the following :—

(1) Krom the local feelings that we experience during
mental excitement. In most cases of bodily irritation, we
can assign the place or seat of the disturbance.  We localise
indigestion in the stomach, irritation of the lungs in the
chest, toothache in the gus or jaws ; and when the mental
workings give rise to pain, we point to the head. In ordinary
circumstances we have no local consciousness of mental
action, but in a time of great mental agitation, ov after any
unusual exertion of thought, the aching or oppression in the
head tells where the scat of action is, precisely as aching
limbs prove what muscles have been exercised during a long
day’s march. The observation can occasionally be carried
much farther ; for it is found that a series of intense mental
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emotions, or an excessive strain on the powers of thinking
will end in a diseased alteration of the substance of the brain.

(2) Injury or disease of the brain impairs in some way
or other the powers of the mind. A blow on the head will
destroy consciousness for the time ; a severe hurt will cause
a loss of memory. The various disorders of the brain, as
inflammation, softening, etc., are known to affect the mental
energies Insanity is known to be accompanied by cerebral
disease.

(3) The products of nervous waste are increased when
the mind is more than ordinarily exerted. The alkaline
phosphates (triple phosphate of ammonia and magnesia)
removed by the kidneys are derived principally from the
waste of nervous substance ; and they are sensibly increased
after great mental exertion or excitement. Phosphorus
abounds more in the brain thai in any other tissue. -

(+) There 1s an indisputable connexion between size of
brain and the mental energy displayed by the individual
man or animmal. It canvot be maintained that size is the
sole circumstance that determines the amount of ental
force. But just as largeness of muscle gives greater strength
of body, as a gencral rule, so largeness of brain gives greater
vigour of mental impulse. The measurements of the heads
of remarkable men have often been quoted.  * All other cir-
cumstances being alike,” says Dr. Sharpey, ‘ the size of the
brain appears to bear a general relation to the mental power
of the individual, —although instances occur in which this
rule is not applicable. The brain of Cuvier weighed upwards
of 64 oz., and that of the late Dr. Abercrombie about 63 oz.
avoirdupois. On the other hand, the bramm in idiots 1s
remarkably small. In three idiots, whose ages were sixteen,
forty, and fifty years, Tiedemann found the weight of their
respective brains to be 194 oz., 25% oz., and 22} oz.; and Dr.
Sims records the case of a female idiot twelve years old
whose brain weighed 27 oz. The weight of the human
brain is taken at about 3 lbs. (48 0z.).’

(5) The specific experiments on the nerve cords and
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nerve centres, to be afterwards quoted, have proved the im-
mediate dependence of sensation, intelligence and volition
0. those parts.

No fact in our constitution can be considered more
certain than this, that the brain is the chief organ of mind,
and has mind for its principal function. As we descend in
the animal scale, through Quadrupeds, Birds, Reptiles,
Fishes, etc., the nervous systein dwindles according to the
decveasing measure of mental endowment.

STRUCTURE OF THLE NERVOUS SYSTEM.
GENERAL VIEW or THE NERVOUS SYSTEM.

The Nervous System is divided into two parts -—a central part
and an internuncial part. The central part is the Cerebro-spinal
aris, which includes the brain (or encephalon) and the spinal
cord. These in turn are divided into special centres, and are,
properly speaking, collections of centres. The internuncial part
is the system of nerves. These are cords of greater or less size
and complexity, which connect the cerebro-spinal axis with the
cireumference (periphery) of the body. At the central end, these
cords pass into the nerve centres, and form a part of the central
system ; at the peripheral end, they are variously modified accord-
ing to the parts that they supply. These modifications give birth
to the motor, sensory, and other end-organs.

Besides the cercbro-spinal axis and its nerves, there is a
second system—the Sympathetic—which connects itself intimately
with every part of the other.  The central part of the Sympathetic
is a series of ganglia or small bodics of nerve matter, which lie
prineipally to the right and left in front of the vertebral colunmm.
The internunecial part is a system of nerve cords, which pass from
the ganglia to the viscera, and to the various parts of the
cerebro-spinal system.  Up till recently, physiologists regarded the
sympathetic as essentially a separate system ; now they regard
it as mevely a part of the cerchro-spinal system, peculiarly modi-
fied. The superficial resemblance of its disparate ganglia to the
ganglionated nerve cords of some lower animals suggested the
hypothesis that the sympathetic system is the true homologue of
the nervous system of invertebrates. This hypothesis is now
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Fia. 1.

Diagram of the Cerebro-
Spinal  and  Sympathetic
Nerves (Ferrier).

This diagram, composed
and modified after figures
by Quain, represents the
spinal cord as scen from
before.

The spinal nerves are
indicated by the Ro 1an
numerals 1 —- ¢1-viir  being
the cervienl nerves; pr-xii,
the dorsal ; wni-v,  the
lumbar, and the rest, not
specially  numbered, the
sacral nerves,

The  plexiform arrange-
ment of the nerves is seen
on the left side.

The brachial plexus is
soen to be  composed of
branches from ¢v to m,
with some communicating
branches from c1v to vir;
the lumbo-sacral plexus is
scen  to  derive branches
from LI to s1v inclusive.

The individual branches
of these plexuses are indi-
cated by letters and small
numerals, but are not here
named in detail.

The sympathetic cord and
gangha uare seen on the
right side, with their junc-
tions with the spinal nerves,
«, the superior cervical gan-
glion ; b, the nuddle cervical
ganglion ; ¢d, the inferior
cervical ganglion, united
with the first dorsal gan-
glion; spy, the great splanch-
nic nerve; spy, the lesser
splanchnic nerve; ', the
cleventh dorsal ganglion ;
ss, the upper sacral ganglion.
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abandoned. The researches of Gaskell and others demonstrate
that the sympathetic system is only a modification in the distri-
bution of the cerebro-spinal nerves (Fig. 1).

GrEY AND WHITE NERVE MATTER.

To the naked eye the matter of the nervous system is of two
kinds——grey matter and white matter. The grey matter forms a
large part of all nerve centres—of brain, of spinal cord, of ganglia.
The white matter also forms a large part of the same centres, and
forris almost the whole of the internuncial system. The grey
matter of the centres distributes itself variously and in varying
proportions through the white ; and a deseription of grey and white
matter would be a naked-eye description of the nervous system.

Under the miecroscope, nerve matter is found to consist of
nerve cells or corpuscles and nerve fibres.  These arve the two
structural elements of the nervous system. In the centres they
lie embedded in a cement substance (newrogleia), whose structure
is as yet undetermined.

Nervi Crnns, NErve CorruscLEs ok GaNcLioNic CELLS.

Nerve cells (Ifig. 2), named also ganglion cells or nerve cor-
puscles, are found in the grey matter of the brain and spinal cord,
in the sympathetic and other ganglia, in some of the nerves of
special sense, and occasionally in the course of certain other nerves.
They constitute a large part of nervous grey muatter. ¢ Of the
grey substance, Henle estimates that one-half is fibrous, the rest
is partly cellular, partly amorphous’ (G. H. Lewes: Physical
Basis of Mind, p. 252).

A nerve cell is a small mass of protoplasm, with a nucleus and
a nucleolus. The protoplasin is finely granular and sometimes
indistinctly striated, brownish red in eolour, and occasionally con-
taining round the nucleus small accumulations of brown or yellow
piginent-granules. The nuncleus is a large, clear, rounded vesicle,
containing always a distinet, highly refractile nueleolus and some-
times an intra-nuclear network. The nucleus in some cases is
the greater part of the cell.

In shape, nerve cells vary according to the part of the nervous
system that they belong to. Thus the cells from some nerve
ganglia are spheroidal, from others spindle-shaped; those from
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the sympathetic ganglia are more angular ; those from the spinal
grey matter arve irregular; those from the grey matter of the brain
are spheroidal, or pyramidal, or flask-shaped. Cells have branch-
ing processes, and sometimes take their names according to the
number of processes—uni-polar, bi-polar, mlti-polar. ¢ The
number of processes given off by a nerve cell varies, but seldom
exeeceds five or six.  Apolar nerve cells seem to be physiologically
inconceivable.  1This, however, only on the supposition that

Fra, 2

A cell from A cell from the anterior horn of the A pigmented
the anterior human spinal cord,  Mayn. 150.-—a, cell from  the
horn of the Axis-cylinder process; b, clump of pig- substantia  for-
spinal  cord ment. ruginea. Hu-
of the pike. man  brain.
Magn. 150. Magn. 150.

nerve impulses are not transmissible by other than recognisable
cell processes or developed fibres. But see Mercier: Nervous
System and the Mind, p. 43, and Foster: Physioloyy, 6th ed., p.
1025.] They are to be looked on either as developing cells or as
artificial products. Rauber regards such apolar cells as arrested
developments ; cells remaining in their original processless con-
dition. It is difficult to understand the physiological value of
unipolar cells, since, as a rule, their processes divide soon after
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they are given oft from the cell.  Many of them may, therefore,
be looked upon as hipolar cells, the processes of which unite he-

Fia. 3.

Portions of two nerve fibres stained with esmic acid
(from a young rabbit). 425 diameters (E. A. 8.
(Quain’s Anatomy).

R, R, Nodes of Ranvier, with axis-cylinder passing
through. «, Primitive sheath of the nerve. ¢, Oppo-
site the nmddle of the segment indicates the nucleus
and protoplasm lying between the primitive sheath
and vhe wedullary sheath.  In A the nodes are wider,
and the intersegimental substance more apparent than
innB. (From a drawing by Mr. J. I. Neale.)
fore they join the cells. Ranvier has proved
that this is the case with the cells {of the
spinal ganglia] which have a single T-shaped
process.  The finest ramifications of the
processes join a nerve network from which
again the branches are probably re-associated
into thicker fibres clothed with medullary
sheaths ™ (Obersteiner @ The Anatomy of the
Central Nervous Organs, Iing. transl., p. 125).

In size, nerve cells vary from L1 th to
asegth of an inch.  The differences of shape
are probably incidents of development or
mechanical surroundings ; the differences of
size are probably correlative with some differ-

ences in function. The size seems to vary in
many instances directly as the length of the
tibre proceeding from the cell, the longer fibre
requiring a larger nutritive centre (Ober-
steiner, op. ¢it., p. 130).

From the minute size of nerve cells, and
the large quantity of grey matter constituted
by them, we must reckon their total number
by millions. But for all their number is vast,
the nerve cells have probably taken too high
a place in speculative physiology; their
development and ultimate structure, their
grouping and their relation to fibres, their
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composition and the products of their activity—these have, none
of them, yet arrived at a final demonstration, and, in the assigning
of funetions to the grey matter, no hypothesis will be adequate
that does not require in the cells, in their inter-connexions or m
their amorphous matrix, a greater complexity of structure than
the methods of microscopical rescarch have yet been able to reveal.

NERVE I'IBRrES.

Nerve fibres are found in the white nerve matter of brain and
spinal cord, and in the nerve cords of the cerebro-spinal and
sympathetic systems. They are of two kinds —medullated nerve
fibres and non-medullated.

Medullated nerve fibres.—-A medullated nerve tibre consists of
three parts,—the axis-cylinder, the medullary sheath, and the
primitive sheath (Fig. 3). The awxis-cylinder is a soft transparent
thread in the centre of the nerve fibre. Tt runs continuously along
the whole length of the fibre from central orvigin to peripheral
distribution, giving no branches in its course, and forming no con-
nexion with the other fibres of the nevve cord. It connects itself at
the central end with the process (probably with one chief process)
of a nerve cell; at the peripheral end, with the peripheral end
organ. The axis-cylinder is the one essential part of every nerve
fibre. It is to be regarded as the direct continuation of a nerve
cell process. Tt is made up of exceedingly fine fibrils- the
primitive fibrille of Schultze.  These, embedded in a homo-
geneous or finely granular cement substance, give to the axis-
cylinder a longitudinal striation (Iig. 3). In diameter the
axis-cylinder does not exceed |5 5ueth of an inch. It is held
that in cells the process that is to become an axis-cylinder of a
nerve fibre can be distinguished from the other processes of the
cell.

The medwllary sheath, or white substance of Schwann, forms a
tube round the axis-cylinder.  This sheath, largely fatty in com-
position, is a homogeneous, highly refractile structure, giving to
the nerve fibre its double contour and tubular appearance. In
the peripheral medullated fibres, this sheath is interrupted at
regular intervals —the nodes of Lanrvier. At those nodes the only
covering of the axis-cylinder is the primitive sheath.

The primitive sheath of Schwann forms a tube round the



NERVE FIBRES. 17

medullary sheath. It is a thin, tough, homogeneous membrane,
with nuclei placed at intervals along its inner surface. These
nuclei, which occur between the nodes of Ranvier, are probably
concerned in the development of medullated from non-medullated
fibres (Ross). The primitive sheath is not present in the
nerve fibres of the brain and spinal cord: those fibres are sur-
rounded by the medullary sheath alone. At the peripheral
distribution of the nerve, neither the medullary nor the primitive
sheath is present; here the axis-cylinder branches into its
ultin.ate fibrils, and these have no sheath.

In size, medullated fibres vary. Physiologists divide themn
into large-medullated and small-medullated.  As in the case of
nerve cells, the difference in size is probably correlative with a
difference in function . *

Non-medullated nerve fibres.—The non-medullated or grey
fibres are found in the branches of the sympathetic system and
along with medullated fibres in the cercbro-spinal nerve cords.
They form the great mass of the sympathetic system.

The non-medullated fibres are pale, faintly striated and
nucleated at frequent intervals. The nuclei are held by some to
belong to a delicate sheath, corresponding to the primitive sheath
of the medullated nerve fibre. Unlike medullated nerve fibres,
the non-medullated fibres branch and unite with other fibres.
There is no medullary sheath.

NERVES.

The nerve cords or nerves, which to the naked eye are
white tissue cords varying in size from ) inch, or less, to half
an inch, are collections of medullated fibres, of non-medullated
fibres, or of both. The fibres, surrounded by delicate connective
tissue (endoneurium) and supported by it, are collected into
Suniculi or small groups; and each funiculus is surrounded by

* «The quality of its action as well as the size of the muscle fibre appears
to influence the size of the nerve. The fibres going to the slowly-acting rod
muscles of the rabbit arc smaller than the fibres supplying the more highly
differentiated white muscles. Spinal motor and sensory fibres reach a diamcter
of about 20u. (micromillimetres) in the dog (Gaskell). Medullated sympa-
thetic fibres are usually from 2u. to 2:5u. in diameter’ (Hill in Obersteiner,
op. cit., p. 116),

2
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connective tissue (perineurium). The funiculi, which vary in size,
are in turn collected into larger groups, similarly supported and
swrrounded by connective tissue. These groups, wrapped in a
membranous coat, more or less fibrous in structure, constitute a
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Section of the internal saphenous nervve (human), made after being stained
in osmic acid and subsequently hardened in alcohol.  Drawn as seen under a
very low magnifying power (I5. A. 8.) (Quain’s .[natomy).

kp, epincurium, or gencral sheath of the nerve, consisting of connective
tissue bundles of variable size separated by cleft-like arcolie, which appear as
n network of clear lines, with here and there fat cells £ £, and blood-vessels » :
per, funiculus enclosed in its lamellated connective tissue sheath (perineurium);
cad, interior of funiculus, showing the cut ends of the medullated nerve fibres,
which are embedded in the connective tissne within the funiculus (endon-
curium). The fat cells and the nerve fibres are darkly stained by the osmic
acid, but the connective tissue of the nerve is only slightly stained.

nerve cord or nerve. The nerves and their funiculi branch and
unite with each other in every variety, producing thus, in several
regions, a special plexus, e.g., the brachial or lumbar; but in-



NERVE GANGLIA. 19

dividual medullated fibres, however often they pass from one
funiculus to another in the same or another nerve cord, never
unite with other medullated fibres, and never branch except at
their peripheral distribution. At the central end, the fibres of the
nerves join the grey matter of the nerve centres; at the peripheral
¢nd, they join the end organs of inuscle, of skin, of the viscera, and
of the special senses. Thus, through the nerves, there is complete
continuity of connexion hetween the cerebro-spinal axis and every
organ and region of the body (IMig. 4).

N:rve ganglia. The nerve ganglia may be arranged into three
great classcs—the Spinal Ganglia, which are small swellings on
the posterior or sensory roots of the spinal nerves; the Sympa-
thetic Ganglia, which form two chains that run outside the spina
column from top to bottom, and, last, the ganglia of special nerves
as the Gasserian Ganglion (fifth cranial nerve), the Sublingual and
numerous others, All these are essentially groups of nerve cells
embedded in connective tissue, and cverywhere have branch con-
nexions with the cercbro-spinal and sympathetic systems.  They
cannot be regarded as nerve centres proper ; they probably serve
solely for multiplying nerve paths and for the nutrition of nerve
fibres.

So far we have regarded the anatomical nerve clements in
isolation. We shall now consider them as they combine to form
the enormous complications of the Nervous System-—the Cerebro-
Spinal Axis, the Sympathetic Ganglion chains, and the Nerve
Cords reaching to all parts of the organism.

For the purposes of deseription, the Cerebro-Spinal Axis is
divided into the following parts: the Spinal Cord, the Medulla
Oblongata, the Pons Varolii, the Cercbelluin and the Cerebrum.
Of these the first alone occupies the Vertebral Canal; the others
lie within the Skull.  Iverywhere in their bony case the various
structures are invested by three membranous sheaths of connec-
tive tissue: first, the Dura BMater, which lines the bony cavity :
second, the ia Mater, which directly covers the nervous matter,
and everywhere sends inward processes that to a certain extent
form a supporting framework, and at the samne time are a high-
way for the innumerable blood-vessels; third, the Arachnoid,
which lies between Pie and Dura, forming, with the Pia, the sub-
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arachnoid spaces, and, with the Dura, the sub-dural spaces.
These spaces are, by a special opening, continuous with the ven-
tricles of the brain, which, again, are continuous with the central
canal of the Spinal Cord. The Canal, the Ventricles and the
Spaces are filled with a serous liquid, which acts as an internal
and external pressure-cushion for the semi-fluid and ever-yield-
ing contents of the skull and vertebral column. The volume
of the brain varies with every variation of the blood supply.
When the volune increases, the amount of serous liquid within
the skull grows less, thus relieving pressure ;: when the volume
lessens, the amount of scrous liquid increases, thus restoring pres-
sure. In this way the delicate structures of the brain are secured
against the destructive effects of sudden variations of pressure
within the skull.

Tur SPiNaL Corb.

The Spinal Cord is essentially a colunm of Grey Matter em-
bedded in a colummn of white. the grey so disposing itsclf in the
white as to exhibit, in transverse section, an hrregular grey cres-
cent in each lateral half of the cord. The two crescents—their
convexities being towards the centre of the cord—are united by a
grey commissure, which contains the central canal.  Bach crescent,
which is somewhat ¢ comma-shaped’ (Foster), has an Anterior
Horn, giving origin to the Anterior (Motor, lifferent, or Centri-
fugal) Root of the Spinal Nerve issuing at that part; and a
Posterior [lorn, which receives at least part of the fibres from
the Posterior (Sensory, Afferent, or Centripetal) Root of the same
nerve. The Posterior Root has a small swelling or (anglion—these
ganglia being, according to some authorities, the true origin of
the posterior fibres; which thus are a junction between ganglion
and spinal grey matter (Obersteiner: Anatomy of Central
Nervous Organs, p. 32). The two nerve roots unite to form the
Spinal Nerve proper, which is thus a compound structure.

The White Matter, thus broken up by the grey, forms the
rest of the cord ; the sub-divisions due, in each lateral half, to the
erescent of grey being named respectively Antero-lateral, Postero-
lateral, and Tateral White Coluins. Farther, the two lateral
halves of the cord are united by the White Commussure (see
Iig. 5). The transverse section of the cord is thus two semi-
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circular white and grey imasses, united by a narrow isthmus of
white and grey ; the indentations leading to the isthmus being the
Anterior and Posterior Fissures.

The microscopic constituents of the Cord are briefly these :—

First, the White Matter consists of large and small medullated
nerve fibres, so embedded in neuroglic that cach fibre has a canal
preciscly fitted to it ; the neuroglia constituting, along with the
connective tissue from the pia mater, a large part of the cord.

Npinal Cord (Quain).~—In A the anterior surface of the cord is shown, the
anterior nerve root being divided on the right. In B a transverse section of
the cord is exhibited, showing the crescentic shape of the grey matter in the
interior. 1, the anterior median fissure. 2, posterior median fissure. 3,
anterior lateral depression over which the anterior nerve roots arc seen to
spread. 4, posterior lateral groove into which the posterior roots are seen
to sink.

The anterior column is included between 1 and 3; the lateral colummn
between 3 and 4 ; and the posterior column between 4 and 2.

5, The anterior root. & in A=the anterior root divided. 6, the posterior
roots, the fibres of which pass into the ganglion ¢'. 7, the united or com-
pound nerve.

These nerve fibres run, in part, transversely, passing into and out
of the grey matter, or from one side of the cord to the other; in
part longitudinally, passing into the grey matter higher up, forming
continwous white tracts along the whole length of the cord.
Through these white columns, which are sub-divisible into
functional groups, the segments of the cord are connected with
one another, and with the higher centres in the skull.
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Second, the Grey Matter, its elements likewise embedded in
neuroglia, contains large nerve cells (Fig. 6), certain smaller
nerve cells, fine medullated nerve fibres, naked axis-cylinders, and
certain non-medullated nerve filaments that are either divided
axis-cylinders or branching processes of the cells. The ‘fine
medullated ' nerve fibres and the other fine filaments form an
“interlacement of extreme complexity ' (Foster).  Whether the
fine filaments or hranching cell processes are continuous or only
in juxtaposition is yet doubtful; but, in either case, the grey
matter is practically a continuous mass from end to end of the
cord, and thus provides in its complexity a mechanism correspond-
ing to the immense range and variety of nerve activities.

The cord gives origin to thirty-one pairs of nerves—the Spinal
Nerves—which pass symmetrically from the right and left.  Iach
nerve, made up from the two roots (Anterior and Posterior) al-
ready described, and carrying with it branches from the neigh-
houring sympathetic ganglion, passes to some definite region of the
body. Thus from the cervical region of the cord, several paivs of
nerves pass to the arms; from the dorsal region, several pairs
pass to the skin and muscles of the chest; from the lumbar
region, several pairs pass to the lower extremitics.  Similavly
special nerves pass to the organs of the abdomen and pelvis.  1In
this way from the spinal cord directly, from spinal branches pass-
ing through sympathetic ganglia or from sympathetic ganglia
directly, nerve cords pass to supply all the inain parts of the body
—the skin, the muscles, the blood-vessels, the joints and the
complicated viscera ol pelvis and abdomen (see Pig. 1).

The Functional Tracts or sub-divisions of the spinal white
matter have been ascertained chiefly by three methods: first,
developmental ; sceond, experimental; third, pathological. In
the process of growth, the nerve fibres of the white matter
do not all reccive their medullary sheath at the same time,
and the appearance of the medullary sheath in the different
parts of the cord always follows a definite order. By observ-
ing this order, Flechsig was able to sub-divide the cord into
a number of columns. Thus the external part of the anterior
column had its fibres completed earlier than the internal
part, and so on. These results were confirmed and inter-
preted by the methods of experiment and pathology. When
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certain parts of the brain are removed or sections made of the
living cord, degencrations oceur along certain tracts of the cord ;
and similarly, pathological changes, oceurring in paralysis or other
nervous affections, follow certain definite tracts. The tracts of
degeneration in both eases correspond with the tracts of Flechsig,

Diagram of transverse section of the Spinal Cord in upper half of the
dorsal region (after Flechsig).

(', Anterior commissure, J’, Tibres which pass from the vesicular
column of Clarke (#¢) to the direct cerebellar tract. P, Posterior horn.

Figs. 6 and 10.  Letters common to both: -#/, Pyramidal tract of the
lateral column, 7, Colummns of Turck. d¢, Direct cerchellar tract.  «r,
Internal portion of the anterior root-zonc. ', Kxternal portion of the
anterior root-zone.  pr, Posterior root-zone, (7, Goll’s colummns.  fr, Reticular
formation of the spinal cord. o, Anterior grey horns of the spinal cord.

and, by carveful collation of the results of all three methods,
physiologists are now able to sub-divide the white matter of the
cord into several well-defined colummns (see IFig. 6). The main
functional tracts are as follows - -
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L. Descending Tracts.

A. Direct Pyramidal Tract—lying in antero-lateral white
column.

B. Crossed Pyramidal Tract—Ilying in lateral white
column.

C. Antero-lateral descending—lying in anterior lateral
white column.

D. Descending ‘Comma’ Tract—Ilying in postero-lateral
white column.

11. Ascending Lracts.
A. Direet Cercbellar Tract—Ilying in posterior part of
lateral white column.
B. Median Posterior Tract- -connected with posterior
nerve root.
C. Ascending Antero-lateral Tract---adjoining descending
tract of same naine.

LLL. Tracts yet Undetermined as Ascending or Descending.
This forms remainder of white matter (I'ig. 6).

The details of these system columns concern special treatises
on physiology. Tt is here enough to say that all the defined
functional groups of fibres can be subsumed under two main
groups : first, Descending Fibres, affording a channel for outgoing
or centrifugal impulses from the cortex of the cerebrum and other
higher centres ; second, Ascending llibres, atfording a channel for
all incoming, centripetal impulses on their way from the end
organs to the higher centres.

‘ Thus, as far as we can see at present, the spinal cord consists of a
series of segmental mechanisms with their respeetive afferent and efferent
roots (the grey matter of the several scgments being continuous along
the cord) of encephalic ties of white matter between the several segments
and the brain, of longitudinal commissural tracts conneeting together
the several segmental mechamsms, and ot transverse conunissures
running largely in the grey matter’ (Foster's Phystology, 5th ed,
p. 901.)

THr MEDULLA OBLONGATA.

At the margin of the Foramen Magnum, the great opening
between the vertebral canal and the skull, the Spinal Cord
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becomes the Medulla Oblongata. In shape the Medulla, which is
limited above by the Pons Varolii, is somewhat like a cone with
the base upward. It is an inch and a quarter long, about an inch
broad at its widest part, half an inch at its narrowest, and in
thickness from before backwards about half an inch (Fig. 7).

The Medulla is, in the first place, a grand crossing for fibres
passing between the Cord and the higher centres. On the surface,
the anterior and lateral white columns of the Cord become the
anterior pyramid and lateral tract rvespectively; the posterior
white coluinn dividing to form the restiform body and posterior
pyramid.  An additional small mass—the olivary body—Ilies on
the lateral tract. In the depth, however, the anterior pyramid is
found to draw fibres from two main sources: first, from the
anterior white column—direct pyramidal tract; second, from the
lateral column of the opposite side-—the crossed pyramidal tract
(sec. 10). The crossing of fibres so involved is the decussation of
the pyramids. Of the fissures of the Cord, the anterior median
ends blindly at the Pons ; the posterior median opens out to fortn
the Fourth Ventricle, which is thus bounded at its lower part by
the posterior pyramids. At parts corresponding to the altered
position of the other fissures, nerve roots issue as in the Cord.

The Medulla is, in the second place, a collection of centres,
that is, of special masses of grey matter. By the changes in the
white matter the grey watter of the Cord is redistributed, and
hroken up into masses more or less isolated—grey nuclei.  Besides
those naturally thus arising, many other nuclei are added, chiefly
in the floor of the fourth ventricle. These nuclei constitute the
proximate origin of many cranial nerves, of which some cor-
respond singly to the anterior or motor root of a spinal nerve,
some to the posterior or sensory root, and some to both roots.
The greater number of the cranial nerves have their proximate
origin in the Medulla.

Through the Medulla the System Columns or Tracts of the
Cord, after the changes described, pass towards the higher centres.
The dirvect pyramidal tract, the crossed pyramidal tract, and the
antero-external tract, pass directly through the Pons Varolii to
the Cerebrum. The postero-internal tract passes partly to the
grey matter of the Fourth Ventricle, partly to the Cerebrum.
The postero-external tract and direct cerchellar tract pass by the
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restiform body to the Cercbellum. The posterior radicular zone
and the remaining tracts of the lateral white colunn, pass to the
lorpora Quadrigemina and Optic Thalami. Thus the Spinal
Cord in all its parts, in its grey matter no less than in its white,
passes into connexion, direct or indirect, with all the great
collections of grey and white matter in the higher nerve centres—
with the middle brain, the basal ganglia, with the cerebellum,
and, finally, with the cerebrmmn.

Tur Pons Varornrt.

Next above the Medulla Oblongata lies the Pons Varolii.  In
front, it rests upon the base of the skull ; behind, it forms part of
the floor of the Fourth Ventricle, and, at its upper part, it forms
the anterior wall of the Aqueduct of Sylvius ~the channel that
connects the fourth with the other ventricles of the brain ; above,
it overlies the Peduncles or Crura of the Cerchrum.

The Pons, like the Medulla, is at once a grand crossing and a
collection of grey centres. The fibres are transverse and longi-
tudinal. © The transverse fibres, divided further into superficial
and deep, connect the hemispherces of the Cerebellum, constituting
the middle cevebellar peduncles. The longitudinal fibres, likewise
superficial and deep, are the upward continuations of the fibres
that pass from the Medulla to the Cerebrum. These, probably
reinforeed by others from the Pons itsell, constitute, beyond the
Pons, the Cerebral Pediuncles.  Some fibres decussate in the Pons.
Among the fibres everywhere lie masses of grey matter, which
give origin to some roots of cranial nerves (see IMig. 7).

The microscopie structure both of Medulla and Pons presents
no marked difference from the structure of the Spinal Cord.  The
grey matter is distributed according to a more complex system.

T CEREBELLUM,

The Cerebellum, or lesser brain, rests on the posterior part of
the base of the skull.  In front of it lie the. Medulla and the Pons.
Lying above it, and separated from it by dura mater, arc the
occipital lobes of the Cerebrum.

The Cerebellum, many times the size of the Medulla Oblongata,
and larger than Pons and Medulla together, is a complicated mass
of grey and white matter. It is divided into hemisphercs, right
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Fie. 1.

View from before
»f the medulla ob-
longata, pons varolii,
srura  cerebri, and
sther central por-
fions of the encepha-
lon (Allen Thomson).
Natural size.

On the right side
the convolutions of
tfe central lobe or
sland of Reil have
been left, together
with a small part of
she anterior cerebral
sonvolutions : on the
eft side these have
seen removed by an
mcision carried be-
tween the thalamus
spticus and the cere-
oral hemisphere.

I’, the olfactory
ract cut short and
ying in its groove;
[I, the left optic
1erve in front of the
;ommissure ; 11, the
[ight optic tract ; 7',
ut surface of the left
Jhalamus opticus ; C,
he central lobe or
sland of Reil; Sy.
issure of Sylvius ; x
x, anterior perfor-
ited space; ¢, the external, and i, the internal corpus geniculatum, /&, the
\ypophysis cerebri or pituitary body; tc, tuber cinereum with the infundi-
wulum ; @, one of the corpora albicantia; I, the cerebral peduncle or crus;
, the fillet ; ITI, close to the left oculo-motor nerve; x, the posterior
rerforated space.

The following letters and nunbers refer to parts in connexion with the
nedulla oblongata and pons. PV, pons Varolii; 17, the greater root of the
ifth nerve; +, the lesser or motor root; }7Z, the sixth nerve; 177/, the facial;
111, the auditory nerve; /X, the glossopharyngeal; ., the pneumogastric
lerve ; X1, the spinal accessory nerve; X7/, the hypoglossal nerve; CI, the
uboccipital or first cervical nerve; pa, pyramid; o, olive; d, anterior median
issure of the spinal cord, above which the decussation of the pyramids is
epresented ; c¢«, anterior column of cord; r, lateral tract of medulla con-
inuous with, ¢, the lateral column of the spinal cord.
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and left ; each hemisphere is divided into lobes, and each lobe
into laminw. The lobes and laminz of one hemisphere corre-
spond with those of the other, and unite with them, partly by
the Pons, and partly by other commissures. The bi-lateral charac-
ter of the nervous system, seen in its simplest formn in the cord
and Medulla, is thus visible also in the Cerebellum.

A hemisphere on section exhibits a peculiar arrangement of
grey matter and white. Round the margin there is a wavy and
arborescent layer of grey matter, corresponding to the lamine.
Within the grey, lies a large mass of white matter similarly
arranged ; within this again lics a layer of grey matter, which, in
turn, contains a mass of white. Fach lamina thus becomes a
layer of white matter caught between two layers of grey. The
Cercbellar lamina correspond to the Cerehral convolutions : both
of them secure great surface with little bulk.

The white matter passes from the hemispheres in three main
bundles : the superior peduncle passes partly to the Corpora
Quadrigemina, and partly by the cerchral peduncles to the Cere-
brum ; the middle peduncle, uniting the two hemispheres, forms
the transverse fibres of the Pons; the inferior peduncle passes
downwards to the Medulla, where it becomes the restiform body.

Microscopic Structure of Cerebellim.

In the grey matter of the Cerebellum the microscope reveals
three layers: fivst, a molecular layer, near the surface ; next, a
wuclear layer, bordering the central white matter, and, lastly,
between the molecular and nuclear layers, a third layer—DPus-
kinj#s Cells.  The molecular layer is made up of very small cells,
some nervous, others neuroglial in nature ; and of minute fibrils,
which are, in part, the branchings of Purkinjé’s cells. The
nuclear layer shows a tine fibrillar groundwork and innumer-
able nuclei, probably, in part at least, nuclei of nerve cells. The
third layer— Purkingé’s cells—is made up of a single row of large,
flask-shaped, markedly-nucleated cells, which connect themselves
by a large process (an axis-cylinder) with the central white
matter, and send many branching processes into the molecular
layer. The precise inter-connexions of these three complex
layers is a matter yet to define. [t is enough to say generally
that, from its cells, the molecular layer sends processes inwards,
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probably to join the central white matter ; next, that from its
cells the nuclear layer sends processes outwards to ramify in the
molecular layer; and, lastly, that the cells of Purkinjé send
inwards a main process to join the white matter, and outwards a
vast number of branching processes to ramify in the molecular
layer. Whether the various fibrils of the three layers are in
anatomical continuity with each other, and with the white matter,
is uncertain, but for functional continuity their mere contact or
inter-proximity is enough.

The white matter, like white matter elsewhere, consists of
medullated nerve fibres, which serve in part for incoming, in part
for outgoing, nervous impulses. ‘ The presumption, therefore,
is, that all the fibres of the white matter begin or end either
in the cells of Purkinjé, or the fibrils of the molecular layer”
(Foster, Phys., 5th ed., p. 1024).

It is noteworthy that the cerebellar grey matter shows in its
minute structure no such local and convolutional variations as the
cerebral grey matter does; the cerebellum thus presenting no
gross anatomical basis for local varations in function.

The Nervous System is now growing in complexity. The grey
matter, equally with the white, is greater in bulk, and more intri-
cate in arrangement ; the cells are more numerous, morve varied
in form, and richer in connexions; the fibres fall in greater
masses, and pass in larger bundles to form greater and more
numerous commissures. The whole architecture of the system
is more imposing ; and if from structure and disposition of parts
alone we could venture to forecast functions, we should say that,
in comparison of the spinal cord and medulla, the Cerebellum
will be a generator of greater encrgies, a recciver of impressions
more numerous and more varied, probably concerned in more
complex activitics, and probably a centre of control.

Tue CEREBRUM.

The progress of research in the localisation of brain function,
makes it advisable to deseribe the parts of the Cerebrum with
some minuteness. The cerebral convolutions, long heyond the
reach of experimental physiology, have at length begun to yield
up their secret, and every year is adding largely to the detailed
knowledge of their functions.
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The Crrepruwm fills the greater part of the skull cavity. The
anterior two-thirds rests on the basc of the skull ; the posterior
third overlies the cerebellum.  From the Cerebrum at its under
surface the cranial nerves pass to their distribution through the
numerous openings of the skull, and the ¢rura cerebri or cerebral
peduncles pass downwards to hecome the longitudinal bundles of
the Pons. On the upper surface, the Cerebrum is rounded,
taking the general shape of the skull ; and, regarded from above,
it is a inass more or less oval, with the greatest breadth opposite
the parictal eminences.  The whole Cerebrun is kept in positi m
by membranes.

One great fisswre divides the Cerebrum into hemispheres, vight
and left ; other fissures divide cach hemisphere into four main
lobes- ~frontal, parictal, oceipital, temporal ; minor fissures or
sulel, divide the lobes into conrvolutions, which take their names
from the lobes they belong to.

The following is an account of the main Fissures :—-

The great Lonyitudinal Fissure, corresponding to a line drawn
on the skull from the root of the nose to the occiput, separates
the hemispheres completely, except at the middle two-thirds,
where the corpus calloswmn, and other commissures form an inter-
hemispherical isthmus.  The corpus calloswm, lying in the depth
of the fissure, one can reveal by pushing the hemispheres apart.
On the apposed sides of the hemispheres lie convolutions of somne
importance ; part of these, experiment has connected with move-
ment of the trunk musele-groups.

The Fissure of Sylvius, corresponding to a skull-line drawn
from one inch behind the external angle of the frontal bone to a
point a little below the parietal prominence, separates the frontal
{obe from the temporal. By drawing apart the lips of this fissure
one reveals the Island of Reil—an important part in affections of
speech (Iphasia). Near this lies the third left frontal convolution
or convolution of Broca, who first correlated lesions of this con-
volution with a special form of aphasia.

The Fissure of Rolando, corresponding to a skull-line drawn
from near the vertex to the line of the Sylvian fissure, separ-
ates the frontal lobe from the parietal. The convolutions of the
‘ Rolandic area,” that is, those lying just in front and in rear
of the fissure, contain the principal ¢ motor areas’ (Ferrier).
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Fio. 8—1.

Diagram of the Gyri (convolutions) sulei (Fissures), on the lateral surface of the
Right Hemisphere of Man (Gowers).

Fia. 8—2.
I Rolando
PAR

The same on the Mesial Surface (Gowers).

In both figures, the sulci are indicated by italic and the convolutions by
roman type.

The following list of some synonyms may perhaps be of use in connexion
with these figures.

Gyri, or Convolutions. Precentral or anterior central == ascending frontal.
Postcentral or posterior central =ascending parietal.  Superior temporal =infra-
marginal =first temporal. Triangular lobule=cuneus. Central lobe=Island of
Reil. Paracentral lobule=the mesial face of the superior frontal, within the
marginal gyrus. Cingulum =the part of the gvrus fornicatus which adjoins the
corpus callosum. (yrus Hippocampi=uncinate gyrus, though the latter name
is sometimes restricted to the front part of the hippocampal gyrus; the two may
be considered as a continuation of the gyrus fornicatus, and the three together,
forming a series, have been called ‘the great limbic lobe’.

Sulci or Fissures. Central=Rolandic, or of Rolando. Perpendicular=
parieto-occipital. Parietal =intraparietal or sometimes interparietal.

Temporo-sphenoidal lobe = temporal lobe.
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The following are the main Lobes with their Convolutions :-

The Frontal Lobe, lying in front of the fissure of Rolando, has
four main convolutions on the upper surface: the ascending
frontal, just in front of the Rolandic fissure ; the first, second, and
third frontals, extending forwards at right angles to the ascending.
On the under surface there is a further unimportant division and
w sulcus accommodates the trunk of the olfactory nerve.

The Purictal Lobe, lying just in rear of the Rolandic fissure,
has three main convolutions: the ascending parietal, like the
ascending frontal ; the wpper parietal or supra-marqnal; the
lower parvietal or angular.

The Zemporal Lobe, lying below the parietal, is divided hori-
zontally into five convolutions, numbered from above downwards ;
first temporal, second temporal, and so on.

The Occipital Lobe, lying behind the parietal, has three con-
volutions, numbered from above downwards; first occipital,
second oceipital, third oceipital.

T'o exhibit the remaining convolutions, it is necessary to push
the hemispheres apart, when, on the apposed surfaces, there
become visible the calloso-marginal fissure ; this separates the
marginal convolution from the gyrus formcatus, which vests on
the corpus callosum. Behind these are the quadrate lobule and
the cuneate lobule, with fissures corresponding.

The base of the Cerebrum (Fig. 7) presents certain important
structures—the Cranial or Cerebral Nerves. ¢ The deep origin or
point of connexion of the eranial nerves with the brain is still, in
some instances, a matter of uncertainty. It scems probable that
each of the nerves arises from some special centre of grey matter,
termed a nucleus : at all events, many of them can be traced to
such special nuclei, through which, no doubt, they are connected
with other portions of the cerebral mass’ (Gray’s dnatomy,
10th ed., p. 506). These nuclei or deep origins must be regarded
as of two orders: first, proximate; second, cortical. TFor the
cerchral nerves do, for the most part, belong to two orders of
mechanisim ¢ a lower order,—the lesser grey centres, that is,
the basal ganglia, middle brain and spinal cord; a higher
order, greater in complexity, and less defined in situation than
the other—the higher grey centres, that is, the convolutions of
the cercbral cortex. As parts of the first mechanism, the cerebral
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nerves may act through the proximate nuclei, which are centres
for circumscribed actions, as winking, or swallowing. Such
actions will be reflex. As parts, however, of the second mechan-
ism, which must subsume the first, the cerebral nerves must sub-
serve all the activities of the highest centres of the bram. And
the normal action of the cerebral nerves involves the integrity
alike of the proxinate and of the cortical nuclei. Thus the Optic
Nerve is traceable not only to proximate nuclei in the corpore
quadrigemina, but to all the main lobes of the cerebral cortex as
we.—a striking instance of the large anatomical basis required
for a sense of such vast importance to the organism.

Of the Cerebral Nerves (Fig. 7) there are twelve pairs, named
in order as follows: First, the Olfactory, or nerve of Smell
(sensory) ; Second, the Optic, or nerve of Sight (sensory); Lhird,
the Oculo-motor, which gives branches (motor) to all the muscles
that move the eyeball, except two—the superior ohlique and the
external rectus; Fowrth, the 'Trochlear, which supplies the
superior oblique musecle of the eye (imotor) ; Fifth, the Trigeminal,
which has two roots-—(«) a sensory root, passing through the
Gasserian ganglion and supplying common sensibility to the face,
the fore part of the head, the eye, the nose, the ear, the mouth,
the larger part of the tongue, which last may possibly have some
taste fibres from the same root; (4) a motor root, which supplies
chiefly the muscles of mastication; Sizth, the Abducent, which
supplies the external rectus muscle of the cye (motor); Seventh,
the Facial, which is the ¢principal motor nerve of the head,
supplying all the superficial and several of the deep muscles’
(Quain) ; HEighth, the Auditory, or nerve of hearing (sensory);
Ninth, the Glossopharyngeal (sensory and motor), wnich is (a)
nerve of taste for the posterior third of the tongue, the lateral
part of the soft palate, and the glossopalatine arch ; (0) nerve of
common sensation for the posterior third of the tongue and for
parts of palate, pharynx and epiglottis ; (¢) motor nerve for some
pharyngeal muscles; Tenth, the Vagus, or Pnemmogastric, which,
with its enormous number of branches, sensory and motor (somne
inhibitory), is the channel of regulation for the respiratory, cir-
culatory and digestive systems; Flerentl, the Spinal Accessory,
which ‘supplies the Vagus with most of its motor fibres and
also its cardio-inhibitory fibres’ (Tandois); Twelfth, the Hypo-

¢
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glossal, which is the motor nerve for all the muscles of the
tongue.

Hitherto we have confined ourselves to the surfaces of the
Cerebruin.  We now advert to the internal structures.

Iirst : The cerebral grey matter arranges itsell in two great
divisions --first, the cortical grey matter, which forms a covering
of fairly constant thickness for the whole surface of the Cerebrum;
second, the grey matter of the Basal Ganglia (Corpora Striata
and Thalami Optici), the Corpora Quadrigemina, the Corpora
Geniculata, the Pineal Body, the grey matter of the Aqueduct
and scveral other masses of grey matter situated variously
about the base and the ventricles. Of these, the chief are
the Thalami Optici, and the Corpora Striata.  Those bodies are
in pairs —the Corpora Striata (divided into Caudate Nucleus, and
Lenticular Nucleus) lying farther forward than the Thalami Optiei
and the whole four bodies embedded in the cerchral hemispheres.
These four bodies are connected upwards, through the hemis-
pherical white matter, with the grey matter of the cortical
envelope ; downwards, through the Crura Cerebri, with the Pons,
the Medulla, and the Spinal Cord; horizontally, through the
Commissures, with each other.  Farther, the cortical envelope of
one hemisphere is connected through the Corpus Callosum with
the cortical envelope of the other. Tn the lower animals, the
basal ganglia are proportionally more developed than in man,
in whom the cortical envelope is much developed; and in the
exposition of functions, it will become evident that the basal
ganglia in man are somewhat in the position of an instrument—
a lesser brain, for the more highly developed cortical envelope to
play upon.

Into the minute structural localisation and relations of all
these grey masses, it is not necessary to enter ; for our purpose,
it is enough to state the general proposition that all the grey
masses are inter-related by means of the white matter, which is
chiefly made up of nerve fibres. Thus not only are different
lobes of the brain connceted ; but also different convolutions on
opposite sides, and on the same side: and that too so inti-
mately that there is no difficulty in_ imagining the whole brain
working as a single organ in spite of the probable division into
special centres.
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Microscopic Structure of the Cerebral Corte.

A section of the Cerebral Cortex (Iig. 9), made vertically to
the swrface, presents under the microscope a peculiarly rich con-
glomerate of nerve cells, nerve fibres, nerve fibrils and neuroglial
bedding.  The cells vary so much in size and shape as to be
fairly capable of classification according to these qualities, and
they are so arranged as to form, parallel to the cortical surface,
several layers of more or less equable distribution, certain
clas es of cell predominating in the Rolandic Aveas (or Motor
Areas), certain others in the Occipital Avea, and certain others
in yct other areas. It is necessary, however, to say that the
microscopic analysis of the cortex has not as yet made it possible
to isolate and define, by microscopic structwre ulone, regions
of known functional ditferences. The approximation to this
structural definition of * Motor,” ¢Sensory’ and Compound
regions must be taken with the qualification that, in large and
important regions of the cortex, a diffused, not a specific,
arrangement of cells is constantly found. And the transition
from one predominating system to another is very gradual.*

The chief varietics of the Cortical Cells are—Large Pyra-
midal, Small Pyramidal, Angular, Fusiform, Granular or Nuclear,
and lastly Trregular cells,  These cells, a typical scetion of
the cortex would exhibit in the following layers, from the
surface inwards—

First: Layer of irregular cclls, embedded in neuroglia,
cells being very infrequent and the whole layer being probably
non-nervous in character.

Second : Layer of small pyramidal or angular cells.

Third : Targe pyramidal cells in groups.  These cells pre-
dominate in the motor regions,

Fourth: Granular or Nuclear layer, predominating in the
Oceipital region, which is sensory.

Fifth : Fusiform layer.

The local varations from this type are impressive enough to
justify one in saying that the hypothesis of functional localisa-
tion receives from them a general support. But the connexion

* Bevan Lewis, Mental Discases, p. 60 ¢t seq. ; Ferrier, op. cil., p. 41 ;
Foster, op. cit., p. 1031.
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of cell and fibre cannot be made out in every class of cell; we
must assume that there are many white fibres that end in other
ways than in cells, probably in some kind of network or inter-
lacement. This makes it necessary to reconcile any theory of
nervous cell action with the absence of direct fibrous connexion ;
but at the same time enables us to conceive of the brain as an
infinitely complex and continuous structure, capable of acting as
a single organ (Foster, 5th ed., pp. 1069 and 1033).

Funcrions or e Nervous SysTEM.

In the most gencral sense, the nervous systemn is the means
of regulating and redistributing the bodily energies.  Without a
nervous system, the eyes are blind, the ears are deaf, the limbs
are motionless ; therc 13 no sensation and no movement.  That
the eyes may sce, nerve impulses, generated by impressions of
light on the retina, must pass along the optic nerve to the matter
of the grey centres, there to produce in nerve cells, nerve fibres or
intercellular matrix, changes that are constant concomitants of
sensation. The muscles, again, building up their contractile
substance from the complex chemieals of the blood) so lay up
a store of energy ; but that the mmuscles may contract, nerve
impulses, gencrated in the nerve centres, must pass along the
motor nerves to the muscles, there to initiate the change from
potential energy to kinetic. The organs of sense, the organs of
movement, and, i a general way, the organs of nutrition, all
have their representation in the nervous system.  Nor this alone;
for the combined sense activities of different senses, the combined
motor activities of groups of muscles and the nultdform co-ordina-
tions of sense and movement everywhere, have their central
representation on nervous grades of greater and greater com-
plexity. Ior the infinite complexities of regulation and redistribu-
tion thus involved, two things arc essential @ first, the storing of
nervous encrgy for graduated issue according to the various
sensory, motor, or nutritive activities; second, the transmission
of nerve energy to and fro between one nerve centre and another,
and between the nerve centres generally and the peripheral
organs. The first is the special function of the grey or ccllular
matter ; the second ot the white or fibrous natter.
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Functions of Grey Matter.

The only definite structures of the grey matter are the nerve
cells and nerve fibres. It is not improbable, however, that the
structureless intercellular substance—the neuroglia, which forms
so0 large a portion of the total grey matter—plays some obscure
part in the transmission of nerve energies. What its fuuction is,
physiology has not yet finally declared. Nor even is its ana-
tomical identity as yet more than a plausible hypothesis. More
than one substance secins to be included under the same name
(Obersteiner: The Anatomy of the Central Nervous Organs, pp.
154-5).

Nerve cells.—The functions of the nerve cells are not every-
where the same ; nerve cells as they vary in situation and struc-
ture vary also in function.  In the Posterior Root ganglion, nerve
cells, attaching themselves by a single process (unipolar cells) to
the fibres of the posterior root of the nerve, constitute for those
fibres a relay of nerve matter connected in some obscure way
with the nutrition of the nerve.  In Sympathetic Ganglia, again,
where the cells are multipolar and branch irregularly, a fibre,
passing to the cell as a medullated fibre, issues from it, by the cell
processes, as & number of non-medullated fibres.  The cell thus
divesting the fibre of its medullary sheath and at the same time
acting as a store of nutrition, probably multiplies the paths for
nerve impulses, and so by a local mechansm secures the ditfused
action essential to the co-ordinated activities of the viscera. Such
a diffused distribution of nerve paths forms an intelligible physio-
logical basis for one large group of sensations—-the organic sensa-
tions (Gaskell © Jowrn. of Phys., vol. ix.). DBut so far as present
knowledge goes, neither in the spinal, nor in the sympathetic
ganglia, is the nerve cell anything beyond a souree of nutrition or
a local meeting place for nerve fibres of the same orvder : it does
not act as a central connecting mechanisi between two fibres of
different orders (Foster : Dhysiology, Sth ed., p. 176).

In the spinal cord, on the other hand, the nerve cell is a
central conncetimg mechanism for fibres of different orders --for
centrifugal and centripetal fibres. Centripetal or ingoing impulses
passing to the cell are there reinforced from its store of nerve
energy, radiated in a thousand dircctions along the delicate pro-
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toplasmic nerve network, thus absorbed in the rearranging of cell
molecules for storage and future issuc, or again directed outward
along an axis-cylinder process as a series ol centrifugal or outgoing
impulses. The cell thus acts as a centre—a store, that is, of
potential energy capable of becoming kinetic on a given stimulus.
At the same time it is a source of nutrition to the fibres issuing
from it.  Cells of this order are large, much branched, and every-
where associated with muscular movements. They are, there-
fore, named motor. In the so-called ‘motor areas’ of the
cercbral cortex, such large cells are constantly present, and them
physiologists are inclined to regard as the true homologues of the
spinal motor cells (Charcot).

But hardly anywhere, probably not even in the spinal cord,
does the connexion of centripetal and centrifugal fibres take place
simply through a single motor or even a group of motor cells.
Centripetal impulses pass first to a smaller cell, more rounded,
and less branched, but connected direetly or indirvectly with the
motor cells.  These are nanred sensory cells. They occur in the
cord and they constitute an overwhelming majority of the
so-called “sensory areas’ of the cerebral cortex. They are
probably the receptive terminus of centripetal iinpulses, which
here are stored, elaborated, reinforced, diverted, or, by intercellular
paths, radiated to other groups of sensory or motor cells.

Note. Tn thus assigning functions to the cell, we have
asswmed the specific nature of nerve energy, the possibility of
storage and graduated discharge, and the marvellous complexity
of structure and physiological process that make storage and
discharge possible.  Here we have little help from histology,
which finds i cell and fibre a complexity, great as it is, but
little adequate to the cnormous range of nerve activities; or
from nervous chemistry, which as yet has to content itself
with gross vesults; or fromn physies, which requires in the cell
unstable molecules of vast size and complicated form. But in
a general way speculative physiology is able to correlate storage
and discharge with the varying states of ccll nutrition,  The
farther question- -whether ‘internal’ nutrition alone, unaided
or unabetted by different nerve impulses, would ever result in
¢ discharge,’ is still open, though the possibility of this seems
to Le the ¢limiting value,” so to speak, of cortical spontaneity
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(see Foster, p. 1116, where the whole question is minutely
argued).
Funcrions or NERVE I'IBRES.

The properties and functions of nerve fibres are less hypo-
thetical than those of nerve cells, The comparative simplicity of
the fibres, the occurrence of limited lesions in individual nerves
of the living body and the possibility of isolated cxperimnental
study after excision, have resulted in certain generalities that
we may accept as verified. And the propositions here set dcwn
cover to a certain extent the properties of nerve tissue generally.

I'irst.  Nerves, like museles, belong to the class of irritable tissues
—tissues, that is, capable of responding in a special way to stimuli of
different kinds—mechanical, thermal, chemieal, electrical.  Tn muscle,
irritability shows itself by a visible change of form- a contraction ; in
nerve, there is no detectable change of form, but there is an obscure
molecular change, producing, when the muscle is still attached to its
nerve, a muscular contraction, and having an electrical change as a
constant accompaniment.  This molecular change is the werve dmpulse.
Unlike o muscular contraction, howe\ er, & nerve impulse gives rise to no
chemical or thermal change that present methods ean detect.  * Tn fact
beyond the terminal results, such as a muscular contraction in the ease
of a nerve going to a muscle, or some affection of the central nervous
system m the ease of a nerve still i connexion with its nervous centre,
there 13 one event and one event only which we are able to recognise as
the objective token of a nervous impulse, and that is an electric change’
(Foster, p. 123).

Second.  The eleetrical change accompanying a nerve impulse is the
< current of anction’ or ‘ negative varintion’ of the natural current. In
a resting nerve, as in a resting muscle, there is present a current that
deflects the galvanometer needle in one direction ; in an active nerve, as
in u contracting muscle, the current so changes that the deflection of the
needles is reversed almost to zero.  This is the “negative variation® (Du
Bois Reymond).  But the pre-existence of the resting eurrent is doubtful ;
hence the non-committal name *current of action’ (Hermann). The
current of action, which like the nerve impulse travels i form ot a wave,
increases or diminishes its rate and intensity with the rate and intensity
of the nerve impulse.

Third. From the point of stimulation the nerve impulse travels in
both dircctions. The proofs of this linportant proposition are many ;
but one seems crucial. When a nerve, sensory or motor, is stimulated
midway between its peripheral and central ends, the current of action
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passes equally through the central and peripheral parts. This can
happen only if the nerve impulse travels equally in both directions
{Rosenthal: Muscles and Nerves, pp. 218, 312).

Fourth. A nerve is not equally excitable at all points ; the excitability
is greatest at the central end. When, thercfore, a motor nerve is stimu-
lated far away from the muscle, the muscular response is more powerful
than when the stimulation is nearer the muscle. From this fact PHuger
inferred an avalanche-like increase of the nerve impulse during trans-
mission ; the nerve thus forming an active, not a passive, conductor.
The inference, however, is open to doubt. ‘It must at any rate be
admi.ted that at onc and the same point in the nerve the excitability
may vary in degree, and it is thercfore simpler to assmme that the
difference in the results of irmtating the nerve at various points depends
dircetly on differences in the exeitability at those points, instead of being
in the first place dependent on changes caused by transmission ; it can
even be shown to be probable on various grounds, as indicated above,
that the exeitement o propagating itself through the nerve meets
with resistance and 1s thercfore rather weakened than strengthened’
(Rosenthal : Muscles and Nerves, p. 123).

Iyfth.  To generate a nerve impulse the stimulus must be sudden. A
resting nerve we may regard as a complieated arrangement of molecules
ready to rearrange themsclves on a given stimulus 5 but tlus rearrange-
ment, that it may propagate itself along the nerve, must be suddenly
induced. The well-understood faet of common life that & new sensation
ix most intense when it follows another sensation suddenly, has its coun-
terpart in exaet physiology. A continuous clectric current passed
through a nerve produces no contraction in the muscle exeept at the
instant of making the earrent or breaking.  On the other hand a faradie
current, which is a rapid series of ‘makes’ and ¢ breaks,” produces a
corresponding series of contractions,  Similarly with mechanical, ther-
mal and chemieal stimuli: these, to produce a nerve impulse, must act
suddenly.  This peculiarity of a nerve fibre is the physical connterpart
to the Taw of Relativity m the corresponding mental effects, but
stimuli that singly are too feeble may produce a nerve impulse by their
cumnlative action.

Nieth.  The effect of a single stimulus is « single impulse ; now the
voluntary contraction of muscle is known to be, not o single contraction,
but a rapid scries of contractions; it corresponds to the state of sus-
tained contraction (tetanns) produced in an 1solated muscle by a series
of stimuli applied to the nerve. Voluntary contraction is in fact a
tetanus.  This it is easy to demonstrate : the steadiest hand trembles in
activity ; the tremor of chronic alcoholism or of old age is only an exaggera-
tion of the universal phenomenon, It must follow that the voluntary
tremor is due either to some obscure peculiarity in the muscle itself or
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to the rapid recurrence of the nervous impulses; these in their turn:
mvolve the rapidly reeurrent discharge of the nervous centres.  Certain
investigators, arguing from the rate of tremor in voluntary contraction,.
have fixed the rate of central discharge at ten to fourtcen discharges
per second.  This, however, is hardly demonstrated by the results re-
corded ; and besides, the assumption is rendered doubtful by the fact of
the cummlative effect of fecble stimuli.  Kvery line of argument makes
it probable that the central nervous discharges are rhythmic ; but the
rate of the rhythm is yet finally to be determined.

Neventh.  After prolonged activity, nerves, like muscles, show fatigue.
Nerve impulses, like muscular contractions, are probably expiosive
chemical decompositions of some sort ; fatigne in both probably coincides
with the exhaustion, total or partial, of the explosive elements. In the
resting stite both musele and nerve recover their explosiveness. In
mmsele, the decompositions and recompositions of contraction are more
or less definitely understood ; in nerve, however, the chemical or thermal
changes are as yet inferences of analogy.

Kighth. A nerve tibre canmot of itself initiate a nerve impulse ; such
mitiation requires a stunulus.  In the normal body such stimulus may
be initiation of the end organs of a sensory nerve, a direct impact on the
nerve trunk, sensory or motor, or the discharge of a motor cell or cells
directly connected with the fibre. o take first the irritation of a sensory
end organ.  The nerve unpulse passes inwards to the nerve centres and
there causes the discharge of the conneeted sensory eells.  The discharge
of these, should it spread farther, may cause discharge of connected
motor cells.  Of these, in turn, the discharge initiates a nerve impulse
along a nerve.  And thus the motor diseharge 15 directly sequent on the
peripheral stimulation ; and this is trune of the majority of motor dis-
charges.  But the motor discharge may be independent of sensory
stimulus. The discharge of a cell, like the passage of a nerve impulse,
is probubly an explosive decomposition of some sort-—a katabolic or
destructive process.  Following on this is the state of rest, wlich is
probably an anabolic or coustructive process.  And the effective life
of a nerve cell is a continual alternation between these two, anabolism
and katabolism.  Now anabohism (construction, restitution, assimilation)
depends directly on the supply of nutriment, that is on the blood supply ;
and it is safe to assume that in the anabolic process a point comes when
the cell is hable to discharge either with a very slight stimulus from
other nerve connexions, or simply with the excess of nutrition itself. In
the latter case, the true stimulus is the Llood tluids.  The discharge of
motor cells, therefore, follows naturally on the state of rest.  The same
is true of sensory cells. Nerve cells, therefore, arc reservorrs of cnergy
stored from the blood, and capable of graduated issue without the action
of other nerve connexions. In this sense a nerve cell is antomatic or
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spontaneous in its action ; and thus the charge and discharge, the ana-
bolism and katabolisin of cells becomes an expression of the Doctrine of
Spontaneity. This whole mutter, however, must yet be regarded as
among the non-verified assumptions of Physiology (see Foster, op. cit.,
p. 1117).

Ninth. Between fibres and cells the distinetion is rather anatomiecal
than physiological. The typieal nerve fibre is a process of a nerve cell,
and cven where this is not the case, there is no need to assume a funda-
mental qualitative ditference in the activities of cell and fibre. Cell
and fibre alike store und transmit nerve cnergy ; but the cell, from its
greaver size and more complicated build, is better adapted for storage,
the fibre, for transmission.

Lunctions of the Spinal Cord and Medulla Oblonyata.

The Spinal Cord, with the Medulla, may be looked upon,
first, as a reflex mechanism, pure and simple; second, as an
executive centre for voluntary actions originated in the higher
parts of the brain; third, as a conducting path for all forins of
nerve impulse, ingoing and outgoing.

First.  The three essentials of a reflex action are an ingoing
stimulus or nerve impulse, a central discharge of nerve energy,
and an outgoing nerve impulse to some motor end organ.  In a
frog whose higher centres have been removed by decapitation,
the cord alone bemg left, sthnulation of a limb by pinching or
drop of acid, is followed by the withdrawal of the limb. Here
an afferent or ingoing impulse, initiated by stimulation of the
skin, and conducted upwards by the sensory portion of the spinal
nerve, passes, by the posterior root, to the grey matter of the
cord. There, in some way not fully understood, the afferent im-
pulse affects the cells, whose function it is to reflect, divert or
radiate into new channels nerve impulses of whatever order.
The cells, thus disturbed, initiate an efferent or outgomyg im-
pulse, which, passing outward by the anterior nerve root, ulti-
mately reaches the muscles of the limb, and stimulates them to
contract in co-ordination. The visible stumulus is pinching of the
root ; the visible result is withdrawal of the limb —a co-ordinated
muscular movement.

Second. As an executive series of nerve centres, the cord is
under the control and direction of the brain, which, from the
enormous variety and delicacy of internal voluntary stimuli, is
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able to use the cord to carry out all classes of voluntary move-
ment.  In such cases the initiatory stimulus is from the brain.

Third. As a conducting medium, the cord provides a path
for all classes of ingoing impulses on their way to the higher
centres, as well as to the higher parts of the cord itself ; and for
all classes of outgoing impulses on their way from the brain to
lower centres, or from the higher centres of the cord itself to the
lower.  The paths already described under Structure are the
functional divisions of the cord as a conductor. Tmpulses, how-
ever, also pass upwards and downwards in the grey matter.

The Medulls Oblongata, in its actions, partakes of the same
characters as the cord ; but in the medulla, or bulb, lie some of
the centres most nmportant to the life of the body, namely, centres
regulating respiration and circulation.  The respiatory centre in
the medulla has long been held to be truly automatic- that is,
capable of discharging energy into outgomyg paths without any
afferent or ingoing nerve stimulus, or any stimulus from higher
or lower nerve centres, The bulb is a crowded collection of cver
active nerve centres, and a thoroughfare ever erowded with nerve
inpulses from and to the higher eentres.

The classification of reflex actions and their significancee in the
mental life of the organisin form the topic of a future chapter.

Lrunctions of the Middle Brain and Cervebellum.

The Middle Brain, which includes the masses that lie between
the Medulla Oblongata and the Cerebral Hemispheres, may be
regarded functionally as a single mechanisim. It s certainly
made up of parts that are anatomically distinguishable, but the
specific differentiation of fnnetion has not proceeded so far as to
make 1t possible to refer this or that phenomenon to this or that
individual part.  The mass as a whole, however, has certain
constant functions, which are revealed when the cercbral hemis-
pheres are removed.  Such removal can be effected with complete
suceess in the frog, with less suceess in the pigeon, and with still
less suceess in the dog or other mammal.

In the frog, total ablation of the cerebral hemispheres without
injury to the other parts of the brain, leaves the animal capable of
all the uctions of ordinary life, but deprives it of all initiative. The
animal sits, hops, refuses to lic on its back, or avoids obstacles
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Diagram of the Grey Masses of the Spinal Cord and Biain, showing the course of the
Conducting Paths (after Fleehsig) (Ross)
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placed in its way; but all this only on stimulation. Similarly
a pigeon flics when thrown into the air, or sits on the roost,
or performs the other actions of its ordinary life; but the initia-
tive is gone.  Innammals, the facts point in the same direction
The inference is tineefold @ first, that the power of spontaneous
initiation or voluntary activity probably rests with the cercbral
hemispheres; second, that the Middle Brain serves to co-ordinate,
to regulate or to elaborate all the fundamental activities, sensory
and motor ; thivd, that in the normal body the cerebral hemis-
pheres exercise a persistent control, both initiatory and inhibitory.,
over the Middle Brain and the nervous mechanisims situated lower
down.  With the Middle Brain intact, however, it only needs the
proper stimult to idncee all the complieated actions of the normal
animal. * The machinery for all the necessary and usual bodily
movements is present inoall ats completeness. We may regard
the share, thervefore, which the cerebral hemispheres take in
exceuting the movements ol which the entire animal is capable,
as that of putting this machinery into action, or of limiting 1ts
previous activity © (Foster, p. 10015 Iervier, p. 108, for full
discussion of this problem in reference to facts and experiments).

The co-ordinative machinery of the Middle Brain, with which
for this purpose the Cerebellum may be assoctated, is liable to
disarrangement, from two sources - first, from disorder of certam
afferent nerve impressions, and sceond, from incisions, injuries,
or discases of the central machinery itself.

FFirst Afferent Disorder, —The Middle Drain as a co-ordmative
nmachime acts either at the instance of the cerebral henispheres,
or in response to afferent mpressions.  Impressions of - vision,
touch and muscular sensation, normally play a Targe part in this
regulative stimulation ; but a vesidue of facts seems to mdicate
that, for the extremely delicate co-ordinations needed for the
equilibrium of the body, the regulative stunuli proceed from the
seineneular eanals and labyrinth of the car.  Any disturbance
of these: -such as aceretions pressing on the car-drinm, or disease
of the petrous portion of the temporal hone, results in defective
equilibrin of the body.  Experiment gives a similar result.
leading syinptom, too, of Menidre's disease of the ear is vertigo,
or dizziness, which is the subjective side of disorder in some part
of the mid-brain or its afferent nerves. .\ parallel series of facts
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appears in locomotor ataxy, where the ingoing stimuli from the
lower limbs are defective. Fxperimental vertigo due to visual
impressions is readily produced by rapid rotation of the body with
the eves open. In every case the amount and sequence of nervous
discharges necessary for co-ordination secm to be regulated or
guided by afferent impressions from special end organs.

Secoud —Central Disorder.- Whenthe co-ordinative machinery
itself is mterfered with by operative incision, by mjury, or by
disease, the result 1s forced movement . Thus, a one-sided
incision of the erura cervebri, of the middle or inferior peduncles
of the cerebellum, of the pons varolii, of the medulla oblongata,
and even of the corpora quadrigemina and corpora striata (which
last have been lutherto excluded from the middle brain), results
in rolling or rotatory movements ot the animal.  Fvery cffort or
stimulus to act ends alwavs m a persistent rotation of the body
on 1ts long axis. The swme or simibwe lesions may produee
ceircus ' movements, where  the anjured animal  persistently
deseribes a civele, moving sometimes towards, sometimes away
from, the injured side.  Yet other varieties are the < clock-hand
movement,” the * somersault,” and the < vectilinear” movement,

The hypothesis suggested by these singular manifestations s
that there exists m permanence o powerful nervous stinulation
to the muscles of the two sides of the body, suelt as would cause
an energetic propulsion of cach. In the ordinary condition the
two sets of stimuli are balanced, and produce an equlibrum,
disturbed only by the slight remissions necessary for locomotion
and other voluntary exertions  The destruction of the nervous
tracts or centres on one-halt of the body leaves a preponderance
on the other; and the one-sided movements that are seen m
consequence testify how energetic the persistent current must
be. If this be the true interpretation of the phenomena, we
obtain from it a stmkimg confirmmation of the doctrine (to be
afterwards adverted to) of internal or self-originated movements,
as contrasted with the movements from outward stimulation.
This hypothesis of continual discharge dges not confliet with the
hypothesis that, for complex co-ordinations in space, the discharge
requires the guidance of ingomng impulses.

Corpora Quadriyemina.—Chief among the individual ganglia
constituting the Middle Brain are the Corpora Quadrigenmma.
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They are in some way connected with vision, and probably with
hearing ; but the precise part they play is not finally determined.
They are reasonably to be regarded as part of the co-ordinative
mechanism for sensations ; they probably elaborate or transmute
visual impregsions on their way to the motor centres, cortical or
sub-cortical ; so forming, as it were, the ‘court of first instance’
for these visual or other sensations that are concerned in motor
and sensory co-ordination.

Corpora Stricta and Optic Thalomi.--The Corpora Striata and
Optic Thalami serve, not only to multiply or diffuse the patns to
and from the hennspheres, but also to innervate ¢ the same move-
ments as are differentiated in the cortical centres, but of a lower
grade of speciabisation’. [t i probable that the optic thalami,
specially related to the sensory tracts, and the corpora striata,
specially related to the motor tracts, represent in a subordinate
manner all the sensory and motor centres ol the cortex, and con-
stitute together a sensori-motor mechanism, subservient to the
manifestation of all those forms of activity which do not imply
conscious diserimination or true volitton. In proportion as the capa-
cittes and modes of aetivity transcend mere consensual or adap-
tive automatism, and involve continuous discrunination and special
motor acquisition, do the cortical centres hecome necessary, as in
man.  In such case the basal ganglia may be more or less com-
pletely dispensed  with, as would appear from the absence of
permanent syimptoms in case of lesions confined to the ganglionie
substance proper.  If, on the other hand, as in rabbits, the modes
of activity do not greatly transcend automatisin, the cortical cen-
tres are of less importance, and may be removed without creating
much obvious disturbance.  In interinediate cases, as in dogs, the
degree of disturbanee caused by removal of the cortical centres
will depend on the relative proportion in their modes of activity
between mere automatisim, provided for by the basal ganglia, and
spectal acquisitions which have involved the use of conscious
diserimination’ (Ferrier, pp. 119 and 422).

Cerebellum — Of  the  Cerebellum,  as  unassociated  with
the Middle Bram, there is not much to say.  Ixperiment has
shown 1t to be mtiately related to the equlibrium of the
bodily movements.  Lesions of certain parts of it result in
disturbances similar to those already detailed under the Middle
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Brain, and the same classes of afferent impulses are found to be
essential to the integrity of cerebellar action. Probably, if extent
of anatomical relationship is to be any guide, the cerebellum must
be' held as related to the co-ordination both of scnsation and
movement in every variety. Some would regard it as the active
centre of continued movements, such as the maintenance of
posture, in contrast with the cerebrum, which initiates change of
movement (Ross).  Others consider it the scat of co-ordination
or elaboration for afferent impulses in general and for muscular
sens ations in particular (Gowers, Foster).  Others regard it as o
grand motor centre (Bastian).  The grey matter of the cerebrum
is connected with the grey matter of the cerebellum, but the
precise interaction of those great bodies s difficult to define.
Indeed, no one hypothesis covers all the facts known of the eere-
bellum ; and it is even doubtful whether the cerebellum, like the
corpora strinta and optic thalami, is not a compound of several
organs acculentally brought together m the course of develop-

ment.
Functions of the Cerebral Corter

In the lower nervous centres—the cord, medulla, pons, basal
ganglia—localisation of function is to some extent guided by
obvious anatomical differcnees.  These structures are all well-
defined masses of grey and white matter, for the most part m
obvious relation with defimte organs or groups of organs.  But
in the higher reaches of the Cerebrum, in the Cerebral Cortex,
there is no such simple division mto isolable masses.  Grey
matter in convolutions the naked eye does distinguish ; but the
convolutions have no constancy, no obvious connexion with
any definite function.  Microscopically the indications of suh-
division are more marked ; constantly certain types of cell are
agoregated In certam regions ;s large pyramidal cells prevail in
the Rolandie areas;  smaller orders of cell in the Oeceipital.
There is no great hazard m assuming that the peculiar local
aguregations mdicate differences of function.  The division into
organs, in fact, is no longer a naked-eve, but a microscopic divi-
sion.  Iven microscopic structure, however, carries us but a little
way towards a differentiation of functional activities.  Physiologi-
cal expernnent is needed as well as elinical rescarch in the rough
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experiments of discase ; and both orders of investigation have
produced results that, if not in many cases final, vet justify a
provisional hypothesis on the locahisation of cortical functions.

Thelprimary issue hies between two hypotheses - fivst, that in
all its activities the whole cercbrum aets, that the cortical grey
matter is but one organ of multifarious function, and that no part
of it is separable in function from all the rest (Flonrens); second,
that the cerebrum may act m parts, that the cortical grey matter
may be differentiated into definite functional arcas, and that these,
on stimulation or ablation or definite disturbance, are fowrd to
regulate and control certain definable functions of the organisi,
By the first hy pothesis the cerebrum s w single organ; by the
seeond, it s a vast aggregate of organs, morelation with all the
highest activities of the organism. It is the discovery of these
particular arcas or organs that constitutes the work of Tocali-
sablon, .

In its simplest and most practical form the Doctrme of Locali-
sation may be stated as follows  Certamn limited areas of the
Cortical  Grey  Matter are associated  with  certam  definite
movements ; certain other areas are associated with certain sen-
sations.  The movements concerned are roughly named < volun-
tary,” a designation that indicates a ¢ variable spontaneity ” of
occurrence, and marks them oftf from movements due solely to the
lesser grey centres,  In like manner the sensations, bemg sensa-
tions proper, are marked off from mere exceito-motor afferent
npressions.

The evidence for this Doctrine of Tocalisation is of two hinds
fivst, physiological experiment on the lower animals—chiefly dogs
and monkeys; second, actual cases of cerebral disease in man.

First — FExperomental Feidenee.—EFxperiments on living animals
divide mto two classes—Stimulation experiments and Ablation
experinents,

Stimulation.—The  Cortieal Grey Matter, long regarded as
msusceptible to stimuli, has at last bheen found to exlibit certain
constant ‘phenomena under electrie stimuli—galvanie or faradic.
Thus, a current of moderate strength apphed to the exposed sur-
face of the bramn in the upper part of the ascending frontal or
ascending parietal convolutions (Rolandic Avea), gives rise to cer-
tain movements of the leg ; applied lower down, about the middle
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of the Rolandic \rea, it produces certain movements of the arm ;
applied still lower down, always on the surface, it produces cer-
tain movements of the face and mouth.  These movements are
characteristic and constant ; they follow always on stunulation
of the given areas ; they are, so far as can be judged from annmals
under narcosis, the movements that make up the voluntary hfe of
the animal.  And the arcas of stimulation wre often well-defined
it is possible so to localise the arvea of leg or arm as to foretell with
certainty the movements that will follow stimulation. By this
meshod, accordingly, given parts of the cortex have been sub-
divided into Motor Adreus.  The Sensorv \reas wre determmed
chietly by the next method.

Ablation.——When, by exciston, or the actual cautery, a cortical
area, sensory or motor, is removed or destroyed, the phenomena
constantly associated with that area disappear.  Thus, total
destruetion of the Rolandic Arvea of the left hemisphere results in
paralysis of the himbs and face of the right side of the body ;
destruction ot the leg area results in the disappearance of the
characteristie leg movements ;5 and so with the arm, shoulder,
face, trunk, on removal of their vespective arcas. 'The paralysis,
however, s paralysis not of all, but only of voluntary, movements.
Reflen and antomatic movements may still persist,

[n bike manmer ablation of sensory areas vosults in defeet of
sensation.  Thus, removal of the certam temporal convolutions
produces deafness, removal of the ocapital lobe and angular

gyrus proditees defecets of vision,

The particular resalts are not always so snnple as the above general
statement imphes. For it has been tound that the paralvsis of move-
ment i< often temporary. I the case recorded by Munk destruction of
the Rolandie Avea resulted in temporary paraly<is; ther the annnal
recovered, but his movements were clumsy and all co-ordmated. Bt
ultiniately he seemed Lo recover complete voluntary competence, Re-
moval of the opposite Rolandie Area i the swmne anmal ot later
period resulted mow sertes of events precisely paallel. These faets are
hardly to be reconeiled with any one hypothesis yet proponnded.

Cerebral Discase in Man.  The positive facts of pain, discase
and injury in man, tend to confirm the general conclusions of the
experimental method.  The most frnthul orders of fact in this
regard are the following @ depressed fractures of the skull with
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definite motor symptoins ; meningeal or brain abscesses : localised
hwemorrhages, either from skull injury or discased arteries ; local-
ised tumours; the facts of epileptic seizures, particularly ¢ Jack-
sonian epilepsy *; aphasia. '

For the ends of localisation all such cases may be generalised
into two classes : first, Positive, or discharging lesions, where the
irregular production of seemingly voluntary movements indicates
some unusual irritation or disturbance of the cortical nerve
matter ; second, Negative or destructive lesions, where the com-
plete paralysis of certain movements indicates a total destrumion
of cortical nerve matter.  When in cach class the movements
concerned are the same (e.., movements of the arm), the Positive
or discharging lesions correspond to the Stimulation method of
experiment ; the negative or destructive lesions, to the Ablation
method,

General Results.

Neither the results of physiological experiment nor the rough
verification of discase can be regavded as more than approxima-
tions to the refinement of the actnal working of the cortex : the
most delicate movements induced by stimulation are yet far from
“the soft play of life”; but undonbtedly the evidence is enough
to indicate a fundamental sub-division of function in the cortex,
and justifies the superticial mapping of it mmto certain definite
arcas.  The exact mterpretation of these arcas 1s a separate
question.

() Motor Areas.— The motor arcas cover the Rolandie Conro-
lutions, that is, the Aseending Frontal and Ascendig Parvictal ;
part of the Lrst Frontal Concolution, and part of the Marginal
Convolution, on the apposed surfaces,  Fost, 1f the Rolandie
Convolutions be divided horvizontally mto thirds, the upper third
will be the chief motor area of the leg; the middle third, of the
arm ; the lower third, of the face, mouth, and tongue.  Second, the
leg area oxtends a little forward on the first Frontal Convolution,
and downward on the apposed Marginal Convolution.  Thaod,
the motor area for articulate speech lies in the Third Frontal
Convolution of the Left Hemusphere (Broca’s Convolution).

(2) Sensory dreas.—Of the sensory areas, Vision occupies the
superticial and apposed surfaces of the Oceipital Lobe; Hearmy
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occupies the First Temporal Convolution ; Smell probably occupies
the hippocampal gyrus. On the areas of the other scnses there
is no general agreement.  Cutancous Sensibility, however, is held,
on the analogy of the monkey’s brain, to occupy the convolution
just overlying the corpus callosum (Gyrus Fornicatus).

(3) Unassigned Areas.—The greater part of the Frontal Lobe
is as yet unassigned either to definite movements or to definite
sensations.  In certain monkeys (see Foster, p. 1041) stimulation
of certain areas of the IFrontal Lobe is followed by certain move-
ments of head or of eyes. As yet there 1s no parallel to this in man,

Of Sensory Areas and Motor Areas alike, 1t is essential to remember
that they represent, not organs, but activities of organs; not senses
and muscles, but sensations and movements (Haghlings-Jackson, passim).

SYNTHETIC CORRELATION.
Functionad Unity of Nercous System.

The brief analysis now presented has shown the prinerpal
parts of the nervous system m isolation ; it remains to reassert
their essential umty.  Every part of the nervous system, so we
have scen, Is in direet or mdireet organic relation with every
other; the interconnexions arc so numerous and so intinate
that parts widely separate may yet act at once and together ; and
again the lower grades, the spinal cord for instance, are subject
to the conutrol and direction of the Ingher. Thus, in the exccution
of a voluntary movement, or m the receipt of conscious sensations,
or in the diffused expression of emotion, the sub-cortical centres
and paths are as essential to the result as the cortical centres and
commissures.  One aspect of the mechamsim, as onr analysis has
shown, is emphasised in the cord, another in the middle brain,
still another in the hemispheres.  Nor this only ; but the whole
system affects, and in some obscure way controls, the nutrition of
the body —the digestive, the vascular, the glandular, and the other
systems of the organic life; and among the most potent to this
end is the brain itself, which, too, 15 associated with the higher
phenomena of voluntary movement and conscious feeling.  Nor,
again, does the division of the cortex itself into functional areas
more conflict with the notion of the brain as a single organ than
the separation into anatomical parts conflicts with the functional
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unity of the whole body. The areas, like the parts, bring certain
aspects of the gsystem mto prominence, the cortex acting at once
as central register and central exchange for all incoming and out-
going nevve messages. But through every part there is a functional
continuity -lower centres modifymg and direcsing higher, higher
stimulating and controlling lower, and both in a whirl of per-
petual mter action.  And this iter active play of nerve effects,
constructive and destructive, 1s the physical correlate of mental
phenomena as in this work concerved.  IFrom the simple reflexes
of the cord, through the complex elaborations of the middle brain
to the final alchiemies of the cevebral cortex, the rise is unbroken ;
and no one part, but the whole system m its unity, shall we pro-
perly regard as the nervous concomitant of Mind.
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“]E now enter upon the exposition of Minp in the full
v detail.

In the Tirst Book, which is to comprchend MOVEMENTS,
SENSATIONS, ArreTITES, and INsTINCTS, 1 propose to deal
with what may be termed the inferior region of mind; the
inferiority being marked by the absence of Intellect and
cultivation in any great degree.  This is the region wherein
man may be most extensively compared with the brute,
whose mtelligence and education are comparatively small.
When the powers of a supevior intellect, and the exaple
and acquirements of former generations, are superadded to
the primitive sensations and instincts, there results a higher
class of combinations, belonging to an advanced stage of the
exposition.

It will, however, be remarked as a novelty m the plan
thus anmounced, that the Appetites and Instinets have been
included in the same department as the Sensations.  1n the
works of former writers on Mental Science,—as, for example,
Reid, Stewart, Brown, and Mill, those portions of our nature
have been included in the general group of ‘Active Powers,’
embracing Desire, Habit, and the Will. My reasons for
departing from the example of these eminent writers are
the following. Tn the first place, the Appetites and Instinets
are scarcely at all connected with the higher operations of
intelligence, and hence do not require to be preceded by
the exposition of the Intellect ; everything necessary to be
said respecting them may be given as soon as the Sensations
are discussed. In the second place, T hope to make it
plain that the illustration of the Intellectual processes will
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gain by the circumstance that Appetite and Instinet have
been previously taken account of.  Thirdly, the counexion
of Appetite with Sensation is of the closest kind.  Fourthly,
as regards Instinet, I conceive 1t to be proper to render an
account of all that is primitive in our naturc——all our un-
taught activitics,—before entering upon the process of acqui-
sition as treated of under the Intellect.  In addition to these
reasons stated in advance, Ltrust to the impression produced
by the effect of the arrangement itself, for the comnlete
justification of my departure from the plan of my prede-
CCSSOTS.

The present Book consists of four chapters.

The subject of Chapter 1. is AcrioNn and MovEMENT
considered as spontaneous, together with the Feelings and
Pereeptions resulting from muscular activity.

Chapter T, comprehends the SENsESs and SENSATIONS.

Chapter ITL treats of the ArvisTrres.

Chapter I'V. comprises the INsTINCTS, 0r untanght Move-
ments, and also the primitive rudiments of Kmotion and
of Volition. These last subjects are necessary in order to
complete the plan of the Book, which professes to exhaust
the primitive germs, whether of Action or of Feeling, belong-
ing to our nature, before proceeding to the consideration of
intelhgence and acquisition.  In a complete scheme of the
mind, the Intellect is properly placed midway between the
instinetive and the cultivated emotions and activities, being
itself the instrument for converting the one class into the
other.



CHAPTER L

OF SPONTANEOUS ACTIVITY AND THE FEELINGS OF
MOVEMENT.

1. HE feelings connected with the movements of the

body through the action of the muscles are here
constituted into a distinet class, differing from the sensa-
tions of the five senses.  They are often treated as proceed-
g from a Sense apart, a sixth, or Muscular Sense; in
which view they are cenrolled under the genus Sensation,
That they are to be dealt with as a group by themselves, no
less than sounds or sights, is generally admitted.

With regard, however, to the position of the group in
the plan or arrangement of our subject, there 1s still room
for difference of opimon. In my judgment, they ought not
to be classed with the Sensations of the five Senses; and 1
believe, further, that the consideration of them conveniently
precedes the exposition of the Senses.  The reasons are
these two :—namely, (1) that movement may take the start
of sensation, and is so far imndependent of any stimulus from
without ; and (2) that action is a more intimate and insepar-
able property of dur constitution than any of our sensations,
and enters as a component part into every one of the senses,
giving them the character of compounds while it itself 1s a
simple and elementary property. These assertions require
to be proved in detail; but, to this ¢nd, it 15 first advisable to
notice briefly the mechanism or anatomy of the muscular
organs.

OF THE MUSCULAR SYSTIEM.

2. Muscular Tissue.—* The muscular tissue is that by means

of which the active movements of the body are produced. It
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consists of fibres, which are for the most part collected into dis-
tinet organs called ““ museles”” ; and, in this form, it is fainihiarly
known as the flesh of animals. These fibres, from a characuer-
istic that they exhibit under the microscope, arc usually denomin-
ated ““cross-striped ”’ or “striated” : they are many of them under
the control of the will, and are, hence, spoken of as “ voluntary ™
muscles.  Another kind of muscular tissue is disposed round the
blood-vessels and most of the hollow viscera, often forming a
distinet coat or coats to these. In this kind, the fibres do not
exhibit the same cross-striated appearance, and they have, there-
fore, been termed in contradistinetion “ plain ™ or «“ non-striated ”
muscular fibres.  Most of these are entively withdrawn from the
control of the will, and they are, consequently, termed involuntary.
Tho muscular tissue of the heart, although having a cross-striated
appearance, differs in many respects from that of the skeletal
muscles; 1t is, on this account, deseribed separately, under the
term  cardiac ” museular tissue.  Muscular tibres are endowed
with contractility, by virtne of which they shrink or contract
more or less rapidly under the influence of certain causes capable
of exciting or calling into play the property in question, and, lor
that reason, named stimuli” (Quain’s Anatomy, 10th ed., p. 285).

3. Structure of Uross-Striated or Skeletal Muscles.—¢The skeletal
fibres are for the most part gathered into distinet organs or
museles of various sizes and shapes, but are most generally of
an oblong form and furmshed with tendons at cach cxtremity,
by which they are fixed to the bones.

‘The tibres ave, in the fivst place, eollected into bundles of greater
or-less thickness,—umned fuscicult or lacerti. The fibres are
parallel in the fasciculi; and the fasciculi ex¢end continuously
from one terminal tendon to the other, unless, in those instances,
like the rectus muscle of the abdomen and the digastric of the
imferior maxilla, where the fleshy part is interrupted by imter-
posed tendinous tissue.  The fasciculi also, very generally, run
parallel ; and, although in many mstances they converge towards
their tendinous attachient with various degrees of inclination,
yet, in the voluntary muscles, they do not interlace with one
another.’

4. I'ibres : their Figure and Measurement. — ¢ In shape, the
fibres are cylindrical, or prismatic with rounded angles. Their
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diameter varies greatly even in each muscle, although, for the
most part, a prevailing standard is found to exist i every muscle.
The largest fibres, in hmman museles, average about ., 1, (0-L mm.)
in diameter ; the smallest are only about one-tenth of that width.’

Structwre of the Fibres : sarcolenina.—-¢ A muscular fibre may be
said to consist of a soft substance, enclosed in a tubular sheath.
The latter is named the sarcolemma.  When viewed by trans-
mitted light, even with a comparatively low power of the miero-
scope, the fibres, which are clear and pellucid m aspeet, appear
marked with parallel stripes or bands, alternately light and dark,
passing across them with great regularity ; and this, not only at
the surface, but, as may be scen by altering the focus of the miero-
scope, throughout their substance also.  In a moderately extended
fibre, about eight or nine dark and as many light bands may be
counted 1 the length of s, of an inch, which wonld give about
Lreoe 88 the breadth of each.  The proper substance of the fibre
presents, besides the transverse bands, an appearance of longi-
tudinal striation.  On separating the fibre with needles, espe-
cially after hardening in alcohol, 1t may be broken up longi-
tudmally into fine longitudinal elements of o rounded or angular
section, which run from end to end of the fibre (muscle columns
or surco-styles).  These particles may be tevmed sarcous elements’
(Bowman).

The further analysis of musecle discovers, in the contraction
motion of the semi-fluid contractile substance of the sarcous cle-
ments, many aualogies to the amaboid movements of protoplasm,
and traces the striated appearances to very minute differences of
structure and activity (ib., pp. 293, 294).

H. ¢ Nerves of Voluntary Muscle—'The nerves of a voluntary
musele are of considerable size.  Thewr branches pass between
the fasciculi and repeatedly unite with ecach other in the form of
a plexus, which Is for the most part confined to a small portion
of the length of the muscle or muscular division in which 1t lies.
Ifron one or more of such primary plexuses nervous twigs pro-
ceed, and forin finer plexuses composed of slender bundles, cach
containing not more than two or three dark-bordered nerve fibres,
whence single fibres pass off between the muscalar fibres and
divide into branches which are finally distributed to the
tissue.” “The branches retain their inedullary sheath until they
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reach the sarcolemmma, when the white substance abruptly ter-
minates, while the wewridemma becomes continuous with the
sarcolenume. . .. The axis-eylinder as it passes into the fibre
forms w clear localised branched expansion which lies iimmediately
under the sarcolemma. . . . The termination of the axis-cylinder
is not a continuous plate . . . but appears when viewed from the
surface 1 the forin of an arborescent figure, the branches of
which do not, according to Ranvier, anastomose, . . . It would
appear that i maminals each muscular fibre has but one terminal
structure, and receives consequently but one nerve fibve. s,
morcover, the fibres of a nerve undergo division, probably ve-
peated division, before ending, 1t follows that one fibre in a nerve
root or srunk may supply several museular fibres” (14, p. 350).

The structure above deseribed is the Motor IKnd organ or
plate.

PROOKFS OF SPONTANEOUS ACTIVITY.

6. We have now to consider the evidence that can be
adduced for the existence of movements anterior to, and
independent of, the sensations of the senses.

(1) Among the functions of the spinal cord, as may be
seen, is the peculiar property denommated the maintenance
of muscular tone  In other words, the museles in the living
body are always more or less on the stretch.  The nerve
stimuli that put them into action for the purposes of life
arec merely oceasional, being for long intervals wholly in-
termitted.  There is, nevertheless, a residue of contractile
encrey which never wholly disappears.  Investigation shows
that this 1s the vesult of an effluence of nervous foree from
the spinal cord, and has nothing to do with the stimulus
supplied by our cerebral or mental operations.  This proves
that the nerve centres can, of themselves, send forth prompt-
ings to action, and that we do not necessarily wait for
influences originating in the outward senses and passing to
the centres by the ingoing nervous currents,

The only circumstance that scems to militate against the
strict character of the supposition now made 1s the possible
existence of an ingoing current from the muscles themselves
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to aid or augment what seems the natural spontaneity of
the cord itself. This may or may not be. The appearances
point to a conjoined influence of purely central emanation,
and of impulses by the afferent nerves belonging to the
muscle.  Tor the purposes of the present argument, this
consideration is immaterial.  The antithesis that concerns
the question at issuc is between stimulation from the senses,
properly so called, and stimulation independent of the senses,
deriving its origin from the motor centres of the nervous
system.

(2) A still more specific example of purely central
cmanation is the permanent closure of the muscles named
sphineters, which is also a property of the spinal cord.
Without a perpetual central emanation, this property is
mexplicable.

(3) It s not altogether wrelevant to cite the activity
maintained by involuntary muscles, as showing the existence
of a mode of power originating with the nerve centres.
Nervous influence is requirved for keeping up the civeulation
of the blood, the movement of the food along the alimentary
canal, ete. s all which points to an inward evolution of foree,
although modified by stimulation in the several organs. It
may be said that, when the movements are once connnenced,
the completion of one may be a stimulus to the succeeding ;
still the question would recur—by what torce does the heart
begin to beat ?

Thus the notion of an initiative existing in the nerve
centres 1s borne out by the tonicity, by the action of the
sphineters, by the still more energetic movements of rotation,
and by the analogy of the involuntary muscles.  Secing that
the spinal cord and the other inferior ganghia wre found
capable of origimmating muscular contractions, we are entitled
to supposc that the larger masses of the brain may be the
sources of a much more abundant and counspicuous activity
than thesc examples afford. The proofs that follow are
intended to put in evidence the existence of such movements.

(4) In wakening from sleep, movement precedes sensa-
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tion. If light were essential to the movements concerned
in vision, it would be impossible to open the eyes. The act
of wakening from slecp can hardly be considered in any
other view than as the reviving of the activity by a rush
of nervous power to the muscles, followed by the exposurc
of the senses to the influences of the outer world.  The first
symptom of awakening that presents itself is a general com-
motion of the frame, i.e., a number of spontaneous movements
—the stretching of the limbs, the opening of the eyes the
expansion of the features,—to all which succeeds the revival
of the sensibility to outward things. Mysterious as the
nature of sleep is, in the present state of our knowledge, we
are not precluded from remarking so notable a circumstance
as the priority of action to seunsibility, at the moment of
wakening.*

But if this be a fact, we scem to prove, beyond a doubt,
that the rencwed action must originate with the nerve
centres themselves. The first gestures must be stimulated
from within ; afterwards, they are linked with the gestures
and movements suggested by sense and revived by intelli-
gence and will.  The higher degree of permanent tension
in the muscles when we are awake is owing partly to the
increased central force of the waking states, and partly to the
stimulus of sensation.  But, in all cases, the share duc to the
centres must be considerable, althongh it is difficult to esti-
mate it when mixed up with sensational stimulus.  Thus,
the force that keeps the eve open throughout the day is, in a
certain measure, due to the spontaneous energy that opened
it at the waking moment; for, that force does not necessarily
cease when the other force, the stimulus of light, com-
mences.

* This is maintained by Aristotle (Physica, viii. 2). He says that
these wakenmyg movements come not from sense, but from an internal
souree,  Some writers have taken the opposite view; but they have not, so
far as T am aware, adduced any decided facts m support of it. If we cannot
establish an absolute priority of movement in the act of awakening, we may

at least maintain that movement concurs with, and does not follow, the re-
animation of the senses,
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We are at liberty to suppose that the nourished condition
of the nerves and nerve centres, consequent on the night’s
repose, is the cause of that burst of spontaneous exertion at
the moment of awakening. The antecedent of the activity is
physical, rather than mental ; and this must be the case with
spontaneous energy in general. When coupled with sen-
sation, the character of the activity is modified so as to
render the spontaneity much less discernible.

(5) The next proof is derived from the early movements
of Infancy. These I look upon as in great part due to the
spontaneous action of the centres. The mobility displayed
in the first stage of infant existence is known to be very
great ; and 1t continues to be shown in an exuberant degree
all through childhood and early youth. This mobility can
be attributed only to one of three causes. Tt may arise from
the stimulus of Sensation,—that is, from the sights, sounds,
contacts, temperature, cte., of outward things. It may, in
the second place, be owing to Kmotions, —as love, fear, anger.
Or, lastly, the cause may be Spontancous energy.

The two first-named influences, external sensation and
inward emotion, are undoubted causes of active gesticulation
and movement. But the question is, Do they explain the
whole activity of early infancy and childhood ? I think not;
and on evidence such as the following. We can casily
observe when any onc is under the influence of vivid scnsa-
tion ; we can tell whether a child is acted on by sights, or
sounds, or tastes. And, if the observation is carefully made,
I believe it will be found that, although the gesticulations
of infants are frequently excited by swrrounding objects,
there are times when such influence 1s very little felt, and
when, nevertheless, the mobility of the frame is strongly
manifested. With regard to inward feelings or emotions,
the proof is not so easy; but here, too, there is a certain
character belonging to emotional movements that serves to
discriminate them when they occur. The movements, ges-
tures, and cries of internal pain are well marked ; so, plea-
surable feeling is distinguished by the equally characteristic
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flow of smiles and ecstatic utterance. If there be times of
active gesticulation and exercise that show no connexion
with the sights and sounds or other influence of the outer
world, and that have no peculiar cmotional character of the
pleasurable or painful kind, we can ascribe them to nothing
but the mere abundanee and exuberance of self-acting mus-
cular and cerebral energy, which rises and falls with the
vigour and nourtshment of the general systeni.

The activity of young animals in general, and of animals
remarkable for their active endowments (as the insect tribe),
may be cited as strongly favouring the hypothesis of spon-
tancity. When the kitten plays with o worsted ball, we
always attribute the overflowing fulness of moving energy to
the creature’s own inward stimulus, to which the ball merely
serves for a pretext.  So, an active young hoand, refreshed
by sleep or kept in confinement, pants for being let loose, not
because of anything that attracts his view or quickens up
his car, but because a rush of activity courses through his
members, rendering him uneasy till the confined energy has
found vent in a chase or a run. We are at no loss to dis-
tinguish this kind of activity from that awakened by sen-
sation or cwotion; and the distinction 1s recognised 1 the
modes of interpreting the movements and feelings of animals.
When a vider speaks of his horse as ‘ fresh,” he nmplies that
the natural activity is undischarged, and pressing for vent ;
the excitement caused by mixing in a chase or in a battle is
a totally different thing from the spontaneous vehemence of
a full-fed and underworhed animal.

1t 18 customary, in like manner, to attribute much of
the activity of carly human life, neither to sensation nor to
cmotion, but to ¢ freshness,” or the current of undischarged
activity. There arc moments when high health, natural
vigour, and spontaneous outpouring, arc the obvious ante-
cedents of ebullient activity. The very necessity of bodily
exercise felt by every one, and most of all by the young, is a
proof of the existence of a fund of energy that comes round
with the day and presses to be discharged. Doubtless, it
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may be said that this necessity may proceed from a state of
the muscles, and not from the centres; that an uncasy
craving rises periodically in the muscular tissue, and is
transmitted as a stimulus to the centres, awakening a nerv-
ous current of activity in return, TKven if this were true, it
would not materially alter the case we arc labouring to
establish—namely, a tendency in the moving system to go
into action, without any antecedent sensation from without
or emotion from within, or without any stimulus extrancous
to the moving apparatus itself. But we do not sce any
ground for excluding the agency of the centres, in the com-
mencing stimulus of periodical active exercise.  The same
central encrgy that keeps up the muscular tomeity, must be
allowed to share in the sell-originating muscular activity.
If so, the demand for exercise that comes round upon cvery
actively constituted nature is a strong confirmation of the
view we arc now engaged 1n maintaining.

Taking together, therefore, the initial movements of
mfancy, the mobility of carly years generally, the observa-
tions on young and active members of the brute ereation,
and the eraving for exereise universally manifested, we have
a large body of evidence in favour of the doctrine of spon-
tancous action.

(6) The operation of what is termed Fxcitement like-
wise corroborates the position we are now upholding.  The
physical Lact of the excited condition is an increase in the
quantity, or o change in the quahity, of the blood in the
brain.  The mental fact is the increase of mental energy in
all its modes. A stimulus applied in such a condition pro-
duces a more than usual vesponse ; and there is manifested
an incontinent activity, irrespective of all stimulation.  The
outward movements are hurried and uncontrollable, the
feelings are more intense, the thoughts are rapid ; every
mental exertion is heightened.  When the excitement
rises to the morbid pitch, as m disease, or under the in-
fluence of drugs, such as strychnine, therc is an enormous
expenditure of force, apart from any stimulation whatsoever :
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the altered nutrition of the brain is the sole influence con-
cerned.

(7) As a further confirmation, it may be remarked that
sensibility and activity do not rise and fall together ; on the
contrary, they often stand in an inverse proportion to each
other. By comparing different characters, or the different
states of the same individual, we may test the trath of this
observation. The strong, restless, active temperament is not
always marked as the most sensitive and emotional, bv* is
very frequently seen to be the least affected by thesc influ-
ences. The activity that seems to sustain itself, costing the
individual alimost no effort, being his delight rather than his
drudgery, and very little altered by the presence or the ab-
sence of stimulus or ends, is manifestly a constitutional self-
prompting force ; and such activity is a well-known fact. Tt
is one of the fundamental distinctions of character, both
in individuals and in races ; being seen in the restless adven-
turer, the indefatigable traveller, the devotee of business, the
incessant meddler in affairs, in the man that hates repose
and despises passive enjoyments. It is the pushing energy
of Philip of Macedon and William the Conqueror. On the
other hand, sensitive and emotional natures, which are to be
found abundantly among men, and still more abundantly
among wotnen, are not active in a corresponding degree,
while the kind of activity displayed by them 1is plainly seen
to result more from some stimulus or object, than from an
innate exuberance of action. The activity prompted’by ends,
by something to be gained or avoided, is easily distinguished
from the other by its being closely adapted to those ends, and
by its ceasing when they have been accomplished. He that
labours merely on the stimulus of reward rests when he has
acquired a competency, and is never confounded with the
man whose life consists in giving vent to a naturally active
temperament, or a superabundance of muscular and central
eunergy.

(8) Lastly, it will be afterwards shown that, without
spontaneity, the growth of the Will is inexplicable.
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Regions of Spontaneous Activity.

*7. The muscles, for the most part, act in groups ; being
associated together by the organisation of the nervous
centres, for the performance of actions requiring concurrent
movements.

The Locomotive Apparatus is, perhaps, the most conspicu-
ous of the voluntary groups. This involves (taking vertebrate
animals in general) the limbs—or the anterior and posterior
extremmities with their numerous muscles—and the trunk of
the body, which in all animals chinmes in, more or less, with
the movements of the extremities. In the outbursts of
spontaneous action, locomotive effort (walking, running,
flying, swimming, etc.) is one of the forcmost tendencies ;
having the advantage of occupying a large portion of the
muscular system, and thus giving vent to a copious strcam
of accumulated power. No observant person can have failed
to notice instances where locomotion resulted from purely
spontancous effort.  In the human subject, the locomotive
members are long in being adapted to their proper use, and,
m the meantime, they expend their activity in the dancing
gestures and kicking movements manifested by the infant
in the arms of the nurse.

The locomotive action agitates the whole length of the
spine up to the articulations of the neck and head. The
members concerned, however, have many movements besides,
especially in man ; and these are found to arise no less readily.
Thus, the movements of the arms are extremely various, and
all of themn may burst out in the spontaneous way. The
grasp of the hand is the result of an extensive muscular
endowment, and at an early stage manifests itself in the
round of the innate and chance movements.

The erection and bending of the body are outlets for
spontaneous activity,—especially erection, which implies
the greater effort. When superfluous power cannot run into
the more abundant opening of locomotive movement, it ex-
pends itself in stretching the body and limbs to the extreme
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point of tension. * The erection extends to the carriage of the
head and the distension of the eyes, mouth, and features.

The vocal organs are a distinet and notable group of the
active members. The utterance of the voice is unequivocally
owing, on many occasions, to mere profusion of central energy,
although more liable than almost any other mode of action to
be stimulated from without. In man the flow of words and
song, in animals the outbursts of barking, braying, howling,
are often manifestly owing to no other cause than the © fresh’
condition of the vocal organs.

The eyes have their independent centre of energy, whence
results a spontancously sustained gaze npon the outer world.
When no object specially arrests the attention, the activity of
the visual movements must be considered as mainly due to
central power. Tn a person deprived of the sight of one cye,
we find that eye still kept open, but not so wide as the other.
The mouth is also subject to varions movements, which may
often be the result of mere internal power, as is seen in the
contortions indulged in after a period of inmmobility and re-
straint. The jaws find their use in masticating the food, but,
failing this, they may put forth their force in biting things
put into the mouth, as in children not yet arrived at the age
of chewing.  The tongue 1s an organ of great natural activity,
being endowed with many muscles, and having a wide scope
of action.  In the spontaneous action of the voice, which
is at first an inarticulate howl, the play of the tongue, com-
mencing of its own accord, gives the articulate character to
utterance, and lays a foundation for the acquirement of
speech.

Among the special aptitudes manifested among the lower
animals, we find marked examples of the spoutaneity of action.
The destructive weapouns belonging to so many tribes, arve fre-
quently brought into play without any stimulus or provocation,
and when no other reason can be rendered than the necessity for
discharging an accumulation of inward energy. As the battery
of the torpedo becomes charged by the mere course of nutrition,
and requires to be periodically relieved by being poured upon
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some object or other, so we may suppose that the jaws of the
tiger, the fangs of the serpent, the spinning apparatus of the
spider, require at intervals to have some objects to spend them-
selves upon. It is said that the constructiveness of the bee and
the beaver incontinently manifests 1tself even when there is no
end to be gained ; a cireumstance not at all singular, if we admit
the spontaneous nature of many of the active endowments of
men and animals.

The spontancous activity is always observed to rise and
fall with the vigour and state of nutrition of the general
systewn; being abundant in states of high health, and deficient
during sickness, hunger, und fatigue. KEnergetic movements,
moreover, arise under the influence of drugs and stimulants
acting on the nerves and nerve centres; also, from fever and
other ailments. Convulsions, spasms, and unnatural excite-
ment, are diseased forms of the spontancous discharge of
the active energy of the nerve centres.

While the doctrme of Spontaneity, to the extent here con-
tended for, has been aceepted by many, it has been utterly re-
pudiated by some authorities.  As far as [ am aware, no one has
attempted to refute the foregoing argnments serictim, so that T
canmnot discover where the weakness is supposed to lie, and,
consequently, am not able to reconsider them with a view to
abandon or wmodify such as are defective.

The only serious hostile argument that [ have met with is
based on the theoretical absurdity of veferring our conscious
movements to a purely physical causc or antecedent. Dr.
Martineau has advanced the objection in this form,—namely,
that the doctrine assumes our movements to proceed from a
¢ psychological nothing’.  Dr. James Ward expresses himself to
nearly the same effect, in saying that it ‘makes movement
precede feeling instead of following it".

Whoever takes this very high ground on consideration of
theory is bound to explaiu away all the cases where inovements
apparently arise without any previous feeling, or any known
mode of consciousness whatever. This, to the best of my know-
ledge, has never becn attempted.
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The arguments that I have adduced, eight in number, are
not all equally cogent and irrefragable. Several of them might
be evaded, or be shown to be in themselves unsatisfactory —
although of concurrent value as pointing to the conclusion.

Of natural healthy movements, perhaps the strongest case is
parturition. This I have dwelt upon in The Emotions and the
Will, p. 304, making use of the language furnished to me by Dr.
Sharpey, who suggested the cxample as strongly confirming my
position.

The next argument in point of cogency is the action of drugs
that induce tetanus of the muscles. In this case, also, antece-
dent feeling is entirely absent; the subject being wholly insensible,
except to the muscular strain. Strychnine imparts a morbid
stimulus to the motor centres, while the centres of sense, are,
during tetanus, in abeyance.

It is not essential to the doctrine of Spontaneity to maintain
that no afferent current whatsoever coincides with the outgoing
motor currents. What is contended for is as follows :—

(1) That a feeling or conscious state is not an indispensable
antecedent or cause of movements. Dr. Ward’s position that
fecling in all cases precedes movement is, therefore, met by a
direct negative.

(2) Although there may be a sensory or afferent stimulus when
movements arise, the two have no relation of degree or intensity :
the sensory stimulus may be of the feeblest kind, while the motory
may be of any amount. Both physiologically and psychologically,
there are two independent sources of movement evident; the
one growing out of the sensory or ingoing current, the other
growing out of the motory centres, irrespective of stimulus from
without.

It is this absence of concurrent intensities, or regulated con-
comitance of sense and movement, that imparts to the arguments
from infancy, and from young and active animals, an amount of
cogeney scarcely inferior to the instances of Parturition and
Tetanus from strychnine. Of the same tenor is the example
from the contrast between Activity and Sensitiveness in charac-
ter. Allowance, being made for the presence of feeble afferent
currents along with efferent, in tonicity and in the permanent
closure of the sphincters, the arguments grounded on these
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examples harmonise with the general contention, and cannot
easily be set aside.

The bearing of the doctrine, as now qualified, on the Growth
of the Will remains to be expounded under that head.

The only other remark necessary at this stage is the following.
It is a much discussed question, as will afterwards be seen,
whether muscular sensibility accompanies the outgoing nervous
currents or results exclusively from ingoing currents by sensory
nervgs. It will be maintained, at the proper place, that neither
of these hypotheses has any strictly psychological bearing: our
classification of the varietics of muscular feeling will be the same
under either alternative.

It may seemn, however, that, in the foregoing arguments for
spontaneous activity, the first of the two hypotheses is assumed
as a part of the case and as essential to the argunent.  But this
is not really meant, and the language is retained merely for
convenience in the expression (see p. 79).

THE MUSCULAR FEELINGS.

8. We are now brought to the express consideration of
the first class of phenomena proper and peculiar to mind,--
namely, States of Feeling. These we have from the outset
recognised as onc of the three distinet manifestations of our
mental nature. To give a systematic and precise account
of the states of human consciousness—a Natural History of
the Feelings,—is one of the aims of the science of mind.

Classifying and Describing the Feelinys.

In order the better to class and to delineate the feelings, we
follow the example of the Natural History Sciences.

The primary divisions are, to a great degree, marked out for
us. This applies chiefly to the Senses: every Sense organ has
4 generic sensibility, under which we can distinguish species and
sub-species. The Einotions are not so well demarcated physically ;
but, by using all the aids that we possess, we can make out a
classification here also.

For obtaining descriptive characters to the various species,
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we start from the threefold partition of mind as a whole—Feeling,
Volition, and Intellect.

A certain number of characters belong to the Feclings, viewed
in their own proper nature : such are pleasure, pain, and intensity
or degree. But, besides these, every feeling has a certain bearing
on the Will, as a wotive, or negation of motive; from which
circumstance a descriptive peculiarity may be derived. So with
the Intellect. Inasmuch as the feelings play a great part in our
intellectual operations, they may be compared, contrasted, and
delineated on this head also.

Morcover, we have scen that the fundamental fact of mind is
the union with the body. The Body is the medium of all the
external manifestations of our mental workings. It is impossible
to avoid noticing these indications, or to fail making use of them
in our estimates of the feelings.

Our choice of the best mode of bringing forward these characters
must follow the nature of the case.  In the feelings, as now treated,
the bodily side is best given in advance, owing to the danger of
confounding Body and Mind in places where they ought to be
kept distinet.

The Plan, as a whole, runs as follows -

PrYSICAL S1DE.
Bodily Origin.  (For Sensations chiefly.)
Bodily Diffusion, expression, or embodiment.
MeNTAL SIDE.
I. Characters as Feelingy.
Quality,—-/.e., Pleasure, Pain, Indifference.
Degree :
Intensity, or acuteness.
Quantity, mass, or volue.
1I. Volitional characters.
Mode of influencing the Will. or Motives to Action.
1I1. Intellectual characters.
Susceptibility to Discrimination.
Retainability, or Persistence.
Quality in Feeling means that all feelings, properly so called,

arc pleasures, pains, or neutral in this respect. This is the
character that each one’s consciousness reveals with certainty.
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Degree is attended with much move difficulty. [t has to be
circumvented in a variety of ways.

The distinetion between the acute and the massive forms of
feeling, or between Intensity and Quantity, is borrowed {rom
Heat and Electricity, and is strictly applicable to the case.-—as
will be seen in the detail of the Senses, more especially Touch,
Hearing, and Sight. We are quite readily able to distinguish the
two modes.

The dircet conscious comparison is made when two feelings
are in close proximity, or immediately succeed one another.  This
is the ultimate eriterion, and its delicacy varies with the indi-
vidual constitution. TIn cognising subjective states, as well as in
estimating the properties of the object world, there is probably a
difference of sensibility between one person and another, although
the amount of difference has not been reduced to measurement.

The comparison may be made by memory ; as when a present
feeling is measured by a past.  This is still less accurate.

A pleasure can be compared with the amount of pain that it
submerges or neutralises ; and a pain in hke manner.  This is a
considerable advance on the conscious comparison of the same
quality.

Still more important is the reference to the ontward or physi-
cal signs of fecling, which both estimate the quahity and measure
the degree with all the nicety of a visible appearance. This is
an additional means of judging to the mdividual self, while
making the state known and measurable to others. The signs
are of two classes,—-those that are strietly emotional and those
that operate through the will.

We shall resume the consideration of Degree, after pointing
out the characters of Feeling as bearing on the Will and on the
Intellect respectively.

The Will is moved by Pleasure and Pain; the two acting in
opposite ways. Hence the manifested conduet is a criterion of
the quality of the feelings, and also of their intensity, under all
the advantages of objective measurement.

In the mcantime, we need to assign the significution of
‘ Special Characteristics .

Two feelings may be, to the best of our judgment, identical
in Quality and Degree, and yet not ideuntical in every respect;
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there may be a conscious difference that prevents their being
confounded, or mistaken one for another. A given taste may be
as pleasant or as painful as a given odour, and yet we recog.ise
a distinction between the two; being the distinction that holds
all through the sensations of the two senses. So it would be
with our Emotions. The leading kinds of Kmotion, as Love and
Hatred, would never be confounded, even though, in particular
cases, there might be a substantial agreement in the Quality, as
pleasure or pain, and an identity in the Degree or amount. An
idiosynecrasy attaches to each in our consciousness, which makes
their intellectual status, and gives them a place in the classifica-
tion of the Feelings.

Intellectual States.

The intellectual characters of our feelings arc primarily Dis-
crimination and Remembrance, not without the accompaniment
of Feeling on the emotional side as typified by pleasure and
pain.  Sense and Memory Images are the consummate type of
our intellectual products. The gradations of merit or excellence
attaching to these are such as the following : —

(1) Declicacy of discrimination of Degree. The most marked
of our emotional experiences consciously diseriminated, but not
with minuteness,- those that yield the finest sense of ditference,—
are of least value as pleasure ; and our intellectual states proper
flourish upon fineness of discrimination. The most intellectual
senses, Sight and Hearing, are the most delicate.

(2) Memory, Retentiveness, or persistence as images or ideas.
The treatment of the Intelleet will be an extensive commentary
on this.

(3) Plurality, or Complication. An unintellectual sensation
has few distinctive points; a highly intellectual sense, as sight,
takes in, at the same instant, a large plurality of distinguishable
impressions—the more the better. Hearing, in this respect, may
not be on a par with sight, yet one can realise at the same
moment many distinet tones from a variety of instruments.

(4) Vivacity, Intensity, or Presentative Activity (Herbart).
Other properties being the saie, two impressions of sense may differ
in the energy or intensity of the effect on the consciousness. An
inscription may be intelligible, but feeble: it nay be either in
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printer’s type or in letters of fire, like ¢ God save the Queen ' on
a birthday celebration. The starry heaven has many gradations
of vivacity, the number of stars visible to the eye being nearly
the same. So with Hearing and the Ideas of Sounds.

Our consciousness reveals and measures this peculiarity. It
shows 1tself in a very notable way when several different sensa-
tions or images come together: the one that takes the lead and
excludes the others is the strongest.

The Intellectual properties of Discrimination (with Agree-
ment) and Retentiveness are generally influenced by the state of
the Feelings at the time ; chiefly in the matter of Degree, irre-
spective of Quality.

To recur now to the problem of fixing a scale of Degree for
the Feelings strictly so called.

We have laid down as means to this end: (1) Conscious direct
comparison ; (2) Conscious indirect comparison, by the neutralis-
ing of opposites ; (3) the physical or objective indications both
emotional and volitional,—which is greatly extended by the con-
ventional signs of feeling, language being the principal; (4) the
impressing of the Intelleet.

The inter-relationship or mutual action of Feeling and Thought
provides other criteria for judging each by the other. Indeed, the
intellectual signs of feeling are numerous and far-reaching.

(5) Intellectual associates with gradations of feeling. There
are in our life-cxperience numerous situations and surroundings
that become stamped in the memory in connexion with definite
grades of pleasure and pain, elation and depression, and thereby
serve to measure the intensity on any occasion by recalling the
circumstances suited to that occasion. So, tho direction given to
the thoughts precisely estimates the state of the feelings.  In high
elation, the outlook, anticipations, and plans have a very special
direction, not caused by a mere ordinary pitch of pleasure ; while
the depths of depression are inade known by the gloomy forebod-
ings and the desperate resolves that rise up unbidden. Hamlet’s
depression was set forth by—

Man delights not me; no, nor woman neither.
So, according to Young : —

Health keeps an Atheist in the dark
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Our imaginations of Heaven and Hell are used for the same
purpose as real situations. ¢ The seventh Heaven’ and ¢the
lowest Hell” are the embodiment of the greatest conceivable
extremes of happiness and iscery.  There is a degree of des'pa,ir
that drives to suicide, another that simply makes the idea of death
weleome, a third that merely brings us to pronounce life not
worth living.

0. The feelings connected with the moving organs may
be classified thus :—

(1) Feclings dependent on  the organic condition of
the muscles; as those arvising from fatigue, rest, nutriment,
hurts, discases. A certain number of these the muscles
have in common with the other tissues of the body ; others
will be considered under the heading of Organmie Sensibility.
The states that characterise muscle are to be traced i con-
nexion with its normal excreise as the instrument of our
movements or activity.  There is a sub-division here, accord-
ing as we look at the fact of cnergy passing outwards, or
at the vesulting stimulus imparted to the seusory or ingoing
fibres of the muscles. Our Subjective Conscionsness indicates
a differenee that we may possibly interpret as corresponding
to the two physical situations.

(2) Ieclings connected with mewsewlar action, including all
the pleasures and pains of bodily exercise, together with the
measure of our muscular expenditure when indifferent as
regards pleasure and pain.  The two modes are not mutually
exclusive; it is only a question which of the two shall predo-
minate in any one case.  'The same doublencss of aspect
holds likewise in the Senses at lurge.

I. Ieelings of Muscular Exercise.

These are the feelings proper to the muscles.  The mode
of consciousness arising under muscular exertion cannot be
produced or imitated in connexion with any other part of
the systeni.

10. Feeling of Muscular Exercise generally.—According
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to the manner of the exertion, the feclings differ considerably :
a dead strain 1s different from movement, and distinet
modes of consciousness attend quick and slow movements
respectively.  The most general and characteristic form of
muscular exercise is exemplified in a dead strain, or else in
great exertion with a moderate pace of movement.

11. To begin with the PHYsIcAL side.

The physical state of a muscle under contraction may
be inferred from the details already given.  The particles
making up the muscular threads are approximated by an
encrgetic attraction developed 1m the muscle, under the
stimulus supplied by the nerves. An intense physical foree
is produced by a peculiar expenditure of the substance of
the muscular mass; and, in the production of this force, the
tissue is affected, as it were, with a strong internal agitation.
As the nerves supplied to the museles ave principally motor
nerves, by which the muscular movements are stimulated
from the brain and nerve centres, our safest assumption is,
that the sensibility accompanying muscular movement
coincides with the owlgoing stream of nervous encrgy, and
does not, as in the case of pure sensation, result from any
influence passing inwards, by incarrying or sensitive nerves.
Tt is known that sensitive filuments are distributed to the
muscular tissue, along with the motor filaments ; and it is
reasonable to supposce that by means of them the organic
states of the muscle affeet the mind. It does not follow
that the characteristic feeling of exerted force should arise
by an inward transmission through the sensitive filuments ;
on the contrary, we are bound to presume that this is the
concomitant of the outgoing current, by which the muscles
are stimulated to act.  No other hypothesis so well represents
the total opposition of nature between states of encrgy exerted
and states of passive stimulation.

¢ The reference to the Muscles opens up the much discussed
question of the physical side of our subjective sensibility to
pressure, straiu, and active exertion in every form. This case
is illustrative, in a way of its own, of the value to be attached to
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the study of physical concomitance in mind. It so happens that,
in this region, the subjective analysis is self-sufficing, that is, in-
dependent of hints or confirmation from the physical side. It
will probably be admitted by all the disputants on such a well-
threshed question, that subjectively we can establish as distinguish-
able modes of consciousness the following series of states of feel-
ing :—8ense of energy expended, pleasure of muscular exercise,
pain of fatigue, pleasure of repose, pains of morbid states, as
cramp, not to speak of minuter variations of those leading modes
of sensibility. Now, working upon the usual analogies of the
senses, where we can generally assign to each important variety
of sensation a local seat, there would be a propriety in assigning
some distinet mode of stimulating musecle to each of the several
classes now enumerated. One hypothesis connects the sense of
energy with the outgoing motor current ; while the pleasures and
pains of exercise and repose, which can be best viewed as passive
sensation, would accompany the ingoing sensory current through
the sensory fibres of muscle : to these might be added any known
adjuncts of sensation from the peripheral parts involved in mus-
cular action. There would be a certain congruity with the sub-
jective facts in this mode of assigning the concomitance ; yet its
verification would not add to the evidence of our subjective
analysis, and its overthrow would not impair the validity of that
analysis. We cannot quote this instance as even particularly
illustrating the use of a physical hypothesis in supplying sub-
jective expression. We derive all the benefit of the physiological
reference by using such objective terms as muscle, motion, action,
rest, without committing ourselves to the concomitance of our
feeling of energy with the outgoing current’ Mind, vol. xvi.,

p. 11).

But the physical accompaniments of muscular exertion
pass beyond the muscles themselves. We know that active
exercise indirectly affects all the organs of the body. The
circulation of the blood is quickened generally, and is made
to flow by preference to the muscular tissue, the brain being
in this way often relieved from a morbid excess of blood.
The lungs are stimulated to increased action. The elimi-
nation of waste matter from the skin is promoted. There is
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a great increase of animal heat. Provided the waste of
nutritive material caused by these various modes of increased
action is duly supplied, the vital force of the system as a
whole is raised by muscular exercise.

So much for the corporeal seat of Origin of the sensi-
bility in question. There is still another physical aspect,—-
namely, the Expression or Embodiment of the Feeling,
which is not only the means of making known the state to
othérs, but also an essential concomitant of its own exist-
ence.

By the very nature of the case, the feeling arising from
great bodily exertion is liable to be wanting in Expression,
properly so called. The organs are so completely employed
in the exercise itself that they are not disposable as instru-
ments of the expression of the feeling. The features of the
face and the voice, which are by pre-eminence the organs
of expression, are exerted chiefly in sympathy with the
muscles engaged in the exercise (see Instinct, Primitive
Combined Movements). Hence, as regards outward display,
there is nothing to be remarked in connexion with muscular
effort generally. Tt is only when the feeling happens to be
pleasurable or the reverse, that any expression is shown;
and such expression is merely the attendant of the pleasure
or the pain as such.

12. We pass now to the MENTAL side. In reviewing the
characteristics of the mental accompaniment of muscular
action, viewed as Feeling, we will advert first to its Quality.

Observation shows that this is pleasurable, indifferent, or
painful, according to the condition of the system. The first
outburst of muscular vigour in a healthy frame, after rest
and nourishment, is highly pleasurable. The intensity of
the pleasure gradually subsides into indifference ; and, if the
exercise is prolonged beyond a certain time, pain ensues.
In ordinary manual labour, there may be, at commencing in
the morning and after meals, a certain amount of pleasure
caused by the exercise, but it is probable that, during the
greater part of a workman’s day, the feeling of exertion is in

6
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most cases indifferent. If we confine ourselves to the dis-
charge of surplus energy in muscular exertion, there can
be no doubt that this is a certain source of pleasure in the
average of human beings, and doubtless also in the animal
tribes. The fact is shown in the love of exercise for its own
sake, or apart from the ends of productive industry and the
preservation of health. In the case of active sports and
amusements, there are additional sources of pleasurable ex-
citement ; but the delight in the mere bodily exertion wuld
still be reckoned one ingredient in the mixture, in fact must
be considered as the essential groundwork of the whole.

A part of the pleasure of exercise may perhaps be attri-
buted to the increase of vital power generally ; and the
question arises, may not the whole be due to the augmented
force of the circulation, respirations, etc. ? It is certain that
the rising to a higher condition as regards these important
functions, is a source of pleasurable excitement. We may
reasonably suppose, however, that the muscular system,
which is the seat of so much unquestioned sensibility, should
be capable of affording pleasure under favourable condi-
tions ; and I think our consciousness attests the same fact.
The agreeable feeling in the exercise of the muscular organs,
when the body is strong and fresh, can be localised, or re-
ferred to the muscles actually engaged. And it will be seen,
as we proceed, that there are various facts connected with
movement that are inexplicable, unless we suppose that
the muscular tissue is of itself a seat of pleasurable, as it
certainly is of painful, sensibility.

In apparent rest, we are relaxing a number of muscles, while
at the same time stretching others, We thus give birth to a mixed
state of repose and exercise. The resulting pleasure may hence
consist of rest from those muscles that have actually been fully
drawn upon, and exertion of others that, being in abeyance, still
possess their pristine freshness.

As to the Degree of this pleasure, we must, of course, pro-
nounce it variable according to circumstances. But taking a
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common case, as that of an average healthy human being,
going through each day the amount of bodily exercise that
the system can afford, we should have to admit that this is
an appreciable constituent of our enjoyment. Doubtless, by
contriving such a combination of exercises as to bring all the
powerful muscles into full play, the pleasure could be in-
creased considerably above the ordinary experience in this
respect. The pleasureis not what would be called acute, or
of great intensity ; its degree arises from the stimulation of a
large mass of tissue.

A measure of the degree of our pleasures is found, not
merely in comparing one with another in consciousness, but
also in observing the pains that they are respectively able to
subdue. Inthis particular case, however, there is a tendency
to subdue pain, not through the evolution of pleasure merely,
but through some of the direct physical consequences of
muscular movement, as well as by the objective attitude that
accompanies muscular expenditure. The derivation of blood
from the brain reduces the cerebral excitement, and with
that the mental excitement, and so may operate in quench-
ing painful irritation.

In Sport, the muscular pleasure is almost overpowered by
the more subtle excitements of sense and emotion. At the same
time, that it is an important ingredient may be seen from the
fact that the delight in active sports and exercises is found in
connexion with a certain endowment of muscular vigour.
Although this may be partly owing to the endurance necessary
for the pleasure of sport, it probably also involves the pleasure

of exercise itself.

On the other hand, muscular pleasure is strictly confined to
exuberant muscular energy, and fades with that. It has no
tendency to supply an acute nervous stimulus of the pleasurable
kind, such as may continue by a nervous tremor solely. It is,
perhaps, the best example of the concurrence of pleasure with a
nourished or efficient condition of the organ concerned.

The third point in the description respects any Speciality
in the case, serving still further to describe or characterise
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the feeling in question. Now, as regards muscular exertion,
there is a notable speciality, a radical difference in kind ; -
signified by such phrases as ‘the sense of power,’ ¢ the feeling
of energy put forth,” ¢ the experience of force or resistance’.
This is an ultimate phase of the human consciousness, and
the most general and fundamental of all our conscious states.
By this experience, we body forth to ourselves a notion of
resistance, force or power, together with the great fact de-
nominated an external world. In the sense of energy exetted,
we are said to go out of self, or to constitute a something in
vital contrast to all the rest of our mental experiences,—
a not-me, as opposed to the me of passive sensibility and
thought.

With regard to the Volitional peculiarities of the pleasure
of muscular exercise, there is not much to be remarked. As
a pleasure, it will work for its own perpetuation, increase, or
renewal. According to the doctrine of spontaneous activity,
the sense of pleasure would not be necessary for our passing
into an active state in the first instance; but would simply
operate to maintain the activity, and, by help of intelligent
forethought, to keep the system in a high condition of fitness
for the periodical effusion of energy.

The workings of muscular feeling, as the pleasure of exercise
on the one hand and the pains of fatigue on the other, illustrate
the law of the Will in its most simple and primordial form.
While conscious of the flush of energy, we go on expending our
surplus force and keep the organs in action so long as that
consciousness continues. When the state of pleasure dies away,
so does the activity generated on its account; although other
motives coming into play may continue it. When the action is
maintained to the point of commencing fatigue, it ceases of its
own accord, unless a still more powerful motive is present. See
Instinct (Germ of Volition).

The distinctively Intellectual properties of the muscular
feelings will have to be referred to as the sources of highly
important perceptions. But, before considering these, we
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should notice an intellectual aspect or property belonging to
these feelings, in their strict character of feelings, or as
plcasures and pains,—namely, the fact of their greater or less
persistence in the memory, so as to constitute ideal pleasures
or pains, and, in that capacity, to stimulate the will in pursait
orin avoidance. A pleasure may be very intense in the actual,
but feeble in the ideal, or in the memory. Such a pleasure
would not in absence prompt the will to energetic efforts for
realising it. Now, the pleasures of muscular exercise do not
take a high place among persisting, remembered, or ideal
pleasures. They are, perhaps, not at the bottom of the scale
in this respect ; but they are not much higher than the least
intellectual of the sensations,—as, for example, those of
Digestion. As regards active amusements, sports, and
occupations, which readily become fixed objects of passionate
pursuit, the intellectual persistence or memory involved
attaches more to the accompanying states of sense and
emotion that impart to them their character.

But the truly important intellectual aspect of muscalar
feeling is something quite different from any ideal pleasures
and pains of exercise. It regards the discriminating and
identifying of degrees and modes of the characteristic con-
sciousness of expended energy ; an experience corresponding
with the great facts of the object world,—resistance, force,
power, velocity, space, time, etc. In these perceptions, there
may be a neutrality as regards pleasure or pain.

We have already assumed that, between the pleasure of
exercise and the pain of fatigue, there is an intermediate
state where there is still the characteristic feeling of energy
expended. In this state, we usually cease to attend to the
feeling, as feeling proper: we are occupied with the
purely intellectual functions of diserimination and agree-
ment ; we think of the present expenditure as greater or
less than some other expenditure, or as agreeing with some
previously known instances. This is to be intellectually
engrossed ; and, under such an engrossment in the case of
muscular exercise, we assume the object attitude ; we are not
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self-conscious, but are engaged in knowing certain purely
object facts, called force, extension, etc.

Even if muscular exertion were attended with the plea-
sures of exercise or the pains of fatigue, yet if, from any
circumstance, we were led to consider intently the degree
or amount of the expenditure, as in aiming a stroke at golf,
we should at that moment be entirely unconscious of the
pleasure or the pain of the situation ; the intellectual attitude
(in this case the object attitude) is incompatible for the in-
stant with the subject experience proper, of which pleasure
and pain are characteristic modes. Even in the highest zest
of muscular enjoyment, the feeling of pleasure is inter-
mittent : it is eclipsed in the act of putting forth energy
and of considering and comparing its amount: and reap-
pears at the cnd of the stroke, or during the suspense of our
attention to the act itself. I[n this subtle transition or con-
trast is laid the groundwork of the fundamental opposition
of subject and object—mind and matter.

A great deal hangs upon the grand distinction between Swd-
Jeet and Object states, which pervades the whole range of our
mental workings. The case now supposed affords one illustra-
tion ; many others will arise in the course of the exposition, and
an opportunity will be found for resuming the whole in compre-
hensive language.

13. Having thus endeavoured to present a delineation of
the first and simplest variety of muscular consciousness under
exertion, we shall now cite a few examples of this forin of
the feeling.

The supporting of a weight on the back, head, or chest,
or by the arms, is a common example of Dead Strain or ten-
sion. The most interesting form of it is the support of the
body’s own weight, which yields a perpetual feeling of the
muscular kind varying with the attitudes. The feeling is
least when we lie at full length in bed, and greatest in the
erect posture. Sometimes the weight is oppressive to us,
and gives the sensation of fatigue ; in a more fresh condi-
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tion of the muscles, it makes one item of our pleasurable
consciousness. The fatigue of standing ercct for a length of
time is, perhaps, one of the commonest cases of muscular
exhaustion. The pleasure of standing up after a lengthened
repose gives an opposite feeling.

This case of great muscular tension, without movement,
presents itself under a variety of forms,—in the routine of
mechanical operations, and in many other ways. In holding
on .s a drag, in offering or encountering resistance of any
sort, in compressing, squeezing, clenching, wrestling, the
situation is exemplified.

A certain amount of movement may be permitted without
essentially departing from the case of dead tension,—as in
dragging a vehicle, and in efforts of slow traction generally.

14  Muscular tension ending in Movement is a new
situation physically.

In this case, there must be a gradually inereasing contraction,
and not a mere expenditure of power at one fixed position.
ldach muscle has to pass through a course of contraction ; begin-
ning, it may be, at the extreme state of relaxation, and passing
on, sometimes slowly, and at other times rapidly, to the most
shortened and contracted condition. The sensibility developed
during this process is greater in degree than, and even somewhat
different in kind from, that now discussed. As a general rule,
the feeling is more intense under movement than under exertion
without movement. The successive contraction of the muscle
would seein capable of originating a more vivid stimulus than the
fixed contraction. We even find that in different degrees of
rapidity the character of the feeling changes, which requires us
to make a division of movements into several kinds.

15. Let us first advert to what we may term, by compari-
son, slow movements. By these I understand such as a
loitering, sauntering walk, an indolent style of doing things,
a solemn gesture, a drawling speech, whatever is set down as
leisurely, deliberate, dawdling. The emotion arising from this
kind of movement is far greater than an equal effort of dead
tension would produce. Indeed, we may say that this is an
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extremely voluminous and copious state of feeling; being
both abundant and strong, although deficient in the element
that we recognise as the sense of energy, or of expended force,
—in fact, approaching more to the class of passive feelings.
‘We may derive the greatest amount of pleasurable sensibility
at the least cost of exertion, through the means of well-con-
certed slow movements. In their case, it scems probable
that, together with the sense of expended energy, there is
also present the proper sensibility of the muscular tis.ue,
awakened through the medium of the sensitive nerves.
The resemblance of the state to the feeling of muscular re-
pose (which probably makes an element in the voluminous
sensation of approaching sleep) favours this view. The sensc
of expended energy is small,—in fact, almost wanting. But
we must not overlook another circumstance, accounting for
a copious sensibility under a small expenditure of force.
When the energies of the system are strongly directed into
the current of muscular activity, they are less available for the
support of sensibility or feeling : the putting forth of energy
in bodily movements is a diversion of the forces from the
seats of passive sensibility, and is a well-known remedy fov
too great mental excitement. Hence, inversely, the small-
ness of the active expenditure permits a larger manifestation
of sensibility or feeling.

The relationship of the feeling in question to muscular
repose and approaching sleep, is seen in the tendency of slow
movements to induce these states. They are pre-eminently
soothing in their nature, and when the system has contracted
a morbid restlessness, they can gradually restore it to the
healthy condition.

Movement generally—that is, in all its various manifestations
-—has superinduced upon it wsthetic developments or aggregates.
Hence, we cannot attribute to pure muscularity the many power-
ful influences that accompany the various kinds. After a bustling
day, tranquillity is attained by the mere sympathy of mneasured
movewments, as in music and the conversation of persons of sedate
elocution. There is a close intimacy between the feelings of
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slow movement and certain powerful emotions, as awe, solemnity,
veneration, and others of the class of mingled tenderness and
fear; entering into the religious sentiment. Accordingly, the
funeral pace, the slow enunciation of devotional exercises, the
solemn tones of organ music, are chosen as appropriate to the
feelings that they accompany. All this still further supports the
position, that the feeling under consideration is not one of active
energy, but the opposite. For, all those sentiments are the re-
sponse of man’s powerlessness and dependence, and are developed
according as the sense of his.own encrgy is low.

16. There is every reason to believe that movements
gradually increasing or gradually diminishing are more pro-
ductive of pleasurable cmotion, than such as are of a uniform
character. Indeed, a uniform movement is altogether of
artificial acquirement. The natural swing of the limbs tends
to get quicker and quicker up to the full stretch, and to die
away again gradually. 'There would appear to be a special
sensibility connected with the acceleration or steady diminu-
tion of movement. The gradual dying away of a motion is
pleasurable and graceful in every sort of activity—in gesture,
in the dance, in speech, in vision. The ¢ dying fall’in sound
is an illustration of the same fact. 1t also goes to make the
beauty of curved lines.

Something of this augmented sensibility iay be a consequence
of the great law of Relativity, or the necessity of change to our
being mentally affected. A gradual acceleration or diminution
of any agent that wakens sensibility is the surest antidote of
monotony,-—in other words, the condition most favourable to con-
sclousness. Dut, as just remarked, the full rendering of these
phenomena demands a variety of msthetic considerations, of
which the principal seems to be the connexion of curved lines
with the human form, and the various emotions attaching to
personality.

17. We pass next to the consideration of quick move-
ments. These differ considerably in feeling both from dead
exertion and from slow motion. Although there may seem
to be a common muscular sensibility underlying, there
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is a well-marked specific nature. One accompaniment
of the quickness is the increased excitement of the nerves;
an increase totally distinct from the addition of energy
expended to heighten an effort of dead resistance. Mere
rapidity of movement has a specific influence in exciting the
nerves and nerve centres to a greater activity of their own ;
in short, it belongs to the class of nervous stimulants. The
stimulation would appear to be all the greater when the
organs have full swing, and, consequently, demand little ex-
penditure of energy. TFor inducing an unwonted degree of
excitement generally, for inflaming the animal spirits, and
bringing on various manifestations and exaggerated efforts,
quick movement is an available instrumentality. We may
compare it, in this respect, with acute pains, not severe
cnough to crush the energies. Rapid motions are a species
of mechanical intoxication. Any one organ, however small,
made to move quickly, imparts its pace to all the other
moving organs. Ina rapid walk, still more in a run, not too
violent, the mental tone is excited, the gesticulations and
the speech arc quickened, the features betray an unusual
tension.

Iixamples of this class of motions and feelings are suffi-
ciently abundant. They arc expressly sought to give hilarity
and excitement to human life. The chase, the dance, the
vehemence of oratory and gesture, the stirring spectacle, are
prized for their stimulating character, as well as for their
proper sensations. In the ecstatic worship of antiquity,—in
the rites of Bacchus and Demeter,—a peculiar frenzy over-
took the worshippers, yielding an enjoyment of the most
intense and violent character, and, in its expression, mad and
furious. This state is often brought on among the Orientals
of the present day; and in a similar manner,—namely, by
rapid dancing and music, under the exhilaration of a
multitude.

Thus, then, Dead Resistance is a source of pleasure in a
healthy system, a derivative of morbid excitement from the
brain, and the origin of our most general and fundamental
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sensibility, constituting the consciousness of the object or
external world. Slow Movements are allied to the passive
pleasures, and may affect us more through the sensitive than
through the motor nerves of the muscles. Quick Move-
ments affect us less as movement than as stimulating the
nerves to increased action ; the consequence being a higher
mental tone for feeling, for volition, and for thought.

18. We may, next, advert to what are called passive (but
more properly compelled) movements. Riding in a vehicle is
the commonest instance. One of the pleasures of human
life is to be driven along at a moderate speed, in an easy
carriage. The analysis of this situation shows a certain
amount of muscular feeling akin to slow motion, with other
ingredients more expressly connected with the sense of
sight. The muscular element can be isolated in one’s ex-
perience of driving in the dark. When we examine it so, we
can trace in it a considerable mass of muscular sensibility
at a low expenditure of fatiguing exertion. HKven a certain
amount of jolting is not disagreeable, although in greater
amount it rises to muscular pain—the pain of violence of
shock,—which it is not difficult to account for. Hecnee the
Iuxury of easy motion, as attained by springs and cushions
in our costly vehicles.

The shifting of scene before the eye is a sensuous element
accompanying all our modes of locomotion in the light of day. It
belongs to the great fundamental law of change of impression, as
removing the oppressive influence of sameness or monotony.
The most interesting point for remark is the great influence of
pace in determining the gratification imparted in the course of
the operation. A slow movement is not effective in this part of
the case; it, seemingly, falls short of the expectations that we are
liable to forin, either froin the failure to attain the end of a jour-
ney, or from the insufficient regalement of the mind in passing
from one object to another. As a matter of course, the intrinsic
interest of the scene is a large element in the situation : it de-
termines us to retain the attention at individual points, instead
of hurrying along.
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That there is a purely physical result connected with the
passing of scencs and objects before the eyes is shown by the
illustrative extreme of the dizziness produced in railway travel-
ling when the view is confined to near objects, as when shut in
between sloping banks. Such an extreme points to a middle
position where there is no such effect, but where, on the other
hand, there is a really pleasurable sensation, even if found to be
exhausting when long persisted in. This phenomenon would
seem to pass entirely out of the muscular department and to
connect itself with optical sensibilities of a distinet class.

In horse exercise, there is a large amount of the in-
gredient of activity. The rider is saved a part of the
cxhaustion caused in walking, and has yet exercise enough
for the stimulus of the bodily functions, and for muscular
pleasures, including also the shifting of the scene.

The rocking-chair, introduced by the Americans, who
seem specially attentive to the luxuries of muscular sen-
sibility, is another mode of gaining pleasure from movement.
In former times, furniture was adapted to the pleasures of
repose solely, but now the boy’s rocking-horse has its
representative among the appurtenances of grown men.

On the whole, it is apparent that a large fraction of
physical enjoyment flows out of the moving apparatus and
muscular tissue of the body. By ingeniously varying the
modes of it, this enjoyment is increased still further. The
pleasure comes incidentally to manual labour, when moderate
m amount and alternated with due sustenance and repose,
and is a great element of field sports and active diversions of
every kind : it is a part of the pleasures of locomotion, and
contributes a certain ingredient in gymnastic exercises and
athletic displays.

II. The Intellectual Aspect of Muscular Feelings.

19. In alluding to the strictly Intellectual properties of
the feeling of expended muscular energy, we had to advert
to that mode, neutral as regards pleasure and pain, wherein
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we are occupied with the properties of the object world, as
resistance, force, etc.

This grand function of our muscular sensibility is
grounded, in the first instance, upon our discrimination of
differences in degree. Holding a weight of four pounds in
the hand, we have a distinct change of consciousness on
adding another pound. As Pleasure or Pain, this conscious-
ness may be wholly insignificant; as a medium of our
knowledge, it is all-important.

Three modes of muscular change accompanied with
change of consciousness may be assigned. The first is the
simple amount of exertion, or of expended force. This may
be regarded as the fundamental experience. The second
respects the continuance of the exertion, and applies alike to
dead strain and to movement. The third is & mode of
movement solely ; it is the rapidity of the muscles' contrac-
tion, which corresponds to the quickness of movement in
the organ. In distinguishing the qualities of external things,
and in attaining permanent notions of the world, all these
discriminations are brought into play.

20. First, with respect to degrees of Mxertion, or of
Expended Force. This is the sense of Resistance, the basis
of our conception of Body, and our measure of Force, Inertia,
Momentum, or the Mechanical property of matter. We
have a certain feeling when we exert our muscular energy
in causing movement, or in encountering resistance. We
have a certain degree of consciousness for some one degree
of exertion; when the exertion increases, so does the
consciousness. If a porter places on his back a load of one
hundredweight, he has a peculiar and distinct muscular
feeling associated with it; if thirty pounds bc added, he
has a sense of the addition in the increased expenditure
of force; if thirty pounds be removed, he has a feeling
of diminished expenditure. In short, there is a certain
discrimination of degrees of muscular energy, which serves
us as a means of discriminating the resistances that we
encounter. Hence, we are able to say that one body resists
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more than another—possesses in greater degree the quality
that, according to circumstances, we call force, momentum,
inertia, weight, or power. When we encounter two forces
1 succession, as in a wrestling match or a dead push, we
distinguish the greater from the less.

21. Among the various occasions where the sense of
graduated resistance comes into play, mention may be made,
first, of the momentum or force of moving bodies. Where
we have to check or resist something in motion, our tensi-
bility to expended exertion leaves with us an impression cor-
responding to the momentum of the moving mass. If we
were immediately after to repeat the act with another moving
object, heavier or swifter than the first, we should have a
sense of increased cffort, which would mark our estimate of
the difference of the two forces. Supposing the impressions
thus made to be gifted with a certain kind of perman-
ence, so that they could be revived at an after time to be
compared with some new case of checking a moving body,
we should then be able to say which of the three was
greatest and which least, and, in this way, we should have
a scale of sensibilities corresponding to the three different
degrees of embodied force.

Such exercises as digging the ground, rowing a boat, or
dragging a heavy vehicle, do not essentially depart from the
case of the dead strain; and, in all these instances, there is an
estimate of expended force. Every carriage horse knows the
difference of draught between one carriage and another, be-
tween rough and smooth ground, and between up hill and
down hill. This difference the animal comes to associate
with the carriage, or with the sight of the road, and, in con-
sequence, manifests preferences whenever there is an oppor-
tunity ; choosing a level instead of a rising road, or the smooth
side rather than the rough.

The appreciation of weight comes under the dead strain.
‘We remark a difference between half an ounce and an ounce,
or between five pounds and six pounds, when we try first the
one weight and then the other. The generality of people can
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appreciate far nicer differences than these. A sensitive hand
would feel a small fraction of an ounce added to a pound.
In this respect, there would appear to be wide constitutional
differences, and also differences resulting from practice,
awong different individuals. We are all sensitive to some
extent, but there is for each person a degree of minuteness of
addition or subtraction that ceases to be felt ; this is the limit
of sensibility, or the measure of delicacy in the individual case.

There are two modes of estimating weight,—the relative
and the so-called absolute. By relative weights, we may un-
derstand two or more present weights compared together ; as
when, from among a heap of stones, we pick out what we deem
the heaviest. Absolute weight implies a permanent standard,
and a permanent impression of that standard. When I lift
a weight and pronounce it to be seven pounds, I make a
comparison between the present feeling and the impression
acquired by handling the standard weight of seven pounds,
or things known to be equivalent thereto. This absolute
comparison, therefore, implies the enduring and recoverable
sensibility to impressions of resistance, which is also a fact
of the human constitution. We can acquire a permanent
sense of any one given weight or degree of resistance, so as
to be able at all times to compare it with whatever weight
may be presented. A receiver of posted letters contracts
an engrained sensibility to an ounce, and can say of any
letter put into his hand whether it produces a sensibility
equal to or under the standard. This, too, is a rcsult pre-
eminently intellectual in its nature: the process of acqui-
sition that brings it about ranks as a fundamental property
of our intelligence. The sensibilities that can assume this
permanent character, so as to be used in fixing weight values,
without the presence of their original cause, are truly intel-
lectual sensibilities.

The sensitiveness to relative weight, or to things actually
" compared together, may not imply great sensitiveness to
absolute weight, which involves a greater or less degree of
retentiveness or memory.
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Although the use of the balance supersedes, to a very
great extent, the appeal to the sensibility to weight residing
in the muscular system, there are, of course, occasions
where this sensibility can display its acuteness. In many
manual operations, weight is often estimated without the
aid of the balance. In the throwing of a missile to reach a
mark, an estimate of weight must enter into the computation
of the force expended.

In appreciating the cohesiveness of tenacious bodies—
the thickness of a dough, or the toughness of a clay,—the
same sense of resistance comes into operation. In like
manner, the elasticity of elastic substances—the strength of
a spring, the rebound of a cushion—csan be discriminated
with more or less nicety.

22. The second mode of muscular discrimination respects
the Continuance of it. A dead strain of unvarying amount
being supposed, we are differently affected according to its
duration. If we make a push lasting a quarter of a minute,
and, after an interval, renew it for half a minute, there is a
difference in the consciousness of the two efforts. The
endurance implies an increased expenditure of power in a
particular mode, and we are distinctly awarc of such an
increase. We know, also, that it is not the same as an
increase in the intensity of the strain. The two modes of
increase are not only discriminated as regards degree, they
are also felt to be different modes. The one is our feeling
and measure of Resistance or Force, the other becomes
ultimately one of our modes of estimating variations of
Time. It is a circumstance connected with impressions on
the senses generally, that they should be differently felt
according as they are of longer or shorter duration. The
same is true of the higher emotions. Moreover, the increase
of expenditure in the form of increased stimulus must be
distinguished by us from the increase due to the greater
continuance of the same stimulus.

The estimate of continuance attaches no less to Move-
ment. In lifting a weight successively, one foot, two feet,
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three feet, we have a sense of inequality of expenditure;
while not confounding the exertion of lifting the same
weight three feet with raising a triple weight one foot.
Thus, the continuance of movement expresses more than the
continuance of a dead strain. It is the sweep of the organ
through space; and finally connects itself, therefore, with the
measure of space or extension. TFor although, in our per-
ception of the extended, we need to combine sensations of
the senses with sweep of movement, yet the most essential
part of the cognition is furnished by our feelings of move-
ment. From the working of a process, to be afterwards
adverted to, we lcarn the difference between the coexisting
and the successive, between Space and Time; at which
stage, muscular sweep, or the continuance of muscular
movement, is a means of discriminating the differences of
extended matter, or Space. It teaches us first the degree of
linear extension, as measured by the sweep of a limb or
other organ. A greater lincar magnitude is a greater con-
tinuance of a simple muscular movement.

The discrimination of length in any one direction ob-
viously includes extension in every direction. Whether it be
the length, breadth, or height of an object, the perception has
precisely the same character. Hence, superficial and solid
dimensions, the size or magnitude of a solid mass, come to
be felt through the same fundamental sensibility to expended
mauscular force. All this will be understood more fully at an
after stage, when we shall have to consider muscularity in
connexion with the senscs of Touch and Sight.

23. Under the foregoing head, we supposed the case of
steady or uniform movement, and called attention to the
power of discriminating the greater or less continuance
of it. But movements may vary in their Speed; and it is
now to be considered how the mind is affected when the
speed is increased or diminished. This is also a mode of
expending additional power ; and it is not possible for us to
increase our expended energy without being conscious of the

fact. The only doubt that might arise is, as to our being
7
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able to distinguish all the various modes of increase—in-
crease in the dead strain at any one instant, increase in the
duration of the strain, increase in the duration of a move-
ment, increase in the velocity of the movement,—so as to be
aware which mode of increase or diminution we arc under
for the time. If we confounded all these modes of increase
under & common impression of intensified energy, our mus-
cular discrimination would be wholly inadequate to the per-
ception of the external world ; and, in particular, our doility
to estimate extension would have to be referred to some other
part of our constitution. But it is quite certain that we arc
differently affected under these various situations. Our con-
sctousness is not the same, when we augment the energy of
a dead resistance, as when we protract the time of that re-
sistance ; nor is it the same when we prolong the duration
of a uniform movement, as when we augment its spced.
We are aware, when we accelerate our pace, not merely that
more power is going out of us, but that such power is in
one especial mode, which we distinguish from other special
modes. This being assumed, we arc cognisant of degrec in
the rapidity of our movements, and so possess the power of
estimating another great property of moving bodies, the
velocity of their motions. The measure 1s, perhaps, first taken
on our own movements, and thence extended to other mov-
ing things that we encounter. When we follow a moving
object with the hand, or with the eye, or keep pace with
it, its velocity is transferred to oursclves, and estimated
accordingly.

The feeling of the rapidity of muscular contraction has a
further office. It is an additional means of measuring Hx-
tension. Anincrease of velocity in the same time corresponds
to an increase of range of extension, no less than the same
velocity continued for a greater time. Ixtent of Space thus
connects itself with two separate discriminations,—Continu-
ance, and Velocity, of movement.

The distinct feelings from the various forms of muscular
cxercise, as formerly explained, whereby we are differently
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affected according as movement is quick or slow, are thus of
great intellectual importance, as enabling us to be character-
istically impressed by each varying degrec of velocity. The
soothing tendency of the slow motions, and the exciting effect
of the comparatively rapid motions, are also instrumental in
enabling us to discriminate degrees of velocity directly, and
of space indirectly.*

fourth variety of muscular discrimination may be pointed out as in
constant use,—namely, the sense of the amount of contraction of a muscle,
and of the position of the imb in consequence.  We are usually aware, not
merely that we are putting forth a force of a certain degree and continuance,
but that we are operating cither at the beginning of the muscle’s contraction,
50 to speak, or at some advanced stage of 1t.  This determines, of cowrse, the
attitude or position of the part moved. We know, i exerting the arm in
the dark, whether it is extended or bent, and whether it is thrown before or
behind.  We know, in grasping anything in the hand, whether the hand is
very much stretched, or very much closed ; and we can judge of the different
degrees of contraction determiming mterinediate positions.

By this sensibility we arve able, after experience, to estimate the magni-
tudes of bodies without moving the arm or the hand, or other organ. By the
mere stretehing of the arms, without attending to the movement implied in
that streteh, we measure 1in our mind the length of an object or of an interval.
By the dead span of the fingers and thumb, we can estimate any length that
is within the scope of the parts.

It is usual to describe this particular discrimination as a sense of the state
of the musele’s contraction, and to regard 1t as the primary or typical form of
the muscular sense.  Now, the discrinnnation must no doubt be an original
fact —one cannot sce how it could be acquired ; but the meening given to it,
the interpretation of the position of the limb, and of the magmtudes embraced
between two outstretched parts, is wholly acquired.  We must learn by ox-
perience what movements correspond to the transition from one mode of con-
traction to the other; extension must be measured, first, by movement. A
definite fixed position ot the two arms, of the two legs, of the jaws, of the
lips, or of the fingers and thumb, comes to represent a series of movements,
and the corresponding estimate of space passed over by movement.  With
one hand resting upon the side of a box, and the other resting upon the top,
we can tell the mmchnation of the two sides, without movement ; our experi-
ence has made the fecling of certain combined dead tensions a symbol of a
series of movements in different dircctions. Besides, 1if we would have an
accurate appreciation of the amount of the contraction, we may still, in many
cases, have to repeat the actual movements.

The importance of this mode of discrimination is perhaps best seen in the
eyes, It enters into the explanation of the binocular feeling of solidity.

I have not inserted this fecling in the text among the fundamental dis-
criminations of muscle, because it seems bound up with our sensibility to
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‘Weé have thus gone over the two great classes of muscular
feelings enumerated at the outset of the chapter* This
fundamental sensibility of our nature will come up again in
a variety of connexions; and much has still to be said
in order fully to explain the growth of the perceptions of
Externality, Force, Space, and Time.

movement as there given. Tf, on the other hand, T were to assume the sense
of the state of contraction as the primary feeling, the sense of movement
would follow ; since movement implies that the muscle passes through a
series of states of contraction, and the conscious sequence of these states
would be the mental fact of movement. It is possible thut the feeling of
movement may consist in the primary feeling of cxpended encrgy (given
in its purity in dead resistance), modified by a muscular sensibility arising
in the change from one stage of contraction to another. But, be this as it
may, I think it enough to asswmine as distinet and fundamental the three
modes of muscular diserimination discussed in the text.

* Sir William Iamilton, in his Dissertations on Reid, p. 864, has drawn
a distinction between what he calls ¢ the locomotive faculty ' and the muscular
sense, maintaining that the feeling of rosistance, energy, power, is due to the
first and not to the seccond. By this locomotive faculty he means the fecling
of volitional effort, or of the amount of force given forth in a voluntary action ;
while he reduces the application of the term ‘ muscular sense’ to the passive
feeling that he supposes us to have of the state of tension of the muscle.

His words are: * It is impossible that the state of muscular feeling can
enable us to be immediately cognisant of the existence and degree of a re-
sisting force. On tho contrary, supposing all muscular feeling abolished, the
power of moving the muscles at will remaining, I hold that the consciousness
of the mental motive energy, and of the greater or less intensity of such
energy requisite, in different circumstances, to accomplish our intention,
would of itself enable us always to perceive the fact, and in some degree to
measure the amount, of any resistance to our voluntary movement; howbeit the
concomitanco of certain feelings with the different states of muscular tension,
renders this cognition not only easier, but, in fact, obtrudes it on ourattention.’

The sense of expended energy I take to be the great characteristic of the
muscular consciousnoss, distinguishing it from every mode of passive sensa-
tion. By the discriminative feeling that we possess of the degree and con-
tinuance of this energy, we recognise the difference between a greater and a
less streteh of muscular tension, and this appears to be the primary sensibility
operating in the case. The other sensibilities of muscle, derived through the
sensitive fibres, may aid us in the important discriminations between the
different mordes of increased energy above specified.

1 may here express tho obligations we are under to Sir William Hamilton
for his historical sketch of the doctrine of the Muscular Sense, contained in
the same note ; which is not the least valuable and interesting of his many
contributions to the history of mental science.



CHAPTER IIL

SENSATION.

Y Sensations, in the strict meaning, we understand the
mental impressions, feelings, or states of conscious-
ness, following on the action of external things on some part
of the body, called on that account sensitive. Such are the
feelings caused by tastes, smells, sounds, or sights. These
are the influences said to be external to the mental organisa-
tion; they are distinguished from influences originating
within, as, for example, spontaneous activity (the case we
have already considered), the remembrance of the past, or
the anticipation of the future.

The Sensations are classificd according to the bodily
organs concerned in their production; hence the division
into five senses. But, along with distinctness of organ, we
have distinctness in the outward objects, and, also, in the
inward consciousness. Thus, objects of sight are different
from objects of smell; or, rather, we should say, that the
properties and the agency causing vision are different from
the properties causing smell, taste, or hearing.

The difference of the mental feeling or consciousness in
the different senses is strongly marked, being a more
characteristic and generic difference than obtains among
the sensations of any one sense. We never confound a
feeling of sight with a feeling of sound, a touch with a smell.
Leaving out of account pleasure and pain, these effects have
the highest degree of distinctness that human feelings can
possess. The discrimination of them is sure and perfect,
although we sometimes try to assimilate them.
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We are usually said to have five Senses: Sight by the
eye, Hearing by the ear, Touch by the skin, Smell by the
nose, Taste by the mouth. Inaddition to these, physiologists
have distinguished a sixth sense, of a more vague descrip-
tion, by the title of common or general sensibility,—as will
be seen in the following extract from Messrs. Todd and
Bowman.

‘Under the name of common or general sensibility mey be
included a variety of internal sensations, ministering for the most
part to the organic functions and to the conservation of the body.
Most parts of the frame have their several feelings of comfort
and pleasure, of discomfort and pain. In many of the more
deeply seated organs, no strong sensation is ever excited, except
in the forin of pain, as a warning of an unnatural condition.
The internal sensations of warmth and chillness, of hunger,
thirst, and their opposites, of nausea, of repletion of the alimentary
and genito-urinary organs, and of the relief succeeding their
evacuation, of the privation of air, ete., with the bodily feelings
attending strongly excited passions and emotions, may be men-
tioned among the principal varietics of common sensations.’

In this enumeration, we can see several distinet groups
of feelings, and can refer them to distinct bodily organs.
Hunger, thirst, their opposites, nausea, repletion, and
evacuation of the alimentary tube, are all associated with
the digestive system. 'T'hey might, therefore, be termed the
digestive sensations. The privation of air causes a feeling
whose seat is the lungs, and is one kind of sensibility
associated with respiration. The sensations of warmth and
chillness connect themselves with the skin, with the lungs,
and with the organic processes in general. The genito-
urinary organs have a class of feelings so special and
peculiar, that they had better not be included under common
sensibility.

Looking at the important groups of feelings here indi-
cated, important at least as regards human happiness and
misery, considering, also, that they are but a few examples
chosen from a very wide field, I consider it expedient to
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describe them in systematic detail. It is the business of a
work like the present to review the entire range of human
sensibility, in so far as this can be reduced to general or
comprehensive heads; and the question is, Where ought
these Organic feelings to be brought in? I know of no
better arrangement than to include them among the Sensa-
tions. The only objection is the want of outward objects
connected with them in every case. The feelings of
contiort or discomfort arising from the circulation, healthy
or otherwise, are not sensations in the full meaning of the
term; they have no distinct external causes, like the pleasures
of sound, or the revulsion of a bitter taste. But the reply
to this objection is, first, that in most cascs, if not in all, an
external object can be assigned as the stimulus of the
feeling : for example, in the digestive feclings, the contact of
the food with the surface of the alimentary canal is the
specific cause or object of the feeling; so, the respiratory
feelings may be viewed as scnsations having the air for their
outward object or antecedent. And, next, with reference to
the cases where feeling cannot be associated with an
external contact, as in the acute pains of diseased parts, we
may plead the strong analogy in other respects between
such feelings and proper scnsations. In all else, except the
existence of an outward stimulus, the identity is complete.
The seat of the feeling is a sensitive mass, which can be
affected by irritants external to it, and which yields nearly
the same effects in the case of a purely internal stimulus.
So much is this the fact, that we are constantly comparing
our inward feelings to proper sensations; we talk of being
oppressed, as with a heavy burden, of being cut, or torn,
or crushed, or burned, under acute internal sensibility.
Moved by such considerations, I class these feelings with
sensations, and place them first in the order of the Senses,
under the title of Organic feelings, or Sensations of Organic
Life.

In the Senses, as thus made up, it is useful to remark a
division into two groups, according to their importance in the
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operations of the Intellect. If we examine the Sensations
of Organic Life, Taste, and Simnell, we shall find that as re-
gards pleasure and pain,—that is to say, in the point of view
of Feeling or Emotion,—they are of great consequence ; but
that as regards the permanent forms and imagery employed
in the processes of the Intellect they contribute comparatively
little. This last function is far more served by Touch,
Hearing, and Sight, which may, therefore, be called the
Intellectual Senses by pre-eminence ; they being, however,
not thereby prevented from serving the other function also,
or from entering into the pleasures and pains of our emo-
tional life.

Preliminary Remarks upon Sensation in (feneral.

The following topics belong to the consideration of Sen-
sation at large, and may be adverted to at the commence-
ment, while they will be more specially elucidated as the
exposition proceeds.

(1) While sensation is not improperly regarded as the
beginning of couscious life, both intellectual and emotional,
and as the foundation of our knowledge, both of the world
and of ourselves, and is thus in contrast with Thought as a
later and complex product, this must be held subject to the
qualification that the ordinary sensations of everyday lifc
have lost their primitive character, and no longer possess the
simplicity and purity of what might be called their original
state. They continue to have one feature that keeps them
distinct from the thought-processes,—namely, they owe their
being to actual contact with the outside world, while
Memory, for example, is independent of such origin. But
the conscious result of a sensation in mature life, while con-
taining an element of freshness and vividness that cannot be
given in other ways, is a cumulation of present stimulus and
previous impressions without number of the same effect.
Practically, it is this aggregate of past and present that we
call a sensation. We have not, usually, to take account of
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the circumstance that only a very minute portion of the
conscious state arising is due to the present stimulus. The
circumstance that makes the reference important is, that
the actuality of the present shock is the necessary occasion
of evoking in a vivid form the total aggregate. We may
have tasted sugar thousands of times, and yet the pure
memory part of the accumulated impression revived as
memory is feeble indeed compared with the same during the
incrdence of a new or actual sensation.

(2) Sensation is pre-cminently conditioned by the great
law of Relativity, of which it furnishes characteristic ex-
amples, showing both the range and the limitations of the
law.

(3) Sensations are said to vary in Degree or amount. Here,
however, we must begin by distinguishing between their In-
tellectual and their Emotional character. As intellectual
elements, their main character is Discrimination ; the more
discriminative they are, the more intellectual they are.
This is not incompatible with another peculiarity called
Vividness, whose meaning and criterion is the hold they take
of the attention, so as to exclude or submerge rival impres-
sions. It is still an element of Intellect, properly so called.
Contrasted with this class of etfects is the properly Kmotional
aspect, or the aspect of Pleasurc and Pain. It is to this
aspect that intensity has a more especial application and
importance ; it determines the great fact of our being, as
expressed by many well-known desiguations of enjoyment
and suffering, and as making up the motive to our activity.

In connexion with Degree, a law has been propounded
connecting strength of stimulus with conscious intensity
in the result. It is noticed that, while a certain strength
of stimulus is followed by a certain strength of feeling, an
addition to the stimulus, say doubling it, does not make the
same addition to the sensation regarded as a conscious state ;
we must go on increasing and increasing the one in a much
higher ratio in order to get a steady increase of the other.
As propounded by Fechner, this law was directed upon the
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purely intellectual property of sensation,—namely, discrimi-
nation ; he did not attempt to verify it upon emotional states,
as, for example, pure pleasure. Notoriously, something of
the same kind would apply in this case also; but its for-
mula would probably not assume anything of the nature of
numerical statement, nor would it be specially connected
with sense pleasure in particular.

Kach one of the senses in detail has to be looked upon in
the twofold aspect now described ; that is to say, as furmsh-
ing both intellectual and emotional products—appealing at
one time to the Intellect and at another time to the Feelings.
Their exhaustive description includes both elements. HKven
in the more strictly emotional forms, discrimination 1s far
from wanting,—as will be seen in the course of the enu-
meration.

In defining the Sensations, we put forward the three
coustituents or properties of Object, Organ, and resulting
Feeling. For the Five Senses, these are well marked and
distinct. For the group of Organic Sensations, there is less
of distinct separation, as will be scen presently.

Under Sensation, we have to anticipate processes and
considerations that, in reality, belong to the treatment of the
Intellect ; it being impracticable to carry on an exposition
of Sense in the abstract. This is an inevitable necessity,
which recurs again and again in the exposition of science.
‘When once it is well understood, it leads to no confusion ;
although, on the face of it, it has an air of irregularity, not
to say paradox. The process to be afterwards explained as
Association by Similarity is taken for granted in regarding
cach sensation as an aggregate of present and past im-
pressions. In assigning the properties of sensation, we
necessarily anticipate the two other great fundamentals of
Intellect,—namely, Discrimination and Association by Con-
tiguity ; the differences among sensations having special
reference, among other things, to their behaviour in con-
nexion with those great intellectual constituents.

The bearing of these generalities is retrospective, no less
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than prospective; the Muscular Feelings above described
being subject to the same considerations as the other
members of the department now under discussion.

General or Common Sensibility.

The terms General or Common Sensibility are introduced
to express a contrast occurring cven in some of the five
serises, but still more notably under the group of Sensations
of Organic Life. The contrast is brought out on two
different points. The one is the distinction between un-
localised and localised sensation. In most of the senses,
each sensation in the body has a local seat to which we
refer it,—as contact in the skin, taste in the mouth, hearing
in the ear. A common or general sensation, while a genuine
item of our consciousness, points to no particular place as its
seat. KExamples will be furnished as we proceed.

The second peculiarity of general sensation is the absence
of a marked or characteristic feature, by which one sensation
is distinguished in the consciousness from another. This is
seen best in the pleasurable class of general sensations. A
feeling of comfortable warmth over the body at large is
hardly distinguished from the later stages of healthy digestion,
or from the tone of elation due to a good condition of the
nervous system. What we do discriminate in all sensation
is degree, or amount, although the gradations as regards the
present class are not very delicatcly marked.

We have vague modes of exhilaration and depression
scarcely distinguishable in the consciousness from what
occurs under the senses in the course of our higher emotional
and active life. When we are opposed, thwarted, or balked
in some enterprise or object of pursuit, we experience a con-
dition of pain, having no specific characteristic to distinguish
it fromn the depression due to our vague organic sensibilities.
It is the same with the opposite condition of exhilaration
from success, the overcoming of obstacles or resistance, and
the attainment of much-wished objects. There may go along
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with such occasions some of the more definite emotions, such
as the feeling of victory over rivals, the gratifying of special
affections ; but, in many instances, we can discern in con-
sciousness nothing beyond the very general condition of
pure exhilaration.

For these two opposite modes of general sensibility, we
have, as already remarked (p. 75), no means of discrimina-
tion or measure except Degree and Continuance. It is of
very great importance to our knowledge of the workings of
the mind to assign the most effectual modes of ascertaining
and stating the measure or amount of the great fundamental
attributes of pleasure and pain, whether in the form of
vague sensibility or when accompanied by attendant differ-
ences of a more specific kind.

SENSATIONS OF ORGANIC IIFE.

1. The classification of these may proceed according to
the parts where they have their seat,—in other words, accord-
ing to the organs involved. I have already adverted to onc
group connected with the Muscles; these will now be de-
scribed in full. Of coequal importance in our sensitive life
are the feelings connected with the Organs of Digestion. Not
less important is the process of Respiration, seated in the
Lungs; although, from peculiar circumstances, less produc-
tive of sensation. When we pass from these great functions
to the action of the Heart and the Circulation of the Blood,
we find it more difficult to point to a special or isolated
group of feelings ; nevertheless, whether as operating in their
own character or as contributing to the efficiency or inefti-
ciency of other functions, the Heart, Arteries, and Veins are,
more or less, causes of sensibility. The processes of Secre-
tion, Assimilation, and Absorption at large, so essential to
the workings of the system, in their limited alliance with
nerves of sense, may be supposed to contribute a quota to
the collective mass of organic feeling. Last of all, the
Nerves and Nerve Centres, while being the essential seat of all
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sensibility whatever, have a class of feelings depending on
their nutrition and their waste, and the changes incident to
their various states in health and disease.

Organic Muscular Feelings,

2. Muscular sensibility is manifested by the pain that is
felt when a muscle is cut, lacerated, or otherwise violently
injured, or when it is seized with spasm. These forms of
pain are so many states of consciousness, having their seat
or origin in the muscular tissuc ; the integrity of the nerves
and nerve centres being likewise cssential to this, as to every
other kind of sensibility.

In describing the sensations,—that is, the states of feeling
arising through the Senses,—we shall have, in each case, to
assign the external agent that causes the Sensation (light,
sound, etc.) ; to follow this up with an account of the action
or change effected on the sensitive surface—as the skin, the
tonguc, etc. ; and, then, to proceed with a delineation of the
feeling itself, according to the plan already laid down.

In the case of the proper muscular sensibilities described
in the foregoing chapter, an external agent could not be
assigned in the same sense as light is to the cye, or hard
surfaces to the skin. But, with reference to the first class as
set forth—cuts, lacerations, and violent injuries,-—we dis-
cern both an external agent and an assignable change in the
substance of the muscle. There is, in those circumstances,
a sudden break in the continuity of the fibre, which is an
effect productive of pains in almost any tissue of the body.
This is, manifestly, one of the effects calculated to give an in-
tense shock to the nerves, originating an encrgetic and pun-
gent stimulus, which is transmitted to the centres, and there
wakens up both sensation and activity in violent forms.

Such being the bodily Origin, let us complete the con-
sideration of the rHYSICAL side, by attending to the outward
effects or embodiments, constituting the Ixpression of the
feeling. And the remarks on this point, as well as the
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further delineation of the conscious state, will serve to typify
acute physical pains generally.,

It is well known that a characteristic expression attends
Acute Pains. The features are violently contorted, the voice
is excited to sharp utterances, the whole body is agitated.
Sometimes, the ordinary movements are quickened ; at other
times, contortions and unusual gestures are displayed. It
would appear that the agency causing the pain is such as
to stimulate, to an intense degree, the whole moving systtm.
Indeed, the infliction of pain (within limits) is one of the
customary modes of rousing an animal or a human being
from lethargy to activity. There is also a well-known form
of the countenance that marks the condition of pain, being
produced by certain movements of the mouth, the nostrils,
and the eyes, to be afterwards analysed ; but, whatever be the
direction given to these movements, they are marked by the
characteristic of violence or intensity.

The accompaniment of sobbing shows that the involun-
tary muscles and the glands also are affected.

But we should give a most inadequate account of the
embodiment of pain, if we failed to note the successive stages
of the manifestation. While the first shock may have all
the characters of violence and exalted energy now mentioned,
there follows, after a time, a state of prostration and ex-
haustion, showing that these lively manifestations are no
proof of an increase of vital energy on the whole. On the
contrary, it is demonstrable that, of vital energy on the whole,
there is a great decrease. Violent exercises of any kind
soon wear out the strength; but the depression of vital
power in all parts of the system—organic functions as well
as muscles,—after an attack of pain, is much beyond what
would follow from the same discharge of muscular energy in
the absence of pain. This is a most material consideration,
which is not to be disguised by the show of increased energy
in the early stages. The director of the medical staff of the
British Army in the Crimea was gravely in error when he
discouraged the use of chloroform in surgical operations, on
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the ground that pain is a stimulant. If the termination is
taken into account as well as the beginning, pain, in every
form, so far from being a stimulant, destroys the vital
energies. Not only does muscular exhaustion follow, but the
organic processes—the circulation, respiration, and digestion
—are greatly enfeebled ; an effect that does not usually result
from mere violence of bodily movement.

These bodily manifestations, which are the natural ac-
com.paniment of acute pain (arising as an effect of the same
cause), by being freely indulged in, operate as a diversion
and a relief to the mental system. There is, probably, a
physical sequence in this fact also. Great muscular exertion
draws off the circulation from the brain to the muscles ; and
the effusion of tears, also, in some way reduces the congestion.
We are not, however, rashly to conclude that, under great
pain, a free vent to all the manifestations is preferable to
forced quiescence or suppression ; there is a great expendi-
ture of power under both modes.

3. To pass now to the MENTAL side, or the character of
the states in question, viewed as Feelings. We know, each
one by our own consciousness, what they are; and they are
generalised, pointed out, and understood, by such names as
suffering, agony, torture.

The quality of the feeling is pain. The degree is intense
or acute. The measure is obtained in a twofold mauner :
by comparing the pain with other pains, and by attending to
the amount of pleasure that it can neutralise. Kither way,
we consider the sufferings of wounds, lacerations, and acute
derangements of our sensitive tissues, to rank among our
greatest sufferings, our worst miseries. As respects speci-
alities of character, we find language employed to discri-
minate the nature of different pains. A cut or a scald is
different from a fit of rheumatism or gout. Neuralgia is
different from the electric shock. We describe the varieties
by such epithets as burning, gnawing, shooting, racking;
and there is a pathological interest attaching.to these
distinctions.
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Pain is apt to rouse some special emotion, varying with
the general temperament of the individual. Convulsive
grief, rage, terror, are all liable to be awakened, sometimes
one, and sometimes another; even in the same individual,
circumstances may rule the special selection.

Our plan of description requires us, next, to advert to the
Volitional characteristics of acute pain. The gencral prin-
ciple of volition, as applied to pains, holds in this instance.
Such pains, in proportion to their intensity, stimulate us to
efforts for mitigating and putting an end to them when pre-
sent, and for avoiding them when therc is danger of their
recurrence. The peculiarity of the case that most deserves
notice is that, since, for a time, they are stimulants of
activity, the disposition to work for their abatement is very
powerful at first, but fails at last with the prostration of the
energics. Volition demands, not mercly an adequate stimulus
of pain or pleasure, but also a sufficient amount of active
energy at the moment. 'The first stage of acute pain may
supply this, through the exalted intensity of the nervous
force ; in the latter stages of consequent exhaustion, there is
a necessary failure of power, and the energy of avoidance is
no longer a measure of the painful condition.

The movements that constitute the proper emotional
manifestations are apt to be mixed up and complicated with
movements directed by the will with a view to relief. Tt is
generally easy to discriminate the two classes, and it is
important for understanding our mental structure that they
should be discriminated. The volitional movements are
such as are maintained solely because they bring a felt
alleviation. If any specific posture is of this character, it is
energetically adhered to; and, if the mere vehemence of the
outburst is found to deaden our sensibility to the pain, we
are induced thereby to keep up the gesticulations prompted
in the first instance by the emotional wave. Kven in the
lower animals, when we witness the convulsions that follow
a shock to the physical system, we may satisfy ourselves as
to the existence of true volitional movements, in company
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with the demonstrations that are the proper embodiment of
the pain.

If we wish to measure the volitional urgency of a feeling,
we can adopt the same mode of comparison as that suggested
for the degree of pleasure or pain. When two feelings
prompt in opposite ways, the one that determines the con-
duct is said to be volitionally the stronger.

There remains now the bearing of the feelings in question
on vhe Intellect. Here, as in the Will, there is a general
principle, liable to exceptions and modifications according to
the circumstances of each particular case. The principle is,
that feelings are discriminated, identified, and remembered
according to their degree, whether in intensity or in quantity.
This law holds within a mioderate range of excitement. A
very feeble impression cannot be nicely discriminated, and
is little remembered. But the limitation arises when the
degree is excessive and overpowering. There is a pitch of
physical agony that overpowers the purely intellectual
function of discrimination; and, although retentiveness is
stimulated by intensity, the remembrance becomes more and
more inadequate to the fulness of the reality. Not only are
we unable to reinstate the acuteness of the suffering, but we
are unable to figure to ourselves even the character of the
pain, until it has become familiar by many repetitions.

A good retentiveness for acute pains has not the intel-
lectual importance possessed by the memory for sights and
sounds, but it has a twofold practical importance. In the
first place, on it depends the exercise of the will in the way
of prevention. When a feeling ceases in the actual, it can
have no volitional power, except as it is vividly presented in
idea; and, on this ground, the more lively the recollection, the
more energetically are we moved in our precautionary labours
as regards the future. The degree of retentiveness for pain
is thus the intellectual foundation of Prudence. It is, in the
second place, a condition of Sympathy, or the power of
entering into the feelings of others when suffering under a

like infliction.
8
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4. The muscular pains that have been the subject of the
foregoing description, are those arising from cuts, lacerations,
and violent injuries, which are incidental to every kind of
tissue. We have not included the characteristic pain of
muscle—cramp, or spasm. Cramp is known to be a violent
contraction of. a muscle, in whole or in part, due to some
irritation of the motor nerves that supply the muscle. It is
a contraction probably far beyond what can be induced by a
voluntary effort, and does not relate itself in any way to a
power consciously proceeding from the brain. The state of
cramp acts violently upon the sensitive fibres of the muscle;
and, according to Dr. Brown-S¢quard, the pain is in propor-
tion to the resistance offered to the muscle’s contraction.
¢ I suppose,” he says, ‘ a case of painful contraction of the
anterior muscles of the thigh; the pain is increased every
time the contracted muscles are clongated ; ie., when the
resistance to the contraction is augmented; on the other
hand, it diminishes when the resistance to the contraction
is rendered less than it was, and at last it disappears entirely,
or almost entirely, when the resistance is completely, or almost
completely, destroyed’ (Liectures, p. 7). The pains in the
uterus are of the nature of spasm, and are relieved by the
discharge of the contents. An explanation is now afforded
of what was at first considered a paradoxical fact,—the
production of pain by stimulating the anterior or motor
roots of the spinal nerves. The effect of such stimulation is
to contract the muscles, not in that measured and moderate
degree occurring in their contraction by the will, but with
the violence of cramp, thereby imparting a shock to the sen-
sitive nerves of the muscle. 'When the posterior or sensitive
roots of the nerves are cut, the pain appears no longer.
These explanations are interesting, as they remove what
appeared objections to the discovery associated with the
name of Bell.

It is not requisite to repeat the particulars of the syste-
matic description for this peculiar case. It ranks with the
class of acute pains in all the general characters. But it is,
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perhaps, in its nature the most acute and violent of any. We
can discriminate it from cuts, scalds, inflammations, and
sores ; the familiar name ‘ racking’ pain describes and classi-
fies it. Wherever we have the experience characterised by
this epithet, it is probable that the seat is in the muscles,
and that the action is cramp or spasm. The involuntary
niuscles of the uterus, and of the alimentary canal, occasion
the most aggravated forms of the pain.

. Another class of feelings connected with the muscles
may be specified under the same general head of Organic
Feelings, those arising from over-futigue. This cause is known
to produce acute pains of various degrees of intensity, from
the easily endurable up to severc suffering. Tt is not ncces-
sary to advert to these more specifically, as they are
rendered sufficiently comprehensible when we refer them to
the genus of acute pains of the muscles. They are part of
the misery attending manual toil, and are also used for
purposes of punishment.

The characteristic state of supporting a heavy burden is
a form of general depression, to which many modes of suffer-
ing are habitually compared.

Very different is the state of feeling produced by mere
ordinary fatigue, which we may introduce in the present
connexion. This is a state not at all painful, but the oppo-
site. It is one of the pleasurable experiences allied with the
muscular system.

In this case, there is a pleasurable fecling more massive
than acute. If a considerable number of the larger muscles
have been in exercise, the sensibility is proportionably great.
Various elements may enter into the effect. The circulation
of the blood, directed strongly for a time to the muscular
tissue, now returns in a more liberal supply to the other
organs,—the brain, the stomach, etc.,—and the general sensi-
bility of the system is diverted, if not increased. There is,
in the next place, an agreeable reaction from what may have
been the commencing pains of fatigue. Allowing for those
two collateral effects, we are still to suppose that the muscle
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itself gives rise to a certain pleasurable feeling when in this
state. The degree of it may be, on the whole, considerable.
It is one of the pleasures of a life of hard exercise or bodily
toil ; and, taken along with the luxurious slumbers and the
general sensation of health following in its train, it must be
regarded as an appreciable fraction of human enjoyment.

The connexion already remarked on between slow move-
ments and approaching sleep, extends also to muscular repose
and sleep. The massive sensation experienced as we fall
asleep may have its seat, in no inconsiderable degree, in the
muscular tissue, especially after hard exercise, when this
sensibility is most powerfully manifested. It may, however,
be connected in some degree with the state of the nervous
tissue which, on the approach of sleep, undergoes a notable
transformation.

6. Tendons, Ligaments, Joints.—These parts, being sup-
plied with sensitive nerves, give birth to a certain amount of
sensibility, which is most decisively shown under severe
strain, disease, or injury. A portion of this sensibility
18 manifested under muscular exercise,—more especially, in
extreme fatigue. The pains of muscular exhaustion are
shown by our consciousness to be localised partly in the
belly of the muscle and partly in the joints and tendons;
even the character of the different modes being to all
appearance distinct.

In the discussion as to the exact seat of our muscular
sensibility, the participation of the joints is put forward by
some as a leading factor. The most indubitable inference
from both anatomy and self-consciousness would seem to be
the concurrence of these parts in the pains of fatigue. There
is, apparently, nothing to show that they contribute a share
in the pleasurable side of our muscular activity; and still
less to prove that they aid us in delicate muscular discrimi-
nation. Indeed, it may be affirmed that they are insensitive
to the slighter forms of muscular stimulation.
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Sensations of the Alimentary Canal.

7. Digestion offers all the conditions of a sense. There
is an external object—the Food ; a distinct organ of sense—
the Alimentary Canal, and its appendages; and a set of
Feelings, arising from the contact, also distinct and specific.
To treat these feelings under Taste, is to confound together
two senses very different in their character, although hap-
pening to have one common object or stimulant.

The objects of this sense are the materials taken into the
body as food and drink. These materials are extremely
varied, but there is no corresponding variety in their action
on the stomach. They can be reduced to a few genera!
heads, according to their composition ; it being found possible
to assign a few leading substances that comprehend all the
different sorts of material serviceable in nourishing the body.
The following is an abstract of this classification :—

1st. Water, and the watery liquids; including substances
conveyed in solution, or suspension, in water.

2nd. Saccharine substances derived from the vegetable
kingdom. These comprehend sugars, starch, gums, vinegar.

3rd. Oily substances. These include the various fats and
oils, as well as alcohol. Like the former group, they arc
composed of carbon and the elements of water; but, in them,
the carbon is in a much higher proportion.

4th. Albuminous substances, containing nitrogen : fibrine,
gelatine, albumen, caseine (matter of cheese), vegetable
gluten. ‘All the materials which make up this group are
derived generally from the animal kingdom, with the
exception of the last, which is contained in great abundance
in wheat ; similar if not identical principles exist in other
vegetables. Wheat, indeed, consists of two substances—
one referable to the saccharine group, the other to the
albuminous, the former consisting of starch, the latter of
gluten.’

Milk is found to contain matter of all the four classes:
water, sugar, oily matters (butter), caseine.
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The three first classes are incapable of nourishing the
principal animal tissues, such as nerve and muscle. They
are fitted rather for supplying fat, bile, and matters used in
the production of the carbonic acid that escapes from the
lungs. Being supposed to be mainly destined for the supply
of animal heat, by being combined with oxygen, or slowly
burned, they were formerly termed calorifacient; but this
is now reckoned a too narrow view. Experiments recently
made have proved that their combustion is the chief source
of muscular power; being an example of chemical com-
bination transmuted into mechanical force, to which a
parallel is found in the steam-engine. The same combustion
may also be the source of the nerve force; the parallel case
being the voltaic circuit, where the electricity is evolved
from chemical combination in the cells.

The albuminous bodies are, undoubtedly, the tissue-
forming material; having a composition fitted for the purpose.
But they are not confined to this function; in their final
transformations and decay, they may be at last oxidised and
become the source of heat, muscular force, and necrve force,
like the others.

Certain substances of the saline, earthy, or mineral class,
are requisite; most of them being found in the usual
articles of food. Salts of soda, potash, and lime, as well as
iron and phosphorus, are essential ingredients.

The Stimulants are classified into spices, or condiments ;
vegetable alkaloids, as tea, coffee, cocoa; extractives, as
creatin and creatinin, occurring in the juice of meat; and the
alcoholic beverages. For the most part, these substances are
not directly nutritive; they act as stimulants to the nervous
system, and also retard the waste of tissue. The organic
vegetable acids,—vinegar, the acids of fruit, and lactic acid,
—are in extensive use as an ingredient of food.

The differences that exist among the infinity of articles
used as food are not, at hottom, so great as they seem. If we
take the different species of grain,—wheat, barley, rye, oats,
rice, maize, millet,—we shall find that they are all composed
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of the same ultimate materials, gluten and starch, though
not in the same proportions. In like manner, the potato
is a starchy vegetable, with a very small share of gluten :
hence, it is defective as an exclusive article of diet.
Another difference among vegetables rclates to their texture,
as fitting them for being acted on during mastication and
digestion,—a circumstance, however, that cooking can
mo;iify.. Thus, the potato is a much looser texture than
gramn. A third point of distinction among alimentary sub-
stances, is the extraneous essences that may enter into
them, and affect the sense of taste, and the general relish,—
as in the difference between mutton and beef, chicken and
venison, brandy and rum.

8. I extract from Quain’s Anatomy the following general
view of the Organs of Digestion.

‘The digestive apparatus includes that portion of the organs
of assimilation, within which the food is received and partially
converted into chyle, and from which, after the chyle has been
absorbed, the residue or excrement is expelled. It consists of a
main or primary part named the alimentary canal, and of certain
ACCEeSSOry Organs.

‘The alimentary canal is a long mewmbranous tube, com-
mencing at the mouth and terminating at the anus, composed of
certain tunics or coats, and lined by a continuous mucous
membrane from one end to the other. Its average length is
about thirty feet, being about five or six times the length of the
body. The upper part of it is placed beneath the base of the
skull, the succeeding portion is situated within the thorax, and
the remainder is contained within the cavity of the abdomen.
In these several situations, its form, dimensions, and connexions,
its structure and functions, are so modified that certain natural
divisions of it, bearing different naies, have been recognised by
anatomists.

Tt may be considered as composed of two parts: one situated
above the diaphragm, and the other below that muscular parti-
tion, and therefore within the abdomen. The first division
consists of the organs of mastication, insalivation, and deglutition ;
and comprises the mouth, the pharynz, and the wsophagus, or
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gullet. The second division consists of the organs of digestion,
properly so called, and of those of defwmcation ; viz., the stomach,
the small intestine, and the great intestine.

‘ The accessory parts are chiefly glandular organs, which pour
their secretion into-it at different points. They consist of the
salivary glands (named the parotid, submaxillary, and sublingual).
the liver, and the pancreas. Besides these large glandular organs,
a multitude of small glands, compound, follicular, or tubular, are
collected together at certain points, or scattered over large ; or-
tions of the inner surface of the alimentary canal: these are
described along with the mucous membrane of each part. The
remaining accessory organs are the tecth, the jaws, the tongue,
and the spleen.

9. The physiology of digestion operated by the concur-
rence of these various organs is complicated in no ordinary
degree ; the general health and efficiency of the body being
very largely dependent upon the proper working of the vari-
ous processes. Likewise, the concurring sensations are
highly important as regards our consciousness, whether
pleasurable or painful. This department of sensibility may
be, to some extent, analysed and defined for purely psycholo-
gical purposes. The scheme of analysis turns upon the local
distinctness of the various processes, and upon the circum-
stance of their being more or less supplicd with sensitive
nerves. "The following is a view of the several known stages
that would appear to enter into our distinctive conscious-
ness more or less, or may be conveniently cited as, in all pro-
bability, embodying separable modes of digestive sensibility.

The first stage is mastication, which serves the double
purpose of breaking down the food and of mixing it with saliva.
The function of the saliva is now known to be, to convert the
starch into grape sugar, by a process of the nature of fer-
mentation. The effort of wmastication is purely voluntary ;
but, when the food gets upon the back of the tongue, it is
passed into the bag of the pharynx and propelled down the
gullet into the stomach by involuntary muscular contractions.

The arrival of the food in the stomach causes a flow of
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gastric juice. This, already commenced during mastication
in the mouth, increases as the food accumnulates in the
stomach itself; as, by the churning and further gastric
movements, oue part after another of the material is
brought into contact with the mucous membrane. The
composition of the gastric juice is known to be partly
hydrochloric acid and partly a special ferment called
' pepsin .

The gross effect of gastric digestion is to break up, and,
in part, to dissolve, the large lumps of masticated food into a
thick, greyish, soup-like liquid, called cZyme,—with which are
still mixed, in variable quantity, larger and smaller masses of
less changed food. ‘During gastric digestion the chyme
thus formed is from time to time ejected through the pylorus,
accompanied by even large morsels of solid, less digested
matter’ (Foster). It now enters the duodenum, into which
are poured the bile and the pancreatic juice. By these fluids
further important changes are brought about, as the mixture
proceeds along the small intestine.

The effect of the panecrecatic juice, which is poured into
the small intestine near its commencement, is to co-operate
with the salivary glands in working upon the starchy con-
stituents of the food, and to contribute to the digestion of
the fat.

The functions of the liver are more complex. The bile
is strongly antiseptic ; mixing with the fatty matters of the
food, it is indispensable to their being absorbed in the intes-
tines. The liver is further believed to form sugar out of
other elements passing into it by the circulation. The blood
from the intestines, before returning to the heart, passes
through the liver, and takes up the sugar formed independ-
ently there.

In the stomach, and along the intestine, there is a two-
fold absorption proceeding. The one mode is by the lacteal
vessels : these have the exclusive power of taking up the
fatty matters, which constitute the chief part of the chyle, as
their contents are named. The other mode is by the capil-
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lary blood-vessels: through these, the nutritive matter is
taken at once into the circulation, reaching the heart through
the liver.

By the time the food reaches the end of the small intes-
tine, it is largely, but not wholly, deprived of its nutritious
constituents. In the large intestine, or colon, absorption is
still going on. ¢ By the abstraction of all the soluble consti-
tuents, and especially by the withdrawal of water, the liquid
chyme becomes, as it approaches the rectum, converted into
the firm, solid feces.’

An essential feature of the digestive tube is the distribu-
tion of involuntary muscular fibres for propelling the con-
tents of the stomach slowly along. This is named the
peristaltic motion. Upon its regular and efficient working,
greatly depends the goodness of the digestive changes.
Sluggishness, on the one hand, and morbid activity, on the
other, are inimical to the numerous secreting and absorbing
operations entering into the final result.

Cerebro-Spinal,—that is to say, sensitive,—nerves are
supplied largely to the stomach, and, sparingly, to the re-
mainder of the alimentary canal; being mixed with nerves
from the sympathetic system, by which the various processes
are mainly regulated. The vagus nerve is the medium of
our digestive sensibility, and indicates to our consciousness
the character and amount of the various alimentary changes.
That our sensibility is not confined to the stomach, although
most copious in connexion with it, owing to its greater abun-
dance of sensitive nerves, is proved in various ways. States
of acute pain are induced at any point of the stomach and
intestine ; any violent derangements,—such as colic or mus-
cular spasm,—affect our consciousness in an unmistakable
form. It isanatural inference that the same nerves are sen-
sitive also to the other great changes attending the course of
the food through the whole length of the alimentary canal.
The immense variety and amount of digestive states that we
are made aware of could not proceed from the nerves of the
stomach alone, where the cycle of operations has made only
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a commencement. The consequences of the introduction of
bile and pancreatic juice, so essential in the subsequent stage
of the digestive process, cannot fail to be appreciated by our
direct consciousness. When these are of a morbid character,
they too are productive of great and manifest forms of pain.
On the other hand, the healthy and genial modes may be
supposed to occasion some portion of the pleasurable glow
obtainable through the digestive sensibility.

It is also known that stimulation of the vagus nerve
brings about contractions in the small intestine.

10. And, now, with regard to the Feelings of Alimentary
action. These are mostly of the pleasurable kind, when
the action is healthy ; pains are the result of disease and
disorder.

Beginning with the sensation of taking food, we shall find
a pretty general agreement as to its character. I do not
speak of the feeling of Taste, but of the sensibility connected
more particularly with the stomach and alimentary canal,
which extends even to the mouth in connexion with saliva-
tion, and is called relish. If we include the entire mnass of
sensation arising from a healthy meal, and lasting a certain
time after the meal is finished, at which stage the operation
of digestion in the stomach is the sole cause of what we feel,
we may safely pronounce it to be an agreeable state of a high
order. It has the characteristic of massiveness, or quantity ;
being a rich, luxuriant, satisfying sensation. Such is the
character common to all kinds of healthy nourishment ; but
there is the greatest possible difference in the qualities of
food as regards stomachic relish : from turtle to stale oat-
cakes, or a piece of black bread, what an interval! To the
richer kinds of food, belongs a feeling intense as well as
voluminous. The magnitude of the sensation is attested by
its ability to submerge a great many irritations, and to make
itself for the time the ruling element of the consciousness.
This power brings it into comparison with such feelings as
healthy exercise and repose, nervous elation, and the intoxi-
cation of warmth.
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The energy of the Volition corresponds to the relish and
to the stage of the operation. At first, the active stimulus
is intense and even furious. Appetite is inflamed by partial
gratification ; and, until such time as the stage of fulness
draws near, the pleasure shows itself in supplying impulse
to continue it. Fating is among the most characteristic
examples of the general law of feeling-prompted activity ;
being not only for the suppression of pain, but also for the
retaining and heightening of pleasure.

To complete the delineation of this mode of consciousness,
we may notice the peculiarity of it as related to the Intellect.
Here, however, we have only to remark, as in other cases,
that there is comparatively little permanence in idea, when
the state of the organs is such as to forbid the reality. But
the reality is one that never is long absent. As a general
rule, it is true of digestive and all other organic sensations,
that they are exceedingly powerful when present, and ex-
ceedingly little realised when absent. They are thus unlike
sights and sounds, loves and hatreds, and other states that
the intellect can retain in the ideal form. To imagine with
effect the relish of a feast when under nausea, passes the
power of the most vigorous memory.

The sensation connected with the lower extremity of the
canal is chiefly of the nature of a feeling of relief from pain.

11. Another important healthy sensation of the aliment-
ary canal is Hunger,—the state preparatory to the one just
described.

The physical concomitants of hunger are a collapsed
condition of the stomach, usually accompanied with a de-
ficiency of nutritive material in the system. The sensitive
nerves distributed to the mucous surface of the stomach are
first affected ; then the nerves of the lower intestines; and,
finally, an influence of the general system adds to the pain
and the feeling of depression. 1t is considered probable that
the state of the muscular fibres of the stomach makes a part
of the case (Weber). These are at first loose and uncon-
tracted ; but, at a later stage, their characteristic (peristaltic)
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movements are commenced upon the empty tube. The
cutting of the nervus vagus (supplying the mucous surface)
does not entirely abolish the feeling of hunger. The feeling
itself is of the uneasy or painful class, with a degree of
massiveness and engrossment corresponding to stomachic
feelings in general.

The appetite for eating commences with a pleasant feel-
ing, and consists of certain indefinite sensations in the region
of the stomach, accompanied by stimulation of the muscles
of chewing, and by the secretion of saliva. If ungratified,
this passes next into an uneasy feeling; then come on op-
pressive gnawing pains, which are referred to the region of
the stomach; these are followed by sensations of a still
stronger kind, derived from a more general action, under
which the local feelings are submerged.

Animals are driven in search of food after the nervus
vagus is cut ; which would seem to imply that the sense of
starvation in the body generally is a part of the motive power
of hunger. On the other hand, it is contended that, when the
digestion is diseased, the appetite for food may be entirely
wanting, however much the frame be suffering from want.
The influence of the nerves and the nerve centres is shown
in the fact that a desire of eating may exist when the stomach
is full. In ordinary circumstances, the state of fulness of
the stomach is followed by the sensation of Satiety.

It is to be distinctly understood that, although the supply of
materials to the blood is the final end of all the digestive pro-
cesses, yet the digestive pleasures and pains, and the accompany-
ing cravings or appetites, are regulated, in the first instance, by the
stomach itself—its secreting surfaces and its nerves. There is
often a rivalry or inconsistency between the interests of the
stomach and the interest of final nutrition as deterinined by the
state of the other organs. Habit, in a great measure, determines
the recurring periods of hunger: at these periods, the craving
arises irrespective of the needs of the system. Moreover, what
pleases the stomach is not necessarily the most suited to the
general reparation of the tissue; while, obversely, materials of
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the highest nutritive quality—as cod-liver oil, in certain states of
the system —may be very repugnant to taste and digestion.

It is further to be noted that the long series of digestive pro-
cesses whereby the food material is prepared for assimilation and
absorption occupies time,—say, several hours. Nevertheless, an
instantaneous stimulus to the general activities may arise imme-
diately after taking food; implying that a portion of the food
material passes at,once into the circulation, so as to affect the
nerves and muscles in advance of the contribution of the ger .ral
mass of the food (see Foster's Physiology, 5th edition, p. 1423).

12. The feeling of Nausea and Disyust is an effect indi-
cating some great disturbance in the usual course of digestive
operations. This state is associated with the act of vomiting ;
an act that may take place—‘ (1) From the introduction of cer-
tain substances into the stomach, some of which, as bile,
mustard, common salt, not becoming absorbed, must act
simply by the impression they make on the mucous mem-
brane ; (2) By the introduction of emetics, as Tartar cmetic,
into the blood, or by the presence of certain morbid poisons
in the fluid; (3) By mental emotion, as that excited by the
sight of a disgusting object ; (4) By irritation at the base of
the brain’ (Todd and Bowman, ii. 214). To these must
be added sea-sickness. Inflammation of the brain in children
usually shows itself first in violent vomiting. The act of
vomiting is the result of a reflex stimulus, directed towards
the muscles that compress the abdomen in the act of expira-
tion of the breath. These muscles violently contracting,
while the exit of the air from the lungs is shut up, squeeze
the contents of the stomach upwards towards the mouth.
The sensation of vomiting is, in most cases, horrible in the
extreme. It proves by a strong instance the power of
stomachic influences on the nervous system. The sensation
is one sui generis—no other feeling can at all compare with
it. There are many forms of unendurable pain, but this (at
its full height) has a virulence of its own, great both in
quantity and in intensity. On the maxim that the abuses of
the best things are the worst, the wretchedness of stomachic
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perversion might be taken to be a testimony of the aptitude
for pleasure belonging to this part of the system.

The sensations of nausea are also accompanied by irre-
gular movements of the muscles of the pharynx. These are
the seat of the characteristic fecling of nausea. In the
stomach also, the sensation may be connected with irregular,
or anti-peristaltic, movements in the muscular fibres.

The feelings of nausea and disgust, and the objects
causing them, are expressed in our language by a variety of
strong terms. The ‘disagreeable’ is, originally, what revolts
the stomach, though extended in its application to other
forms of the unpleasing. ¢ Disgust’ is the extreme opposite
of relish. The fact that these words are among the strongest
that the language affords to express dislike or aversion,
proves how deep and intense is the feeling that they
primarily refer to.

Besides the objects that produce disgust by actual contact
with the alimentary canal, there are substances whose appear-
ance to the eye is disgusting. Certain gases also affect the
smell in the same way. Disgusting sights arc mostly the
result of association ; but some nauseous smells act from the
very beginning. The arrangements of human life particu-
larly address themselves to our protection against disgusts ;
and, singularly enough, the chief things to be avoided are the
products of living bodies themselves. This is the foremost
aim of the operations of cleansing and the removal of refuse.
The influences that stimulate a healthy digestion and relish
are contrasted with their opposites by the term ¢fresh,’—
which also applies to respiration, but which has still more
emphasis as opposed to the causes of disgust. The power of
resisting nauseating influences is an indication of great
stomachic vigour in the right direction.

There are many things entering into the ugly, or opposed
to the beautiful ; but nothing contrasts with beauty so en-
tirely, or annihilates it so effectually, as a disgust.

18. The foregoing cases are intended to include the most
prominent of our habitual and ordinary experiences in rela-
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tion to the alimentary processes. With regard to the feelings
arising from disease in the various organs of digestion, these
are so many forms and varieties of pain. If we were to go
systematically through the entire scries of organs already enu-
merated, we should have to commence with mastication, and
describe the pains and agonies which the tect’ render familiar
to us. Distemper of the salivary glands yields a sensibility,
not of the acute kind, but annoying, and difficult to bear, like
disordered secretions in general. The pains and disorders of
the early stages of digestion, that is, in the stomach, where
the sensitiveness is greatest, are very numerous, and are
sometimes acute, but oftener not so. In proportion to the
genial influence of a healthy digestion upon the general mass
of sensibility, is the malign influence of an unhealthy diges-
tive action. It is in extreme cases altogether overpowering,
and renders futile almost every attempt to establish a pleasur-
able tone by other causes. The nervous connexion between
the brain and the stomach, being intimate and powerful,
shows itself in many ways. Not only is there a keen sensi-
bility to stomachic states, but also a strong returning influence
from the brain upon the digestive secretions in the way of
supplethenting their force, or aiding them by a stimulus
from without.

On acute stomachic pains, it is not necessary to spend
much discussion. They have their character chiefly from
the great sensibility of the alimentary surface, which often
makes a slight cause of irritation peculiarly keen and in-
tolerable. On the subject of pains and distempers not acute,
but connected with want of tone and vigour in the digestive
system, or with deranged mucous surface, the pathologist and
physician have much to describe. The stomach combines
the nourishing and the purifying functions; and, hence,
operates doubly upon the healthy condition of the blood—the
general basis of bodily and mental vigour. A well-known
form of depression accompanies deficiency in the excreting
power of the alimentary canal ; so much so, that a forced
relief of the loaded organs produces a general exhilaration,—
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the consequence of withdrawing impurity from the blood.
But what chiefly interests us is to mark, as a specific wmental
experience arising out of many forms of alimentary derange-
ment, the depression and ennui spread over the consciousness,
at the times when any of these organs are failing to perform
their part. This effect is one that, if not intense or acute, is
powerful in its amount, and extremely difficult to combat,
either by other stimulants or by the action of the mind
recailing or imagining situations of a less gloomy cast. It
either resembles or else produces that physical depression
of .the nervous substance to be afterwards considered; the
likeness holding remarkably in the leading features, as in the
distaste for existence while the state lasts, and in the extreme
facility of forgetting it when it is gone. In the rational
point of view, hardly any sacrifice is too much to prevent the
frequent recurrence of this state; but so little hold does it
take as a permanent impression, that the reason has very
little power in the matter. Any feeling of general depression
is easily forgotten, when the animal spirits are restored ; the
evil then seems to have neither a local habitation nor a
name.

Feelings of Respiration.

14. ‘ Respiration is that function by which an interchange
of gases takes place between the interior of an organised
being and the external medium ; and, in the animal kingdom,
oxygen is the gas received, and carbonic acid the gas given
out” The aération of the animal fluids or juices is an essen-
tial of their vitality. If this is put an end to, death ensues
instantaneously ; if insufficiently perforined, the vigour of
the animal is lowered, and a peculiar painful sensation expe-
rienced. In man and in air-breathing animals, there is a
wind-apparatus, the lungs, inflated and contracted by muscles,
so as to suck in and force out the air by turns.

In this action, we have all the particulars necessary to
constitute a Sense : an external object—the air of the atmo-
sphere,—which operates by pl;ysica,l contact upon the lining
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membrane of the tubes and cells of the lungs; an organ of
sense ; and a resulting state of fecling, or consciousness. The
peculiarity of the case lies in its being almost entirely an
emotional sense; generating feeling, rather than yielding
knowledge, or providing forms for the intellect; ranking,
therefore, among the lower, and not among the higher,
senses.

As respects the object of this sense, the external air, it
need only be remarked, that the air differs considerabiy in
its quality for breathing purposes; the chicf point of differ-
ence being expressed by the term ‘purity”. The purity is
affected, first, by the loss of oxygen, which happens when the
same air is repeatedly breathed, or otherwise consumed ;
secondly, by the accumulation of carbonic acid, from the
same circumstance ; and, thirdly, by the presence of foreign
gases and effluvia arising from animal life, vegetation, or
other causes. Confinement in the surroundings is the chief
aggravation of all those impurities. Of the three evils—the
loss of oxygen, the accumnulation of carbonic acid, and the
generation of effluvia of animal and other substances,—the
second is the least injurious ; for, although the production of
a carbonic acid atmosphere, by burning charcoal in a close
room, is fatal to life, yet the quantity usually occurring in
rooms is not found to do any harm, if mixed with air other-
wise pure. The loss of oxygen, and the diffusion of the
gases of decay, are the main influences that deteriorate the
atmosphere.

Of the organ acted upon, the lungs, a minute description
is not necessary for our present purpose. The structure is so
arranged by ramnifications and doublings as to present a very
extensive surface to the air ; the surface consisting of a fine
membrane, with capillary blood-vessels thickly distributed.
The exchange of gases takes place through the double medium
of membrane and capillary tube. The muscular apparatus
for sustaining the bellows-action is the diaphragm and ab-
dominal muscles, and the muscles of the chest or ribs. The
integrity and vigour of these muscles, and of the nerve centres
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that sustain and time their action, must be reckoned as a
condition of healthy respiration.

The respiratory nerve centres, which are capable of acting
when all sensory channels are cut off, are stimulated from
the body at large, but chiefly from those parts that, like the
muscles, are large consumers of oxygen. The portion of
the eighth pair of nerves named the nervus vagus (or pneumo-
gastric), is instrumental in keeping up the rhythm of the
lungs, and is also necessary to the feeling of suffocation.

The feclings of Respiration, both pleasurable and painful,
are well marked. " They include the gratification from pure
air, enhanced by the increased action due to muscular exer-
cise ; the various shades of oppression from overcrowded
rooms and unwholesome gases ; the distressing experience
of suffocation, or want of breath; and the pains attendant
on discase of the lungs.

15. The influence of pure and stimulating air abundantly
inhaled, spreads far and wide over the systein, elevating all
the other functions by the improved quality imparted to the
blood. The indirect consequences do not altogether hide the
grateful sensibility arising from the lungs themselves, and
referred by us to the region of the chest,—a sensation not
very acute or prominent, but possessing that choice and well-
known quality expressed by the term ¢ freshness’ or ¢ refresh-
ing’. This quality manifestly implies a contrast; for, it is
felt only when we pass from a lower to a higher degree of
aération. We may experience it at any time, by holding in
the breath for a little and then allowing it full play. No
technical nomenclature can increase the conception possessed
by every one of this remarkable sensibility ; but, for the sake
of comparison with the other parts of our mental constitution,
an attempt at verbal description is necessary. As just re-
marked, the sensation turns upon the contrast of the greater
activity of the lungs with an immediately preceding activity
of an inferior degree. It may be affirmed that no feeling
arises from the lungs, after a given pace has been estab-
lished for a length of time; but any acceleration of the rate of
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exchange of the two gases (by no means depending altogether
on the rate of breathing) does for a time yield that delightful
freshening sensation, which tells so immediately on the
mental system as a contribution to our enjoyment, and as a
stimulus to our activity and to our desire for rural recreation
and bodily exercise.

The remark already made regarding Digestion applies, al-
though in a smaller degree, to Respiration. The immediate c.use
of the sensation, whether pleasurable or painful, is due to the
influence exerted on the brain by the nerves concerned in the act
itself ; in other words, it does not depend on the ultimate effect
upon our physical well-being, or on the changes in the constitu-
tion of the blood. This final interest would,-undoubtedly, suffer by
a considerable prolongation of the stoppage of the breathing, but
would not begin to suffer seriously at the moment when the sus-
pended action of the lungs has become intolerable as a sensation.
Doubtless, in no very long time, the intermission of the supply of
oxygen, and the accumulation of carbonic acid, would render the
blood unfit for the sustenance of the other vital organs.

16. The feelings of insufticient and impure air are mani-
fested in the forins of faintness, sense of exhaustion and
weariness, and are, obviously, due, not to the lung-sense alone,
but to the lowered condition of the body at large. The
characteristic sensibility of the lungs is shown in the state
termed suffocation, arising from the want of air, as in drowning,
in an atmosphere deteriorated by such poisonous gases as
chlorine or sulphurous acid, in attacks of asthma, and in
voluntarily holding in the breath. * After holding the breath
for fifteen or twenty seconds during ordinary respiration, or
lorty seconds after a deep respiration, there arises an insup-
portable sensation over the whole chest, concentrated under
the sternum, and no effort can maintain the interruption of
the respiratory acts. This urgent sensation of want of
breath, when carried to its full extent by any mechanical
mpediment to the aération of the blood, is one of the most
oainful and oppressive kind, and is referable to the pulmonary
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plexuses (of nerves) distributed to the bronchia, and perhaps
on the walls of the lobular passages and cells. The impres-
sion made on these peripheral nerves by the absence of oxygen,
and the undue presence of carbonic acid in the air in contact
with them, is propagated to the spinal cord and medulla
oblongata by the sympathetic and vagus, and there excites
those combined actions of the muscles of inspiration which
lead to the renewal of the air’ (Todd and Bowman, ii.
4083). The sensation is of the class ‘ racking pains,” and may
be, in part, muscular.

~

Circulation and Nutrition.

17. When we endeavour to detach this function from the
closely allied processes of Digestion and Respiration, we find,
to begin with, a purely mechanical function,—namely, the
pumping action of the heart, by which the blood is made to
perform its rounds through all the organs of the body. The
heart itself may be independently powerful, or the reverse;
and the consequences must be distinct and specific. Probably,
however, the resulting consciousness is not equally distinct.
While decided failure of the heart’s action may be shown in
severe local pains, slight fluctuations in its average efficiency
give no conscious indication.

The final results of digestion and respiration are to de-
posit in the blood the solid, liquid, and gaseous material that
constitute its nutritive qualities. Deficiency in any impor-
tant constituent, say water or air, leads to decided and painful
sensations. The mischief that is caused properly appertains
to the various tissues of the body, which are thereby de-
prived of their proper nutriment ; but, in the absence of any
distribution of influence of such a pervasive character, the
actual sensibility is in a great measure localised. Take the
case of the deficiency of water. The powerful sensibility of
thirst is apt to be localised in the mouth and palate. Be-
yond this, it arises from the body at large in the shape of vague,
common sensibility, determined by rousing this very feeble
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consciousness into serious amount by the extent of the disor-
ganising influence. In like manner, the state of hunger,
which has its acute manifestation localised in the organs of
digestion, is augmented by a more general wave of sensibi-
lity, when the want of food leads to inanition or starvation
in the body at large.

It is from such considerations as these that we seem
entitled to regard the circulation of the blood as an organic
function, apart from the functions of those other organs
that are in such intimate relations with it, either giving or
receiving mutual aid.

Heat and Cold.

18. Changes of temperature usually affect us through the
skin; and hence sensations of warmth and coolness are
treated as a leading branch of our cutaneous sensibility, as
will be seen under the sense of Louch. 8till, the importance
and the range of those feelings cannot be sufficiently ex-
pressed while confined to our tactile sensibility. They take
a very high rank in the department of the organic feelings,
not much inferior to the classes already dwelt upon. While
mingling with the other contributing elements of general
sensibility, they, nevertheless, possess a unique characteristic
in the conscious tone, and can be, in most cases, discerned
apart from the other constituents of the moment.

Inasmuch as cold (not in excess) increases the activity
of the muscles, the nerves, the respiration, and the digestion,
the animal powers attain their maximum in cold climates,
and in the winter season, allowance being made for constitu-
tions unfitted to endure extreme depression of temperature.

Sudden changes of temperature derange the functions.
A sudden increase will cause a slight feeling of suffocation,
beating of the heart, and increased pulsation and respiration.
A sudden chill makes breathing difficult, quick, and irregular,
and increases the pulsations. The nerves lose their excita-
bility both under a great depression and under a great
increase of temperature.
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Cold, or chillness, is a feeling altogether unique, whether
as a localised cutaneous sensibility or as an influence affect-
ing at once all parts of the body that share in the suscepti-
bility. When, from being in a medium or normal tempera-
ture, we are suddenly subjected to general cooling, say a cold
atmosphere, there is a massive pain, serving to depress the
entire tone of the moment, while the speciality of the feeling
is spch as to discriminate it in a marked way from other
modes of general depression. No doubt, a great and sudden
chill deranges more or less several of the vital organs, and
these, through their sensitive nerves, will make their altered
character known to the consciousness through the brain. Yet,
such effects are not the sources of the feeling proper to an
alteration of temperature, while they scarcely disguise its
familiar characteristic.

The natural heat of the blood is about 98°. Any con-
tact below this point feels cold; any contact above it feels
warm. There is a certain surplus heat generated in the
human system, which enables us to live in a medium below
98°, without feeling cold ; and, if this heat be husbanded by
clothing, a very great depression of external temperaturc
may be endured. A room is warm at 60°. The outer air
can be endured at freezing and far below, either by means
of exercise, which evolves heat, or of clothing, which re-
tains it.

An acute cold acts like a cut or a bruise, injuring the part
affected, and causing painful sensations of the class arising
from violent local injuries. The temperature of freezing
mercury would destroy the skin, like boiling water or a
sharp cut. ,

The proper sensation of Cold arises from a general cool-
ing of the body, or any considerable part of it, below blood
heat. The term ‘chillness’ expresses the state of feeling,
which is of the painful class. The degree is not acute, but
massive. In the worst forms, it is wretchedness in the ex-
treme. To a person suffering from excessive chillness, some
powerful stimulant, such as the taking of food, alcohol, or
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tobacco, is necessary to restore equanimity. The volition
and the memory are proportionally impressed by the pains of
cold, and they take a high rank in the reckonings of fore-
thought and prudence.

It is a singular fact in our constitution, that an agency
calculated to quicken the vitality of so many leading organs
—muscles, nerves, lungs, stomach—should affect us so power-
fully, by the depression of one organ. The fact is hichly
illustrative of the importance of the skin,—whether from its
organic functions, or from its sensibility. Probably, both
circumstances enter into the case. It may be that the
quickened vitality of all the other leading organs is unavail-
ing for a perfectly healthy tone while the skin is depressed.
But it must be also true, that we are in a peculiar degree
sensitive to changes in the condition of the skin,-~owing, no
doubt, to its great supply of nerves.

19. The consequences of Heat are, in nearly every parti-
cular, the opposite of those now stated. Acute or intensc
heats agree with intense colds in being simply destructive
and painful. 'Within the point of injury to the tissues, heat
is a pleasurable sensation. The pleasure of heat, like the
pain of cold, is voluminous or massive. There are cases,
however, distinguished by intensity rather than by quantity ;
indeed, this distinction of quautity and intensity, used as a
part of the description of feelings, has its perfect type in the
case of temperature, there being a physical reality correspond-
ing to the mental facts. Sometimes, we have great intensity
and small quantity,—as in the scorching rays of a fire, or a cup
of hot tea : at other times, we have large quantity with low
intensity,—as in a hot bath, a warm room, a warm bed. The
hot bath is the extreme instance. By no other contrivance
can such a mass of heat be brought to bear upon the human
system ; consequently, this presents the sensation of warmth
in its most luxurious form. It is the intoxication of animal
heat. We are, unavoidably, led to assume that this warmth
must act powerfully on the sensitive nerves; for, it is hardly
to be supposed that the organic processes are so greatly
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furthered by the sustained temperature as to exalt the plea-
surable consciousness in this remarkable degree. Indeed, we
may derange the system by excessive heat, without producing
the painful feeling arising from cold.

In the case of morbid activity of the nervous system,
warmth is a soothing influence, either by its physical effects,
or by the nature of the sensation, or from both combined.

The feelings of Respiration, and those of Heat and of
Cold, illustrate in a marked manner the fundamental doctrine
of Relativity, or of change as a condition of consciousness.
There is no feeling of respiration, unless by increase or
diminution of the action of the lungs; and, if we lived in an
even temperature, heat and cold would be alike unknown.
The induction of the principles of Relativity as regards these
states is complete.

Sensations of Nerve.

20. The nerves and nerve centres, apart from their action
as the organs or medium of all human sensibility, have a
class of feelings arising from the organic condition of their
own tissue. Wounds and diseases of the nerves are pro-
ductive of intense pains; witness tic-douloureux and the
neuralgic affections of the brain and spinal cord. Nervous
exhaustion and fatigne produce a well-known sensibility,
very distressing in its extreme forms; and repose, refresh-
ment, and stimulants engender an opposite condition, through
a change wrought on the substance of the nerve tissue.

The nervous pains arising from cuts, injuries, and disease
of the substance, are characterised by a most vehement
intensity. When a muscle is spasmodically contracted, the
influence passes from the muscular fibres to the nerve, and
the affection of the nervous fibres may then be supposed to
be secondary; but, in neuralgic affections, the influence
comes at first hand, and not by propagation from some
other tissue.

‘We have here, therefore, a manifest complication to deal
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with. The nervous substance is necessary to all sensibility :
strictly speaking, every form of pleasure and of pain is
physically embodied in a certain condition of the brain and
nerves. But we have to note, under the present head, the
effects that arise from operating upon the tissue directly, and
not through the organs of sense, or by means of the emotions.
This direct action is exemplified in injuries and in diseases
of the nerves, in the use of stimulating drugs, and in the
agencies whereby the cerebral substance is nourished or
impaired.

The action and reaction of the different organs connected with
our physical well-being tends to confuse the sources of our sensi-
bility. Nevertheless, important ends are served by endeavour-
ing to assign toeach its part in the complex results ; and, although
this is often difficult, it is not impossible. We know, for example,
when a sight or a sound that experience shows to be pleasurable
in its tendency may, on some special occasion, utterly fail to pro-
duce the customary effect. We readily refer the circumstance to
the organic condition of the nervous substance for the time being.
When a physician finds a patient in a mood of great mental de-
pression, his cross-examination usually enables him to assign
the special organ that is at fault. It may be the digestion, the
respiration, the circulation, or the nervous substance itself, which
is no doubt dependent upon these other leading functions, but
may, from some peculiar cause, be lowered in tone, notwithstanding
the sutliciency of the other organs in their proper spheres.

21. Nervous Fatigue, or Exhaustion.—This state is con-
sequent on too great expenditure in some one or other of the
numerous forms of nervous activity, on intense pains, on
excesses of pleasure, on long-continued activity of either
body or mind, on reaction from stimulants. It may, also,
arise from want of proper nourishment of the nerve substance ;
and this, again, may be either a want of food material or an
insufficient preparation by the auxiliary organs of nourish-
ment.

The mental state most usually corresponding to such a
condition is simple depression of tone, or massive pain of the
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nature of general sensibility. Although very readily passing
into acute forms cf nervous pain, as simple headache, it may
yet be free from all such local and special peculiarities : its
sole means of distinction being degree or amount. Here,
then, may be an extensive scale of gradation, which has a
momentous import as affecting the entire tone or sense of
existence. Our consciousness makes us aware both of the
state itself and of its amount; and, notwithstanding the
absence of specific characters, there are ways and means of
stating and fixing this amount over and above the feeling of
the moment (see p. 75).

Healthy and Fresh Condition of the Nerve Tissue.

22. This is, in every respect, the opposite or obverse of
the foregoing,—whether we look to the physical and mental
sources or to the resulting consciousness. General exhilara-
tion of mental tone, which is connected with high or effective
condition of the Digestion, Respiration, or Circulation (for
which, of course, the nervous substance must be the support
in the end), may be, at times, distinctly referable to the
good condition of the nerves and brain in their own proper
capacity. This fact can be established beyond dispute by
the case when these other organs are even below their
normal condition, while yet the nerve substance responds
to joyous elation. The decisive example is, of course, the
operation of stimulating drugs. Less prominent, but still
suggestive, are the numerous occasions when we are aware
of having undergone nervous renovation, undisguised by an
improved condition of the other functions.

The influence of stimulating drugs is usually a mixture of
general (pleasurable) sensibility with distinctive modes that
give a certain character to different kinds of stimulants. At-
tempts have been made to specify and delineate the psychical
results of the principal stimulants in habitual use. The cir-
cumstances that give a variety of aspect to these are such as
the following. For example, it is well known that a stimu-
lating substance may be more or less purified from gross or
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irritating accompaniments, such accompaniments being of
the nature of so much painful agency detracting from the
general effect. More commonly, however, the result is to
bring about a speedier exhaustion of the nervous system,
and so terminate the period of exhilaration due to the stimu-
lating substance ; persistence then inducing either nervous
depression or acute nervous pains.

Another important type of stimulation may be specified
as general sensibility of a soothing, satisfying, and quieting
character ; the contrast to which is a stimulation that is
exciting, in the sense of demanding some other applications
in order to give perfect satisfaction,—as, for example, the
gratification of some favourite study or some personal intevest
beyond the moment. In such a case, the stimulation is
manifestly inadequate as pleasure, while setting nervous
currents in motion, as pure excitement ; thus determining
a state of wakefulness that needs occupation and desires
some further consequences in the way of pleasurable awaken-
ing. To evoke a perfectly pure condition of pleasurc, in con-
siderable amount, and of a kind to allay all further cravings
for the time being, needs a rare conjunction of circumstances,
especially if some continuance is counted on. In nearly
every mode of arousing pleasurable sensibility, there is some
mixture or dross, to which corresponds a separate demand
in order to get rid of it.

The modes of stimulation by substances of the nature of
drugs to the nerves are distinguished, intellectually, by the
discriminative operation of such drugs on the senses affected.
From this cause, associations spring up between the purely
pleasurable stimulus and sensations that have an intellectual
persistence, whereby the more emotional effects may be
lodged in the memory and reproduced as recollections.
This remark will find additional illustration under the Five
Senses. Otherwise, we may say of nervous stimulants, as
of pleasurable and painful sensibility generally, that the
intellectual persistence of the psychical conditions is of
the lowest order.
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The State of Drowsiness.

23. A very distinct mode of sensibility, which may be
properly included under the present head, although adverted
to also in a different connexion, is the state named Drowsiness.
Allusion has been made to this state in connexion with slow
movements (p. 83), and also with the agreeable sensation of
muscular rest from ordinary fatigue (p. 115). Notwithstand-
ing vhese alliances, the drowsy condition possesses a standing
of its own, and enters, to a cousiderable degree, into the
stream of organic pleasure. We are so far fortunate in not
passing instantaneously from an active condition of body into
the full unconsciousness of sleep. Both preceding and fol-
lowing the perfect state so denominated, there is an interval
greater or less, of agreeable, massive sensibility, which in
its own character has to be reckoned among the gratifying
moments of our existence. Although developed in all its
characteristic fulness in proximity to actual sleep, it recurs
in slighter degrees in the cycle of our waking moments,
and plays a part in the control of our active states, lending
itself to the suspension of activity, sometimes as a whole-
some corrective, and, at other times, as pandering to indo-
lence.

It is a curious and not unimportant question whether, as
suggested, it be a phase of the Sensibility of Muscle, or
whether it is related more intimately to the nerve substance
itself. Psychically, we can solve this doubt only by our
consciousness of its agreements with recognised nervous
modes of sensibility. It is, notoriously, a reaction and a
remedy in the case of nervous strain, quite as much as in
the strain of muscle. When the nerves are run down by a
course of functional exercise (if not excessive), their repose
easily passes into the drowsy condition, and it may not be
incorrect to call it more specifically one of the modes of
nerve giving sensibility. The evidences for such an assump-
tion are furnished by what is known of the procuring causes,
as well as of the obstacles, in the inducing of sleep. Besides
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the fact of periodicity, it is known what are the favouring
circumstances of sleep and the reverse.

A state the opposite of pleasurable is that when drowsi-
ness has supervened, and yet when the natural tendency to
perfect sleep is arrested or checked. This is a massive form
of painful irritation, whether located in the muscles or in
the nerves, and shows the characteristic phase of the sleepy
condition, as we shall see again, when we reach the treat-
ment of the Appetites.

Feverishness.

24. What is termed feverishness is the extreme and exag-
gerated form of so-called excitement. Indeed, the proper
meaning of the term excitement, apart from either pleasure
or pain, is best put in evidence by the consideration of this
state.

Nervousness is a familiar designation for too great excita-
bility of the nerves, under which they fail to recover their
proper tone, or to subside into quiescence and repose, when
the necessity for their exertion has passed away. What is
termed ¢nsomnia means the reluctance of the nervous tissue
to assume the phase of somnolence at the periods when sleep
properly falls due. In such a condition, thought is more or
less awake ; being no longer under voluntary control.

The painful character of the state is, in part, connected
with the circumstance that the forced thinking is maintained,
while the ideas themselves may be painful, or, even if not
painful intrinsically, are made so in consequence of the jaded
condition of the nerves, under which pleasure is no longer
possible. It is the exaggerated persistence of the condition
of nervous weariness after too much pleasure with which we
are familiar in our proper waking hours.

There is a form of feverishness that is unnaturally plea-
surable,—like the action of stimulants in an intense degree.
Such a state is on the way to delirium, during which the
healthy conditions of the nerves are perverted or rendered
abnormal.
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Feelings of Electrical States.

25. We shall touch upon only one other class of feelings
before passing from this subject,—-the feelings arising from
Klectric and Magnetic agencies. It is very difficult to say
anything precise on this class of sensations, but their
interest is such that we ought not to pass them unnoticed.

The electric shock from a Leyden jar is, perhaps, the
simplest of all the electric effects; yet, we are not able to
describe the change that it produces on the tissues affected
by it. When very severe, it destroys life. The stroke of
lightning is proved to be of the same nature. The peculiar
feeling of this kind of electricity has its main character from
the suddenness of the action ; the painful effect is described
as a shock or a blow. When pretty smart, it leaves an
unpleasant impression behind, such as to render us averse
to a repetition of the experiment. There can be no doubt
of the disorganising tendency of the influence when at all
severe. The Voltaic shock is very different, in consequence
of the altered character of the discharge; an incessant current
being substituted for an instantaneous shock. Still, the
painful character remains. The first contact causes a slight
blow like the other; then succeeds a fecling of heat, and a
creeping sensation of the flesh as if it were unnaturally
wrenched or torn, which after a time becomes intolerable.
The peculiar distorting sensation is carried to the utmost in
Varaday’'s Magnetic- Electric Muchine, where the current, instead
of continuing of oue character, is changed from negative to
positive, and from positive to negative, a great many times
every second. The quality of the pain from this machine
may be described as agonising. Yet, feebler discharges of this
kind arc employed as an electric stimulus in certain diseases.
There seems to be a power in electricity to revive the action
of torpid nerves; and, after experience both of common and
of voltaic electricity for the purpose, Faraday’s invention has
been adopted in preference to either.

Tt is now a common application of electricity to try its effects
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upon the senses one and all. "In the more mechanical sense of
touch, it simulates some of the usual sensations of the skin. If
applied to taste, a mixed gustatory sensation is said to be produced;
in the back of the tongue, which is the region of bitter taste,
bitterness is produced, and, at the tip of the tongue, sweetness.

26. The electricity of the Atmosphere is believed to be
the cause of quite other sensations than the shock of the
thunderbolt. In some states, this influence is supposed to
kindle a genial glow in the human frame, while, in éther
states, the effect is painful and depressing. Many persons
complain of a disturbed irritated condition of body on the
eve of a thunderstorm. The highly electrified state of the
atmosphere in dry cold is generally considered as bracing;
while part of the depression of moist sultry weather is
attributed to the absence of electricity. Much, however,
remains to be proved in regard to these popular beliefs.
The time of greatest effect on the human sensibility from
this class of influences is the eve of an earthquake or volcanic
eruption ; in which case it is known that the earth’s magnet-
ism suffers violent disturbances. On these occasions, feelings
of depression amounting to nausea and sickness overtake
both men and animals, as if some great stimulus of a sup-
porting kind were suddenly withdrawn.*

Concluding Observations.

27. We have now described the principal states of feel-
ing that enter into the general conditions called physical
Comfort and Discomfort. Of all the elements that deter-
mine our flowing stream of pleasurable and painful conscious-
ness, the foremost, the ever-present, the largest in amount
is made up of the series of elements now detailed. Muscular
feelings in their wide compass, sensations of digestion, of
respiration, of circulation, and nervous states referable to
organic conditions of the nerve substance, fill up every day

* This is admirably brought out in Bulwer Lytton’s Last Days of
Pompeit.
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with a volume of sensibility, of fluctuating and varying
degree, not only vast in itself, but largely determining the
precise efficacy and tone of the other numerous sources of
our hedonic condition. We can easily figure to ourselves a
few various types of our successive waking states, pleasurable,
painful, or neutral, in which these different streams of sen-
sibility occupy positions. It may be owing to a speciality
of temperament, that some one of these preponderates.
Thus our muscular expenditure in its numerous forms—in
action, in fatigue, in repose with recuperation—might take
the lead ; the undulations of these different conditions reveal-
ing themselves to consciousness as the day went on. Or
again, the Digestive phases might assert their predominance
—a not uncommon type,—easily traceable and assignable by
our self-observation. IRespiration, however important as an
interest, would not bulk so largely in ordinary circumstances.
As a matter of course, the conditions of the Nerve Substance
would assert themselves, although less easy to separate
from the influence of the other great interests. In circum-
stances that kept the influence of the outer world at a low
figure, while not stirring up powerful emotions or stimulat-
ing currents of thought, the organic stream would be the
prominent factor in the continuous mental tone. Submerged
or overpowered at intervals by the other great interests of
our being, it would have its periods of abeyance and disap-
pearance from consciousness. For one thing, the objective
attitude of pursuit would effectually curb and restrain its pre-
dominance ; while, as objectivity itself is necessarily tran-
sient, there would still be times of entire recovery of organic
consciousness. The same remark would be applicable to the
wide-ranging influence of the five senses, whose emotional
sensibility co-operates largely with their properly intellectual
agency. So also with the wakenings of ideas or thought,- -
as Memory, Imagination, and Ratiocination,—which both
evoke subjectivity and make up the object states that place
feeling in abeyance. Moreover, the great emotions standing

outside of the strict organic circle have occasions of assert-
10
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ing themselves in such force as to throw everything else into
the background. All such influences would be formidable
rivals, but still only rivals, to the great streams of sensibility
now passed in review ; the rivalry being conducted on equal
terms, if not equivalent in amount.

It must further be noted that the organic sensibility is
the one mode that is always with us, even when overlaid or
suppressed by these other ingredients of counsciousness. It
begins our waking day, and holds us until other elements
have had time to enter the field; being ready to reassert
itself as these other elements retire or lose their efficacy.
‘What is still more notable, they constitute the ground tone
of our mental being ; in which capacity they exercise a power
of admitting or refusing, or welcoming, or discouraging the
operating influences on the stream of pleasurc or pain.
If the new claimant be adverse to the power in possession,
it has to maintain a fight until it succeeds by the right of
the stronger ; if, on the contrary, a concurring or harmonising
influence, it is accepted with alacrity, and augmented in
efficacy to produce its proper results. This is a power that,
from the very nature of the case, distinguishes the strong
organic manifestations of such organs as have been enumer-
ated ; whence the common observation as to the preference
to be given to the strictly corporeal side of our being in all
our calculations of future weal or woe.

SENSE OF TASTE.

This is a peculiar sense attached to the entrance of the
alimentary canal, as an additional help in discriminating
what is proper to be taken as food, and an additional source
of enjoyment in connexion with the act of eating.

1. The substances used as food are more completely dis-
tinguished by the taste than by the digestion. The tastes of
bodies are almost as widely different as is their chemical
composition ; but, in order to have taste, a substance must
be either liquid or soluble in the mouth.

The bodies acting on the sense of Taste are innumerable.
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They are found in the mineral, vegetable, and animal king-
doms; and many of them may be discriminated by means of
this property.

Of mineral bodies, water and the elements of atmospheric
air are remarkable for having no taste. But most other
liquids and gases, and a very great proportion of solid sub-
stances, if capable of being dissolved by the saliva, have a
distinct action on the palate. All acids, all alkalies, and
nearly all soluble salts are sapid.

It is remarked that, in salts, the taste is determined more
by the basc than by the acid. Thus, salts of iron have in
general the inky taste; salts of magnesia partake, more or
less, of the well-known character of Epsom salts. There is,
also, something of a common character in the salts of silver,
of soda, of potash, of ammonia.

It is a curious fact, that the chemical combination M2 03,
or two atoms of a metal with three of oxygen (termed sesqui-
oxides), causes sweetness. Alumina is an illustration; for
alum is known to be sweet as well as astringent. The
oxide of chromium is still sweeter. Glucina is the sweetest
of all, and has its name from this quality.

The salt of silver, termed hypo-sulphite, and its com-
binations with hypo-sulphites of the alkalies, are among the
sweetest bodies known.

The salts of lime are bitter.

The organic alkalies are all intensely bitter; quinine,
morphine, strychnine, are instances. Strychnine when
diluted with water, to the degrec of one in a million, has
still an appreciable taste.

There is a certain class of vegetable compounds—neutral
bodies, which are at present characterised as the bitter and
extractive principles of plants. I quote a few examples from
the list given in Gregory's Organic Chemistry, p. 457.

Gentianine, from Gentiana lutea, forms yellow needles,
very bitter. Absinthine, from Artemisia absinthewm, or
wormwood, is a semi-crystalline mass, very bitter, soluble in
alcohol. Tanacetine, from tanacetum vulgare, is very similar
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to it. Syringine is the bitter principle of the lilac, syringa
vulgaris. Colocynthine, the active principle of colocynth, is
amorphous, intensely bitter and purgative. Quassine is a
yellow, crystalline, and very bitter substance, from the wood
of quassia amara. Lupuline is the bitter principle of hops.
Liminine, or Limine, is a bitter, crystalline matter, found in
the seeds of oranges, lemons, ete.

With regard to vegetable and animal substances in
general, Gmelin remarks: ‘Some organic compounds, as
gum, starch, woody fibre, white of egg, etc., have no taste ;
others have a sour taste (most acids); or a rough taste
(tannin) ; or sweet (sugar, glycerine, glycocol); or bitter
(bitter principles, narcotic substances, and many acrid sub-
stances, also many resins); or acrid (acrid oils and camphors,
acrid resins, acrid alkaloids); or fiery (alcoholic liquids,
volatile oils, camphors)’ (Chemistry, vol. vii. p. 66).

Not only are the different classes of vegetable and animal
products distinguished by their taste, as apples from apricots,
wine from cider, flesh from fat, but in every such class there
are many distinguishable varieties. The class of wines,
based on the common ingredieunt, alcohol, spreads out into
innumerable kinds from the presence of sapid substances in
quantity so small as to elude the search of the chemist. It
is shown by this and by many other facts, that an extremely
minute portion of a sapid substance may make itself acutely
felt to the taste. The bitter element of soot, for example, can
be distinguished in cookery to a very high degree of dilution.

Acids and bitters are said to be the most readily detected of
all sapid substances; then saline, and, lastly, saccharine. It has
been found that one part of sulphuric acid in 10,000 of water, and
one of sulphate of quinine in 33,000 of water, can be detected,
when the solution is carefully compared with pure water. Sugar
cannot be tasted when there is less than one in 80 or 90 of water;
and, of common salt, one part is necessary to 200 of water
(Marshall’s Physiology, i. 481).

2. The organ of Taste is the tongue ; and the seat of sen-
sibility is the mucous membrane covering its surface.
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‘ The upper surface of the tongue is covered all over with
numerous projections, or eminences, named papille. They
are found also upon the tip and free borders, where however
they gradually become smaller, and disappear towards its
under surface.” These papillee are distinguished into three
orders, varying both in size and in form.

‘The large papille, eight to fifteen in number, are found
on the back part of the tongue, arranged in two rows, which
run obliquely backwards and inwards, and meet towards the
foramen ceecumn, like the arms of the letter V. * The middle-
sized papille, more numerous than the last, are little rounded
eminences scattered over the middle and fore part of the
‘dorsum of the tongue ; but they are found in greater numbers
and closer together, near and upon the apex.” *‘The smallest
papillee are the most numerous of all. They are minute,
conical, tapering, or cylindrical processes, which are densely
packed over the greater part of the dorsum of the tongue,
towards the base of which they gradually disappear. They
are arranged in lines, which correspond at first with the
oblique direction of the two ridges of the large papille, but
gradually become transverse towards the tip of the tongue.’

‘These different kinds of papillee are highly vascular and
sensitive prolongations of the mucous membrane of the
tongue. When injected, they seem to consist alinost entirely
of capillary vessels; the large papille, containing many vas-
cular loops, whilst the smallest papille are penetrated by
only a single loop. Nerves proceed in abundance to those
parts of the tongue which are covered with papille, into
which the nerve tubes penctrate.” *‘The papille are un-
doubtedly the parts chiefly concerned in the special sense of
taste; but they also possess, in a very acute degree, conmon
tactile sensibility ’ (Quain).

The nerves supplied to the tongue are the glosso-pharyngeal
on the back part, and twigs of the fifth pair on the fore part.
T'he former inust be considered as, in all probability, the nerve of
taste proper. The fifth pair, being a nerve of touch, can confer
that high tactile sensibility distinguishing the tip of the tongue;
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but there are no facts decisively showing any portion of this nerve
to be the mediuin of pure taste. It is true that some so-called
tastes, as the sour or acid, can be discerned by the tip ; but these
are properly of the nature of pungent or fiery stimulation, capable
of acting on nerves of touch. A bitter taste, which appeals to
the strict gustatory sensibility, is felt principally in the back part
of the tongue. Fiery, cooling and astringent tastes may arise
through the lips and the gumns, showing that they are merely
effects on our common or tactile sensibility. Mustard act. on
any tactile surface with variations of degree merely. It has not
been possible to excite a pure gustatory sensation by irritating
the fifth pair of nerves.

Notwithstanding the apparent simplicity and consistency of
referring the purely gustatory sensations to the glosso-pharyngeal
nerve, and the sensations that are more nearly allied to tactile
pungency to the nerves of the fifth pair, the preciseness of the
nllocation does not seem to be fully borne out by physiology.
According to Professor Michael Foster (Physiology, p. 1398), the
nerve fibres of the fifth nerve take part with the others in giving
birth to the proper gustatory sensations. This must be so, if it
be the case, as affirmed, that, while bitter tastes are located in
the back part of the tongue, sweetness is fclt at the tip, or in the
localities supplied chiefly from the fifth pair and giving birth to
acid, alkaline, saline and astringent tastes.

* We conclude generally,” say Messrs. Todd and Bowman,
* with regard to the tongue, that the whole dorsal, or upper sur-
face, possesses taste, but especially the circumferential parts-—uviz.,
the base, sides and apex. These latter regions are most favour-
ably situated for testing the sapid qualities of the food; while
they are much less exposed than the central part to the pressure
and friction occasioned by the muscles of the tongue during
mastication., The central region, as a whole, is more strongly
protected by its dense epithelinin, and is rougher, to aid in the
comminution and dispersion of the food.” But, in addition to
the tongue, * the soft palate and its arches, with the surface of
the tonsils, appear to be endowed with taste in various degrees
in different individuals ' (i. 443).

3. The increasing sensibility of the tongue, from tip to
back, serves as an inducement to move the food gradually
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onward in the direction of the pharynx, in order to be finally
swallowed. The same sensibility, acting according to the
general law of feeling-guided action, or volition, keeps up
the mastication, whereby the sapid action of the food is
increased by solution and comminution of parts. Thus it is
that mastication is purely a voluntary act, while deglutition
or swallowing is purely reflex or involuntary.

Among the conditions of taste, in addition to solubility,
it 15 noticed that ‘taste, like touch, is much influenced by
the extent of surface acted on; and is also heightened by
the motion and moderate pressure of the substance on the
gustatory membrane’. In order to taste, also, the tongue
must not be in a dry or a parched condition. ‘The impres-
sion of cold air deadens the sense of taste.”*

4. The precise mode of action whereby the nerves of the
tongue are stimulated has not as yet been explained. Taste
may be produced by mechanical irritation of the surface, as
by a smart tap with the fingers on the tip of the tongue, and
by galvanism. A stream of cold air directed upon the tongue
pives a cool saline taste, like saltpetre. If we look at the
substances that cause taste proper, it appears probable that
their chemical constitution is the determining circumstance ;
whence it would seem that the action is a chemical one. A
certain secretion from the blood-vessels that line the papill®

* Another condition of taste, brought to light by the researches of Graham
on ¢ Dialysis,’ is, that the substance should belong to the crystalloid class of
bodies, and not to the colloid class. The colloids are represented by starch,
the gums, caramel, tannin, albumen, gelatine, vegetable and animal extrac-
tive matters. Now, it is a law that these colloids do not penctrate one another,
except with slowness and difficulty : whereas a crystalloid body, like sugar or
salt, penetrates a colloid very readily. Animal membranes belong to the
colloid class, and, accordingly, while they are frecly permeated by crystalloid
substances, they resist the passage of starch, gum, albumen, gelatine, etc.
This would be a sufficient reason for the absence of taste in these bodies.
Graham remarks: ¢ While soluble crystalloids are always highly sapid, soluble
colloids are singularly insipid. It may be questioned whether & colloid, when

asted, ever reaches the sentient extremities of the nerves of the palate, as the
latter are probably protected by a colloidal membrane, impermeable to soluble
substances of the same physical constitution.’
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of the tongue combines with the dissolved food, and the act
of combination constitutes the stimulus of the nerve fibres.
We know that a chemical action on any surface or tissue
will suffice to stimulate a nerve and produce sensation; and
it is difficult to assign any other mode of stimulus either in
taste or in smell

5. The external objects of the sense, and the structure of
the organ having thus been considered, it remains for us to de-
scribe the mental phenomena,—that is, the Sensations them-
selves. From what has been already said, the reader will
gather, if he has not otherwise remarked it, that the tongue
is the seat of a twofold sensibility—taste and touch. I go
still farther, and ascribe to it a threefold sensibility,—wviz.,
touch, taste properly and strictly so-called, and relish, or a
participation in the alimentary sensations. The reasons are
the following :—First, therc is an obvious continuity of struc-
ture in the tongue and the alimentary canal,—a common
character of surface as regards mucous membrane, glands,
and papillie,—which would imply some community of action
and feeling, in the midst of diversity. ¢ We may here allude
to a certain gradation that is apparent from the papille of
touch, through those of taste, to the absorbing villi of the
small intestines. Touch shades into taste, and at a lower
point sensibility is lost’ (Todd and Bowman, i. 441).
Secondly, the tongue, besides its power of discriminating
niceties of taste that have very little reference to digestibility,
can inform us at once whether a substance will agree or dis-
agree with the stomach ; and this it can do only by being, as
it were, a part of the stomach, affected, like it, by wholesome
or unwholesome contacts. Thirdly, the peculiarity we call
relish is not the same as a mere taste. For the type of taste,
I may take such substances as common salt, quinine, soot,
Epsom salts. For relishes, I would select butter and animal
flesh ; the savoury in cookery being made up much more of
relishes than of tastes. The condition of the stomach governs
the one, but not the other. After an attack of sea-sickness,
a person is still in a condition to discriminate sour, bitter,
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alkaline, or acrid, when the choicest food excites no relish in
the mouth. Fresh, disgusting, nauseous, are terms applying
to the stomachic sensibility and to that portion of the tongue
in sympathy with the stomach, and not to tastes as I under-
stand them. With this explanation, I shall now procecd to
examine in detail the sensations of the tongue.

6. Deferring for the present the consideration of the
purely tactile sensibility, shared by the tongue in common
with the skin and the inner surface of the mouth, we shall
have to classify and describe the several kinds of sensations
coming under both Taste and Relish. On the general plan
of taking the least intellectual sensations first, we should
commence with the relishes and disgusts of taste, which
constitute its relation with the alimentary sensations already
treated of. But these feelings need not be again gone into,
in the detail; all that appears necessary is to quote a few
instances, with the view of illustrating still further the
distinctions we have drawn, between the alimentary sensa-
tions of the stomach and those of the mouth, and between
both and the proper sensatious of taste.

7. The classification will therefore commence (I.) with
Relishes. 'T'hese ave the agreeable feelings arising from the
stimulus of food on the organs of mastication and deglutition.
They are intense in degree. The substances that produce them
in greatest amount are reckoned savoury by pre-eminence.
Animal food has the highest power of exciting a vigorous
relish, or that keen sensation so powerful as a stimulus to
mastication and the taking of food, rendering the individual
voracious for the time being. A healthy digestion and the
state of hunger are the necessary conditions of a strong relish,
whether in the stomach or in the mouth; from which fact, as
already said, we can discern the difference there is between a
mere taste and a relish. Butter and oils and fatty substances
are relishes,—used for that purpose along with the more in-
sipid kinds of food, such as bread. Sugar is both a taste and
a relish. Inasmuch as it is one of the necessaries of animal
life—which is proved by the function of the saliva in pro-
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ducing it from starchy substances,—there is a direct craving
for it throughout the system; and everything craved for in
this way is likely to produce a far deeper impression than a
mere sensation of taste.

The relish in the mouth is much more intense or acute
than the feeling in the stomach ; although this last may be
more influential upon the general tone of the system, by its
amount. That the two interests are not altogether identical
is shown by the circumstance that many tongue-relishes
accompany difficult digestion. But 1 am not aware of any
case where what passes in the mouth is found nauseous to
the digestion; so far the two senses would seem to be in
accord. )

8. Relishes imply their opposite, Disgusts. This sensation
18 inspired by certain substances as part of their nature. At
particular times, it mnay arise from any contact whatever,-—the
alimentary surface being in a state of distemper. Oily sub-
stances, when cold anad solid, ave relishes ; but, when hot and
liquid, readily disagree with the palate. Repletion renders
any kind of food distasteful, and some kinds absolutely
nauseous. In every point of view, this feeling is as much
dependent on the condition of the alimentary canal as on
the material tasted.

The different degrees of relish and nausea exhaust all that
part of taste in sympathy with digestion; what follows, next
in order, belongs (I1.) to the distinctive sensibility of the
tongue.

9. Sweet tastes. At the head of these, we must place the
sugary taste, as being the wmost prevalent of all forms of
sweetness. The sweetness of every kind of fruit, of bread,
of milk, of alcoholic liquors, and of confectionery in general,
is known to arise from sugar. Besides giving relish, it acts
strongly upon the sense of taste proper; but no pleasure of
mere taste can be compared in amount and influence to an
agreeable alimentary feeling. We can lay it down as a rule,
that the pleasures of taste proper have, as a whole, a less in-
fluential action than the other class; and this must serve as a.
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defining circumstance for every individual of them. The
feeling of a sweet taste is acute, but does not inspire the
energy of volition that follows up a savoury morsel. When
digestion is satisfied, there remains the enjoyment of sweets ;
and when the taste for these becomes cloyed by repetition, it
is by an independent effect on the gustatory nerves.*

But the great distinction of this feeling, and of all other
feelings of taste proper, relates to the intellect, or to the
power of discrimination belonging to this organ; whereby an
indefinite number of substances can produce impressions
recognised by us as totally different from ecach other in
character,—which impressions of difference can remain or be
recalled, after the original is gone, to compare with new cases
that may arise,and to give that sense of agreement or disagree-
ment whereon all our knowledge of the world is based. In the
case of sweetness, for example, not only can we be affected with
the pleasurable feeling or emotion belonging to it, but we can
be distinctively atfected by a great many substances possessing
the quality : we can identify some, and feel & want of identity
in others; and we can so far retain the impression of a taste
of yesterday as to compare it with a taste of to-day. This
feature distinguishes the feelings of the mouth from organic
feelings whose more usual formn is general sensibility; it
distinguishes, in some degree, tastes from relishes, although
these last are also discriminated to a considerable extent ;
and it is the point of superiority which sight, hearing, and
touch, have, to a still greater degree, over organic sensations.

10. Butter tastes. These are exemplified by quinine,
gentian, or bitter aloes. This, and not sourness, is the
proper contrast of sweet. As sweetness is the pleasure
proper to taste, so bitterness is the peculiar or distinctive
form of pain inflicted through this sense. Without having
the bulk and influence of the massive forms of pain, this
sensation is highly intense in its own limited region, ex-

* For an analysis of tastes and relishes in relation to digestion, see the

account of a ¢ Corporation dinner’ in Dr. Lauder Brunton's Iisorders of
Digestion.
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pressing itself by wryness and contortion of the features.
The sweet and the bitter represent the two characteristic
modes of acting on the pure gustatory nerves. They are
distinet from relish on the one hand—which involves sym-
pathies with the stomach—and from the modes of tactile
sensibility on the other.

11. The classes that remain involve (IT1.),in a greater or
a less degree, the nerves of touch.

Saline tastes. Common salt may be taken as an example
of this class. Mineral waters, containing salts of soda, mag-
nesia, and lime, have a saline taste. This taste is rarely an
agreeable one, in many cases it is very disagreeable; but we
should be disposed to describe the feeling, in most instances,
as singular und characteristic rather than as either pleasing
or the reverse. Of it, as of all that follow, the character is
best expressed by saying, that it can be discriminated from
every other.

The repulsive taste of Kpsown salts would be termed u
compound of the saline and the bitter.

12. The alkaline taste is usually more energetic than the
saline, as might be expected, seeing that a salt is a neutralised
alkali. DBut if the remark above made be correct,—namely,
that salts owe their taste principally to their base,—the alkali
ought to have a considerable share of the saline in taste.
Most mineral alkalies, and some earths and oxides of metals,
have characteristic tastes, rarely agreeable, and often not
markedly disagreeable.

18. The sour or acid taste is much more uniform in its
nature than either the saline or the alkaline ; which we may
fairly ascribe to the influence of the acid quality itself, irre-
spective of the constituent elements. This is a sharp, pene-
trating, pungent action, having, when very powerful, the pain,
more of a burn, than of a repulsive taste. In diluted forms
it is an agreeable pungent stimulus to the mouth : hence the
liking for vinegar (the sour of cookery, as sugar is the sweet),
and for acid fruits and vegetables. A galvanic current in
the mouth causes sourness.
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Professor Foster proposed to designate a class of tastes by
the title ¢ metallic’. Asno metal in purity can act on the mouth,
in consequence of want of solubility in the fluid of the tongue, it
is only in some form of combination that metals can affect our
gustatory sensibility. In other words, they must be transformed
into acids, alkalies, or salts, so that they may acquire solubility,
and thereby act upon the nerves of taste. In this way, the
metallic becomes merged in one or other of the groups above
assigl ed.

14. The astringent is a distinct form of the sensation of
taste. As an example, we may refer to the effect of alum in
the mouth. It is evident, however, that, in the acid action,
and still more in the action of astringency, we depart farther
and farther from the proper feeling of taste. Astringent
substances act on the skin and on the mucous membranes
generally ; and the influence lies in a kind of contraction or
forcible shrinking of the part, to which we are sensitive
whenever it occurs as a touch. The ‘rough taste of tannin’
may be put down under astringency.

15. The fiery taste of alcoholic liquors, mustard, pepper,
camphors, and volatile oils, given in Gmelin’s classification,
seems to me to be happily designated. I am inclined to
think that this too is more a tactile action than a gustative,
although, in some of the other substances entering with
alcohol into wines, spirits, and malt liquors, there is a
genuine stimulus of the taste. The acrid taste may be
looked on as a form of the fiery, or astringent, combined
with some ingredient of the bitter. On the other hand,
the effect of peppermint resembles a cold contact on the
skin. The pungency that marks all this class of sensations
is a remarkable state of feeling, deserving to be once for all
discussed at length. This discussion, however, I prefer to
take up under the sense of smell, the next in order in our
arrangement.

16. With regard to the Intellectual aspect of Tastes in
geuneral, Lionget observes that these sensations are deficient
as regards the power of being remembered’; and he gives as
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a proof the fact that, when we dream of being present at a
repast, we see the viands but do not taste them. The fact
is not beyond question, and, besides, it is an extreme com-
parison : it contrasts the most intellectual of all the senses,
the most abiding of all sensations, with those that are least
so. It is thus far true, that we do not recover sensations of
taste so as to live habitually on the ideas of them ; but they
are slightly recoverable even as ideas, and, for the purposes
of identification and contrast, they may be recovered to a
very great extent. A wine tasted to-day can be pronounced
the same or not the same as a wine tasted a week ago, while
well-marked tastes may be remembered for years in this way.

The intellectual character of the sense is also illustrated
by its improvability. A wine-taster, a cook, or a chemist,
can acquire a delicate sensibility to differences of taste,
implying that its impressions can find an abiding place in
the memory.

SKENSE OF SMETL.

This sense is in close proximity to the organ of Taste,
with which smell frequently co-operates ; but we may con-
sider it as placed at the entrance of the lungs to test the
purity of the air we breathe.

1. The external objects of Smell—the material substances
whose contact produces the sensations, are very numerous.
They require to be in the gaseous state, in the same way
that the objects of taste require to be liquefied. Solids and
liquids, therefore, have no smell except by being evaporated
or volatilised.

The greater number of gases and vapours are odorous.
Of inodorous gases, the principal are the clements of the
atmosphere,—that is to say, nitrogen, oxygen, vapour of
water or steam, and carbonic acid.* In the long list of

* With regard to carbonic acid, the assertion as to the absence of smell
is true of the amount present in the atmosphere; but, collected in mass, this
gas has n slightly pungent, somewhat acid odour. As with pungent odours
generally, tho effect is probably due to the irritation of the nerves of the fifth
pair, and not to the proper olfactory sensibility.
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gaseous bodies recognised by the chemist, we find very
generally some action on the nostrils,—carbonic oxide, sul-
phurous acid, chlorine, iodine, the nitrous gases, ammonia,
sulphuretted and phosphoretted hydrogen, etc., the vapour
of muriatic, nitric, and other acids. The singular substance
ozone, produced occasionally in the atmosphere, is named
from its smell, which is the smell of sulphur, and of the
odour given forth by electricity. Some of the metals and
solid minerals give out an odour,—as, for example, the garlic
smell of arsenic, and the odour of a piece of quartz when
broken. The effluvia of the vegetable kingdom are countless.
Besides such widely spread products as alcohol and the ethers,
a vast number of plants have characteristic odours, usually
attaching to their flowers. The animal kingdom, also, fur-
nishes a variety of odours; some general, as the ‘scent of
blood,” and others special, as musk, the flavour of the cow,
the sheep, the pig. ¢ All volatile organic compounds,’ says
Gmelin, ¢ are odoriferous, and most of them are distinguished
by very strong odours; e.g., volatile acids, volatile oils,
camphors or stearoptenes, and alcoholic liquids ; marsh gas
(carburetted hydrogen), and olefiant gas, have but very little
odour.’

The pleasant odours, chemically considered, are hydro-
carbons ; that is, they are composed chiefly of hydrogen and
carbon. Such is alcohol and the ethers, eau de Cologne,
attar of roses, and the perfumes. Many smells, however,
elude investigation from the minuteness of the substance
causing them. Thus the vinous flavour is due to a substance
which the chemist has been able to separate, being termed
the cenanthic ether; but the bouquet of individual wines
has not been laid hold of.

The repulsive and disagreeable odours very frequently
contain sulphur. Sulphuretted hydrogen is one of the most
common of the disgusting class.

The worst smelling substances as yet discovered have
arsenic for their base, as will be seen from the following
extract (Gregory’s Chemistry, p. 382).
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‘ When acetate of potash is heated along with arsenious
acid, a very remarkable liquid is obtained, which is the
oxide of a new radical. This liquid, which is spontaneously
inflammable, and has a most offensive alliaceous smell, has
long been known in an impure state, under the names of
liquor of Cadet, and alcarsine. Bunsen, by a long series of
the most profound and persevering researches, established its
true character as the oxide of the radical kakodyle.” This
radical, when obtained, ‘is a clear liquid, refracting light
strongly. When cooled, it crystallises in large square prisms,
and acquires, when pure, the appearance of ice. Tts smell is
insupportably offensive, and its vapour is highly poisonous.
The two latter characters belong to all the compounds of
kakodyle, with hardly an exception.” Protoxide of kakodyle,
the chief ingredient in the liguor of Cadet, is most offensive
to the smell, and very nauseous to the taste. *Chloride of
kakodyle is a volatile, horribly fetid liquid, the vapour of
which attacks strongly the lining membrane of the nose, and
provokes a flow of tears.’

The pungent odours have ammonia for their type. The
volatile alkali, nicotine—the element of the snuffs, is an
instance. In smelling salts, ammonia is the substance
given forth. .

Liebig has been able to lay hold of, and isolate, the sub-
stance that gives the odour of roast meat. Burning fat gives
forth odours that exemplify the volatile oils specified by
Gmelin.

2. The development or production of odours is favoured
by a variety of circumstances. Heat, by its volatilising
power, and by promoting decomposition, is the most power-
ful agent. Light, also, which carries forward the develop-
ment of the plant, is an odoriferous influence. Hence the
abundance and variety of odours in warm and sunny
climates, and in the summer season. The presence of
moisture is often favourable; but the manner in which
this agency acts is not always obvious. It may, perhaps,
dissolve solid matters, and so put them in the way of being
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volatilized : this may be the cause of the evolution of per-
fumes after a shower. On the other hand, some flowers are
most odorous when dried. Friction is a source of odours.
By rubbing two pieces of flint or siliceous rock, a smell is
given forth ; sulphur, treated in the same way, has a smell.,
Many of the metals have the same property. Doubtless,
some ingredient is volatilized by the rubbing action.

3. The diffusion of odours is an interesting point, and
has been cleared up by the researches of Professor Graham.
Some odours are light, and, therefore, diffuse rapidly and
rise high ; as, for example, sulphuretted hydrogen. Such is,
evidently, the character of the aromatic and spice odours:
they, by their intensity and diffusibility combined, are smelt
at great distances. The Spice Islands of the Indian Archi-
pelago are recognized far out at sea. It happens, however,
that the sweet odours are remarkably persistent, while the
sulphuretted compounds, which are among the most nauseous,
are very rapidly destroyed in the atmosphere.

The animal effluvia (excepting sulphuretted hydrogen)
are dense gases, and are diffused slowly. They do not rise
high in the air. In scenting, a pointer keeps his nose close
to the ground. The unwholesome effluvia of the decaying
matter laid on the soil is avoided by getting to a moderate
height : a person lying will smell what would not be smelt
by one standing. The danger of sleeping on the ground in
tropical swamps is a matter of fatal experience; swung in a
tree fifty feet high, one may pass the night safely. Here
diffusibility is one, although not the only, circumstance ;
during the night, the ventilation or upward current from
the ground is arrested, and the malaria, being little diffusible
or buoyant, settles on the surface.

4. We have next to consider the organ of smell,—that is,
the Nose. ‘This organ consists of, first, the anterior prominent
part, composed of bone and cartilage, with muscles which
slightly move the latter, and two orifices opening downwards ;
and secondly, of the two nasal fosse, in which the olfactory

nerves are expanded. The narrow cavities last mentioned are
11



162 SENSE OF SMELL.

separated one from the other by a partition (the septum of
the nose) formed of bone and cartilage ; they communicate at
the outer sides with hollows in the neighbouring bones, and
they open backwards into the pharynx through the posterior
nares,’ or openings. The sensitive surface is a membrane
lining the whole of the interior complicated cavities, called
the pituttary or Schneiderian membrane. The tortuosity of
the passages of the nose gives extent of surface to this mem-
brane, and thereby increases the sensibility of the nose as a
whole. I shall quote part of the anatomical description of
this sensitive tissue. ‘The cavities of the nose are lined by
a mucous membrane of peculiar structure, which, like the
membrane that lines the cavity of the tympanum, is almost
inseparably united with the periosteum and perichondrium,
over which it lies. It belongs, therefore, to the class of fibro-
mucous membranes, and it is highly vascular. Named the
pituitary membrane, it is continuous with the skin, through
the anterior openings of the nose; with the mucous membrane
of the pharynx, through the posterior apertures bf the nasal
fossm ; with the conjunctiva (of the eye), through the nasal
duct and lachrymal canals; and with the lining membrane
of the several sinuses (hollows) which communicate with the
nasal fosse. The pituitary membrane, however, varies much
in thickness, vascularity, and general appearance in these
different parts.” With regard, also, to the distribution of the
olfactory nerve in the membrane, there are great differences
in the parts, the general fact being that the distribution is
most copious in the interior parts of the cavity or those
farthest removed from the outer openings. The parts near
the openings are supplied with nerves from the fifth pair,
which give to these parts a tactile sensibility, excited by
pungent odours, and by cold.

The olfactory nerve is the most conspicuous of the nerves
of sense; it passes inward to a special ganglion, called the
olfactory ganglion, which is & prominent object in the brain
of all the vertebrate animals, and, in the lower orders, stands
forth as a distinet lobe, or division, of the encephalon.
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The sense of smell seems to play a far more important part
in the lives of the lower animals than it does in our own life ;
and what we now possess is probably the mere remnant of a once
powerful mechanism. We may, perhaps, connect with this, on
the one hand, the fact that, even in ourselves, the olfactory fibres
have allotted to them what is virtually a whole segment of the
brain, namely, the olfactory lobe, and, on the other hand, the fact
that olfactory sensations seem to have an unusually direct path
to tue inner working of the central nervous system. Mental
associations cluster more strongly round sensations of smell than
round almost any other impressions we receive from without.
And powerful reflex cffects are very frequent, many people faint-
ing in consequence of the contact of a few odorous particles with
their olfactory cells (Foster, 4 Texrt-book of DPhysiology, 5th ed.,
p. 1390).

5. The action of odowurs on the membrane of the nose has
next to be considered. On this subject, as on the action of
sapid substances on the tongue, much remains to be known.
Nevertheless, there are some interesting facts which show that
the action is of a chemical nature, or, at least, depends upon
chemical conditions. For the following statements, I am
indebted to Professor Graham.

Odorous substances in general are such as can be readily
acted on by oxygen. For example, sulphuretted hydrogen,
one of the most intense of odours, is rapidly decomposed in
the air by the action of the oxygen of the atmosphere. In
like manner, the hydro-carbons, above alluded to as odorous,
are all oxidizable,—the ethers, alcohol, and the essential oils
that make the aromatic perfumes. The gases that have no
smell are not acted on by oxygen at common temperatures.
The marsh gas, carburretted hydrogen, is a remarkable case
in point. This gas has no smell. As a proof of the absence
of the oxidizable property, Professor Graham obtained a
quantity of the gas, from the deep mines where it had lain
for geological ages, and found it actually mixed up with
free oxygen, which would not have been possible if there had
been the smallest tendency for the two to combine. Again,
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hydrogen has no smell, if obtained in the proper circum-
stances ; now this gas, although combining with oxygen at a
sufficiently high temperature, does not so combine at any
temperature endurable by the human tissues.

It is, further, determined that, unless a stream of air
containing oxygen pass into the cavities of the nostrils, along
with the odoriferous effluvia, no smell is produced. Also,
if a current of carbonic acid accompany an odour, the effect
is arrested.

In the third place, certain of the combinations of hydrogen
have been actually shown to be decomposed in the act of pro-
ducing smell. Thus, when a small quantity of seleniuretted
hydrogen passes through the nose, the metallic selenium is
found reduced upon the lining membrane of the cavities.
The action on the sense is very strong, notwithstanding the
minuteness of the dose; there is an intensely bad smell, as
of decaying cabbage, and the irritation of the membrane
causes catarrh.

These facts, so far as they go, prove that there iz a
chemical action at work in smell, and that this action con-
sists in the combination of the oxygen of the air with the
odorous substance. The effect of ozone, which is considered
a more active form of oxygen, and, therefore, not oxidizable,
may be to decompose the nasal mucus, and so to stimulate
the nerve of smell.*

6. We pass, now, from the physical to the mental pheno-

* The minuteness of the particles of bodies acting on the sense of smell
has often been dwelt upon as a striking example of the divisibility of matter.
Sulphuretted hydrogen in the atmosphere, in the proportion of one to a
million, is distinetly perceptible. Ammonia is perceptible in the proportion
of 1 to 33,000,

The following minute quantities of different substances spread out on the
surface of smell cause a distinet sensation :—of phosphuretted hydrogen, y5%5
gr.; of sulphuretted hydrogen, zgdss gr.; of Bromine, 5345 gr.; of oil of
resin, rypdgey 8. A still smaller quantity of musk than the last given
smells strongly, but the actual measure has not been ascertained (Valentin).
Among the instances of powerful and far-reaching odours, we may rank the
roasting of meat and many other odours of the kitchen, burning wood and
tobacco.
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mena of smell :—the sensations, or peculiar states of con-
sciousness, that all those physical antecedents end in giving
birth to. Unavoidable allusion has already been made to
these mental effects, in the description of the smelling
substances.

‘ Linngeus has divided odours into seven principal classes :
1st, aromatic, as the carnation, the laurel, ete.; 2nd, fragrant,
as the lily, the crocus, the jasmine, etc.; 3rd, ambrosiac,
among which are musk and amber; 4th, alliaceous, which
are agreeable to some persons and disagreeable to others, and
have more or less of the character of garlic,—assafectida, for
example, and several other gum-resinous juices; 5th, fetid, as
those of the goat, of the rag-wort (orehis hireina), valerian,
ete.; 6th, virulent, as those of Indian pink (Uewillct d’Inde),
and many plants of the family of the solancw (from solanum,
the night-shade); Tth, nauscous, as the gourd, the cucumber,
and those of its class’ (Longet, p. 151).

Of several classifications quoted by the same author, the
above scems to me the best, but even that one is by no
means free from objections. The three first classes—the
aromatic, fragrant, and ambrosiac—do not appear to have
very strongly marked differences; nor is the distinction
between fetid and nauseous a generic one.

As in describing taste, I shall proceed upon the plan of
stating,—first, the odours that owe their character to sym-
pathy with the vital organ in alliance with the sense,—namely,
the Lungs; secondly, those that appeal to the purely Olfactory
sensibility ; and, thirdly, those involving an excitation of the
nerves of Touch.

7. Fresh odours are such as have an action akin to pure
air, or coolness in the midst of excessive heat; an action
mainly respiratory, or tending to increase the activity of the
lungs, and, with that, the physical energy of the system.
Many of the balmy odours of the field and the garden have
this effect : musk, eau-de-Cologne, and other, but not all,
perfumes, are included in the same class; the odour of the
cow is both fresh and sweet. We may recognize them by
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their effect in stimulating and reviving the system under the
oppression and suffocation of a crowded assembly. Such
odours are not always fragrant in their character, for we
might cite cases of unpleasant effluvia that seem to refresh
and stimulate the system. The odour of a tan-yard is,
perhaps, a case in point. The nervous connexions of the
nostrils with the lungs enable this reaction of the one upon
the other to take place. Or the influence of the gases may
be on the surface of the lungs, rather than on the nose—a
thing not at all unlikely in many cases coming uuder both
freshness and the opposite.  On this supposition, these
would be smells falsely so called, and would correspond to
the relishes and disgusts described under taste.

8. The opposite of freshness is shown in the close or suf-
focating odours. The effluvia of crowds, by acting on the
lungs, have pre-eminently this damping and discouraging
action on the powers of life; whenece it is that we seek the
open air and the solitudes of nature, to shake off the depres-
sion of rooms and of cities, The cffluvia of warehouses,
stores, and mills, where cotton, wool, cloths, etc., are piled up,
and where ventilation 1s defective, are of a like nnwholesome
description. The smell of a pastrycook’s kitchen is sickening.
The action of highly-heated iron stoves scems of the same
nature; also, the smell of a woollen screen when held too close
to the fire. In these last instances, there is believed to be an
evolution of the unwholesome and suffocating gas cyanogen,
from the destructive decomposition of the woolly particles
floating in the air, or making part of the screen.

9. Although we may not be able to aftivin that any class
of odours stimulates the stomach by a direct influence, as
fresh odours do the lungs, there can be no doubt as to the
existence of a class of the opposite kind—the disgusting or
nauseous odours. That is to say, there are certain gases, of
which sulphuretted hydrogen is an example and a type, that
pervert the action of the alimentary canal, as some tastes do.
It is doubtful, at least so far as my information goes, on what
surface these effluvia operate—whether on the membrane of
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the nose exclusively, or (as is probable) partially on it and
partially on the mucous surface of the tongue, throat, and
stomach. DBut, whatever be the seat of action, the fact in
question is one sufficiently well marked to make the specific
difference of a class.

10. It may be a question whether the foregoing classes
exemplify true and proper effects on the organ of smell. No
such anibiguity attaches to the odours that we term sweet or
Sragrant. 'These represent the pure or proper pleasures of
smell ; the enjoyment we are able to derive through the
olfactory nerves and ganglion. They include the substances
that convey along this channel to the mind a perfectly
pleasurable stimulus. The sweetness may accompany fresh-
ness, or it may not. The odour of the violet is a pure instance
of sweetness : the rose, jasmine, orange, lemon, lavender,
rosemary, are well-known examples of odorous plants. The
cases of sweetness enjoyed with some other quality are also
extremely numerous.

Sweetness is a name for a variety of pleasures. Derived
originally from taste, it is extended to smells, to sounds, and
to several of the higher emotions,such as the tender affections,
and the beautiful in nature and in art. These feelings are so
far of a kindred nature, as to suggest and support cach other.
They all agree in being forms of pure passive pleasure. In
this respect, they resemble muscular repose, warmth, and
healthy digestion ; but they are more acute than these states.
They are, also, more intellectual,—as shown both in dis-
crimination and in ideal persistence, which gives the superi-
ority indicated by the name ‘ refinement .

11. The opposite of sweet in odours is described by the
general name stinks: the expressive word bitter is not
usually applied to smell. The term ‘mal-odour’ has come
into use, and is a convenient word. If we leave out
both the nauseous odours, and certain other forms of the
disagreeable to be afterwards described, this clagss will be
limited considerably. Assafeetida may be given as an
example of an odour intensely repulsive, by its action on the
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olfactory nerves alone. The cadaverous odour is of the
repulsive kind, but it is only one of many forms of disagree-
able effluvia arising from animal decay. The aroma of some
plants, as those quoted by Linnwus, has an intensely un-
pleasant action. The disagreeable mnarsh smell may be
experienced in its strongest form by squeezing the brown
scum of a stagnant pond in the fingers, and applying them
to the nose. The varieties of bad odours are endless.

As sweetness is the proper pleasure of smell, the effect of
a stink is the proper pain of the organ,—the influence origi-
nating the peculiar form of misery that we are adapted to
receive by means of this sense. The sensation may be speci-
fied as the nose-pain. As it 1s of an intense, rather than a
massive, character, we are stunned and discomposed, but not
necessarily depressed or prostrated, by it. It resembles in
this respect a bitter taste, and is contrasted with the massive
pains of chillness, indigestion, or disgust. The expression is
in accordance with the acuteness of the sensation; being an
intense contortion of the features, chicfly about the nose. A
sort of hysteric smile may likewise be provoked.

The peculiar sensation of an ill smell is often appealed
to metaphorically, to express the feelings caused by human
conduct.

12. The name pungent is applicable to a large class of
odours ; and the quality enters as an ingredient into many
more. Ammonia is the type of substances producing this
sensation. Nicotine, the snuff odour, is the best known ex-
ample,—a substance having a chemical analogy to ammonia.
Pepper, mustard, and many of the acid effluvia, have a
pungent action. This effect, however, is not an olfactory
effect in the proper sense of the word; like astringency and
acidity in taste, it would probably arise through the nose
independently of the power of smell. Snuff-takers are often
devoid of smell; they lose the sense of sweet or repulsive in
odours properly so called, but are still susceptible of the
nicotine pungency. The influence flows through the same
channel to the brain, and is of the same nature as pricking
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the nose, or pulling out hairs, being conveyed by the nerves
of common sensation.

The excitement of pungency is a characteristic variety of
the human consciousness—a species of agreeable sensation,
interesting to study. It shows the effect of a sharp mechani-
cal irritation of the nerves that does not amount to acute
pain. A scratch, or a blow on the skin, an electric spark,
a loud crash, a brilliant flame, a scorching heat, are all
pungent effects, and seem to operate as causes of excitement.
They rouse the system from ennui; they are a species of
intoxication. They cxalt, for the time being, the tone of
the mind. They come, therefore, to be one of the cravings
associated with ennui, or depression of mind : they are, like-
wise, a stimulus for bringing out the exuberance of the
animal spirits in the young and vigorous.

13. The ethereal is a distinet variety of the sensations of
smell, and is probably a mixture of pungency with odour
strictly so called. Alcohol and the ethers, including chloro-
form and the substance first employed as an anasthetic, will
recall this effect. There can be no question that alcohol
and the vinous aromas have true odours; most probably,
however, they have an influence upon other nerves than the
olfactory—just as the fiery taste attributed to them is some-
thing beyond the gustatory feeling. At all events, the odour
is distinet. It is not destitute of sweetness, but something
besides sweet is wanted to express it.

The sulphurous and electrical odour, which is also the
odour of ozone, may be referred to the same class.

If we were to recognize a class of acrid odours, we should
find that they are only a mixture of pungency and bad smell;
like many of the so-called empyreumatic odours resulting
from the action of heat on vegetable bodies, as in the manu-
facture of coal gas.

14. The appetizing smells might be treated as a class
apart from the rest. The smell of flesh excites the carni-
vorous appetite, and rouses the animal to pursuit. We may
probably consider this influence as similar in its working to
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the first taste of savoury food ; by the law of feeling-prompted
movement, it sets on the activity for an increase of the
gratification. A savoury smell may partly give a commencing
pleasure of digestion, and partly stimulate the appetite.
The sexual excitement in some animals is induced by smell.
Sympathy and antipathy are alike generated by odours.
The influence of odours upon the voluptuous tender emotions
has not escaped the notice of the poets. Cabanis obscterves
that the odours of young animals are of a kind to attract,
and, he considers, even to invigorate, the older.

15. Tastes, properly so called, affect only the gustatory
nerves, and are, therefore, the same whether the nostrils are
opened or closed. But many sapid bodies are also odorous.
In the act of expiration accompanying mastication, especially
the instant after deglutition, the odorous particles are carried
into the cavities of the nose, and affect the sense of smell, or
make their odour apparent. This effect is what we term
Aavowr. Some bodies, as cinnamon, have hardly any taste,
but have a flavour, in other words an odour, brought out by
mastication.

The sensation takes some time to develop, after the contact of
the stimulus with the olfactory membrane, and may last very
long. When the stimulus is repeated, the sensation very soon
dies out : the sensory terminal organs speedily beeome exhausted.
The larger, apparently, the swrface of olfactory membrane em-
ployed, the more intense the sensation: animals with acute
scent have a proportionately large area of olfactory mewmbrane.
The greater the quantity of odoriferous material brought to the
membrane, the more intense the sensation up to a certain limit ;
and an olfactometer for measuring olfactory sensations has been
constructed, the measurements being given by the size of the
superficial area, impregnated with an odoriferous substance, over
which the air must pass, in order to give rise to a distinet sensa-
tion. The limit of increase of sensation, however, is soon reached,
a minute quantity producing the maximum of sensation and
further increase giving rise to exhaustion. The minimumn quan-
tity of material required to produce an olfactory sensation may
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be, in some cases, as in that of musk, almost immeasurably
small (Foster, A Text-book of Physiology, p. 1389).

16. Smell, like taste, is an important instrument in the
discrimination of material bodies, and, thercfore, serves a high
function in guiding our actions and in extending our know-
ledge of the world. Man does not exemplify the highest
development of this organ. The order of ruminants, certain
of the pachydermatoas animals, and above all the carnivorous
quadrupeds, excel the human subject in the expansion given
to the membrane of the nose, and in a corresponding sensi-
bility to odours. The scent of the dog is to us almost
miraculous ; it directs his pursuit, and tells him his where-
abouts. It may act the part of sight in enabling him to
retrace his steps or to find out his master.

SENSI OF TOUCII.

1. Physiologists, in describing’the senses, usually com-
mence with Touch. ¢ This,” say Messrs. Todd and Bowman,
‘is the simplest and most rudimentary of all the special
senses, and may be considered as an exalted form of common
sensation, from which it rises, by imperceptible gradations,
to its state of highest development in some particular parts.
It has its seat in the whole of the skin, and in certain
mucous membranes, as that of the mouth, and is therefore
the sense most generally ditfused over the body. It is also
that which cxists most extensively in the animal kingdom ;
being, probably, never absent in any species. 1t is, besides,
the earliest called into operation, and the least complicated
in its impressions and mechanism.’

It may be well admitted that Touch is less complicated
than Taste, in whose organ four different kinds of scnsations
may be said to meet, the tactile being one of them. It may
be further said of touch, that the mode of action (imechanical
contact or pressure) appears to us the most simple of any.
Nevertheless, touch is an intellectual sense of a far higher
order than either taste or smell. It isnot merely a knowledge-
giving sense, as all the senses are, but a source of ideas and
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conceptions of the kind that remain in the intellect and
embrace the outer world. The notions of the size,
shape, direction, distances, and situation of external bodies
may be acquired by touch, but not by either taste or
smell.

But this last assertion must be accompanied by an
important explanation. Touch, considered as a source of
ideas such as those, is really not a simple sense, but a ~om-
pound of sense and motion ; and it is to the muscular part
of the sense, or to the movements of the touching organs,
that these conceptions owe their origin and their embodiment,
as we have endeavoured to show in the previous chapter.
The superiority of touch to taste and smell, in this view,
therefore, cousists in its union with movement and muscular
scusibility ; and the same advantage pertains to sight. The
contact of solid bodics with the surface of the body gives
occasion to the exercise of movement, force, and resistance,
and to the feelings and perceptions consequent on these:
which cannot be said to any extent of smell, or of taste
properly so called.

A second feature marking the superiority of the sense of
Touch, and qualifying it to furnish intellectual forms and
imagery, is the distinctness or separateness of the sensations
felt over the different parts of the skin. The sensations of
the different parts of the surface of smell, would seem all to
fuse into one stream of sensibility: it is barely possible cver to
refer a smell to any one portion of the membrane more than
another. But the sensations of the skin are conveyed by
distinct nervous filaments; each little area of skin has a
separate nerve, and an independent communication with the
nerve centres, whereby we can, after a little education, refer
each sensation to the spot where the contact is made. The
stimulus on one finger is not, at any part of the course of
the nerve, confounded with the stimulus on another finger;
the back can always be distinguished from the breast, the
right side from the left, and so on. I shall afterwards
endeavour to show that this localization of touches has to be
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learned by practice ; but the very possibility of it rests upon
the distinctness and independence of the nerve filaments.
This is an extremely important fact, and makes the great
difference between touch and what is sometimes called
‘ common sensation,’ or the sensibility diffused over all the
internal organs and tissues. There is no such distinguishing
sensibility in the stomach, or the lungs, or the liver: at all
events, the distinctness of the nerves in those parts is very
low in degree, just sufficient to enable us to refer a pain to
the lungs, the liver, or the stomach, without indicating the
particular region or sub-division. The skin is, therefore,
marked by a great exaltation of the common sensibility of
the body, not as regards intensity of feeling, but as regards
distinctiveness of locality.

2. Having made these preliminary remarks, we commence,
as usual, with the objects, or external agents, concerned in the
sense of Touch. These are, principally, the solid substances
of the outer world. Gases do not act on the touch, unless
they are blown with great violence. Liquids also give very
little feeling, if they are of the same warmth as the body.
The sensations of a bath are confined to heat or cold. It is
manifest that an even, equal pressure, such as fluids give, is
not sufficient to impress the tactile nerves. The asperities
and inequalities of solid surfaces, by pressing intensely on
some points and not at all on others, are requisite for this
purpose.

The hard, unyielding nature of the mineral constituents
of the earth’s crust, metals, rocks, etc., is well fitted to excite
the touch. The woody fibre of the vegetable world has a
compactness next in degree to the solid minerals. The soft
and yielding class of solids impress the surface in a totally
different manner: and these differ among themsclves ac-
cording as they recover their form after pressure, or not;
whence the distinction of elastic and non-elastic. When
the substance is moved over the skin, the asperities come
to be felt more acutely, and hence the further distinction
into rough and smooth surfaces. In treating of the sensa-
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tions themselves, we shall attend to these qualities more
minutely.

3. The sensitive organ or surfacs is the Skin, or common
integument of the body, the interior of the mouth, and the
tongue. The parts of the Skin are its two layers, its papille,
the hairs and nails, its two species of glands,—the one
yielding sweat, the other a fatty secretion,—with blood-
vessels and nerves. 1 shall quote a few extracts from. the
anatomical description of those parts. ‘Of the two layers,
the outermost is the cuticle, epidermis, or scarf skin. Tt
forins a protective covering over every part of the true skin.
The thickness of the cuticle varies in different parts of the
surface, measuring in some places not more than 3}4th, and
in other parts, as much as -*;th of an inch (about one milli-
metre), or even more than this in some individuals. It is
thickest in the palms of the hands and soles of the feet,
where the skin is much exposed to intermittent pressure,
and not improbably such pressure may serve to stimulate
the subjacent true skin to a more active formation of
epidermis ; still the difference does not depend immedi-
ately on .external causes, for it is well marked even in the
foetus.

‘The more firm and transparent superficial part, or
horny layer, of the epidermis, may be separated after
maceration from the deeper, softer, more opaque and
recently formed part, which constitutes what is called the
Malpighian layer, or rete mucosum.

¢ Many of the cells of the cuticle contain pigment-granules,
and in parts give the membrane more or less of a tawny
colour, even in the white races of mankind; the blackness
of the skin in the negro depends entirely on the cuticle.
The pigment is contained principally in the cells of the deep
layer or the rete mucosum, but even the superficial part
possesses a certain degree of colour.

‘The true skin, cutis vera, derma, or corium, is a sentient
and vascular fibrous texture. It is covered and defended by
the non-vascular cuticle, and is attached to the parts beneath
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by a layer of areolar tissue, named ‘‘ subcutaneous,” which,
excepting in a few parts, contains fat, and has therefore been
called also the ¢ panniculus adiposus . The connexion is in
many parts loose and movable, in others close and firm—as
on the palmar surface of the hand and the sole of the foot,
where the skin is fixed to the subjacent fascia by numerous
stout fibrous bands: the space between being filled with
a firm padding of fat. In some regiouns of the body, the
skin is moved by striated muscular fibres, which, as in
the case of the orbicular muscle of the mouth, may be
unconnected with fixed parts, or may be attached beneath
to bones or fascise, like the other cutanecous muscles of
the face and neck, and the short palmar muscle of the
hand.

‘The free surface of the true skin is marked in various
places with larger or smaller furrows, which also affect the
superjacent cuticle. The larger of them are seen opposite
the flexures of the joints, as those so well known in the palin
of the hand and at the joints of the fingers. The finer
furrows intersect each other at various angles, and may be
seen almost all over the swrface; they are very conspicuous
on the back of the hands. TFinc curvilinear ridges, with in-
tervening furrows, mark the skin of the palm and sole ; these
are caused by ranges of the papille, to be immediately
described.’

¢ Papille.—'The free surface of the corium is beset with
small eminences thus named, which seem chiefly intended to
contribute to the perfection of the skin as an organ of touch,
seeing that they are highly developed where the scnse of
touch is exquisite. They serve also to extend the surface
for the production of the cuticular tissue, and hence are
large-sized and numerous under the nail. The papille are
large, and in close array on the palm of the band and palmar
surface of the fingers, and on the corresponding parts of the
foot. In these places they are ranged in lines forming the
characteristic curvilinear ridges seen when the skin is still
covered with its thick epidermis. They are of a conical
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figure, rounded or blunt at the top, and sometimes cleft
into two or more points when they
are named compound papille. They
A are received into corresponding pits
» Wl the under-surface of the cuticle.
//WW In structure they resemble the rest
Fro. 110 of the superficial layer of the corium,
and consist of a finely fibriljated
tissue, with a few elastic fibres. The bundles of fibrils chiefly
run parallel to the axis of the papilla; and the fibrils appear to
end near its surface, which has a somewhat corrugated aspect.
On the palm, sole, and nipple, where they are mostly of the
compound variety, they measure from zgsth to §sth of an
inch (0°125 to 0°25 mm.) in height. In the ridges, the larger
papillee are placed sometimes in single but more commonly
in double rows, with smaller ones between them ; that is, also
on the ridges, for there are none in the intervening grooves.
These ridges are marked at short and tolerably regular
intervals with notches or short transverse furrows, in each
of which, about its middle, is the minute funnel-shaped
orifice of the duct of a sweat-gland. In other parts of the
skin, endowed with less tactile sensibility, the papille are
broader, shorter, fewer in number, and irregularly scattered.
On the face, they are reduced to from yggth to s35th of an
inch; and here they at parts disappear altogether, or are
replaced by slightly elevated reticular ridges. Fine blood-
vessels enter most of the papillee, forming either simple
capillary loops in each, or dividing into two or more capillary
branches, according to the size of the papilla and its simple
or composite form. Other papille receive nerves’ (Quain's
Anatomy, T 10th edition, p. 415).

* ¢Papille of the palm, the cuticle, being detached.—Magnified 85
diameters ' (Todd and Bowman).

t Inside the papillee are either nerves or blood-vessels, seldom both ; and,
at their base, the nerves are disposed in the form of network. In great part
of the skin, the nerves cannot be traced farther than this network ; it is in the
hands, feet, lips (red part), and tongue,’ that they are followed into the interior
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I have quoted the description of the papille at length
because of their connexion with the sensibility of the skin.
I shall refrain from quoting the minute account of the nails
and hairs, however interesting their structure in other
points of view. Respecting the glands, it is only necessary
to advert to the totally different nature of the two sorts, as
respects the material secreted. Sweat-glands exist most
numgrously in regions unprovided with hairs, but they occur
in all parts of the skin, and may in some cascs open into
hair-follicles. According to Krause, nearly 2800 open on a
square inch of the palm of the hand, and somewhat fewer on
an equal extent of the sole of the foot. He assigns rather
more than half this number to a square inch on the back of
the hand, and not quite so many to an equal portion of
surface on the forehead, and the front and sides of the neck.
On the breast, abdomen, and forearm, he reckons about
1100 to the inch; while, on the lower limbs and the back part
of the neck and trunk, the number in the same space is not
more than from 400 to 600.

The Sebaceous or oil glands are small saccular glands,
which pour out their secretion at the roots of the hairs; for,
with very few exceptions, they open into the hair-follicles,
and are found wherever there are hairs. Each has a short
of the papillee. In these parts, thoy end in a peculiar structure, known as the
¢ little bodies of touch,” discovered by Wagner and Meissner. These are little
sacks, covered by a thin skin, and filled with a round little mass. The skin
is pierced by one or two nerves, which often wind spirally, but end by dividing
and spreading their twigs in the little sack. These bodies lie in the interior
of papille destitute of blood-vessels, in such a manner as to project far above
the upper end of tho papille, and in immediate contact with the cuticle.
They are most numerous on the inside of the finger tips, and deerease toward
the palm ; the same happens with the foot. Meissner found in a square line
(+1z of a square inch) on the index finger, 108 on the last joint, 40 on the
sacond, 15 on the first. TIn the red part of the lips, the papill® carrying nerves
are not distinguishable from those carrying blood-vessels, the same papilla
appearing to have both.

The little muscles discovered by Kélliker in the skin, and especially in
the glands, excite peculiar movements as in shivering, the creeping sensation,

ete. These are especially affected by changes of temperature, and may serve

to regulate the supply of blood under such changes.
12
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duct, which opens at a little distance within the mouth of
the saccules, which, as well as the duct, are lined by epithe-
lium, usually charged with the fatty secretion. These
glands are lodged in the substance of the corium. They
are usually placed on the side to which the hair slopes, and
in the angle formed by the junction of the arrector pili with
the hair, so that, when the muscular fibres contract, they
tend to compress the gland. Several may open into the same
hair-follicle, and their size is not regulated by the magnitude
of the hair. Thus, some of the largest are connected with
the fine downy hairs on the alwe of the nose and other parts
of the face, and there they often become unduly charged
with pent-up sccretion.

4. With respect to the functions and vital properties of
the skin in general, I quote the following summary :—

‘The skin forms a general external tegument 1o the body,
defining the surface, and coming into relation with foreign
matters externally, as the mucous membrane, with which it
is continuous and in many respects analogous, does internally.
It is also a vast emunctory, by which a large amount of fluid
is eliminated from the systeny, in this also resembling certain
parts of the mucous membrane. Under certain conditions,
moreover, it performs the office of an absorbing surface; but
this function is greatly restricted by the epidermis.  Through-
out its whole extent the skin is endowed with tactile sensi-
bility, but in very different degrees in different parts. On
the skin of the palm and fingers, which is largely supplied
with nerves and furnished with numerous prominent papille,
the sense attains a high degree of acuteness; and this
endowment, together with other conformable arrangements
and adaptations, invests the human hand with the character
of a special organ of touch. A certain, though low degrec of
vital contractility, seems also to belong to the skin.’

Of the other parts sensible to 'Uouch, besides the skin—
namely, the tongue and mouth,—the needful description has
been already furnished, under the sense of Taste.

The nerves of touch are the sensory or posterior roots of
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the spinal nerves, for the limbs and trunk, and certain of the
cerebral nerves (the fifth pair), for the head, face, mouth, and
tongue.

Before distinguishing and classifying the various modes
of tactile sensibility, it is expedient to consider the bearings
of observations that have been made as to the different kinds
of nerves distributed to the skin. It seemed at one time not
unreasonable to suppose that the same class of nerves might
convey to the brain all the various modes of impressing the
skin by external agents; as, for example, pressure, tem-
perature, pleasure and pain.  The difference of the mode of
action in mere pressure, and in heat or cold, is not such
as apparently to disqualify one set of nerves from embodying
and transmitting the effect to the brain, any more than the
variations of one of these scveral modes. It is equally
difficult to explain the mode of analyzing the various lines of
transmission in the brain itsclf, whether there be only one or
more than one class of nerves employed.

1t is a considerable time since the suggestion was made
that we have a distinct class of nerves for temperature, - -that
18, for heat and cold. Observations and experiments in favour
of this distinetness have been frequently adduced. "The point
is a purely matter-of-fact determination, and not one of «
priori or theorvetical probability or improbability. As to
subjectivity, our description of the actual feclings of tem-
perature would remain the same whatever might be the
conclusion come to on this head. Still, it is not uninterest-
ing to be able to satisty ourselves as to the paths whereby
impressions of temperature find access to the brain.

The conclusions now come to by physiological rescarch
depend upon a special mode of experimentation, called
‘the punctiform method of exploring the sensitiveness of
the skin'. By this method, not only is confirmation given

* It is supposed that the important nerves of touch in the extremities
have a different course in the brain from the nerves of the trunk. Tiirk has
shown that in the hand and in the foot the same spot is supplied from dif-
ferent roots in the spinal cord.
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to the distinctiveness of nerves of temperature, but the
further result has been reached that the same fibres are not
alike available for heat and for cold : a result not altogether
free from the air of paradox; nevertheless, if sufficiently
attested, we are bound to accept it. Any difficulty of a
psychological nature that might arise would land in the
embroilment of our usual views of relativity or contrast.

This is not all. The employment of the same method is
looked upon asrevealing still another class of distinct nerves,—
namely, nerves of pure Pain. The meaning is, that the nerves
of pressure and of temperature, while revealing those charac-
teristic sensibilities, present them to our consciousness more
as intellectually distinct sensibilities than as the media of
our pronounced states of pain and pleasure. In fact, when
those sensibilities, through intensity of stimulation, are
made to yield decided forms of pain or pleasure, another set
of nerves is brought into play : the appropriate nerves declining
the task of conveying a sensibility involving so important an
addition to their own characteristic function. Here, too, we
must admit something of the nature of paradox. The psycho-
logical estimate of our tactile sensations must still rest upon
our subjective experience; yet, the manner of conveying to
the brain the different effects of the agencies of touch cannot
fail to influence our views and our language as dictated by
subjective analysis.

In handling this part of the physiology of touch, Professor
Foster has taken a wider view of the distribution of nerves of
pain in the body at large. He regards these nerves as the true
media of general or common sensibility, and, as supplied in that
character to the viscera no less than to the skin, yielding to con-
sciousness the painful sensibilities accompanying their abnormal
phases or times of disturbance or irritation. This generalization
is liable to various difficulties. It says nothing of common sensi-
bility as organic pleasure—a fact that cannot be excluded from
the consideration of either the skin or the internal viscera. Sen-
sations of temperature, for example, are almost nothing if not
pleasurable or painful. If the proper nerves of temperature refuse
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to convey these modes, the so-called nerves of pain or common
sensibility must perform that office, and, if so, are quite as much
nerves of pleasure as of pain. As regards visceral sensibility,
there seeimns every reason for the course already taken in discussing
Organic Sensations,-—namely, to examine the different visceral
organs apart, and to describe the sensations of each according to
the results of our conscious examination. A certain character of
common or general sensibility attaching to these sensations has
alrcady been allowed for (see p. 107), as far as the evidence of
consciousness seemed to justify.

5. We come now to the sensations, or feelings, of Touch;
which are various in kind, and have many of them a con-
siderable degree of interest, from their bearing on the higher
operations of mind. In the order of enumeration, I shall
commence, as usual, (L) with those having reference to
pleasure or pain, or that may be called predominantly
emotional.

Sensations of Soft Touch.—Under this head, there is a
great and wide-ranging sensibility, but in its nature highly
complex. There is supposed the gentle contact of some
extended surface with the skin. Some feeling of tempera-
ture usually concurs, and in favourable circumstances en-
hances the effect. Yet, irrespective of agreeable warmth, we
have experience of a pleasurable effect, which we attribute
to touch by itself.

The occasions that can be cited for the pure case of soft
extended contact are numerous and well known. From
various circumstances, the feeling is but little attended to;
yet, it may be made a subject of consciousness—in which case,
it is nourished by the appropriate operation of the will. The
contact of the soft clothing would necessarily be an example ;
and is so, at the first moment after assuming the ordinary
dress, but insensibility naturally follows, owing to the law of
accommodation to agencies that are uniform in their
operation.

It is, of course, the nature of this pleasure to be massive
or voluminous, and not acute. It operates upon the will in
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presence, but takes little hold of the intellect in absence.
The feeling is essentially of the vague kind; for which reason
it resembles the other massive sensations of the same class,-—
such as gentle warmth, its frequent accompaniment.

A notable manifestation of the sensibility is furnished by
the contact of one part of the naked body with another.
This, being occasional in its occurrence, mostly escapes the
deadeninginfluence of habituation or accommodation. Hence,
it is perhaps the most marked instance of the effect, and the
instance that mosy frequently rules the voluntary exertions.
Many of our habitual attitudes and modes of outward
expression arc regulated by this particular pleasure.  When
the child puts its finger or hand to its mouth, we infer either
a realized pleasure or a comforting sensation in pain or in
distress ; and this species of contact of the hand with the
parts of the face is practised all through life, seemingly from
the saume motives.

The mutual contact of Jiving animal bodies yields the complex
sensation of softness and warmth; while, in peculiar circunstances,
it induces much deeper sensibilities fed through the affections and
emotions. The discussion of these is out of place at the present
stage.

There is an anomaly or paradox in the working of this
sensibility,—wiz., the connexion of comparative slightness of
contact with the full amount of realized sensation. This,
however, is not the only exception to the general law that
connects amount or degree of stimulus with amount of
feeling, as will be seen again presently.

6. Pungent and Painful Sensations of Towuch.—When,
instead of a diffusive soft contact, we have an intense action
on limited spots, mere points, as in the stroke of a whip, a
sensation of smartness is produced very different from the
above.

This is the case that is supposed to evoke a sensation of
pain, pure and simple, employing for the purpose the so-called
specific nerves of pain, to the exclusion of those of pressure
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and temperature. It is, however, not an instance of purely
painful sensibility all through, like bitterness to taste, or
stench to smell. There is a stage when pain is not reached,
and when even a certain pleasure is derivable under the
designation of pungency,—an effect attaching to all the five
senses, and admitting of being delineated in its own proper
character among our fundamental sensibilities to pleasure.
" The condition already laid down (p. 169) as attaching to its
agreeable mode is a certain vigour and freshness in the sensi-
tive surface, as well as in the nerves concerned.

Jertain of our characteristic and habitual expressions are
counected with this form of skin pungency, and, as in the
case of soft touch, are most frequently seen in assuaging some
form of pain. Secratching the head, or squeezing and pinching
the hands or other places, are well-known outlets in situations
of doubt, difficulty, or painful uncertainty. I'or such ends, it
is quite plain that we should not resort to any form of
sensation that would be in itself an unqualified pain.

After the small margin of pleasurable pungency, we reach
the properly painful stage of acute skin contacts—from
which we have a very marked seunsibility. A common sub-
jective character attaches to a mere smart without permanent
injury, and to the various modes of wounding the tissue of
the epidermis and dermis by violent applications or disease ;
the acute extremes of heat and cold being included.

According to the usual method of description, we may
say that this is a state of painful sensibility, acute rather than
massive, with wide-ranging degree, from an insignificant
amount to the utmost pitch of human torture. Its operation
on the will is correspondingly great; and, in its extreme
acuteness, it has an advantage in impressing the memory and
constituting a motive for future avoidance. Hence its wide-
spread employment in the discipline of sensitive beings.

7. Other Peinful Sensationsofthe Skin.—Among these, I would
first advert to the sensation of tickling. On this, Weber
remarks, that the lips, the walls of the nasal openings, and
the face generally, when touched with a feather, give the
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peculiar sensation of tickling, which continues till the part
is rubbed by the hand. In the nose, the irritation leads at
last to sneezing. The excitation extends to the ducts of the
glands, which pour out their contents, and increase the
irritation. The violent commotion produced by bodies in
contact with the eye is of the nature of tickling - accom-
panied by a flow from the glands—and readily passes into
pain.  Why some places are liable to this sensation, and
others not, it is difficult to explain. The possession of
delicate tactual discrimination is not necessary to the
effect.

Herc we have, obviously, a far greater cxception to the law
of stimulus than the case of simple soft touch. The pain itself
is altogether peculiar and anomalous. Tt cannot be ex-
pressed or defined in terms of our usual painful sensibility.
The ordinary cases of such sensibility that we have to deal with
are one or other of the following :—Either we have u stimulus
painful in its nature in every degree, the pain increasing with
the degree ; or we may have an agency pleasurable or else
indifferent to a certain extent, and then becoming painful
by injurious excess, the pain increasing according to the
excess. But, in the case of tickling, we have the slightest
conceivable stimulus with a violent form of pain, inspiring
the will to efforts of intense revulsion ; the slightness of the
stimulus being the condition of the effect. A little extra
pressure deadens the sensibility and passes into the common
routine of sensations of pressure.

The tickling of the armpit or the soles of the feet would
seem to awaken violent reflex movements, apart from or
additional to the operation of the will consequent on the
subjective feeling. The discomfort of these spasmodic out-
bursts may be supposed to add to the revulsion caused by
the tickle; but they would not of themselves yield the pecu-
liar agony of the state. The experience is altogether
unique ; possibly, a special order of nerves may be connected
with it. Although the sphere of sensibility is a narrow one,
it has outgoings and applications in the higher regions of
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intelligence and emotion, as is shown by the employment of
the name in a variety of situations that need not here be
adverted to.

It is both interesting and important to advert to the
unbroken continuity of sensation in skin contact. We have
reckoned among the pleasures of touch the soft extended
contact, implying that simple touch of a sufficiently gentle
sort is intrinsically grateful. By increasing the pressure, the
pleasure is lost ; but reappears for a short range as a different
species of agreeable sensibility, whence it passes into a mode
of pain, in steady proportion to the intensity of the applica-
tion. We bave here a study of the law of stimulus, which
is partly exemplified and partly contradicted. Before com-
menting further on the case, we have to allude to another
anomaly in connexion with the present sense.

The long-continued compression of the same part of the
skin creates uneasiness. So, the friction or chafing of the
skin, in a short time leads to discomfort and inspires repug-
nance. This, too, is a somewhat exceptional form of painful
sensibility, where the effect is out of proportion to the
mechanical agency at work. It does not correspond either to
the normal varieties of skin pressure, or to the exception of
tickling. There is nothing gained by forcing it under either
head., Better treat it as a case apart—the starting-point of a
wide reference in the higher regions of the mind. The pre-
cise nerves concerned might be those of pressure, or else
those of pain,—that is, on the supposition that, wherever a
skin sensation rises to pain, it operates solely through the
class of nerves so designated.

Clamminess is a distinct sensation arising from the ad-
hesion of a substance to the skin ; and is an uneasy feeling—
the uneasiness being due to some interruption of the natural
functions of the part.

8. (IL.) Sensations of Temperature.—The feelings of heat
and cold, regarded as pleasurable or painful, have been
noticed under the Organic Sensations in general (see p. 134).

Although viewed in connexion with the organs generally,
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undoubtedly their chief seat, as a source of pleasure and pain,
no less than of discriminative judgments, is the skin.

It has already been noted that the consensus of physio-
logical opinion is in favour of assigning a distinct class of
nerves to sensations of temperature. Whether thesc are the
nerves that convey the pleasurable or the painfulimpressions is
not distinctly stated. In fact, a certain ambiguity rests upon
this part of the hypothesis of three independent sets of
tactile nerves. While it is taken for granted that, in every
case of pain, the nerves of pain are the scat, even although
the sensation is merely an excessive stimulus of one of the
other two classes, nothing is ever said as to the localization
of pleasuradble sensibility, although this is a very notable
adjunct of heat in particular.

Without entering further into the nature of heat and
cold as sources of pleasurable and painful sensibility, having
already adverted to the topic at sufficient length, we now pro-
ceed to consider the bearings of these particular sensibilities
upon our judgment of outward objects. As regards the dis-
crimination of degrees of Temperature, it appears that we
are cqually sensitive at high and at low points of the
thermometer.  According to Weber, we can discriminate
14" Reaumur from 14:4°, as well as 80° from 30°4°; and the
discrimination is all the better by the change being rapidly
made. It is also better when the unequal temperatures are
applied at the same time to contiguous parts, than when
the parts touched are remote from each other. The sensi-
tiveness of different parts to temperature is not solely
dependent on the abundance of nerves supplied to the part;
some other circumstance at present unknown is in operation.
Weber’s graduated scale for heat is as follows :—Tip of the
tongue, eyelids, lips, neck, trunk. In the face, breast, and
abdomen, the central parts are less sensitive than the sides.

The sensitiveness is increased by extent of surface. In
an experiment with dipping the finger into water at 32° R.,
and the whole hand in 294°, the latter appeared the warmer
of the two.



INTELLECTUAL SENSATIONS. 187

It is remarked that, when one part of the body touches
another, the temperature being the same, the part endowed
with the finer tactile power feels the other. If the tem-
peratures are different, the first feels the second tactually,
while the second feels the temperature of the first. The
hand is not felt tactually by the brow, nor is the coldness of
the brow felt by the hand.

1vis a singular fact, discovered by Weber, in connexion
with the scnse of temperature, that, when two substances of
the same weight, but of different temperatures, are estimated
by the sense of touch or of pressure, the colder appears the
bheavier. The depressing effect of the cold chill upon the
mind may be the explanation. This is somewhat analogous
to the perversion of our cstimate of time by an unusual
elation or depression of the general mental tone: in the one
case, we imagine it to pass rapidly ; in the other, too slowly.

The feeling of temperature is an element in many dis-
criminations,—as in the distinction between stone and wood.

We pass now (ITL.) to the more peculiarly intellectual
sensations of Touch ; and, first, to cases of Touch simply.

9. (1) Impressions of Distinguishable Points.—I have already
called attention to the discriminative character of the sense
of touch, whereby it rcceives distinguishable nmpressions
from the variously situated parts of an extended surface.
Very interesting differcuces in the degree of this discrimi-
nation are observable on different parts of the surface of the
body, which have been especially illustrated by the experi-
ments of Weber.

¢ These consisted in placing the two points of a pair of com-
passes, blunted with sealing wax, at different distances asunder,
and in various directions, upon different parts of the skin of an
individual. It was then found, that the smallest distance at
which the contact can be distinguished to be double, varies in
different parts between the thirty-sixth of an inch and three
inches ; and this seems a happy criterion of the acuteness of the
sense, We recognisea double impression on very sensible parts
of the skin, though the points are very near each other; while,
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in parts of less acute sensibility, the impression is of a single
peint, although they may be, iu reality, far asunder.

‘In inany parts we perceive the distance and situation of two
points more distinctly when placed transversely, than when
placed longitudinally, and rice versi. For example, in the middle
of the arm or forearm, points are scparately felt at a distance
of two inches, if placed crosswise; but scarcely so at the dis-
tance of three, if directed lengthwise to the liinb. "

¢ Two points, at a fixed distance apart, feel as if more widely
separated when placed on a very sensitive part, than when
touching a surface of blunter sensibility. This may be easily
shown by drawing them over regions differently endowed ; they
will seem to open as they approach the parts acutely sensible,
and rice rersa.

¢If contact be more forcibly made by onc of the points than
by the other, the feebler ceases to be distinguished ; the stronger
hnpression having a tendency to obscure the weaker, in propor-
tion to its excess of intensity.

‘“Two points, at a fixed distance, are distinguished more
clearly when brought into contact with surfaces varying in
structure and use, than when applied to the same surface, as,
for example, on the internal and external surface of the lips, or
the front and back of the finger.

¢Of the extremities, the least sensitive parts are the middle
regions of the chief segments, as in the middle of the arm, fore-
arm, thigh, and leg. The convexities of the joints are more
scnsible than the concavities.

‘The hand and foot greatly excel the arin and leg, and the
hand the foot. The palms and soles respectively excel the
opposite surfaces, which last are even surpassed by the lower
parts of the forearm and leg. On the palmar aspect of the
hand, the acuteness of the sense corresponds very accurately
with the development of the rows of papille; and where these
papillee are almost wanting, as opposite the flexions of the joints,
it is feeble,

‘The scalp has a blunter sensibility than any other part of
the head, and the neck does not even equal the scalp. The skin
of the face is more and more sensible as we approach the middle
line ; and the tip of the nose and red parts of the lips are acutely
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s0, and only inferior to the tip of the tongue. This last, in a
space of a few square lines (a line is {4 of an iuch), exceeds the
most sensitive parts of the fingers; and points of contact with
it may be generally perceived distinctly from one another, when
only one-third of a line intervenes between them. [The superior
sensibility of the tip of the tongue to the finger, is illustrated by
the familiar observation, that a hole in a tooth seems very much
exaggerated when felt by the tip of the tongue.] As we recede
from “the tip along the back or sides of the tongue, we find the
sense of touch much duller.

¢ The sensibility of the surface of the trunk is inferior to that
of the extremities or head. The flanks and nipples, which are
8o sensitive to tickling, are comparatively blunt in regard to the
appreciation of the distance between points of contact. Points
placed on opposite sides of the middle line, either before or be-
hind, are hetter distinguished than when both are on the same
side.

“The above are the results obtained by making the several
parts mere passive and motionless recipients of impressions.
They evince the precision of the sense in so far only as it depends
on the organisation of the tactile surface. The augmented power
derived fromn change of position of the object with regard to the
surface, is well illustrated by keeping the hand passive, while
the object is made to move rapidly over it. In this case the
contact of the two points is separately perceived, when so close
that they would, if stationary, seem as one. If, still further, the
fingers be made to freely traverse the surface of an object, under
the guidance of the mind, the appreeiation of contact will be far
more exquisite, in proportion to the variety of the movements,
and the attention given to them. We are then said to feel, or
to examine by the sense of touch’ (Todd and Bowman, i. 429-30).

These observations of Weber have been deservedly
celebrated by physiologists, as the foundation of an accurate
mode of estimating the tactile sensibility of the skin. They
have been extended by other observers, as may be seen in
Dr. Carpenter’s article on Touch in the Cyclopedia of Aux-
atomy.
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The following is a selection fromn Weber's measurements.
The intervals are expressed in lines, a line being the twelfth
part of an inch. The range, according to Weber, is from the
twenty-fourth of an inch, in the tip of the tongue, to two and a
half inches. The range stated in the text is somewhat greater,
being founded probably on a comparison of the extreine observa-
tions of different observers :—

Tip of the tongue . . . . . { (55‘1 o :1:?‘?10011)'.
Tip of the forefinger, palmar surface . . . 1 line
Red surface of under lip . 2 lines
Second joint of the fingers, palmar sur fm‘(\ . 2 ”
Last joint of the fingers, back or dorsal surface. 3 .
Tip of the nose . 3 .,
Middle of the back of the tong.,m, 4 .
lind of the great toe . H "
Palm of the hand . . . . . . b "
Check, over the huccinator . . . . 5 "
Tower part of the forehcad . . . .10 "
Back of the hand . . . . . .14 '
Crown of the head . . . . . .15 .
Thigh, by the knee . . . .16 "
Upper and lower extremities of thv l(we . .18 »
Breast . . . . . . . .20 "
Back of neck near oceiput . . . . .0 "
Middle of forearm, middle of thigh, middle of

the back of the neck, iniddle of the back . 30 ’

If the points are placed within the limit of doubleness and gradu-
ally separated, the interval that gives doubleness is greater than
in the reverse process.

The delicacy in our perception of plurality admits of improve-
ment by practice, like most other kinds of diserimination. The
possibility of such aequisition would seem to show that the
primitive sense of interval is not physiologically fixed by nerve
areas, or the number of ultimate filaments supplied to each spot
of doubleness. As we cannot create new filaments, in order to
narrow the interval of perceived doubleness, there must be some
other way of viewing the process of augmented discrimination.
This will be taken upagain, under acquired discrimination generally.
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It is important to observe, that the primitive susceptibility
0 a plurality of distinct points does not enable us to
udge what the real distance of the points is; nor can we
iell, previous to experience, whereabouts on the body the im-
sression is made. Hence, in those of the experiments that
:oncern our sense of the relative interval of the points, as
wvhen they pass from a duller to a more sensitive region,
shexe are involved perceptions that we have got at by some
sther means than through the sense of contact. This other
means is the feeling of movement or the muscular sensibihity,
without which it is impossible to comprehend fully the sen-
sations of Touch.

10, (2) Seasations of Pressure.— We have already noticed
(p. 183) the gradations of sensibility under varying degrees
>f pressure, or skin compression. up to the extreme modes of
wute or painful intensity. The only consideration then
baken Into account was the production of pleasure or puin.
Degrees of pressure are now to be viewed in another light,—
mz., as diseriminated in amount, with a view to measure
the outward stimulating ageney.  This diserimination may
zo along with a certain amount of pleasurable or painful
fealing, or with the absence of such feeling from the con-
sciousness.  The mere circumstance of solid contact with
the skin is a mark of so much mechanical force, and both
sugeests that fact and measures its amount.

Only experience can tell what is the degree of delicacy
of this special discrimination. The determination of the
degrees of forcible contact with the skin is, in actual practice,
mixed or compound; that is to say, another sensibility
shares in the operation,—namely, the muscular,—and is found
to be the more effectual of the two. This last can be with-
held from co-operating by pressing upon a limb artificially
supported so as to remove the play of the muscles. Thus,
when the band lies on the table, the effect is one of pressure
solely. The most sensitive parts, as the tips of the fingers,
can distinguish 20 oz. from 192 oz.; the forearm dis-
tinguishes 20 oz. from 18'7 oz. The interval of time affects
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the discrimination, as we might suppose. The difference
between 14, or even 145, could be distinguished from 15,
within 30 seconds; 4 and 5 could be distinguished within 90
seconds.

The discrimination of pressure does not increase propor-
tionably with the supply of tactile nerves.

11. (IV.) Sensations of Towch Involving Muscular Perceptions.
—In discussing these, we shall begin with examples yhat
are almost purely muscular, the tactile sensibility being a
mere incident of the situation. The feeling of weight is of
this description; depending on the sense of muscular
exertion, although capable also of being estimated, to some
extent, by the feeling of compression of the skin. On this
last point, I add some further illustrations from Messrs.
Todd and Bowman. ‘Weber performed experiments to
ascertain how far we are capable of judging of weight by the
mere sense of contact [without muscularity]. He found
that when two equal weights, every way similar, are placed
on corresponding parts of the skin, we may add to, or
subtract from one of them a certain quantity without the
person being able to appreciate the change; and that when
the parts bearing the weights, as the hands, are inactively
resting upon a table, a much greater alteration may be made
in the relative amount of the weights without his perceiving
it, than when the same parts are allowed free motion. For
example, 32 ounces may thus be altered by from 8 to 12,
when the hand is motionless and supported; but only by
from 1} to 4, when the muscles are in action; and this
difference is in spite of the greater surface affected (by the
counter pressure against the support) in the former than in
the latter case. Weber infers that the measure of weight
by the mere touch of the skin is more than doubled by the
play of the muscles. We believe this estimate to be rather
under than over the mark ’ (p. 431).

That the discriminating sensibility of the skin to degrees
of compression may operate in appreciating weight is further
confirmed by the following statement. *The relative power
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of different parts to estimate weight corresponds very nearly
with their relative capacities of touch. Weber discovered
that the lips are better estimators of weight than any other
part, as we might have anticipated by their delicate sense of
touch and their extreme wmobility. The fingers and toes are
also very delicate instruments of this description. The
palms and soles possess this power in a very remarkable
degree, especially over the heads of the metacarpal and
metatarsal bones; while the back, occiput, thorax, abdomen,
shoulders, arms, and legs, have very little capacity of esti-
mating weight’ (ib., p. 432).

What is said of weight applies to any other form of
pressure, force, or resistance. The impetus of a push or a
squeeze received on the haund is measured by the muscular
exertion induced to meet it, and, in some small degree, as
already described, by the compression of the skin and other
parts at the place of contact.

It must not be supposed that we could derive our
original feeling of RESISTANCE, with its reference to the
object world, by mere tactile sensibility through pressure.
The sense of resistance is primarily the feeling of expended
energy. When the notion is once formed, we can remark
that the degrees of resistance coincide with degrees of the
tactile sensibility to pressure; and, hence, the passive feeling
can suggest the active, and become a criterion of its
amount.

The qualities of herdness and softwess are appreciated by
this combined sensibility : the one means a greater resistance
to compression, and the other a less. From the unyielding
stone or wetal to the mobility of the liquid state, we have
all degrees of this property; the entire class of soft, viscous,
and fibrous substances lying between. It belongs to various
manual arts to appreciate minute differences of consistence
in the class of soft bodies ; the pastry-cook, the builder, the
sculptor, etc. 1In this, they are assisted by practice, which
improves all sensibilities ; but there are greatl varieties of

natural endowment in the case, which varieties must have
13
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their seat principally in the muscular tissue, and only second-
arily in the skin and nerves of the hand.

The feeling of elasticity is a case of simple resistance to
force, exerted in the particular circumstance of a rebound
or increasing reaction from pressure. The elasticity implies
a perfect return to the original position. Air is elastic:
80 18 a steel spring; meaning that, when in any way com-
pressed or distorted, it recovers itseclf.

We may, next, consider the sensations arising from the
qualities of roughness and smoothness.  Simple contact, we
have secn, gives the sense of a multiplicity of points. The
finger resting on the end of a brush makes us aware of the
character of the brush; that is, we have the fecling of a
plurality of pricks. In this way, we are sensitive to rough
and pointed surfaces. We can distinguish between bluntly-
pointed asperities, like a file, and sharp points, like a horse-
comb; the sensibility arising from a blunt point being
distinet from that of a ncedle-prick. We can also dis-
tinguish between thick-set points and such as are more
scattered, provided they are not too close for the lmits of
sensibility of the part,——that is to say, one-twelfth of an
inch for the finger, and one-twenty-fourth to one-thirtieth
for the tip of the tongue. On the back, the calf of the leg,
and the middle of the forearm, where points are confounded
up to the distance of two and a half to three inches, rough-
ness would be altogether imperceptible.

In these instances, the thing touched is supposed to lie
at rest on the finger, or on the part-touched. But this does
not do full justice to the tactile sensibility : we should move
the finger to and fro over the surface, in order to try to the
utmost the power of discrimination. We may thus dis-
criminate far nicer shades of roughness; we may appreciate
minuter intervals than in the resting position. Supposing
the sensibility of the tip of the finger at rest to be one line,
by motion we can extend this sensibility to an unknown
limit. The case may be illustrated by the micrometer
screw on an astronomical instrument. The divisions on
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the limb of the instrument extend, we may suppose, to one
minute of a degree; and if the index lie between two divis-
ions, its place can be measured by the number of turns of
the screw required to bring it up to one of the divisions.
So, if a point is undistinguished on the finger, in conse-
quence of not being a line removed from the neighbouring
point, we may estimate its distance, ncvertheless, by the
amonnt of motion of the finger needed to bring it into the
limit of sensibility. I will take as an example a row of five
points, one-fortieth of an inch apart, the extremes being
one-tenth, which is the sensibility of the tip of the finger.
This row would be felt as two points if the finger were
stationary. But, by the motion of the finger, one point
would pass away and another would come up, and there
would be a feeling of the interval moved over between the
perception of the successive points, which would be a
measure of the intervals. The sense of movement would
thus be brought in to aid the tactile feeling, and to reveal
a degree of closeness in asperities beyond the reach of touch
unassisted by motion. It is consistent with all experience,
that the roughness of a surface becomes far more apparent
by drawing the hand over it. We must, however, further
consider that friction creates a new variety of pressurc on
the skin and nerves; and the kind of friction is so different
for a smooth and for a rough body, that by it alone we
might learn to distinguish between the rough and smooth
contact. The chafing action formerly adverted to as a
mode of painful skin sensibility possesses a certain dclicacy
of discrimination of amount, which avails as an estimate of
surface asperity in the object causing it.

‘Whatever may be the explanation of the increase of
sensibility due to movement, the fact is an important one.
A large amount of discrimination turns upon it. From the
variety of trace made by different kinds of surface, we can
distinguish them or identify them at pleasure, up to a con-
siderable limit of delicacy. Hence the power of telling
substances by the touch, and of deciding on the qualities and
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merits of texture and of workmanship. Degrees of polish in
stone, metal, or wood, the fineness of cloths, wool, etc., the
beat of a pulse, the quality of powdered substances, and
many things besides, are matters of judgment and compari-
son to the touch, and put to the proof its natural or ac-
quired delicacy.

These tactile sensations, whereby surfaces are discrimi-
nated, have a great degree of persistence in the recollection,
something intermediate between tastes or smells, and sights.
We do not revel in them as imagery, it is true; but this
would be accounted for by the superior hold that we have
of the very same objects by means of sight. With the blind,
the case 1s different. To them, the outer world must be re-
presented as outspread matters of contact ; their notions of
the surfaces of all things are notions of touch.

Our permanent impressions of touch serve us for com-
paring present surfaces with remembered ones, and for
identifying or distinguishing the successive objects that
come before the view. The cloth dealer is aware whether
n given specimen corresponds with another piece that passed
through his hands a week ago, or with a permanent standard
impressed upon his finger sensibility.

12. Qualities of Extension, Size, Form, etc.—I have endea-
voured to show, in the previous chapter (p. 93), that these
qualities are impressed upon us by the movements they
cause, and that the feelings they produce are feelings of
movement or muscularity. It is now to be seen how far
the sense of Touch proper enters into our notions of the
fundamnental property of the Object world, namely, EXTEN-
sION, of which Distance, Direction, Position, and Form are
only special modes or applications.

‘When we examine closely the sensibilities obtained by
movement alone, as by passing the arm to and fro in empty
space, we find that these have various shortcomings as
regards the idea of extended matter, or extended space.

In the first place, the absence of some definite marks, to
indicate the commencement and the termination of a mus-
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cular sweep, leaves a certain vagueness in our feeling of
mere movement. The feelings of putting forth power, and
of this power taking the forin of movement as distinet from
dead strain, are present in all cases ; but the mind is more
alive to them when some definite impression marks where
we begin and where we cease. Now, the sense of touch
supplies this impression, and furnishes, as it were, a-call to
atteution. Let us suppose the hand moving between two
fixed obstacles,-—for example, from one side of a box toanother.
There is, to commence with, the contact with one side of the
box felt more or less as a sense of touch, pressure, and re-
sistance (a feeling partly muscular, but this need not be
considered) : the abrupt departure from this state is a
mark in consciousness, a call to attention ; and the mind is
awakened to the feeling of movement that follows. After
a time, the other side is struck, and the mind is again roused,
and takes note of the cessation of the movement. The
antithesis of resisting matter and unresisted movement is
well brought out by such an experience ; there is in it some-
thing more than the contrast of the swing of a limb with its
undisturbed quiescence, which is all that movement in vacuo
can give us.

In the next place, when the hand is moved over a
surface, touching it the while, the fecling of continuance of
movement is accompanied by a feeling of continuance of
tactile sensation, making the consciousness more marked
and acute, and so enabling us to cstimate the degree of con-
tinuance more nicely. A feeling of the subject (touch proper)
is superadded to the great object sensibility (expended energy
as movement), and deepens the impress of that sensibility,
without being able to take its place, or to constitute the
feeling of objectivity. The peculiar tactile sensation that
friction causes is thus a means of suggesting extension and
of estimating it, although incompetent to supply the notion
itself.

In the third place, movement in wvacno seems unable to
indicate that distinction between Succession and Co-exist-
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ence—Time and Space—which must be arrived at before we
can say that we recognize Extension. The continuance of
movement is a fact that we are conscious of ; in other words,
we are conscious of a peculiar mode of the putting forth of
energy which varies in degree, and we remark one move-
ment as different from another on this point. But, if any
property of things is indicated by this, it would seem to be,
not space, but time. In truth, neither is known; for, “hey
are a correlative couple, not known at all till they are known
together.

Now, we are able to show how the embodying of our
movements in sensation enables us to distinguish between
the two facts or properties called the Co-existing and the
Successive.

When, with the hand, we grasp something moving, and
move with it, we have a sensation of one unchanged contact
and pressure, and the sensation is embedded in a movement.
This is one experience. When we move the hand over a
fixed surface, we have, with the feelings of movement, a
succession of feelings of touch; if the surface is a variable
one, the sensations are constantly changing, so that we can
be under no mistake as to our passing through a series of
tactile impressions. This is another experience, and differs
from the first, not in the sense of power, but in the tactile
accompaniment. The difference, however, is of vital im-
portance. In the one case, we have an object moving, and
measuring téme or continuance ; in the other case, we have
co-existence in space. The co-existence is still further made
apparent by our reversing the movement, and thereby en-
countering the tactile series in the inverse order. Moreover,
the serial order is unchanged by the rapidity of our own
movements. A more rapid pass of the hand makes the series
come up quicker; a less rapid brings the same series in
more slowly. By these experiences, we gradually become
aware of a wide distinction between identical movements
conducted under such different circumstances; and the dis-
tinction is expressed in language as succession and co-
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existence—time and space. Succession is the simpler of the
two facts; an unvarying contact, accompanied with a move-
ment, is enough for that. But co-existence is highly complex.
The chief points involved in it are those now mentioned,—a
series of contacts, and the inversion of the series by an
inverted movement. The repetition of these, with the same
mental effects, constitutes that notion of permanence, or of
fixity of arrangements, implied in the object world, the
universe as co-existing in Space.

By drawing the hand over a surface, as, for example,
twelve inches of wire, we have an impression of the quality of
the surface, and also of its length. On transferring the hand
to another wire thirty-six inches long, the increased sweep
necessary to reach the extremity is the feeling and the
measure of the increased extent. By practising the arm
upon this last wire, we should at last have a fixed impression
of the sweep necessary for a yard of length, so that we could
say of any extended thing, whether it was within or beyond
this standard. Nay, more, whenever anything brought up a
yard to our recollection, the material of the recollection would
be an arm impression, just as the material of the recollection
of greenness is a visual impression.

If we pass from length to two dimensions,—as, for example,
the surface of a pane of glass,—we have only a greater com-
plexity of movement and of the corresponding impression.
Moving in one direction, we get the length ; in the cross direc-
tion, we bring other muscles into play, and get an impression
of movement on a different portion of the moving system.
In this way, we should have the impression of a right angle,
or a builder’s square. The full impression of the pane of
glass would arise through movements from side to side over
its whole length, or from movements round the edge and
several times across, such as to leave behind the feeling of a
possibility of finding contact anywhere within certain limits
of length and breadth. In this embodiment, and in no other
that I know of, would an extended surface be conceived by
the mind through muscularity and touch. (The effect of
vision will be afterwards discussed.)
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A cubical block, exemplifying all the three dimensions of
solidity, presents nothing radically new. An additional
direction is given to the hand, and an additional class of
muscles are brought to contribute to the feeling. The move-
ment must now be over the length, over the breadth, and
over the thickness, and the resulting nnpression will be a
complication of the three movements. To get a hold of the
entire solidity, it is necessary to embrace all the surfaces one
after another,—which makes the operation longer, and the
notion more complex and more difficult to retain. But the
resulting impression, fixed by being repeated, is of the same
essential nature as the notion of a line or a superficies ; it is
the possibility, the potentiality, of finding surface i three
different directions within given limits. A cubical block of
one foot in the side means that, commencing at an angle,
and going along one edge, a foot range may be gone over
before the material ceascs ; that the same may then be done
across, and also downwards; and that, between every two
edges, there is an extended resisting surface.

The multiplying of points of contact, by our having a
plurality of fingers, very much shortens the process of
acquiring notions of surface and solidity. In fact, we can, by
means of this plurality, come to measure a length without
any movement; the degree of separation of the fingers, made
scnsible by the tension of their muscles, being enough.  Thus,
I can appreciate a distance of six or eight inches by stretching
the thumb away from the fingers, as in the span of the hand.
By keeping the fingers expanded in this way, so as to cinbrace
the breadth of an object, and then drawing the haud along
the length, T can appreciate a surface by a single motion
combined with this fixed span of the thumb and fingers. I
may go even farther. By bringing the flexibility of the thumb
into action, I can keep the fingers on one surface and move
the thumb over another side, so as to have a single Impres-
sion corresponding to solidity, or to three dimensions. We
are, therefore, not confined to one form of acquiring the
notion, or to one way of embodying it in the recollection;
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we have many forms, which we come to know are equivalent
and convertible, so that where we find one, we can expect
another. But the most perfect combination of perceiving
organs is the embrace of the two hands. The councurrence
of the impressions flowing from the two sides of the body,
produces a remarkably strong impression of the solidity of a
solid object. The two separate, and yet coinciding, images
sup,. ort one another, and fuse together in such a way as make
the most vivid notion of solidity that we are able to acquire
by means of touch. The parallel case of the two eyes is
equally striking.

The notion of solidity thus acquired is complex ; being
obtained through a union of touch and muscularity, and
combining perception of surface with perception of extended
form. Space, or unoccupied extension, is movement, in vacuo,
from one fixed point to another : by the inverted operation,
and by repetition giving the same contacts, this is considered
to mean extension (as opposed to mere sequence in time).
Empty space means the power of movement without contact
or resistance, except at the extreme terms. Resistance and
empty space are correlatives. In passing from the sense of
the resisting to unresisted movement, we make the transition
that develops the two cognitions of Body and of Space, under
the common object property of Kxtension.

13. Distunce, direction, and situation, when estimated by
touch, involve, in the very same manner, the active organs;
the tactile sensations merely furnishing marks and starting-
points, like the arrows between the chain-lengths in land-
meansuring. Distance implies two fixed points, which the
touch canascertain andidentify; theactual measurementbeing
by means of the sweep of the hand, arm, or body, from the
one to the other. Direction implies a standard of reference:
some given movement must fix a standard direction; and
movement, to or from that, will ascertain any other. Our
own body is the most natural starting-point in counting
direction ; from it, we measure right and left, back and fore.
For the up and down direction, we have a very impressive
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lead ; this being the direction of gravity. When we support
a weight, we are drawn downward ; when not sustaining the
arms by voluntary effort, they sink downward; when our
support gives way, the whole body moves downward. Hence,
we soon gain an impression of the downward movement, and
learn to recognize and distinguish this from all others. Ifa
blind man is groping at a pillar, he identifies the direction
‘it gives to his hand as the falling or the rising direc.ion.
Circumstances do not, perhaps, so strongly conspire to impress
the standard directions of right and left ; but there is an
abundant facility in acquiring them too. The right deltoid
muscle is the one chiefly concerned in drawing the right arm
up and away from the body ; and, without our knowing any-
thing about this muscle, we yet come to associate the feeling
of its contraction with a movement away from the body to
the right. All directions that call forth the play of the
same muscles, are similar directions as respects the body ;
different muscles mean different directions. The great
pectoral bringing the armn forward, the deltoid lifting it away
from the side, the trapezius drawing it backward, indicate to
our mind so many different positions of the guiding object ;
and we do not confound any one with the others. We learn
to follow the lead of each of these indications; we make a
forward step to succeed the contraction of the pectoral, a step
to the right the deltoid, a step backward the trapezius.

Situation, or relative position, is known, if distance and
direction are known. The idea of position implies three
points. Two points might give extension; but relative
position implies that we pass from A to B, from B to C, and
from A to C. Such movements, often repeated, both in the
direct and in the inverse order, impart the idea of permanent
co-existence in relative position, which amounts to an expe-
rience of Extension. The multiplication of these is the
enlargement of our education in the co-existing and extended,
from which, at last, by an exercise of abstraction, we rise to
the notion of Space or Extension in general.

Form or shape is determined by position. It depends
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upon the course given to the movements, in following the
outline of a material body. Thus we acquire a movement
corresponding to a straight line, to a ring, an oval, etc.
This is purely muscular. The fixed impressions engrained
upon the organs, in correspondence with these forms, have
a higher interest than mere discrimination. We are called
upon to reproduce them in many operations—in writing,
dra ving, modelling, etc.; and the faculty of doing so will
depend, in great part, upon the hold that they have taken
upon the muscular and nervous mechanism. The suscepti-
bility to impressions necessary to draw or to engrave skilfully,
and the retentiveness of them, are partly muscular endow-
ments.

14. So much for the qualities revealed to us by touch,
whether alone or in conjunction with movement. The
accompaniment of activity belongs to every one of the senses;
it serves to bring about, or increase, the contact with the
objects of the sense. There is, in connexion with each of
the senses, a particular verb, or designation, implying action:
to taste implies the movement for bringing the substance
upon the tongue; to smell, or to smuff, means an active
inhalation of the odorous stream ; to feel signifies the move-
ment of the hand or other organ over the surface in search
of impressions ; in like manner, to henr and to se¢ are forms
of activity. In the cases of taste and smell, the action does
not contribute much to the sensation or the knowledge; in
the three others (two especially), it is a principal element ;
since, in all of them, direction and distance are essential parts
of the information. Now, since movement is required to
bring objects within reach, the value of any of our senses
will depend very greatly upon the activity of the organs that
carry the sensitive surface,—the fentacula, so to speak. This
activity grows out of the muscular and nervous energy of
the frame, and not out of the particular endowment of the
sensitive part. It is a voluntary exertion, at first spon-
taneous purely, always spontaneous in some degree, but
linked to, and guided by, the sensibility. The flush of
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activity lodged in the arm and fingers is the first inspiration
towards obtaining impressions of touch; the liking or dis-
liking for the impressions themselves comes in to modify
and control the central energy, and to reduce handling to a
system. ‘

15. Touch being concerned in innumerable handicraft
operations, the improvement of it, as a sense, enters largely
into our useful acquisitions. The graduated applicatio. of
the force of the hand has to be ruled by touch; as, in the
potter with his clay, the turner at his lathe, the polisher of
stone, wood, or metal, the drawing of the stitch in sewing,
baking, taking up measured quantities of material in the hand.
In playing on finger instruments, the piano, the touch
must measure the stroke or pressure that will yield a given
effect on the ear.

16. The observations made on persons born blind have fur-
nished a means of judging how far touch can be a substitute
for sight, both in mechanical and in intellectual operations.
These observations have shown, that there is nothing essen-
tial to the highest intellectual processes of science and
thought that may not be attained in the absence of sight.
The integrity of the moving apparatus of the frame renders
it possible to acquire the fundamental notions of space,
magnitude, figure, force, and movement, and, through these,
to comprehend the great leading facts of the outer world as
taught in mathematical, mechanical, or physical science.

17. The skin is liable to feelings not produced by an
external contact, but resembling what would arise from
and suggesting those particular agencies to the mind.
These are called ‘subjective sensations’. The tingling of a
limb asleep, formication, or a sensation as of the creeping of
insects, heat, chilliness, etc., are examples.

SENSE OF HEARING.
This sense is more special and local than the foregoing,

but agrees with Touch in being a mechanical sense as dis-
tinguished from the chemical senses—taste and smell.
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1. The objects of hearing are material bodies in a state of
tremor, or vibration, brought on when they are struck,—which
vibration is communicated to the air of the atmosphere, and
is thereby propagated till it reach the hollow of the ear.

All bodies whatever are liable to the state of sonorous
vibration ; but they differ very much in the degree and kind
of it. The metals are the most powerful sources of sounds —
as, for example, in bells; after metals come woods, stones,
carthy bodies. A hard and elastic texture is the property
needed. Liquids and gases sound very little, unless impinged
by solids. The howling and rustling of the wind arise from
its playing upon the earth’s surface, ke the Aolian harp.
The thunder is an example of a pure aerial sound; the effect,
great as it is, being very small in comparison with the mass
of air put in agitation.

It belongs to the science of Acoustics to explain the pro-
duction and propagation of sound, and the forms of sounding
instruments of all kinds. Here we are considering the
effects, and not the instruments of sound.

2. The organ is the KAr. ‘It is divisible into three parts
—the external ear, the tympanum or middle ear, and the
labyrinth or internal ear; and of these, the two first are
to be considered as accessories to the third, which is the
sentient portion of the organ.’

The external ear includes ‘the pinna —the part of the outer
ear which projects from the side of the head—and the meatus or
passage which leads thence to the tympanum, and is closed at its
inner extremity by the membrane interposed between it and the
middle ear (inembrana tympani)’.

‘ The tympanum, or drum, the mniddle chamber of the ear, is a
narrow irregular cavity in the substance of the temporal bone,
placed between the inner end of the external auditory canal and
the labyrinth. Tt receives the atmospheric air from the pharynx
through the Eustachian tube, and contains a chain of small bones,
by means of which the vibrations, communicated at the bottom
of the external meatus to the membrana tympani, are conveyed
across the cavity to the internal ear, the sentient part of the organ.



206 SENSE OF HEARING.

The tympanum contains likewise minute muscles and ligaments
which belong to the bones referred to, as well as some nerves
which end within this cavity, or only pass through it to other
parts.’

As to the cavity of the tympanum, I shall content myself
with quoting the description of the principal boundaries,
whereby it connects itself with the outer and inner portions
of the ear, and which are, therefore, the main links in “he
line of communication from without inwards.

The outer boundary, formed by a thin semi-transparent mem-
brane, the membrana tyinpani, which may be seen by looking into
the ear, ‘is nearly circular, and is slightly concave on the outer
surface. It is inserted into a groove at the end of the passage of
the outer ear, and so obliquely that the membrane inclines towards
the anterior and lower part of the canal at an angle of 45°. The
handle of one of the small bones of the tympanum, the malleus,
descends between the middle and inner layers of the mcembrane
to a little below its centre, and is tirnly fixed to it; and as the
direction of the handle of the bone is slightly inwards, the outer
surface of the membrane is thereby rendered concave.’

The inner wall of the tympanum, which is formed by the outer
surface of the internal ear, is very uneven, presenting several
clovations and foramina. The foramina or openings are two in
number,—the oval foramen (fenestra ovalis), and the round or
triangular opening (fenestra rotunda). Both are closed with
membranes, which render the inner ear, with its containing
liquid, perfectly tight. To one of them, the oval foramen, a
small bone is attached; the other, the round foramen, has
no attachment. These two openings are the approaches to
the internal ear, and through them lies the course of the
sonorous vibrations in their progress towards the auditory nerve.

The small bones of the tympanum are named from
their appearance as follows (beginning at the outermost):
the malleus, or hammer, attached to the membrane of
the tympanum; the ¢ncus, or anvil; and the stapes, or
stirrup, which is fixed to the oval opening in the inner
ear, called the fenestra ovalis.” The incus is thus inter-
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mediate between the other two; and the result of the
whole is, ‘a species of angular and jointed connecting
rod between the outer and inner walls of the tympanic
cavity, which serves to communicate vibrations from the
membrana tympani to the fluid contained in the vestibule
of the internal ear’.

There are certain small muscles attached to those bones,
sor the regulation of their movements.

The internal ear, or labyrinth, < which is the essential or

sensory part of the organ of hearing, is contained in the petrous
portion of the temporal bone. 1t is made up of two very

Fia. 12.* ! Fia. 13.¢
Right bony labyrinth, viewed from View of the interior of the left laby-

the outer side (after Somincrring). ;
2k, !

1

* The specimen here represented is propared by separating piecemeal the
looser substance of the petrous bone from the dense walls which immediately
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