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PREFACE TO THE THIRD EDITION,

Tais third edition of the Principles of Psychology differs
from preceding editions, mainly by containing a new division;
which occurs in the second volume, under the title—¢ Part
VIII., Congruities.”

By the preface to the first edition, it will be seen that I
had originally intended to write, under the title of “Summary
and Conclusion,”” a division having forits purpose ““ to bring
the several lines of argument to a focus:”” believing that
“ the harmony that may be shown to subsist between the
doctrines elaborated in the respective divisions, is a strong
confirmation of their trnth.” When I began to prepare the
second and greatly enlarged edition, I looked forward to
fulfilling this intention, which disturbed health had before
obliged me to abandon. Eventually, however, I left the
additional part unwritten—partly because the work had
already become too bulky,and partly because I thought that
the harmonies I proposed to point out were so conspicuous
that all readers would perceive them.

This last reason proved to be ill-grounded. Far from re-
cognizing the harmonies which I thought conspicuous, sundry
critics have enlarged on the incongruities. In a review pub-
lished in the Academy for April 1, 1873, Mr. Henry Sidgwick
speaks of “ the mazy inconsistency of his [my] metaphysical
results.” Similarly, a writer in the Spectator for the 21st of
June, 1873, asserts that “Mr. Spencer’s system has the
incurable defect of fundamental incoherence.”” Prof. Green,
also, in two articles which appeared in the Contemporary
Review for December, 1877, and March, 1878, duvotes much
space to showing, as he thinks, that my views are not
coherent. Thus I find it, if not necescary, at any rate
desirable, to fulfil my first intention.
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Tt is a common remark that where party feeling, political
or theological, runs high, one who, believing that neither
side is wlolly right or wholly wrong, declines to commit
himself entirely to either, is usually looked upon by both
with suspicion, if not with aversion. And it is curious to
see how, analogously, in a controversy so remote in its issues
from human interests as that between Realism and Idealism,
the enunciation of a view which recognizes an element of
truth in each, seems to beget antipathy rather than sympathy.
The adherents of either doectrine, believing that it 1is
entirely true or entirely false, are averse to a couciliation
which requires any sacrifice. Surrender of a part of their
doctrine is almost as offensive to their amour propre as
surrender of the whole; and the proposer of it i3 censured
all round.

Recognizing, thus, the disfavour with which both
Realists and Idealists naturally regard that Transfigured
Realism which accepts from each a moiety of his doctrine
but rejects the rest, I scarcely expect that where they before
discovered only incongruities, this new division will show
them that there are congruities. I can do no more than
exhibit these, in the belief that they will be apparent to
all who have not yet committed themselves to one side or
the other. I may add that inability to recognize these
congruities admits of two interpretations, conveniently sug-
gested by a simile which I have before employed in another
relation. Taken at different angles from the same object,
the two photographs placed in a stereoscope, when first
viewed, not unfrequently form a coufused double image ;
but after persevering contemplation, most observers find
them suddenly unite into a single clear representation of the
object. Meanwhile, there are some eyes which to the last
fail in combining them; and to which they continuously
appear conflicting and confused.

London, October, 1330,



PREFACE TO THE SECOND EDITION.

Worps are somewhat strained in their meanings by calling
that a Second Edition, of which the new portion greatly ex-
ceeds the old portion in amount; as happens with this
volume, and as will happen with its successor. Of the five
Parts here bound together, the two that have previously ap-
peared cover 217 pages ; while the three that now appear for
the first time cover 425 pages.

Nevertheless, the fact that sundry of the cardinal ideas
contained in this work were enunciated many years ago,
must not be lost sight of. When, in 1855, the First Edition
of The Principles of Psychology was issued, it had to en-
counter a public opinion almost universally adverse. The
Doctrine of Evolution everywhere implied in it, was at that
time ridiculed in the world at large, and frowned upon even
in the scientific world. Naturally, therefore, the work,
passed over, or treated with but small respeet, by re-
viewers, received scarcely any attention; and its contents
remained unknown save to the select few. The great change
of attitude towards the Doctrine of Evolution in general.
which has taken place during the last ten years, has made
the Doctrine of Mental Evolution seem less unacceptable ;
and one result has been that the leading conceptions set
forth in the First Edition of this work, have of late.obtained
considerable currency. In France, some of them have been
made known incidentally by the treatise of M. Taine, De
¢ Intelligence ; and the lucid exposition of Prof. Ribot in
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his Psychologic Lnylaise Contemporaine, has presented them
all in a systematic form. In England, they have spread
through various channels. Among these I may more espe-
cially name The Physiology and Pathology of the Mind, by
Dr. Maudsley, the first division of which work is pervaded
by them. As most of those who will read this Second
Idition of the Principles of Psychology, never saw the First
Edition, and cannot now get access to it; and as, in Parts
ITI. and IV., they will meet with ideas that have been
already made, in the ways indicated, more or less familiar
to them ; it is necedful that I should state these facts to
prevent misapprehensions.

Part V., which closes this volume, is the Part referred te
m the final paragraph of the Preface to the First Idition,
as omitted for the reasons given. In now fulfilling the half-
promise there made, eventually to add 1t to the rest, I have
the satisfaction of feeling that during the fifteen years that
have elapsed, the hypothesis set forth in it has assumed a
much higher development.

The long delays in the issues of the successive portions of
this work, have arisen in part from disturbances of health that
have from time to time compelled me to desist from work, and
n part from the continuous attention taken in arranging and
superintending a systematic collection of materials for the Prin-
ciples of Sociology, presently to be commenced. I have reason
to hope that neither of these causes will operate so seriously in
delaying the issuc of the numbers which are to compose the
second volume.

LoxpoN, December, 1850



PREFACE

TaE four parts of which this work consists,* though intimately
related to each other as different views of the same great
aggregate of phenomena, are yet, in the main, severally in-
dependent and complete in themselves. The particular
serial arrangement in which they should be presented, has
consequently been in great measure a question of gencral
expediency ; and while the order I have chosen is one
which seems, on the whole, the most advantageous, it is
not one which all readers are bound to follow. A brief
characterization of each part, will enable every one to de-
cide for himself which he may best commence with.+

The General Analysis (of which the essential portion was
originally published in the Westininster IReview for October,
1853, under the title of “The Universal Postulate,” and re-
appears here with additional arguments and explanations)
is an inquiry concerning the basis of our intelligence. Its
object is to ascertain the fundamental peculiarity of all
modes of consciousness constituting knowledge proper—
knowledge of the highest validity.

The Special Analysis has for its aim, to resolve each
species of cognition into its components. Commencing with
(e most involved ones, it seeks by successive decomposi-

* The number of parts is now greatly increased : this volume contains

five, and the second volume will contain four,
+ The order has now been wholly changed : the two parts immediately
camned as coming first, being relegated to the sccond volume.
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tions to reduce cognitions of every order to those of the
simplest kind ; and so, finally to make apparent the com-
mon nature of all thought, and disclose its ultimate con-
stituents.

While these analytical parts deal with the phenomena of
intelligence subjectively, and, as a necessary consequence,
are confined to human intelligence; the synthetical parts
deal with the phenomena of intelligence objectively, and so
include not human intelligence only, but intelligence under
every form.

The General Synthesis, setting out with an abstract state-
ment of the relation subsisting between every living organ-
ism and the external world, and arguing that all vital
actions whatever, mental and bodily, must be expressible
in terms of this relation; proceeds to formulate, in such
terms, the successive phases of progressing Life, considered
apart from our conventional classifications of them.*

And the Special Synthesis, after exhibiting that gradual
differentiation of the psychical from the physical life which
accompanies the evolution of Life in general, goes on to de-
velop, in its application to psychical life in particular, the
doctrine which the previous part sets forth : describing the
nature and genesis of the different modes of Intelligence, in
terms of the relation which obtains between inner and outer
phenomena.

As may be supposed, the analytical divisions are much
less readable than the synthetical ones. Hence, while all
who are accustomed to studies of an abstract character are
recommended to follow the order in which the parts stand,
as being that most conducive to a clear understanding of
the system in its ensemble ; those who are unfamiliar with
mental philosophy may, perhaps, more advantageously begin
with Parts III. and IV : returning to Parts I. and 1I.
should they feel sufficiently interested to do so.

* A portion of the Part thus described, is now embodied in The Principles
of Biology.
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Respecting the execution of the work, I may say that in
sundry ways 1t falls much short of my wishes. There are
places in which the argument is incompletely carried out ;
places 1n which, from inadequate explanation, there is an appa-
rent incongruity between the statements there made and those
made elsewhere; and there are, I fear, places where the
form of expression is not so precise as 1t should be. Add to
which, that in treating under several separate aspects a
subject so extensive, I have perhaps erred in attempting
too much; and have so devoted neither thought emough
nor space enough to any one of the several aspects ander
which the subject is presented.

‘While, however, I am conscious that the work contains
many more imperfections than it would have done had its
scope been more limited and its elaboration longer, I would
excuse the issue of it in its present form on several grounds:
partly onthe ground that it is almost useless to wait until
any organized body of thought has reached its full develop-
ment, which it never does in the course of a single life ;
partly on the ground that it is next to impossible for the
writer of a work like this, to dispense with the aid of
candid criticism ; but chiefly on the ground that the general
truths enunciated, being, as I believe, both new and im-
portant, it seemed to me undesirable to delay their publica-
tion with the view of by and by presenting them in a more
finished guise.

For the somewhat abrupt termination of the work, my
apology must be, that disturbed health has obliged me to
desist from writing a “ Summary and Conclusion,” in which
[ purposed to bring the several lines of argument to a
focus. I greatly regret this; not only because the harmony
that may be shown to subsist between the doctrines elabor-
ated in the respective divisions, is a strong confirmation
of their truth; but because, in the absence of explanation,
some misunderstanding may arise concerning the implica-
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tions—ontological and other—which many will think
manifest.

It may be well further to say that, originally, T had in-
tended to add a fifth division, which should include sundry
deductions and speculations that could not properly be em-
bodied in the other divisions. But before being compelled
to do so, I had decided, that as this fifth division was not
strictly necessary ; and as certain of the suggestions
contained in it might prejudice some against the doctrines
developed 1in the others; it would be better to withhold it—
at any rate for the present.

July, 1855.
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PART L

TIIE DATA OF PSYCIIOLOGY.



CHAPTER 1,
THE NERVOUS SYSTEM.

§ 1. The lowest animal and the highest animal present no
contrast more striking than that between the small self-mo-
bility of the one and the great self-mobility of the other. A
monad passing, apparently with some rapidity, across the
field of the microscope, really advances with extreme slow-
ness: its velocity, unexaggerated by combined Ilenses,
being about that of the minute-hand of a watch. The parts
of a disturbed sea-anemone draw themselves together with
a speed which, though immensely greater than that of a
monad through the water, is insignificant as measured by the
speed of most terrestrial and aerial creatures. Comparing
the movements of Protozoa, or of Zoophytes, with those of
Birds that keep pace with railway trains or those Mammals
that gallop a mile in a minute, their locomotive powers seem
scarcely appreciable. Masses being supposed equal, the
quantity of motion generated in the last case approaches a
million times that gencrated in the first.

Contrasts of this kind exist within cach great divicion of
the animal kingdom, as well as in the animal kingdom
taken as a whole. The sub-kingdom Annulosa shows us an
immense difference between the slow crawling of worms
and quick flight of insects. Among Mollusks the sluggish-
ness of the Tunicata is no less marked than the activity of
the Cephalopoda. And between the inferior or water-
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breathing Vertebrata and superior or air-breathing Verte-
brata, there is an equally conspicuous unlikeness in energy
of movement.

This self-mobility which by its greater amount gencrally
distinguishes higher animals from lower, and, indeed, enters
largely into our conceptions of higher and lower, is displayed
in several ways. We see it in the changes of attitude that
are made without moving the body from place to place.
We sce it in the transference of the body as a whole
through space: considering this transference apart from
external resistances overcome. And we see it in the over-
coming of resistances—both those of media and those
due to gravity. All these, however, are manifestations of
one ability—the ability to generate a force which either
shows itself as momentum or would generate momentum
but for a counterbalancing force. And it is in this general
form that we are here concerned with this ability. We have
to contemplate the inferior animals as being generators of
very small quantities of actual or potential motion, and the
higher animals as being gencrators of relatively-immense
quantities of actual or potential motion.

§ 2. With what internal differences are these differences
of external manifestation connected? No doubt with
several. An active organism contains various appliances
no onc of which can be spared without greatly diminishing,
or quite destroying, its activity.

If the alimentary system be mcapacitated, there must pre-
sently result a decreased power of generating motion, from
lack of the materials whence motion is obtained ; and hence
the fact, conspicuous throughout the animal kingdom, that
along with much locomotive activity there goes a developed
apparatus for taking up nutriment. It is manifest, too,
that there cannot be great self-mobility unless the absorbed
materials are efficiently distributed to the organs which
transform insensible motion into sensible motion ; and thus
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it happens that as we ascend from creatures which move
little to creatures which move much, we meet with a more
and more evolved vascular system. Similarly with the
organs for separating from the blood the substances that
have yielded up their contained motion. If the blood be-
comes choked with inert matter, there necessarily results a
decreased genesis of motion ; and therefore, as we sce on
comparing inactive with active animals, the exaltation of
activity 1s accompanied by the development of depurating
structures. Still clearer is it that the production of much
motion, and the resistance to those forces which antagonize
motion, imply parts capable of bearing great strains—
raasses of dense tissue such as in vertebrate animals form
bones, and in invertebrate animals form dermal frame-
works ; and, accordingly, as we ascend from creatures that
are inert to creatures that are vivacious, we advance from
weak to strong skeletons, internal or external. Above all
it is self-evident that along with locomotive activity there
must exist those contractile organs which are the imme-
diate movers of the limbs and consequently of the body ;
and hence the direct connection between absence of mus-
cular fibres and extremely-small self-mobility, and the direct
connection between development of the muscles and much
sclf-mobility—connections so direct as to make it at first
sight seem that the genesis of motion varies as the mus-
cular development.

Remotely dependent, however, as the genesis of motion
is on digestive, vascular, respiratory, and other structures;
and immediately dependent as it 1s on contractile struc-
tures; its most important dependence remains to be named.
For all of these appliances taken together can do nothing
of themselves. The muscles are but instruments, which
remain passive until their power is evoked by the structure
which uses them ; and the quantity of motion they then
give out varies according to the demand made by this
exciting and controlling structure. In other words, the
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initiator or primary genecrator of motion is the Nervous
System. Where there is extremely little power of generat-
ing motion, as among the Profozoa and the inferior Celen-
terata, there is no nervous system. Where activity begins
to show itsclf a nervous system begins to be visible. And
where the power of self-movement is great, the nervous
system 1s comparatively well developed. Though the mus-
cular system also becomes larger and better organized ; yet
the quantity of motion produced is fundamentally rclated to
the degree of nervous development. Not, indeed, that it is
so related with anything like uniformity: this we shall
presently sce that it cannot be. But it i1s so related more
uniformly than in any other way. A few typical contrasts
will show this.

§ 3. The absence of measurements renders detailed com-
parison among the various classes of Mollusca unsatisfactory.
On putting side by side the extreme terms, however, we
find an unquestionable diffcrence in the proportion between
the nervous system and the rest of the body. The sedentary
Ascidians, which do little in the way of moving beyond
occaslonally contracting themsclves, severally possess only
a single small ganglion with its fibres; but Cephalopods of
the dibrancliate order, which are active creatures that dart
through the water fast enough to catch fish, contain masses
of nerve-tissue that bear much larger ratios to their total
masses.

It is with annulose animals as with molluscous animals—
we have no definite estimates of the sizes of their nervous
systems ; and hence can bring in evidence only the marked
differences.  As before, the extreme forms supply these.
The sluggish annuloid types, when contrasted with the
energetic kinds of Annulosa, present decided deficiencies of
nerve-substance ; and even between such less-remote orders
as the tubicolous Annelids, leading stationary lives, and the
decapodous Crustaccans, leading active lives, a kindred
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difference may be safely asserted. There are also, in some
annulose types contrasts between the nervous system in the
inactive and active stages of the same individual. The feebly-
moving caterpillar has but a small nervous system; the
butterfly, with its power of vigorous flight, has a relatively
large one; and during the intermediate pupa-state, in
which the organization is being adapted to this more viva-
cious life,a rapid growth of the nervous system may be traced.

It is in the Vertebrata, however, that the most striking
evidence meets us. According to Leuret, the average ratio
of the brain to the body is—in fishes, 1 to 5,668 ; in rep-
tiles, 1 to 1,321 ; in birds, 1 to 212 ; and in mammals, 1 to
186. Now though these can be but rude approximations,
since there are great differences within each class, and since
the ratio of the brain to the body is not the ratio of the
whole nervous system to the body; yet the relations they
indicate are substantially true. Were the weight of the
spinal cord and the nerves added to that of the brain in
eacn case, the strengths of the contrasts would be consider-
ably diminished; but the contrasts would still be strong.
And with them there go the strong contrasts between the
activities in the respective classes—the Fishes that swim in
o medium of their own specific gravity; the Reptiles ot
which the higher have to support the weights of their
bodies as they move about over the land, but cannot do
this for long together; the Birds and Mammals that are in
constant locomotion, often at high velocities. Here,
too, the alleged connection is rendered the clearer by the
approximate uniformity of the relative amount of muscle.
The weight of muscle in a fish forms something like as
large a part of the total weight as it does in a reptile—
perhaps a larger part; and a reptile is scarcely if at all
inferior to a bird or a mammal in the proportion of contrac-
tile tissue it possesses. IHence 1t becomes manifest that
indispensable as is contractile tissue to the genesis of
motion, its quantity does not determine the quantity of
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motion generated. Whereas, notwithstanding the many
complicating circumstances, a general relation between
quantity of nerve and quantity of motion is traceable.

There are special cases which illustrate this relation. I
may name one—the case of the Porpoise. A Porpoise’s
brain exceeds greatly in size the brains of other Mammals
that have bodies commensurate with its own, except
that of Man and, perhaps, that of the Gorilla. Such a
structure in a creature leading so simple a life, is a serious
difficulty in the way of current interpretations ; but is quite
in harmony with the interpretation here given. Porpoises
accompanying a steam-vessel, gambolling and making ex-
cursions on either side without apparent effort, prove, by
keeping up so high a velocity through so dense a medium,
that their motor energies are enormous.

§ 4. A closer examination of the facts soon reveals the
insufficiency of the foregoing gemeralization. Deep as is
the connection between nervous development and locomotive
activity, further comparisons show that it is complicated
with some other conmnection scarcely less radical. If, other
things being equal, the quantity of motion generated
varied directly as the quantity of nerve-tissue, then, in
creatures constitutionally alike or but little dissimilar, a
tolerably constant ratio would exist between the mass of
the nervous system and the mass of the body : supposing
the body, whether large or small, to be carried from place
to place with equal velocity. The ratio 1s far from constant
however.

A horse gallops much faster than a man runs ; and a
horse in ordinary work daily moves his body through a
space greater than that through which a man moves his body,
or greater than that transposition of his body which a man’s
daily labour is equivalent to. Hence were there a simple
relation between amount of nerve-tissue and amount of mo-
tion evolved, a horse, which weighs some seven times as much
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as a man, should have a nervous system at least seven times
as heavy. Instead of thisit has a lighter nervous system. Its
brain weighs but one pound seven ounces; and were its spinal
cord added, the total weight would probably not exceed two
pounds. But a man’s brain and spinal cord weigh between
three and four pounds. Thus the horse’s cerebro-spinal
axis is but one-tenth of what it should be, were this relation
the only one. Still clearer 1s the proof that there
is some other relation, when we avoid modifying causes, by
comparing animals of the same genus, or species, but of
different sizes. The varieties of dogs supply good illustra-
tions. A newfoundland and a spaniel are alike in organiza-
tion, food, temperature, respiration, &c.; and they are
approximately alike in their powers of locomotion: the
advantage being on the side of the larger of the two.
Were genesis of motion measured by quantity of nerve-
tissue, a newfoundland’s cerebro-spinal axis should, there-
fore, exceed in size that of a spaniel as much as a newfound-
land’s body exceeds in size that of a spaniel. But it by no
means does so. While considerably larger absolutely, it 1s
much smaller relatively.

Consequently, we must say that though the nervous
system is the initiator of motion, and though there is
evidently some relation between degree of nervous develop-
ment and degree of motor energy; yet this relation is
involved with, and obscured by, another. Let us re-examine
the facts in search of 1t.

§ 5. In what other way than in relative feebleness, do the
motions of inferior creatures differ from those of superior
creatures 7 They differ in relative simplicity. Animals
that are but little evolved perform actions which, besides
being slow, are few in kind and severally uniform in com-
position. Animals that are much evolved perform actions
which, besides being rapid, are numerous in kind and seve-
rally involved in composition. The movements in the one
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case are small and homogeneous, and in the other case
great and heterogencous. Each sub-kingdom of animals
exemplifies this second general relation, as much as it does
the first.

Humble Mollusks, like the fixed Tunicata, display scarcely
any energies beyond those required to contract their bodies
when disturbed and afterwards to unfold them. But in the
highly-organized Cuttle-fishes, besides the rapid, quickly-
varied, and well-adjusted movements exhibited in the pur-
suit and capture of prey, we have the numerous and com-
bined movements of the suckered arms, used not only for
prehension but occasionally for travelling over sohd surfaces.

The Annulosa, including with them the Annuloida, supply
a like general contrast. Between the uniform, little-varied
motions of a Nemertine worm, and the multiform, variously-
combined motions of the Crab or the Spider, the difference
18 paralleled by the difference in nervous evolution. And a
like structural contrast accompanies the contrast between
the few simple actions of the caterpillar and the numerous
complex actions of the butterfly.

But that heterogeneity of movement increases along with
relative size of the nervous system, is best shown by com-
parisons among vertebrate animals. Progressing by alter-
nate contractions of its lateral muscles, and opening its
jaws to take in food and water, the Fish adds to these little
clse but those undulations of the fins and tail that serve to
balance and turn it. A Reptile, using its limbs in the water
or on land or both, performs muscular actions considerably
more varied and more combined ; but still, actions that are
directed to comparatively few ends. An ordinary Mammal
exhibits in the chase and destruction of prey, in the making
of burrows, in the rearing of young, in the laying up of
food, a greater variety of actions that are severally more
compound. On arriving at the higher Mammals, ending with
Man, we mcet with motions that are almost countless in
their kinds, that are severally composed of many minor
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motions accurately adjusted in their relative quantities and
successions, and that are themselves compounded into
courses of action directed to multiform objects. And with
each such increment of complexity in the motor functions
throughout the Vertebrata, there goes an increment of
nervous endowment,

This, then, is the secondary connection which traverses
and complicates the primary connection. We saw that were
there no other relation than that between quantity of
nerve-tissue and quantity of motion generated, a Horse
should have a far larger nervous system than a Man,
instead of having a smaller one. But finding that there
is also a relation between quantity of nerve-tissue and
complexity of motion, we are led to expect an excep-
tionally large nervous system in Man; and are enabled to
understand why he has a larger one than a Horse has. More
obvious, because not involved with irrelevant differences, is
the interpretation thus yielded of the general rule, already
lustrated in the case of the Dogs, that in each natural
group or order of Mammals, the nervous systems do not in-
crease in the same ratio as the bodies. We will glance at
another illustration of this, supplied by the Primates: specially
instructive because of the significant exception 1t contains,
and specially interesting because that exception is furnished
by mankind.

The small monkeys have relatively very large brains—
larger relatively than the brains of their congeners, in-
cluding even the highest. This connection, parallel to that
presented in the spaniel and the newfoundland, has a parallel
explanation. The movements of the little Capuchin monkey
are approximately as varied and complex as thoso of the
great Gorilla; and hence, in so far as nervous evolution is
related to heterogeneity of motion, the Capuchin should have
a nervous system differing but little in size from that of the
Gorilla. But since there is also a relation between quantity

of nerve and quantity of motion gencrated, the Gorilla’s
2
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nervous system must be absolutely greater though relatively
smaller : which we find it to be. Between the Gorilla and
Man, however, there exists a converse contrast. Heavier
than a Man, and moving about in the trees, a Gorilla pro-
bably generates daily as much motion as a savage, or as a
civilized labourer; and were it the sole function of nerve.
tissue to originate motion, should have at least as large a
nervous system. But the nervous system of Man is twice
as heavy. Here, therefore, all other relations being sub-
stantially the same, and the physiological processes being
approximately alike in the two cases, the relative largeness
of the human nervous system stands clearly related to the
relatively-enormous complexity of human actions—a com-
plexity shown partly in the more compound simultaneous
movements, but mainly in the combination of successive
movements, simple and compound, directed to remote

ends.

§ 6. This double relation must still be taken as ap-
proximate only. Seeing as we did at the outset that the
genesis of motion depends on many physiological conditions,
of which each is separately variable, it 1s manifest that
the fundamental connections we have traced must have
sundry minor irregularities. Without treating of these in
detail, 1t may be well to instance one—that due to differ-
ence of bodily temperature. Birds as a class are more
active than Mammals as a class; and though many Mammals
go through motions more heterogeneous than those of Birds,
yet the inferior Mammals can scarcely be said to exceed
Birds in the heterogeneity of their motions. Nevertheless,
the nervous systems of Birds are relatively somewhat
smaller than the nervous systems of Mammals. The explana-
tion is that Birds have a higher blood-heat with its accom-
panymg more active respiration—both implying a greater
rate of molecular change. And a greater rate of molecular
change enables a smaller nervous system to generate an
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amount of motion which would require a larger nervous
system if the rate of molecular change were less.

A further qualifying fact to be here named is that, all
other things being equal, the power of a nervous system
does mnot vary exactly as its mass. For reasons that will
hereafter appear, its efficiency as a motor agent increases
in a somewhat higher ratio than the quantity of matter it
contains,

But after all modifying causes have been allowed for,
there remain substantially intact the fundamental rela-
tions set forth—namely, that wherever much motion is
evolved, a relatively-large nervous system exists; that
wherever thé motion evolved though not great in quantity
1s heterogeneous in kind, a relatively-large nervous system
exists; and that wherever the evolved motion is both great
in quantity and heterogeneous in kind, the largest nervous
systems exist.

§ 7. It is with deliberate intention that I have set out
with this unfamiliar and, as many will think, somewhat
strange presentation of the facts. My rcasons for doing so
are several.

One of them is that we are here primarily concerned with
psychological phenomena as phenomena of Evolution; and,
under their objective aspect, these, reduced to their lowest
terms, are incidents in the continuous re-distribution of
Matter and Motion. Hence the first question respecting
the nervous system as studied from our point of view is—
what are the leading facts it presents as expressed in terms
of Matter and Motion ?

Another reason is that, apart from any doctrine of Evolu-
tion, true conclusions respecting psychical phenomena must
be based on the facts exhibited throughout organic nature ;
and that the above statement does literally nothing eclse
than express these facts—expresses, too, all that direct
induction can tell us respecting their esscntial relations.
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The actions of all organic beings, including those of our
own species, are known to us only as motions. Shutting
out our inferential interpretations, the leaps and doublings
of the escaping prey in common with the variously-adapted
and rapidly-changed actions of the pursuer, are, to our per-
ceptions, nothing but movements combined in particular
ways ; and so too are the changes of expression, tones of
voice, and verbal articulations of our fellow-beings, on which
we put such hidden implications. As, then, science requires
us to distinguish the facts as actually presented from the
suppositions we ordinarily join with them, 1t is needful to
exhibit, in all its nakedness, this primordial relation between
the external motions and their internal originator.

Yet a further reason for setting out thus, is that we so
escape from pre-conceptions. Those who bring with them
to the investigation of psychical phenomena, the hypotheses
that have descended to us from the past, are almost sure to
be more or less biassed thereby. While intending to avoid
assumptions they arc in great danger of having their con-
clusions vitiated, 1f not by some ancient or mediseval idea
under its overt form, yet by corollaries from it that have
unobtrusively embodied themselves in unsuspected pos-
tulates. As we shall presently see, even physiologists have
been in some cases thus misled.

Hence, then, without at all calling in question the truth
of those other and quite different interpretations of nervous
plienomena that are tacitly expressed in ordinary language,
it 1s proper for us here to ignore them. Before studying
the facts from a psychological point of view, we have first to
study them from a physiological point of view. The pri-
mary truth disclosed by the facts as so studied, is the
aniversality of this relation between the degree of nervous
evolution and the quantity and Leterogencity of the pro-

duced motion. We new pass to the secondary truths
similarly discloscd.



CHAPTER Ii.
THE STRUCTURE OF THE NERVOUS SYSTEM,

§ 8. An outline of nervous structure must precede a
detailed account of it; and the essential facts to be indi-
cated in an outline may be brought most clearly into view by
comparing with one another the nervous systems possessed
by different types, and by different grades of the same type.
We will limit our comparisons to the three superior sub-
kingdoms of animals.

A minute nodule with diverging threads constitutes the
rudimentary nervous system, as existing in the lowest
Mollusk. In the Lamellibranchs several such minute
nodules, or ganglia, are distributed, usually in pairs, in
different parts of the body; and beyond the free fibres
which they severally give off to neighbouring organs, there
are fibres by which they are connected together. Gastero-
pods, considerably higher in organization and activity, have
nervous centres among which a considerable heterogeneity
is produced by the greater size of some than of others. And
besides a local integration of paired ganglia into single bi-
lobed ganglia, there is an advance in general integration,
shiown by a clustering of the more important ganglia about
the head. The Cephalopods, and especially the dibranchiate
division of them, in which the molluscous type reaches its
highest, show us, carried still further, that imtegration of
the nervous system due to simple growth, joined with thas



16 THE DATA OF PSYCHOLOGY.

integration due to concentration and coalescence of indepen.
dent centres ; and they also show us the differentiations
involved by their changes of size, form, and distribution.

A delicate cord running from end to end of the body, and
giving off lateral fibres in pairs, constitutes the nervous
system in the lower Annulosa. When from hmbless
Annclhds we pass to the Articulate types, composed of seg-
ments bearing limbs, we find the nervous system formed of
a series of centres, each sending fibres to the different organs
of its own segment, and all of them united by a thick
cord of fibres with a fused cluster of similar centres
in the head. In the higher Airticulata there is an increased
relative size of the nervous centres as compared with their
connecting structures; an actual approach of the chief
nervous centres to one another, both longitudinally and
laterally ; and a final coalescence of them. 'Thisintegration
disclosed by comparisons of lower and higher types, may
also be observed in progress during the development of the
individual insect or the individual crustacean. And along
with advancing growth, consolidation, and combination of
nervous structures, there may be traced an increasing un-
likeness, both among the central masses themselves,
among their connecting cords, and among their divergent
fibres.

Such traits of evolution are exhibited under another form
in the vertebrate sub-kingdom. Its lowest known members
the dmplioxus, has a simple cranio-spinal axis, the anterior
extremity of which is not made appreciably different from
the rest by development of distinct cerebral ganglia, and
which gives off lateral nerves that have but minor dis-
similarities.  The cyclostome Fishes, possessed of cerebral
ganglia that are tolerably manifest, lead us to the
ordinary fishes, in which these ganglia, individually much
larger, form a cluster of masses, or rudimentary brain.
Here, however, though in contact, they preserve a
serial arrangement: their aggregation is little more than
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that of close linear succession. But in the highest fishes
certain of them which have greatly increased, overlap the
others ; and tend so to form a more compact, as well as a
larger, aggregate. Superior Reptiles and Birds display this
relative increase of certain of the clustered ganglia, and con-
sequent obscuration of the rest, in a greater degree. It is
carried still further in the inferior Mammals. From them
apwards, the leading change of nervous structure is an
augmentation of the two largest pairs of these aggregated
nervous centres. In Man one pair has become so enormous
that the others are most of them hidden by it, and nearly
merged in it. Along with this direct inte-
gration there goes on the indirect integration constituted
by more intimate and multiplied connections. These
are both longitudinal and transverse. While in the
Amphioxus, the cranio-spinal axis contains but a small
proportion of the nerve-fibres which, running longitudinally,
serve to unite its different parts; in a superior vertebrate
animal, such uniting nerve-fibres are among the chief com-
ponents of the cranio-spinal axis. And, similarly, while the
lateral halves of the cerebrum are but slightly connected in
Birds, and have connections that are relatively deficient in
the inferior Mammals, they become, in the highest Mammals,
joined together by a thick mass formed of innumerable
fibres. Meanwhile there have been arising diffe-
rentiations no less conspicuous. Beyond that general one
due to development of the anterior end of the cranio-
spinal axis into cerebral ganglia; and the further one
of like nature which results from the relatively - enor-
mous growth of some of these ; other .differentiations
have been constituted by the local unlikenesses of structure
simultaneously established. As they enlarge, the greater
ganglia are rendered externally dissimilar from the rest by
the formation of folds or convolutions; and their internal
parts severally acquire distinctive characters. The same
thing holds of the peripheral nervous system. Pairs of
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nerves that were originally almest uniform, are rendered
multiform by the much greater growth of some than of
others, and by the inner differences that accompany these
outer differences.

This cursory survey of the nervous system under the
various forms it presents throughout the animal kingdom,
suffices to show how its evolution conforms to the laws of
evolution in general. We are also shown by it what here
more immediately concerns us—that while the rudimentary
nervous system, consisting of a few threads and minute
centres, is very much scattered, its increase of relative size
and increase of complexity, go hand in hand with increased
concentration and increased multiplicity and variety of con-
nections. Carrying with us this general conception, let us
now study its structure more closely: considering, at first,
not any particular forms of it but its universal form.

§ 9. The nervous system is composed of two tissues, which
both differ considerably from those composing the rest of the
organism. They are usually distinguished from one another
by their colours as grey and white, and by their minute struc-
tures as vesicular and fibrous. Chemical analyses have not
at present thrown more than a flickering light on the consti-
tution of nerve-matter in general, or on the constitution of
one kind of nerve-matter as contrasted with the other. All
that can be asserted with safety is, that each kind contains
phosphatic fats and protein-substances; but that these com-
ponents are both differently distributed and in different
states in the two tissues. Let us see what we are told
ubout them by the microscope, aided by chemical re-agents.

Where their evolution can be traced, the vesicles or cor-
puscles of the grey tissue appear to take their rise out of a
nitrogenous protoplasm, full of granules and containing
nuclel. Round these nuclei the protoplasm aggregates into
spheroidal masses, which, becoming severally inclosed in
delicate membranes (in many cases inferred rather than seen)
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are s0 made into nerve-cells. The protein-substance, thus
forming alike the chief contents of the nerve-cells and the
chief part of their matrix, is, though coagulated, soft. The
granules imbedded in it, both within and without the cells,
consist of fatty matter. And on comparing together nerve-
cells in different stages, there are seen differences in the
colours of the granules, indicating a progressive meta-
morphosis. To complete a general idea of the grey tissue,
it must be added that the more developed of these nucle-
ated cells, or nerve-corpuscles, give off processes, usually
branched, that vary in number and degree of ramification ;
that among the corpuscles and their branches are dis-
tributed the terminations of nerve-fibres; and that while in
some nervous centres it is common for these fibres to run
directly into the cells or to be continuous with certain of
the processes, in other nervous centres the connections
between fibres and cells are rarely if ever direct, but where
they exist, are made through the remote sub-divisions of
branches given off by both.

‘When we pass to the white or fibrous tissue, we meet witn
matters that at first sight appear as distinct from the others
in nature as in mode of arrangement. The fibres prove to
be minute tubes. Within the extremely delicate membrane
of which each tube is formed, there is a medullary substance
or pulp, which is viscid like oil, has a pearly lustre, and
consists of albuminous and fatty substances. But unlike as
the contents of the nerve-tubes and the nerve-cells thus
appear to be, a careful scrutiny discloses between them an
essential kinship. For imbedded in the pulp which fills the
tube or sheath, there lies a delicate fibre, or ““axis-cylinder,”
which is composed of a protein-substance. Though
chemically similar to the protein-substance contained in the
cells of the vesicles, this is physically different ; since, besides
being comparatively firm or solid, it is uniform and con-
‘inuous, instead of having its continuity broken by fat
granules. That this central thread of protein-substance is



20 THE DATA OF PSYCHOLOGY.

the essential nerve, to which the sheath of medullary mattesr
with its surrounding membranous sheath are but acces-
sories, there are several proofs. One is that in the lower
animals, as well as in the embryos of the higher, no me-
dullary sheaths exist : the nerve consists of the axis-cylinder
and 1its protecting membrane, without any pulp lying
between them. Amnother proof is that at the peripheral ter-
minations of nerves, even in superior animals, the medullary
sheath commonly, if not always, stops short ; while the cen-
tral thread, covered by the outermost membrane, continues
further, and ends in delicate ramifications not inclosed in
distinguishable sheaths. And a further proof 1s that where
a nerve-fibre unites with a nerve-cell, the medullary sheath
ceases before arriving at the place of union ; while the axis-
cylinder joins the contents of the ccll, and its protecting
membrane becomes continuous with the cell-wall, where this
cxists. Hence concluding, as we are warranted in doing,
that the axis-cylinder is its essential part, we see that
the matter of nerve-fibre has much in common with the
matter of nerve-vesicle : the differences between them ap-
pearing to be mainly that, in the nerve-vesicle, the protein-
substance contains more water, is mingled with fat-
granules, and forms part of an obviously unstable mass;
whereas in the nerve-tube the protein-substance is denser,
and is distinctly marked off from the fatty compounds that
surround it : so presenting an arrangement that is relatively
stable.

What is the meaning of this difference? Before seeking
an answer we must remember that compound substances
undergo two fundamentally different kinds of metamorphosis
-—one in which the components are some or all of them dis-
sociated and distributed through surrounding space, either
apart or in new combinations ; and one in which the com-
ponents, instead of being dissociated, are merely re-ar-
ranged, so as to alter the perceptible properties of the
mass without destroyving its physical continuity. The first
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wo call decomposition; the second isomeric transformae
tion. These forms of change are further distinguished
in this, that the one is usually accompanied by a great
dissipation of motion, whereas the motion given out
or taken up along with the other is relatively insignificant.
There is yet a third contrast. After decomposition the
scparated components cannot be readily made to resume
their previous relations: often it is impossible to combine
them again ; and in most other cases it is difficult to do this.
But in many instances of isomeric transformation, resump-
tion of the original form may be produced by a very
moderate change of conditions.

Now the two kinds of molecular change thus strongly
contrasted, are the two kinds of molecular change which we
have reason to suspect are undergone by the two forms of
nervous matter. While the protein-substance mingled with
fat-granules in the vesicles, is habitually decomposed; the
protein-substance forming the axes of the nerve-fibres is
habitually changed from one of its isomeric states to another.
Such, at least, is the assumption here made, in conformity
with the conclusion drawn in the Principles of Diology
(§ 302) ; where it was argued that the propagation of mole-
cular disturbances from one place in an organism to another,
tends so to modify the mingled colloidal substances as to
produce, between the two places, a form of colloid that
undergoes isomeric transformation when disturbed, and com=
municates the disturbance in undergoing the transformation;
and where 1t was argued that this easily-transformable
colloid, having had such a change set up at onc end of it
and passed on to the other, giving out in the process some
molecular motion and consequently falling in temperature,
immediately re-absorbs from the adjacent tissues permeated
by blood, an amount of molecular mnotion equal to that which
was lost : thereupon resuming its previous isomeric state, and
its fitness for again propagating a wave of transformation.

Much as there is here of hypothesis, the indirect evidenca
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makes it probable that if this is not the.true interpretation,
the true interpretation is analogous to it. That the matter
contained in the vesicles is the seat of destructive molecular
changes, with accompanying disengagement of motion,
while the matter contained in the tubes is the seat of
changes which, of whatever special nature, do not involve
much destructive decomposition and disengagement of
motion, are beliefs for which we have several warrants;—
among others, the following. The grey tissue
rontains far more water than the white tissue: the propor-
tion of solids to water being about 12 per cent. in the grey
tissue, while in the white tissue it is some 25 per cent.
Now abundance of water facilitates molecular change, and
habitually characterizes parts in which the rate of molecular
change is high. Hence the implication is that the grey
matter undergoes metamorphosis with much greater rapidity
than the white. Stronger evidence 1s afforded by the
fact that the grey or vesicular substance has a vascularity
immensely exceeding that of the white or fibrous sub-
stance. On comparing the net-works of blood vessels that
permeate the two, the difference is conspicuous; and it is
much greater than at first appears. An estimate based on
measurements, proves that a given bulk of the one contains
about five times as many capillaries as an equal bulk of the
other.* Now since these minute canals that bring and take

* The drawing on which this estimate is based, is contained in the Manwuu?
of Human Histology, by A. Kolliker : translated and edited by George Busk,
F.R.S., and Thomas Huxley, F.R.S. The estimate is easily made. A
number of equi-distant parallel lines being drawn transversely through the two
net-works, the number of places at which one of these lines crosses blood-vessels
within a given length (say an inch) is counted, and the like being done with
an cqual lengtli of each of the other parallel lines traversing the same net-
work, there is obtained, by taking an average, the number of vessels usually
met with in a specified distance. The like process is then gone through with
lines of the same length traversing the other net-work. These averages do
not, however, truly express the comparative numbers of such intersections in
the two nct-works ; since the meshes of the one are unlike those of the other
in shape. Hence it is needful to draw an equal number of parallel longitu-
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nway materials, must be numerous in proportion as com-
position and decomposition are quick ; we may infer a great
difference between the rates of destructive change in the
two tissues. Another contrast supports this con-
clusion no less strongly. The unstable granular protoplasm
contained in the corpuscles, is shielded from adjacent dis-
turbing forces by a membrane which, even where thickest,
is so delicate that its existence can be demonstrated
only by the help of re-agents; and which in many
corpuscles cannot be made visible at all. Hence between
the matter contained in these corpuscles, or vesicles,
and the streams of blood that run among them so
abundantly, are interposed little else than the delicate walls
of the capillary blood-vessels; and thus the disturbing
substances brought by each capillary, can pass with the
least possible hindrance into the unstably-arranged contents
of the neighbouring vesicles. Quite otherwise is it with
the relations of the blood to the contents of nerve-tubes.
The wall of each nerve-tube is thick enough to make it
easily demonstrated ; and between it and the central thread
of essential matter, comes the coat of nerve-medulla.
Through these barriers the disturbing agents, carried among
the nerve-tubes by sparingly-distributed capillaries, cannot
readily pass ; and the essential nerve-thread is prevented from
having molecular changes set up in it at places between
its two extremes. This protection suffices so long as the
disturbing agents remain normal in their amounts ; but when
they become excessive, as they do if the blood-vegsels become
congested, local changes in the nerve-threads are caused :
whence one kind of neuralgia. It should be added that by

dinal lines ; and to repeat with them this process of averaging. By taking the
means between the resulting numbers and the previous numbers, ws get a cor-
rect representation of the relative frequencies with which the vesse.s occur in
space of one dimension. To ascertain their relative frequencies in space of
three'dimensions, or in solid tissue, it is of course needful simply to cube the
two numbers so arrived at.
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this sheathing of nerve-medulla, the essential nerve-threads,
besides being shielded against disturbances from neighbour-
ing currents of blood, are shielded against disturbances from
nerve-threads in the same bundle. Were ‘“axis-cylinders
lying in lateral contact not thus coated, a molecular change
propagated through one would set up molecular changes in
its neighbours; as, in fact, it does in an early stage of
ataxy, characterized by loss of the medullary sheaths.
Hence, too, the explanation of that normal absence of me-
dullary sheaths which sundry nervous structures show us.
For among the Invertebrata, in which this normal absence
occeurs, the fibres contained in the same bundle have
nothing like those many and varied distinctions which they
have in the higher animals: they have termini of which
the structures and functions are much less differentiated.
Similarly with those bundles of grey or non-medullated
fibres, contained in the sympathetic system of vertebrate
animals ; for these bundles, serving to establish relations
among the viscera, each of which is much less divided into
parts that act independently, there needs no such perfect in-
sulation of the nerve-fibres. And the like holds even in cer-
tain portions of the peripheral cerebro-spinal system ; as the
olfactory expansion, which consists of an extensive plexus
of non-medullated fibres, and which has the peculiarity
that diffcrent parts of its area are not acted upon sepa-
rately.

The evidences, direct and indirect, thus justify us in
concluding that the nervous system consists of one kind
of matter under different forms and conditions. In the
grey tissue this matter exists in masses containing cor-
puscles, which are soft and have granules dispersed through
them, and which, besides being thus unstably composed,
are placed s0 as to be liable to disturbance in the greatest
possible degree. In the white tissue this matter is collected
together in extremely slender threads, that are denser, that
are uniform irn texture, and that are shielded in an unusual

-



THE STRUCTURE OF THL NERVOUS SYSTTLL. 25

manner from disturbing forces, except atb their two extre.
mities. And the implication on which we henceforth pro-
ceed is, that the masses, unstably constituted and con-
ditioned, are scats of destructive molecular changes, and
disengagement of motion; while the stably constituted and
conditioned threads, are the seats of molecular changes that
are not destructive, and are probably isomeric.

§ 10. Nerve-tubes with their contained protein-threads,
and nerve-cells with their contained and surrounding
masses of changing protein-substance, are the histologic
elements of which the nervous system is built up;
and we have now to ask in what way they are put
together. We will begin with the peripheral termina-
tions of the nerve-tubes; or rather, with those of them
which lie on the outer surface.

Suppose the skin, including those introverted portions
of it which form the receptive areas of the special
senses, to be marked all over in such a way as to form a
net-work. Suppose the meshes of this net-work to vary
extremely 1n their sizes; so that while in some places tley
are as large as those of a fishing-net, they are in other places
not large enough to admit the point of a needle. Or, to
speak specifically, suppose that on the middle of the back
the meshes are some 2§ inches in diameter, and that being
equally large over the middles of the fore-arms, and the
middles of the thighs, they diminish to 2 inches and less
over the neck and breast, to 1} inches at the extremities
of the legs, to 1} inches on the backs of the hands, to less
than an inch on the forehead, to less than half-an-inch over
the cheeks and over the palms of the hands, to a quarter
of an inch and less over the fingers, to a twelfth of an inch
at the inner tips of the fingers, and at the tip of the tongue
to one twenty-fourth of an inch in diameter; and sup-
pose, further, that over the back of that dermal sac which
forms the eye, these meshes are so small that a microscope
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is required to distinguish them. Having imagined such a
net-work of which the meshes, irregularly polygonal in
their outlines, are thus wide over parts of the surface that
have but little variety of converse with the external world.
and become smaller in proportion as the surfaces have
multiplied and variable contacts with things ; we shall have
gained an approximate idea of the relations among the
separate local areas in which there arise independent nerves.
To complete the conception, however, something else must
be supposed. The large meshes we must represent as
marked out by very broad lines—say a quarter of an inch
broad where the meshes are largest. We must imagine
them narrowing as the meshes become smaller; until,
when we come to the meshes over the surface of the
retina, the dividing lines have dwindled to the thick-
ness of a gossamer thread. And now let us conceive that
within each of these areas, large or small asit may happen.
there exists a plexus of fibres, formed of the essential nerve
substance, that are continuous with one another, but have
no connection with the fibres occupying adjacent areas.
Not, indeed, that we must conceive any sharp limitation of
the space occupied by each plexus. 'We must assume that
the line separating two areas, here very broad and here very
narrow, covers a space mto which fibres from both the areas
run, without joining one another. Hence the area belong-
ing to each independent plexus, is the internal area of the
mesh, plus the space occupied by its circumscribing broad
or narrow line; and the breadth of the line represents the
extent to which adjacent areas overlap. Such,
then, are the peripheral expansions of those nerves which
are liable to be acted on by external forces. Here each
monopolizes a relatively-great tract of the surface, and here
an extremely minute one. Each is an independent agent—
each 1s capable of having a change set up in 1t without
changes being set up in its neighbours. The skin 18, as it
were, occupled all over with separate feelers, that are here
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widely scattered, here clustered, and here crowded together
as closely as maintenance of their individualities will allow.

From the nerve-plexus occupying one of these areas, there
takes its rise the central fibre, or axis-cylinder, of a nerve-
tube. Coated with its medulla and inclosing sheath, it
takes its way from the surface inwards, and, proceeding
without any branch or junction, eventually reaches a mass
of grey matter with imbedded vesicles—a nerve-centre or
ganglion. Into the substance of this the essential nerve-
thread runs, becoming divested of its medullary sheath ;
and where the structure is least involved, the essential
nerve-fibre frequently if not always ends in a nerve-vesicle.
In such simple, and what we may call typical, centres, there
branches out from some other part of the nerve-vesicle,
another nerve-fibre which, similarly inclosed in its double
sheath, pursues an outward course, ordinarily along the
same general route as the first, until, reaching the same
part of the body, it buries itself in a bundle of muscular
fibres amid which its ramifications end. Thus we have as
the elements of what is called a nervous arc—1, a peri-
pheral expansion, placed where it is liable to be disturbed
by an external agent, and so formed as to be most easily
disturbed ; 2, a connected fibre capable of being readily
affected by disturbances at this outer end, but shielded from
disturbances elsewhere ; 3, at, or near, the inner end of this
fibre, a corpuscle of unstably-arranged substance, apt to
give out much molecular motion when disturbed; 4, a
second fibre diverging from the corpuscle, or its neigh-
bourhood, and subject to disturbance from the molecular
motion disengaged near its origin, but protected from other
influences ; 5, at the remote extremity of this second fibre,
a subdivided termination amid a substance that contracts
greatly when disturbed, and which, in contracting, moves
the part of the body in which the first fibre took its rise.
Fig.1 is a diagram representing these elements of a nervous
arc: A being the first, or, as it is called, afferent nerve,
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with its peripheral expansion @; B being the nerve-cor-
puscle or ganglion-cell ; and C the second, or efferent,
nerve, with its termination e.

Tig, 1. Fig2.

ecenbrijfielals

This arrangement of parts is perpetually repeated through-
out the nervous system; and if we generalize the concep-
tion somewhat by supposing that the commencement a is
not necessarily external, but may be on an inner surface, or
within an organ, while the termination ¢ is not necessarily
in a muscle but may be in a gland ; we shall have a concep-
tion that is,in a certain sense, universally applicable. I
suy in a certain sense, because, until another element is
added, the conception 1s incomplete. These coupled nerves,
with the ganglion-cell acting as a direct or indirect link
between them, recurring everywhere in substantially the
same relations, appear to form a compound structure out
of which the nervous system is built—its unit of composi-
tion. But this is not so. By multiplication of such arcs
we may get a multitude of separate nervous agencies,
but not a nervous system. To produce a nervous system
there needs an element connecting each such nervous arc
with the rest—there needs a third fibre running from the
ganglion-cell, or its neighbourhood, to some place where
other communicating fibres come; and where, by direct or
indirect junctions, actual or approximate, the primary
couples of nerves may be brought into relation. That is,
there requires what we may call a centripetal nerve.* In

* The words centripetal and centrifugal are oeeasionally used in nerve-
physiology as the equivalents of afferent and efferent. But as afferent and
efferent are by far the most generally adopted, and are also the most descrip-
tive, it seems to me that the word cenfripetal may with advantage have this
wcre speeial meaning given to it ; and centrifugal ‘he correlative meaning.
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Fig. 2 is shown, diagrammatically, the relation in which
this stands to the others. A centripetal nerve being added,
there results what we may fairly regard as the unit of com-
position of the nervous system. We shall have presently
to recognize certain fibres which this conception does not
include. But they are not essential ; for a nervous system
1s possible without them. Let us, then, taking this as our
unit of composition, consider the general method after which
a nervous system is constructed.

§ 11. The fibres represented in the above diagrams, do
not ordinarily pursue their respective courses by themselves :
they proceed in company, as shown in Fig. 8. The afferent
nerves arising at a, in separate but adjacent areas on the
skin, or in other organs recipient of external impressions,
converge ; and, while maintaining their separatc indivi-
dualities, become united into a bundle inclosed in a sheath.

Other sheathed bundles of fibres from other clustered areas
in the same region, presently join them, and run along with
them in a compound bundle, until they eventually reach the
mass of imbedded nerve-vesicles constituting a ganglion or
nervous centre B. Similarly the efferent nerves which have
their roots in this ganglion, issuc from it asa bundle, which,
commonly inclosed in the same general sheath as the afferent
nerves, gocs back to the part of the body whence these
arose; and secondary bundles of these efferent nerves,
diverging and rc-diverging from one another as they enter
this part, as at ¢, finally become lost in its various muscles.
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In like manner the centripetal fibres d, originating in this
ganglion, take their common course, joined perhaps by other
fibres originating elsewhere, towards a ganghon E, that is
larger and has more numerous connections. Of course the
clustered lines and spotted circles in Fig. 3, are entirely
diagrammatic—give no idea of the separate nerves and
bundles and ganglia as they actually exist; but merely of the
relations in which they stand to one another. It should be
added that the more central ganglion, to which converge
other bundles of centripetal nerves (together with some
afferent nerves that pass through inferior ganglia without
stopping) may itself be subordinate to a still superior, or
still more central, ganglion. To this it gives off what may
be called superior centripetal nerves ; and other nerves of
the same or of a lower order being brought to it, this highest
ganglion becomes a place where there are established
communications among all the subordinate and sub-subordie
rate ganglia, with their afferent and efferent fibres.

One further kind of connection exists. The immense
majority of animals, have their parts symmetrically arranged
—sometimes radially but more frequently bi-laterally. For
the corresponding parts there are habitually corresponding
ganglia ; and the connections that remain to be named are
those between these corresponding ganglia, or ganglia which
belong to the same grade. Such connections consist of
what are called commissural fibres. They are indicated at b,
where they transversely join the structure shown in detail,
with the answering structure belonging to the other side of
the body. The word commissural is, indeed, sometimes
used in a wider sense : including fibres that unite ganglia of
different grades. But since the great majority of the fibres
called commissural are those which join duplicate ganglia, or
else ganglia that occupy like relations in the hierarchy, it
will, I think, conduce to clearness to restrict its application
to these: leaving the word centripetal for fibres which con-
nect ganglia of lower orders with those of higher orders.
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The commissures thus bringing into relation the members of
each pair of centres, inferior or superior, and so linking the
two halves of the nervous system, complete the nervous
communications throughout the organism.

This description, purposely generalized with a view of
exhibiting the principles of nervous organization, apart
from any particular type, may be fitly supplemented by the
description of a special structure that illustrates them.
Each sucker on any arm of a cuttle-fish, has a ganglion
seated beneath it. To this descend the afferent nerves that
are affected by touching the sucker; and from it ascend the
efferent nerves distributed to the muscular fibres of the
sucker. These form a local nervous system that is ex-
perimentally proved to have a certain completeness in itself.
But now from the ganglion underneath each sucker, fibres
run along the arm, in company with fibres from all similar
ganglia in the arm; and this bundle of centripetal fibres
eventually reaches a ganglion at the base of the arm. Each
arm, similarly constructed, thus has a chief nervous centre
in which the fibres from all its minor nervous centres are
brought into communication. Further, all round the ring
formed by the united base of the arms, there runs an an-
nular commissure connecting these superior ganglia. And
then from each of them is given off a bundle of fibres that
proceed centripetally to a still higher centre—the cephalic
ganglion ; where, consequently, nerves from all the arms are
brought into direct communication with one another, and
also into communication with nerves arriving from ganglia
in other parts of the body. Omitting details and qualifica-
tions, not essential to such a conception as concerns us here,
we thus see that in nervous structure there is a centraliza-
tion and re-centralization, that is carried far in proportion
as the organization is high.

§ 12. We may be sure that along with a principle of ar-
rangement among connecting structures, there goes some
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principle of composition in the centres that are connected ;
which are not simply places for the meeting of fibres, but
places in which there exist agents liable to be acted on by
the in-coming fibres and capable of acting on the out-going
fibres. Respecting the principle of composition, our reason-
ings must be mainly hypothetical ; but they will, I think,
prove of some worth, by leading us to conclusions that har-
monize with observation, so far as this carries us.

In ascending from the lowest to the highest types of the
nervous system, we see that the distribution and combi-
nation of nerve-fibres are so modified, as to make possible an
increasing multiplicity, variety, and complexity of relations
among different parts of the organism. What kind of mo-
dification does this necessitate at places where the nerve-
fibres are put in communication? Without assuming that
two fibres which bring two parts of the organism into rela-
tion, are always united at their central extremities by an
intermediate nerve-corpuscle, it may be safely assumed that
continuity between their central extremities must be effected
either by a nerve-corpuscle or by some less-defined portion
of grey snbstance ; and it is clear that in proportion to the
number of different connections to be established among the
nerves coming to any ganglion, must be the number of the
more or less independent portions of grey substance re-
quired to establish them. Let us consider the implications.
Suppose that a and b, Fig. 4, are two points in the or-
ganism. To join the nerves proceeding from them, there
needs only the single ganglion-cell A. Similarly, to bring
into nervous relation the points ¢ and d, the single ganglion-
cell B suffices. So long as A and B remain unconnected,
these two simple relations are the only possible ones among
the points a, b, ¢, d. But now assume that from A and B
there run fibres to the centre C—mnot a single fibre from
each, but two fibres, one of which in each case proceeds from
a or b, and from ¢ or d. This being so, there may be formed
at O, eleven simple and compound relations: these four
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points can be arranged into six groups of two, a b, a ¢, a d,
be, bd, ¢ d; into four groups of three,bac,bad,acd,cbd;
and into one group of four, a b ¢ d. Hence, supposing the
centre C to be made up of the independent cells, or portions
of grey substance, severally serving to link the members of
a group into a separate combination, there must be at
least eleven such. If, again, from this centre C, we assumo
that there run adequately numerous fibres to the higher
centre I, and that this is also duly connected through
the centres D and K, with the pomts e, f, g, &; then
the possible number of groups, simple and compound,
that may be formed at F, will amount to 247; and to
unite the members of each group so that it may be inde-
pendent of the rest, there must be at least 247 connect-

T ﬂi\ |
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ing links at the centre F  Without pursuing the calcu-
lation, it will be manifest that as these points in the or-
ganisin increase in number, and as the clusters of them
that are to be brought into relation become larger and 1nore
various, the central elements through which their relations
are established must grow multitudinous. An in-
adequate conception, however, is thus reached ; for we have
considered only the requisites for forming among these
points, the greatest number of different groups, simple and
compound ; ignoring the different orders in which the
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members of each group may be combined. Two things can
be arranged in succession in only 2 different ways; threo
things can be arranged in 6 different ways; four things in
24 ways ; five things in 120 ways ; six things in 720 ways;
seven things in 5,040 ways; and so on in a progression
increasing with enormous rapidity. Assuming, then, that
at the centre F, certain points, a, b, ¢, d, e, are to be com-
bined, not in this succession only, but in all possible suc-
cessions, there will require 120 different links of connec-
tion for this one group of five points only. These links,
whether separate vesicles or less-differentiated portions of
grey matter, must occupy a considerable space; and sup-
posing they are aggregated mnear those pre-existing cells
or links which they have to re-combine in various orders,
there may result a protuberance from the centre F, as shown
at G. If we suppose that instead of a.group of five, a group
of six is to have its members thus variously combined;
or if instead of one group to be so dealt with, there are
many ; this lateral outgrowth may become relatively very
large. And since its vesicles, or portions of grey matter,
will be much more bulky than the fibres running from them
to the members of groups which they combine, there may
be expected to arise, as at H, a lateral centre attached to
the original centre, F, by a pedicle of fibres.

Of course these diagrams and numbers are intended to
convey nothing but a general idea of the principle of com-
position of nerve centres—not to represent any actual com-
position. It would be an absurd assumption that among a
number of points in the body, there have to be formed as
many unlike groups as are theoretically possible ; and it is
not to be supposed that the members of any group need
ever to be combined in as many different orders as they
might be combined. But while, on the one hand, the above
description greatly over-states the accumulation of nerve-
vesicles, or their equivalents, implied by such correlations as
are actually required among a given number of points in the
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organism ; it immensely under-states the number of points
to be so correlated, as well as the number, and variety, and
complexity, of the groups into which they are to be com-
bined. The places from which afferent nerves proceed, as
well as the places to which efferent nerves proceed, are
multitudinous. Very large groups of such places have their
members put in simultaneous communication. The different
groups so formed are innumerable. And extremely varied
relations of succession are established among members of
the same group; as well as among different groups. Hence
we are safe in asserting that along with an increasing multi-
plicity and heterogeneity of nervous connections, there must
go increasing massiveness of the nervous centres, or accu-
mulations of vesicular matter.

One further corollary deserves noting. Each vesicle, or
each portion of grey matter that establishes a continuity
between the central termini of fibres, is not merely a con-
necting link : it is also a reservoir of molecular motion, which
it gives out when disturbed. Hence, if the composition of
nerve-centres is determined as above indicated, it follows
that in proportion to the number, extensiveness, and com-
plexity, of the relations, simultaneous and successive, that
are formed among different parts of the organism, will be
the quantity of molecular motion which the nerve-centres
are capable of disengaging.

§ 18. As a datum for Psychology of the most general
kind, the foregoing description of nervous structure might
suffice. But having to deal chiefly with that more special
Psychology distinguished as human, it will be proper to add
some account of the human nervous system. A few facts of
moment respecting its peripheral parts, may be set down
before we study its central parts.

At the surface of the body, where the extremities of
nerve-fibres are so placed as to be most easily disturbed, we
generally find what may be called multipliers of distur-

3
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bances. Sundry appliances which appear to have nothing in
common, have the common function of concentrating, on the
ends of nerves, the actions of external agents. That this is
the effect produced by the lenses of the eyes, is a familiar
fact. It is a less familiar fact that certain otolites and
minute rods or fibres, immersed in a Hquid contained in the
internal ear, serve to transform the less sensible vibrations
communicated to this liquid, into the more sensible vibrations
of solid masses, and to bring these directly to bear on the
nerve-terminations. So, too, is it over the integument; or,
at any rate, over the parts of it subject to many and varied
contacts. Though men have not, like many inferior Mam-
mals, the well-developed tactual multipliers called vibrissce
(known in a cat as ‘“whiskers’), each of which is a lever
that intensifies a slight touch at the outer end into a strong
pressure of the imbedded end upon an adjacent nerve-fibre;
yet every one of the short hairs on a man’s skin acts in the
same way. And then, in addition to these, there are, at
places where the contacts with objects are perpetual, and
where hairs do not grow, certain multipliers below the sur-
face—small dense bodies named corpuscula tactis, round each
of which a nerve-fibre ramifies, and each of which, when
moved by the touch of a foreign body, gives to its attached
nerve-fibre a greater pressure than this would receive were
the surrounding substance homogeneous: a fact which will
be understood on remembering the effect of pressure on the
skin when some small hard body, as a thorn, is imbedded
in it.

So much for the instruments that are external to the
veripheral expansions of the nerves, and serve to exag-
gerate the effects of incident forces. We may now cone
template these peripheral expansions themselves, as being
adapted to receive these exaggerated incident forces.
In the first place, the ultimate nerve-fibrille, ramifying
where they are most exposed to disturbances, consist of
nerve-protoplasm unprotected by medullary sheaths and not
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even covered by membranous sheaths. In fact, they appear
to consist of matter like that contained in mnerve-vesicles,
but without the fat-granules; and may be regarded as, liko
it, more unstable than the matter composing the central
fibres of the fully-differentiated nerve-tubes. To this general
character of the nerve-terminations, have to be added the
more special characters of the terminations exposed to
special forces. The delicate pale fibres which form a layer
on the surface of the retina, are not directly affected by the
rays of light concentrated upon them; but these rays, pass-
ing through them, fall on a layer of closely packed, but quite
separate, hittle bodies which are the true sensitive structures ;
and then the minute nerve-fibrillee that run from these to
the stratum of retinal nerve-fibres, pass on their way into a
layer of mnerve-vesicles, with which we may presume
they have conmections. That is to say, this peripheral
expansion of the mnerve on which visual images fall,
contains numerous small portions of the highly-unstable
verve-matter, ready to change, and ready to give out
molecular motion in changing. It is thus, too, with
those terminal ramifications of the auditory nerve, on which
sonorous vibrations are concentrated. And there is an
analogous peculiarity in the immensely-expanded extremity
of the olfactory nerve. Here, over a large tract covered
by mucous membrane, is a thick plexus of the grey un-
sheathed fibres; and among them are distributed both
nerve-vesicles and granular grey substance, such as that out
of which the vesicles arise in the nervous centres.

The significance of these structural peculiarities we shall
see hereafter. For the present we need only note the distri-
bution of them. Over the skin, which is conversant with
forces of a relatively-considerable intensity—mechanical
1mmpacts, pressures, tensions,—we do not find that the nerve-
terminations contain deposits of the peculiarly unstable
nerve-substance. But we find such deposits where the
incident forces are extremely feeble, or fall on excessively
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small areas, or both. The quantity of matter which, floating
as faint odour throngh the air, reaches the end of the ol-
factory merve, is infinitesimal.  Such luminiferous undula-
tions as arc allowed, during a momentary glance, to fall on
one of the minute areas of the retina, are equivalent to a
mechanical force inappreciable by our measures, if not in-
cxpressible by our figures. Similarly with those atmo-
spheric waves which, produced by the church-bell a mile
away, and weakening as they spread in all directions, are
conveyed to the minute otolites and rods of the inner ear,
to be by them impressed on the auditory nerves. And in
these places it is that we find peripheral deposits of the
specially-unstable nerve-substance.

§ 14. Arising from these variously-specialized peripheral
structures, the afferent nerves, collected into their bundles
and compound bundles, run inwards to the spinal cord ; out
of which issue the corresponding bundles of efferent nerves.
In one sense the spinal cord may be regarded as a con-
tinuous nervous centre; and, in another sense, as a series of
partially-independent nervous centres. Each pair of trunk
nerves with its segment of the spinal cord, has a certain
degree of individuality; and those segments into which
enter the pairs of massive nerves from the limbs, have
individualities considerably pronounced ; since it is experi-
mentally proved that when severed from the rest they are
not incapacitated. The tract of grey matter in the spinal
cord to which the afferent nerves of a limb come, and from
which the efferent nerves issue, is practically the ganglionic
centre of that limb, having very much of automatic inde-
pendence ; and being joined by commissural fibres to a
Like centre belonging to the fellow limb, it forms with this
an automatic pair. So that, remembering how the entire
cranio-spinal axis is originally one and continuous, and that
its anterior part has been differentiated and developed into
quite distinct centres we may say that its posterior part, the
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spinal cord, has also been so differentiated, though to a
much smaller extent. To this conception two
additions must be made. Beyond the internal tracts of grey
or vesicular matter, and the bundles of nerve-fibres that
enter into and issue from them laterally; and beyond the
tranverse commissural fibres which connect the corresponding
lateral portions of grey matter or partially-differentiated
pairs of nervous centres ; there are longitudinal commissural
fibres, joining these successive pairs of nervous centres with
one another, and serving to integrate the series of pairs in
the same way that the members of each pair are integrated.
And then, along with these fibres that unite nervous centres
of the same order, there are what we found it desirable to
distinguish as centripetal fibres, running from the relatively-
inferior nervous centres to the relatively-superior ones ;
with centrifugal fibres running back.

Of these relatively-superior nervous centres, we have first
to notice the medulla oblongats ; including those parts
of the pons Varolit which are woven into it, and similarly
arise out of the fourth ventricle. This is the enlarged
termimation of the spinal cord, lying within the skull.
Distinguished as it is from lower parts of the spinal cord by
its greater massiveness, it is much more distinguished by the
multiplicity and variety of its peripheral connections.
While the successive segments of the spinal cord proper,
have pairs of afferent and efferent nerves which are limited
in their distributions to particular regions of the body ; and
while even such an entire group of these segments
as occupy the lumbar region, have rclations only with
the legs and the lower part of the body; the medulla
oblongata, by the intermediation of centripetal fibres, is
brought into relation not only with the lower part of the
body and its limbs, but with the upper part of the body and
its limbs ; and not only with these, but also with sundry ot
the parts Whlch we know as the organs of the special senses ;
and not only with these, but also with the more important
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viscera. The auditory nerves and the nerves of taste go
directly into it, and though the optic nerves do not, yet
from the centres to which theyrun there are fibres comrianica-
ting with it; from its laterally-appended parts arise the
nerves of the eye-muscles and the facial nerves; and the
pneumogastric nerves, given off from its posterior part, put
it in communication with the larynx, the lungs, the heart,
the liver, and the stomach. Respecting its connections, direct
and indirect, much remains to be ascertained ; but what is
known justifies the conclusion that the medulla oblongata,
including the structures that are adnate, is a portion
of the originally-uniform cerebro-spinal axis, which has
been differentiated into a centre of a higher order than
those behind it, or those at the base of the mass in front
of it—higher in the sense that it has become that portion
of the axis in which centripetal fibres running from the
posterior ganglia, and from some, if not all, of the anterior
ganglia, called by some sensory, are brought into relation
with one another—a centre through which these local
centres are united into one system.

Passing over with a mere recognition the anterior ganglia
just named, the exact relations of which are ill-understood,
but some of which comparative morphology proves to be
portions of the front end of the cerebro-spinal axis that
have become differentiated into ganglia of the first order,
receiving those special external stimuli to which the front
end of the body is exposed ; there remain only to be noticed
the two great bi-lobed ganglia, which in Man form the chief
mass of the brain—the cerebellum and the cerebrum. Phy-
siologists and anatomists are agreed in regarding these as
centres of a still higher order. Anatomical proof of their
superiority, as being the seats of still higher centralization,
is very incomplete ; for the difficulty of tracing the courses
of all the nerve-fibres that enter into and issue from them,
has hitherto been insuperable. But their connections with
the subjacent minor centres and with the medulla oblongata,
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are such as to make it certain that through the intermedia-
tion of these, they communicate with the whole peripheral
nervous system ; and are places in which centripetal fibres
from centres of both the first and second orders, joined,
possibly, with some simply afferent fibres, are brought into
various relations: relations, however, that most likely differ
in their natures from those established in inferior centres—
differ, perhaps, as those supposed to be formed in the
centre H, Fig. 4, differ from those formed in the centre I.

Among the facts of fundamental significance with which
we are here concerned, one other may be named. This
concerns the histological structures of nervous centres. In
antomatic ganglia, the direct union of nerve-fibres with nerve-
cells is habitual. Throughout the spinal cord the ¢ axis-cylin-
ders ” may not unfrequently be traced running into the
vesicles. But in the higher nerve-centres direct connections
are much less readily made out; and it is question-
able whether in the highest they occur at all. In the
grey substance of the cerebrum, the delicate nerve-fibres
which, divested of medullary sheaths, run among the im-
bedded corpuscles, do not directly unite with them; orif it is
too much to say that there are no such unions, we may say
that they are rare. Such communications as exist are
apparently between the branched terminations of the fibres
and the ramified processes of the corpuscles. Thus at the
one extreme, simple, clear, and complete connections are
the rule; and at the other extreme, involved, vague, and
incomplete connections.

§ 15. Some account must be given of certain remaining
nervous structures, with which Psychology is indirectly
concerned. Thus far we have dealt only with the fibres and
centres that stand passively and actively related to the ex-
ternal world ; but there are fibres and centres that stand
related to those internal organs which make possible the
continnance of relations to the external world.
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The first to claim attention are the vaso-motor nerves. Bun-
dles of these issue from the spinal cord, and, joined by bundles
of nerves arising from the sympathetic system, accompany the
main arteries: dividing and subdividing wherever these do,
30 as to supply fibres to all their branches down to the most
minute. The vaso-motor nerves form, in fact, an additional
series of efferent nerves. The nervous arc under its lowest
form, consists of the afferent nerve with its peripheral ex-
tremity exposed to external actions, the ganglion-corpuscle
to which its central extremity runs, and the efferent nerve
thence issuing to end in some muscle. But as we have
seen, the unit of composition of the developed nervous
system, includes a centripetal fibre, running from the first
or subordinate centre to a higher centre; and here we
have to add, as an habitual element of this unit cf
composition in its complete form, a vaso-motor fibre,
running to that part of the body in which the two ends
of the mnervous arc lie, and bringing the blood-vessels
of that part into relation with the other parts of the
apparatus.

The cerebro-spinal nervous system, besides having these
direct communications with the muscular walls of the tubes
which bring blood, both to itself and to the muscles it sends
fibres to, is also put into relation with other parts on
which it is equally, though less immediately, dependent—
the viscera. These have, indeed, a nervous system of their
own, possessing apparently a considerable degree of inde-
pendence—the sympathetic system; and one all-important
viscus, the heart, has a nervous system that is demonstrably
independent. The morphological interpretation of the vis-
ceral nervous system is not settled; but whether it has a
separate origin, or belongs to the periphery of the cerchro-
spinal system, the undoubted fact is that the cerebro-spinal
system, through the mnerves running from it into the
trunks of the sympathetic, communicates with all these vital
organs ; and that even the heart, complete as is its local
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nervous system, is, by the vagus or pneumogastric nerve,
integrated with the cerebro-spinal system.

A more particular account of these and sundry structures
of the same class is not necessary here. The general fact of
significance for us, is, that the brain and spinal cord which
through their afferent nerves are put in relation with the
actions of the external world, and which through their
efferent nerves are put in relation with the structures that
react on the external world, are also put in relation with
the organs immediately or remotely instrumental in supply-
ing them with nutriment, and removing the effete matters
resulting from their activities.

§ 16. In the foregoing description I have endeavoured to
include all that Psychology needs. Many conspicuous
traits of nervous structure which some will think ought to
be set down, are really altogether irrelevant. That in the
spinal cord the grey matter is placed internally, while in the
cercbrum it forms an outside stratum, is a fact of moment
in anatomy, but one which throws no light on the science of
mind. XKnowledge of the truth that the posterior roots of
the spinal nervesare afferent, while the anterior are efferent,
is all-important to the pathologist; but to the psychologist
it is quite unimportant, since this arrangement might have
been reversed without the principles of nervous structure
being in the least changed; and it is with these principles
only that the psychologist is concerned. The leading facts
embodying these principles may be summed up thus:—

The three great sub-kingdoms of animals in which the
nervous system becomes considerably evolved, show us that
along with the relatively-increascd massiveness distinguish-
ing the higher types of the nervous system, there goes that
other kind of integration implied by increase of structural
combination. There is multiplication and enlargement of
the parts that unite local nervous centres with general
nervous centres. Very frequently there is an approach or
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clustering of nervous centres that were previously far apart.
And there is both a relative and an absolute increase in
those centres which have the most multiplied relations with
local centres, and through them with all parts of the body.

The nervous system is made up of threads inclosed in
sheaths, and corpuscles imbedded in protoplasm ; of which
the threads, united into bundles, constitute almost the whole
of the peripheral parts,while the corpuscles with their matrix
are found chiefly in the central parts. Having at its outer ex-
tremity a plexus of highly-unstable matter, a nerve-thread,
consisting as we conclude of less unstable matter but
matter isomerically transformed with ease, runs inwards,
surrounded by substances that shield it from lateral distur-
bance. Eventually it reaches a mass of highly unstable
matter, so conditioned as to undergo decomposition with the
greatest facility ; and from the place where this lies there
run other like fibres to other masses of unstable matter, of
the same kind, or of a different kind, or both—here to a
portion of substance that contracts when disturbed, and
here to a superior centre containing more of the easily-de-
composed nerve-substance. These threads, afferent, efferent,
and centripetal, with their connecting corpuscle or portion
of grey matter, we regard as forming the unit of composition
of the nervous system.

Such units are variously grouped and combined. Each
local ganglion is a place where many afferent and many
efferent nerves are connected by many portions of the un-
stable nerve-matter, capable of suddenly giving out much
molecular motion. Fach superior ganglion is a place where
centripetal and centrifugal fibres from such local or inferior
ganglia, are similarly connected by similar matter. And so
with still higher ganglia in their relations to these. From
which principle of combination it results that the possibilie
ties of different compound relations increase as fast as the
centralization progresses.

We saw, hLowever, that this establishment of more
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numerous, more ivolved, and more varied relations among
the parts of the organism, implies not simply this grouping
of fibres and this arrangement of centres; but also a mul-
tiplication of the nerve-corpuscles, or portions of grey
matter, occupying their centres. And we found it to follow
that where the compound relations formed are among many
points,or where the points are to be combined in manyorders,
or both, great accumulations of grey matter are needed : an
important corollary being that the quantity of this matter
capable of giving out much motion, increases in proportion
as the combinations formed become large and heterogeneous.
Passing to the special nervous structure related to that
special Psychology of chief importance to us, we saw
that the spinal cord is a series of partly dependent, partly
independent, double nerve-centres ; each concerned with a
particular portion of the trunk or a particular limb, to the
skin, muscles, and vessels of which it sends nerves.
The enlarged cephalic extremity of the spinal cord, the
medulla oblongata, is a centre connected by centripetal
fibres with these partially-differentiated inferior centres ;
and receiving, as it also does, directly or indirectly, nerves
from the special sense-organs, the medulla oblongata is a
centre where the local centres concerned with nearly all parts
of the body, are brought into commumication. We saw, lastly,
that the two great bi-lobed masses overlying the medulla
oblongata and the sensory ganglia, with which they are in-
timately connected, may be regarded as centres in which
these compound connections are united into connections still
more compound, still more various, and still more numerous.
One further fact which it remained for us to note, was
that while the more important nervous structures are those
which bring the parts that are acted upon by the outer
world, into relation with the parts that react upon 1it, there
are also nervous structures that bring all these into relation
with the vital organs: so serving to unite the parts which
expend, with the parts which accumulate and distribute.



CHAPTER III.
THE FUNCTIONS OF THL NERVOUS SYSTEM.

§ 17. When, at the outset, we inquired what are the
manifestations with which the nervous system is associated,
we necessarily, in drawing a conclusion, asserted in general
terms the part performed by the nervous system. And
though in the chapter just ended the sole aim has been
to describe nerve-threads, nerve-cells, nerve-trunks, nerve-
centres, and the ways in which they are put together; yet
the ends subserved have unavoidably, from time to time,
come into view. Structure and function are in our thoughts
so intimately related, that it is scarcely possible to give a
rational account of the one without some tacit reference to
the other. Here, however, function 1s to be our special
topic. Having seen how the nervous system is constructed,
we have now to see how it works.

The proposition with which the first chapter ended was
that nervous evolution varies partly as the quantity of
motion generated in the organism, and partly as the com-
plexity of this motion. Here the initial inquiry must be,
how the nervous system serves as at once the agent by which
motions are liberated and the agent by which motions are
co-ordinated. Three things have to be explained :—1. What
are the causes which on appropriate occasions determine
the nervous system to set up motion? 2. By what process
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does it liberate the insensible motion locked up in certain
tissues, and cause its transformation into sensible motion ?
3. How does it adjust sensible motions into those com-
binations, simultaneous and successive, needful for efficient
action on the external world? These questions cover the
whole of its functions; or, at any rate, all those of its
functions with which we are directly concerned. We have
to interpret its passive function as a receiver of disturbances
that set it going; its active function as a liberator of
motion ; and its active function as a distributor or appor-
tioner of the motion liberated.

Probably it will be thought that there is here introduced
a function distinct from those before named. It seems that
the receiving of disturbances, or stimuli, can be included
neither under the head of disengaging motions nor under the
head of co-ordinating motions. But on reducing the facts
to their lowest terms, and to those terms which Physiology
proper can alone recognize, the difficulty disappears. Ior
all nervous stimuli are motions, molar or molecular; and
the function of co-ordinating motions comprehends not
simply the combining and apportioning of the motions ex-
pended, but also the combining of the motions received,
and the adjustment of the one set into harmony with the
other. A moment’s thought justifies this proposition. The
stimuli to the nerves of touch are sensible motions of the
imbedding tissue, caused either by the impacts of external
moving bodies or by motions of the organism which bring
1t against external bodies, fixed and moving. The auditory
nerve receives the motions conveyed to it from masses of
matter that are vibrating. Those minute agents that termi-
nate the nerves of the retina are acted on by luminiferous
undulations—motions of the ethereal medium which produce
motions among their molecules. So, too, the nerves excited
by sapid and odorous substances, are, in fact, excited by the
molecular movements these substances cause in their extre-
mities by chemically changing them, Thus, speaking mnot
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figuratively but literally, an afferent fibre of whatever kind
is a recipient of motion given to its molecules: either by
molar motion, as when a blow is received; or by the
motion of other molecules, as when there is contact with
n chemically-active body ; or by those ethereal molecular
motions which constitute radiant heat and light.

Tt will be well to consider more fully this sub-division
of nervons functions, and the reasons for here proceeding
upon it.

§ 18. Physiology is an objective science; and is limited
to such data as can be reached by observations made on
sensible objects. It cannot, therefore, properly appropriate
subjective data; or data wholly inaccessible to external
observations. Without questioning the truth of the as-
sumed correlation between the changes which, physically
considered, are disturbances of merves, and those which,
psychically considered, are feelings; it may be safely affirmed
that Physiology, which is an interpretation of the physical
processes that go on in organisms, in terms known to
physical science, ceases to be Physiology when it imports
Into its interpretations a psychical factor—a factor which
no physical research whatever can disclose, or identify, or
get the remotest glimpse of. The relations between nerve-
actions and mental states form a distinct subject, to be
dealt with presently. Here we are treating of nerve-ac-
tions on their physiological side, and must ignore their
psychological side.

Doing this, we have no alternative but to formulate them
in terms of motion. And having recognized the primary
division to be that between the liberation of motions and
the co-ordination of motions, we find that this last division
must be sub-divided. It includes, first, the co-ordination
of the motions received with one another ; and, second, the
co-ordination of the motions expended with the motions
received, and with one another. Heunce results a generalized
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idea of mnervous functions, as divisible into recipio-motor,
libero-motor, and dirigo-motor.

It must be admitted that in their higher forms, these
functions are so entangled that a tripartite division of them
18 difficult, if not impossible. To the simplest types of
nervous structure, the classification is easily applied: each
afferent nerve is a recipio-motor agent ; each ganglion is a
libero-motor agent; each efferent nerve is a dirigo-motos
agent. But in complex nervous systems, formed of inferior
and superior centres connected by parts containing ncrves
that are centripetal, centrifugal, and commissural, there arise
corresponding secondary functions which greatly obscure
the primary functions. It remains true that all the afferent
nerves are receivers of motions, and that all the efferent
nerves are directors of motions; and it remains true that
the vesicles and portions of grey substance throughout the
centres are liberators of motions; but of the fibres largely
composing these centres we must say that their functions
are both receptive and directive. Nevertheless, we shall
be considerably helped by thinking of the afferent nerves
as recipro-motor and the efferent nerves as dirigo-motor ;
while we think of the nervous centres as composed of
libero-motor elements along with elements that perform
both the other functions.

This general conception has now to be made specific.
In dealing with functions we will follow the same order as
we did in dealing with structurcs—we will consider first the
offices of the different kinds of nervous matter.

§ 19. The grey substance and the white substancc—or,
to speak more strictly, the nitrogenous matter in and around
the vesicles and the nitrogenous matter occupying the
centres of the nerve tubes—have not absolutely distinet
duties. Certain simple animals yield evidence that in the
rudimentary nervous system, there is no such structural
differentiation and consequently no such functional differ-
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entiation; and there is proof that even in the highest
animals the differentiation is incomplete.

On the one hand the vesicular substance, having for its
chief office to give out molecular motion when disturbed,
has also a considerable power of conveying or conducting
molecular motion. When the fibrous parts of the spinal
cord have been cut, it is found that if the central columns of
grey matter remain uncut, or if there remains even a narrow
link to maintain the continuity of the grey matter, disturb-
ance is still communicated through it to the brain: not, in-
deed, disturbance of any special kind, but disturbance of the
most general kind. True, it does not follow that such dis-
turbance passes along the grey matter from end to end.
Throughout the whole length of the spinal cord, nerve-fibres
divested of their medullary sheaths enter into and afterwards
1ssue from the grey matter; and, again protected by their
sheaths, proceed upwards to the brain in the surrounding
white matter. Very likely these take up and convey molecular
disturbances set up in the grey matter imbedding them. But
even this implies that disturbances are propagated to some
extent through the grey matter ; and the argument requires
no more.

Conversely, it is found that the matter forming the “ axis-
cylinder,” or essential mnerve-thread, can do something
more than transmit molecular motion. It has a certain
power of simultaneously giving out molecular motion:
so sharing the property of the vesicular matter. When
a nerve is irritated not far above its termination in a
muscle, the effect is butsmall. If the irritation is at a point
further removed from the muscle, the effect is greater. And
the effect increases as the length of nerve through which the
disturbance is conveyed increases. From this we must infer
that besides the molecular motion received and transferred,
there 1s molecular motion liberated in the nerve-fibre itself.
Not that this molecular motion, like that which the vesicular
matter yields up, implies an equivalent decomposition. Pro-
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bably it is a concomitant of the isomeric transformation
propagated through a disturbed nerve, and serving to con-
vey the disturbance. Some such accompanying result is to be
inferred, a priort, if the conduction is effected by isomeric
transformation, or by any kind of molecular re-arrangement.
When the molecules of a mass change from one form of
combination to another, either absorption or liberation of
motion 1s sure to occur. That there cannot in this case
be absorption of motion is manifest; since that would
involve a proportionate resistance to the transfer—the amount
of force or motion received by the extremity of the nerve,
would quickly be used up in transforming the adjacent part
of the nerve, and the change would travel but a little way.
Being thus obliged to infer that motion is liberated, we at
once see whence nerve-fibre derives the power to increase
the disturbance it conveys ; since each portion, while passing
on the wave of molecular motion, adds the molecular motion
given out during its own transformation. This action may
be rudely symbolized by the transfer of sensible motion
along a row of bricks on end, so placed that each in falling
knocks over 1ts neighbour. For if instead of bricks which
stand on tolerably broad ends and require some force to
overturn them, we suppose bricks that are delicately
balanced on narrow ends; and if we further suppose them
so constituted that they do not dissipate motion by per-
cussion or friction; we shall see that the motion transmitted
will accumulate, KEach brick, besides the motion it re-
ceives, will pass on to the next the motion which it has
itself gained in falling.

The general truths to be carried with us are, that in its
primordial undifferentiated state, nerve-matter unites the
properties of giving out molecular motion and convey-
ing molecular motion ; but that with the advance of
evolution, it becomes specialized into two kinds, of which
the one, collected together in masses, has mainly the function
of giving out motion, though it can still to some extent con-
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duct it, while the other, collected together in threads, has
mainly the function of conducting motion, though it can still
to some extent give it out.

§ 20. The co-opcration of these differentiated kinds of
nerve-substance, having differentiated functions, is seen in
its simplest form where they are combined into what was
before deseribed as the unit of composition of the nervons
system. An afferent nerve, changed by a touch at its outer
end, and traversed by a wave of isomeric transformation that
gathers strength as it goes, communicates this wave to the
comparatively large mass of unstable matter conneeted with
its inner end. The shoek of molecular disturbance, im-
mensely inereased by the decomposition set up in this
unstable matter constituting a ganglion-corpusele or its
matrix, diffuses itself around, but takes mainly the shape of
a relatively-powerful wave of isomeric transformation along
the efferent nerve. And the efferent nerve being distributed
at its other end among the fibres of a muscle, this powerful
wave sets up in them an isomeric transformation of another
kind, resulting in contraction (Principles of Biology, § 303).

The belief that these are the offices of the respective parts,
is borne cut by those peeuliarities of structure which were
described as oceurring in the afferent fibres of certain
special sense-organs. We saw that the outer ends of the optic
rerve, the auditory nerve, and the olfactory nerve, are alike
characterized by the presence of vesicular matter; and that
while in this they differ from the outer ends of the nerves
of touch, they also differ in being excessively sensitive. If
orey matter, or the matter of vesicles, has the function of
immensely multiplying any molecular motion it receives, and
passing on the angmented wave of change along connected
fibres, we at once have a satisfactory explanation of these
peculiar peripheral struetures. Take as an example the
retina. One of the minute cones in its sensitive layer,
‘measuring not g ;th of an inch in diameter, has its come
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ponent matter changed by the etherial vibrations emanating
from a candle in a cottage-window at a great distance. The
infinitesimal impact received from so faint a ray, may well be
supposcd insufficient to send through a considerable length
of afferent mnerve, an adequately-rapid wave of molecular
change; but this wave, after passing through an extremely
delicate fibril less than 7 of an inch in length, comes to a
layer of ganglion-corpuscles, with one of which we may
presume that it unites. In this the minute disturbance sets
up destructive molecular change—unlocks a considerable
amount of molecular motion; and thus greatly augmented,
the wave of transformation traverses the remainder of the
afferent nerve without that loss of time that would result
had it to gain strength by a serics of increments, starting
from an infinitesimal first term.

How such apphances for multiplying action co-operate
in these cases where the initial action 1s ecxcessively
minute, may be illustrated by certain artificial appli-
ances that co-operate in an anulogous manner. A man
with a hair-trigger pistol in his hand, puts its muzzle to
the end of a train that runs to a powder-magazine. The
slightest pressure on the trigger liberates a spring, and
this drives down the hammer. Here is something like the
external multiplier which, as we have secn, habitually
intensifies the action that falls on the end of an afferent
nerve. The propelled hammer cxplodes the unstable
detonating powder in the cap; thus playing a part com-
parable to that of the concentrated pencil of light, which
causes decomposition in one of the minute sensitive rods or
cones of the retina. The explosion of the cap explodes the
powder in the pistol: a change that may symbolize the
setting up of decomposition in an adjacent ganglion-cell by
a disturbed retinal element. The flash from the mouth of
the pistol fires the train, which, carrying the flame onwards,
blows up the magazine; and this serves to illustrate the
action of the partially-decomposed ganglion-cell which pro-
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pagates a shock through the afferent nerve to a large de-
posit of unstable matter in the optic centre, where an immense
amount of molceular motion is thereupon disengaged.

The joint action of an afferent fibre, its centrally-seated
ganglion-corpuscle, and the connected eflerent fibre, is com-
monly known as a reflex action. The name indicates the
general truth that the disturbance in travelling from its place
of origin to the place where its effect is seen, passes through
a point at which its course is bent or reflected ; and in so far
as it deseribes this very gencral trait the term is a good
onc. DBut if the foregoing interpretation be correct, the
term is in other respects objectionable. On the one hand, it
implies as esscntial what is non-essential. That the wave
of disturbance makes a sudden turn at one part of its
course, is a fact of no intrinsic moment—is merely a con-
comitant of the fact that the merves it traverses have to be
put in communication with other nerves, and that points of
junction imply angles. On the other hand, it leaves
out of sight the fact that one of these points of junction
from which the wave of disturbance is said to be reflected,
is a place at which it is greatly augmented; and that this
augmentation of the wave is the all-important office of the
matter lying at the point of junction.

§ 21. Remembering that bundles of such afferent nerves
are joined to bundles of such efferent nerves, by clusters of
such corpuscles imbedded in the grey matter of a ganglion,
and that bundles of centripetal nerves proceed thence to
hicher ganglia ; we have next to consider the functions of
these structures as wholes.

A nervous centre, even of an inferior order, is not simply
a place where afferent nerves are severally linked with their
corresponding efferent nerves, by corpuscles or portions of
grey matter that multiply and pass on disturbances; nor
18 the only further office it serves that of sending to higher
ganglia, portions of these disturbances; but it is also a
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place where more involved communications are effected.
For in all ganglia save, perhaps, the very simplest,
the corpuscles or vesicles give off processes more or less
numerous, and usually more or less branched ; and these
branched processes, spreading through the matrix of grey
matter, may be assumed to propagate in various directions,
and various degrees, the disturbance set up in the corpuscle.
This diffusion of liberated molecular motion has two im-
plications. First, the number and complexity of the cor-
related changes produced by the original change, increase
with the multiplication and variety of these processes and
their connexions. And, second, along with increase in the
number of correlated changes, there goes increase in the
total quantity of molecular motion given out, dircctly or
indirectly.

Fully to understand the importance of this last implica-
tion, it is needful to refer back to Fig. 4, and to the accom-
panying description of the way in which a nervous centre
that serves to establish the various possible relations among
different points in an organism, must contain a large accu-
mulation of these connecting and multiplying links; and
where it was shown how immense must become the accumu-
lation of vesicular matter in a centre that has the office of
establishing relations among these many parts in various
orders. For it will be seen that as fast as the connexions
become numerous and complex, so fast will enlarge the
crowds of these connecting corpuscles and maultipliers of
disturbance which simultancously come into action. And
hence the quantity of molecular motion evolved in the
nervous centres will bccome great in proportion as the
rervous relations increase in integration and heterogeneity.

When we see how the arrangements for liberating and
multiplying motion, described under their simple form in
the last section, are thus compounded—when, recurring
to our simile, we see how the first central magazine of force
exploded, communicates with other larger magazines, and
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these again with still larger, which are subsequently ex.
ploded; we shall be at no loss to understand how the
slightest impression on one of the recipto-motor nerves,
may evoke from the libero-motor centres a relatively-in-
commensurable amount of force, which, discharged along
the dirigo-motor nerves, may generate violent muscular
contractions. So that, to take a case, a slight sound may
produce a convulsive start of the whole body; or an un-
expected motion of some adjacent object, infinitesimal as is
the modification it produces in the retina, may neverthe-
less cause an involuntary jump and scream.

§ 22. In treating nervous functions in general, I have
unawares ended with illustrations from the nervous func-
tions of human beings: so coming to the division of the
subject on which we have next to enter. For the brief
account given in the last chapter of the special nervous
strectures with which we are most concerned, must here be
supplemented by a brief account of their special functions.

If we leave out such afferent and efferent fibres as pass
through the spinal cord to and from the encephalon, and also
those centripetal and centrifugal fibres which connect its
various parts with the encephalon, we may regard the partly
dependent and partly independent centres composing the
spinal cord, as being co-ordinators of the actions performed
by the skin and muscles of the trunk and limbs. A large
proportion of these actions, including many of considerable
complexity, the spinal cord is able to co-ordinate without
aid from the higher centres; and some of the partially-
differentiated centres composing the spinal cord, are able to
effect simple co-ordinations without aid from the rest. We
will glance at these simple co-ordinations first. If
a patient paralyzed by some injury of the spinal cord that
has left the lumbar enlargement intact, has his foot touched,
the leg is quickly withdrawn ; not only without a cerebral
act, but even without his brain being in any way affected,
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unless indirectly by the shaking of the bed. Thus the
branched corpuscles and fibres contained at that point in
the cord with which the afferent and efferent nerves of
the leg are connected, have at once the function of giving
out, when the disturbance is communicated to them, the
requisite quantity of molecular motion, and of so directing
this to the respective muscles of the leg, as to cause the
appropriate movement. More involved co-ordi-
nations are effected by the co-operation of several such
centres, or portions of the grey substance, contained in
adjacent parts of the spinal cord. In the human subject
demonstration of this is not easy; but it is shown by ex-
periments on inferior Vertebrata. A decapitated frog that
has its side irritated, will bring the hind foot of that side
to the spot, and move it so as to displace the irritating
object. Even something further is done. If a scalpel be
applied to the skin between the hind legs, these act jointly
in such a manner as to push away the scalpel. The explana-
tion is that by commissural fibres, transverse and longi-
tudinal, the disturbances conveyed to particular centres,
are communicated to sundry adjacent centres; and
through their efferent nerves these direct and appor-
tion the multiphied disturbances among a great variety
of muscles. How such definite co-ordinations
as these are effected by such an apparatus, we shall better
understand on remembering that the relations between
positions on the sxin and the movements needed to bring
the extremities to touch them, are tolerably constant. A
frog’s hind foot can reach a given point on the frog’s side,
only by one particular muscular adjustment ; or, at any rate,
by a muscular adjustment that varies within narrow limits.
And since in all frogs, generation after generation, the pro-
portions of parts, and therefore the relations of muscular
adjustments to given positions, remain practically the same ;
it becomes comprehensible how, through the organized
nervous connections that arise, a touch at any point may
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cause the combined contractions needful to bring the end
of the limb to that point. It should be observed
here, that the conception of these acts of the spinal cord as
co-ordinations of motions, is incomplete so long as the only
motions contemplated are those of the muscles. Under the
head of motions must be included the disturbances con-
veyed along the afferent nerves; for the muscular motions
are so adjusted that their joint results have special rela-
tions to these received disturbances. The co-ordination
is between the recipio-motor acts and the dirigo-motor
acts. We may, then, regard the spinal cord as a
centre of co-ordinations which, though some of them have
considerable complexity, are yet relatively simple—simple,
inasmuch as the disturbances received from the skin are
much alike from all parts; simple, inasmuch as each
muscular adjustment is mainly of a fixed or invariable kind;
and simple, inasmuch as the component acts of the co-
ordinated group are practically simultaneous.

That enlarged and differentiated part of the spinal cord
called the medulla oblongata, including the root-portion of
the pons Varolii, adnate with it and structurally so
entangled that the two cannot be demarcated, we may
roughly distinguish as a centre of compound co-ordination.
It receives directly the auditory impressions, the impressions
of taste, and, indirectly through the corpora quadrigemina, is
affected by visual impressions: meanwhile sending impulses
to the various muscles of the eyes, the face, the jaws, and
the mouth. By it the movements of all four limbs are com-
bined in joint acts ; and by simultaneously regulating them,
it makes the head and jaws co-operate with the limbs. The
various impressions and muscular motions implied by the
act of swallowing, it brings into due relation. Receiving
the respiratory stimulus, it emits the stimuli to those
muscles which enlarge and diminish the thoracic cavity, so
vausing inspiration and expiration ; and, as a consequence, it
is the centre which, disturbed by the more violent irritations
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of the respiratory surface, sends out to the respiratory
muscles those more violent impulses which cause coughing
and sneezing : to which may be added, as actions belonging
to the same class, crying and yawning. Lastly, through
the pneumogastric nerve, it controls the action of the heart,
and the actions of other viscera. Thus 1t is a centre to
which come, in some cases directly but in most cases in-
directly, impressions from all parts of the external surface,
as well as from the mucous lining of the mouth,
cesophagus, and lungs; and to which there also come,
directly or indirectly, impressions received through the
higher senses. At the same time the minor centres severally
commanding groups of muscles, are by it put in relation
with one another; and their respective simple actions so
combined as to constitute compound actions. In short it
has recipio-motor relations with all the parts that hold con-
verse with the external world, while it has dirigo-motor
relations with all the parts that react on the external world;
and its function is that of adjusting the complex movements
in obedience to the complex stimuli. Thisisnotall. Being
the centre which initiates and directs involved and extensive
bodily actions, entailing rapid expenditure, it is the centre
in which the demand for materials is indicated ; and hence it
becomes the regulator of the circulation, of the aeration of the
blood, and of the visceral actions generally. Clearly, then,
its co-ordinations are compound in comparison with those of
the spinal cord—compound, because the impressions which
afferent and centripetal nerves bring to it, are not only more
numerous but also more heterogeneous ; compound, because
the impulses which it sends out are also more numerous and
more heterogeneous ; and compound, because it brings more
involved acts into correspondence with more involved stimuli.

The functions of the two still higher centres, the cere-
bellum and the cerebrum, have now to be defined in terms
of the same nature. How shall we express them? Both
of these great bi-lobed masses arise as buds out of the

4
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originally almost-uniform cranio-spinal axis; and as they
cnlarge, their distal portions grow more massive than their
proximal portions, so that they end in being pedunculated.
Each of them thus bears to the medulla oblongata, a relation
like that which the superior ganglion II, in the diagrammatic
Fig. 4, bears to the inferior ganglion F'; and we may not
unreasonably infer that their functions are analogous to
those hypothetically assigned to the ganglion H. That is to
say, we may regard them as organs of doubly-compound co-
ordination—organs which have for their common function,
the re-combining into larger groups, and into countless
different orders, the already-complex impressions received
by the medulla oblongata; and which have the further
function of so arranging the already-complex motor im-
pulses issuing from the medulla oblongata, as to form those
far more involved aggregate actions, simultaneous and
successive, which, being adjusted to these involved im-
pressions, achieve remote ends. The general truth of this
definition may, I think, be safely assumed; since it is
simply a statement in other terms, of what, in ordinary
language, 1s called intelligent action; which habitually
characterizes vertebrate animals in proportion as these
centres are largely developed. Thus much being granted,
there arises the further question—what are the respective
parts played by these two great organs in this doubly-com-
pound co-ordination ¥ Much difference of opinion has long
existed, and still exists, respecting the particular offices of
these supreme ganglia; and especially respecting the office
of the cerebellum. Without committing myself to it as
anything more than a hypothesis, I will here venture to
suggest a not mmprobable interpretation. The
conunon function of the two being that of co-ordinating in
larger groups and in various orders, the impressions and
acts co-ordinated in the lower centres, we may fitly ask—
are there any fundamentally distinct kinds of order in which
impressions and acts may be co-ordinated ? The obvious
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answer i3, that there are the two fundamentally distinct
orders of Co-existence and Sequence. All phenomena are
presented to us either ag existing simultaneously or as
cxisting successively. If, then, these two highest nervous
centres, which together perform the general function of
doubly-compound co-ordination, take separate parts of this
function, as, from their separateness, we must conclude that
they do; we can scarcely make a more reasonable assump-
tion than that the respective orders in which they co-
ordinate compound impressions and acts, answer to the re-
spective orders in which phenomena are conditioned. In
brief, the hypothesis thus reached & priort, is that the
cerebellum 1s an organ of doubly-compound co-ordination
in space; while the cerebrum is an organ of doubly-com-
pound co-ordination in #ime. The a posteriory
evidence, so far as I have examined it, appears congruous,
both with this view of the general function of these centres,
and with this view of their respective special functions.
There is complete harmony between the hypothesis and the
seemingly-strange facts that these centres may be partially
destroyed without causing obvious incapacity, and that
they may be wholly removed without destroying the ability
to co-ordinate the less complex impressions and acts. As-
suming, as we may fairly do, that the cells and fibres which
subserve the more involved co-ordinations, are successively
added at the surfaces of these centres as they develop, it 1s
inferable that the superficial parts may be sliced off with
the least-appreciable effects on the actions; and that the
effects on the actions will become conspicuous in proportion
as the slices destroy the parts nearer to the lower centres:
and these are the results established by experiment. Besides
finding, as the hypothesis leads us to expect, that these
nervous masses are relatively large in all creatures capable
of adjusting their involved and continuous actions to
complex and distant environing agencies; we also trace
gome relation between the development of each and the
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peculiar capacities of the species. There is, for instance,
the fact that the cerebellum is unusually developed in birds
of prey, which have to co-ordinate with great accuracy the
relations of distance, direction, and complex form, as well as
very precisely to co-ordinate the involved movements ap-
propriate to these involved impressions. And there is, on
the other hand, the fact that the cerebrum predominates in
creatures showing, like ourselves, the power of adapting,
throughout long periods, concatenated compound actions to
concatenated compound impressions.*

Of course this classification of the functions of the nervous
centres, as co-ordinations that are simple, compound, and
doubly compound, must be taken as merely approximate.
No definite divisions can be made. The functions arise
through increasing complications; and these general con-
trasts become conspicuous only when we look at the
facts in their main outlines. Here, however, where the

* Let me here draw attention to papers in the Medical Times and Gazette,
for December 14 and December 21, 1867, iu which Dr. Hughlings Jackson has
published some facts and inferences that quite harmonize with these interpre-
tations, in so far as the common function of the great mcrvous centres is
concerned.

It shonld be remarked that the above-proposed dcfinitions, are, to a con-
siderable extent, coincident with current conceptions. The cerebrum is
generally recognized as the chief organ of mind ; and mind, in its ordinary
acceptation, means niore especially a comparatively intricate co-ordination in
time—the consciousness of a ereature *‘looking before and after,” and using
past experiences to regulate future conduct. In like manner the function
ascribed to the cercbellum in the foregoing paragraph, partially agrees with
that which M. Flourens inferred from his experiments. It differs, however, in
two respects. It implies that the cercbellum is not an organ for the co-ordi-
nation of motions only, or of synchronous motions only ; but that it is also an
organ for the co-ordination of simultaneous impressions, and for the co-ordi-
nation of the synchronous motions in adaptation to the simultancous imnpres.
sions. And it further inplies that not all simultaneous impressions and
adapted synchronous motions are co-ordinated by the cerebellum ; but only the
doubly-compound ones, which have for their external correlatives the intricate
combinations of attributes that distinguish objects from one another, and the
more multiplied and varied localizations of objects in the space that extends
beyond the immediate limits and reach of the organism.
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object is to give an idea of the principles of nervous func-
tion in its successive stages of evolution, detailed qualifica-
tions do not concern us.

§ 23. A fow words are duo to the functions of that sub-
ordinate mnervous apparatus, the structure of which we
glanced at in the last chapter—the ncrvous apparatus pre-
siding over the vital processes. It will suffice if we take
the functions of the vaso-motor division of it as exemplifying
the whole.

Fach vaso-motor nerve, having roots in both the cercbro-
spinal system and the sympathetic system, conveys to all
branches of the artery it accompanies, the impulses arising
from the activities of the great nervous centres and muscles,
as well as from the activities of the viscera. Probably the
ordinary amount of disturbance propagated along each vaso-
motor nerve, simply excites the muscular coats of the adja-
cent artery sufficiently to maintain its due elasticity. But
stronger disturbances produce marked alterations of its
calibre: those brought by the sympathetic fibres being
said to cause contraction ; and those brought by fibres from
the cerebro-spinal system being said to cause dilatation.
Some of these changes have relation to actions going on
in the part itself; and others to actions going on in the
chief vital organs, or in the body as a whole. But all
of them show us that by means of the vaso-motor nervous
system, the blood-vessels are so regulated as to subserve
general and local needs. One further fact belong-
ing to this class may be added; partly because of its in-
trinsic interest, and partly because it illustrates certain
supplementary nervous functions not hitherto named. We
have already seen that, among its many duties, tho
medulla oblongata controls, through the medium of the
pneumogastric nerve, the action of the heart. So long
as the disturbance conveyed to the medulla oblongata, either
from the periphery of the nervous system or from its great
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centres, does not exceed a moderate amount, the resulting
waves of molecular change sent by it through the pneumos
gastric, do not interfere with the heart’s action—perhaps en-
force it. But when the medulla is excessively disturbed, the
increased quantity of stimulus it sends, either diminishes the
action of the heart, or stops it altogether: so causing arrest
of the circulation and consequent insensibility. Noting, as
we pass, that this is one of the most remarkable forms of
that co-ordination which the nervous system everywhere
effects, since the arrangement is such that when the nervous
system becomes abnormally active, and its chief centres sur-
charged with blood, they themselves arrest the organ which
propels blood to them; we have to ask how it happens that
in this case the propagation of disturbance through a nerve
checks action instead of causing it. The reply is that in
addition to the systems of nerves which excite action, there
1s found to exist a system of nerves which diminish action—
snhibitory nerves as they are called. Through these it is
alleged that the brain controls the spinal cord—restraining
those reflex movements which, when connection with the
brain is cut off, become so much more marked. And through
one of these it is concluded that the medulla oblongata reins
in the heart, when the cerebral irritation is excessive.

Be this as it may, the facts named illustrate the way in
which the nervous system, while it co-ordinates the external
actions, also co-ordinates those internal actions which make
them possible. The reader has but to conceive that through
other systems of nerves, other organs which absorb, secrete,
excreté, &c., are similarly controlled, and he will under-
stand sufficiently for present purposes, how demand for
materials and supply of materials are harmonized.

§ 24. In summing up the functions of the nervous system
as thus formulated in terms of motion, it will be useful to
observe the greater comprehensiveness of view we obtain
by excluding the ordinary implications.
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When one part of a Zoophyte is touched, the contraction
set up in that part slowly diffuses itself through the whole
body. Two things are here to be noted. There is a propa-
gation of disturbance through the nerveless sarcode of
which the creature is composed; for distant parts are
eventually affected. There is also an increase of disturb-
ance ; for in successive moments the mass of tissue under-
going change is greater. Thus the relatively-homogeneous
substance of these simple animals, exhibits the two essential
phenomena exhibited by the nervous system in all phases of
its development : there is propagation of molecular motion,
and there is a simultaneous augmentation of this mole-
cular motion. Such essential phenomena grow more con-
spicuous as the nervous system develops, partly because the
changes set up become limited to narrow lines and small
masses, and partly because the matter of which these are
formed becomes distinguished by an increased degree of
the general instability. Since, then, the functions of the
nervous system as expressed in terms of molecular motion,
are functions exhibited in a vague way by the undifferentiated
tissue from which the nervous system insensibly arises ; it is
clear that by so expressing them we include alike their
lowest and their highest forms, which we cannot otherwise
do.

Moreover, only in these terms can tbere be given an
adequate definition of fully -developed mnervous functions.
If we admit any subjective element, our definition becomes
inapplicable to all those nervous actions which have no sub-
jective accompaniments—which go on without feelings;
and a conception of nervous functions which excludes those
of organic life, cannot be a complete conception. On the
other hand, the definition of nervous functions as consist-
ing in the conveyance and multiplication of molecular
motions, holds in all cases. It includes equally the conduc-
tion of an impression made on a nerve of sense, and the
excitement of chemical metamorphoses in a glaud.
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The subdivision of this general function under the above-
proposed heads of recipio-motor, libero-motor, and dirigo-
motor, has also the advantage of greater comprehensive-
ness. No word at present in use expresses the office which
afferent nerves have in common, more specifically than the
word afferent itself expresses it. Whether disturbance of
its outer end produces in an afferent nerve a change causing
a reflex contraction, or whether it produces a change causing
what we call a sensation, is a circumstance of secondary
import ; as is proved by the fact that by use the last may
become the first. The essential thing common to the two,
is that molecular motion is propagated from periphery to
centre. So, too, is 1t with the Wbero-motor functions.
Whether, as in the ganglia of the sympathetic, the multipli-
cation of communicated disturbance has no subjective con-
comitant, or whether, as in the cerebrum, it has a subjective
concomitant, there is in both cases a liberation of molecular
motion; and this, being the common character of the
changes in nerve-centres, must determine the definition of
their common function. In like manner, all efferent nerves,
whether conveying disturbances that set up contractions in
muscles, or cause constrictions of arteries, or excite chemical
transformations in glands, serve to direct the waves of
molecular motion—waves that are intrinsically alike in
nature, though the results produced by them in the organs
to which they are carried differ so widely, and though they
are now assoclated with consciousness and now are not.

A more special view of the functions thus classed, dis-
closes two essential facts. Considered as an agent for
generating movements, we see that the nervous system acts
by liberation of successively-larger amounts of molecular
motion in the centres successively disturbed. A very small
change at the outer end of an afferent mnerve, sets up a
relatively-large quantity of change in some adjacent un-
stable nerve-matter; whence the change, thus increased, is
propagated to some internal ganglion; to be passed on by
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it immensely multiplied as before; until there is unlocked
an amount of disturbance capable of causing muscular con-
tractions throughout the whole body.

Meanwhile these centres in which molecular motion is
liberated, are also the centres in which it is co-ordinated ;
and the successively higher and larger centres which evolve
successively larger quantities of molecular motion, are also
centres in which successively more complex co-ordinations
are effected. Whence follows the general result that along
with each further development of the nervous system,
enabling it to make all parts of the body work together
more efficiently in simultaneous and successive actions,
there goes an increased power of evolving the energy re-
quired for such larger aggregates of actions.

These principles we found to be well exemplified in the
case which most nearly concerns us. It is needless to
re-state the results so recently arrived at. One remark,
however, may be added. In the functions of the suc-
cessively-higher vertebrate centres, reaching their climax
in the human being, we see well exemplified the law of
development of functions in general (First Principles,
Part II. § 142). This progress from co-ordinations that
are small and simple to those that are larger and compound,
and to those that are still larger and doubly compound, is
one of the best instances of that progressive integration of
motions, simultaneously becoming more heterogeneous and

more definite, which characterizes Evolution under all its
forms.



CHAPTER 1V
TIE CONDITIONS ESSENTIAL TO NERVOUS ACTICN.

§ 25. Of these, the first in order is continuity of nerve-
gubstance. Disturbance is not conveyed from end to end of
a nerve that has been cut in two; and section of a nerve-
centre similarly prevents the transfer of an impulse from one
of the dissevered parts to the other.

The requisite continuity is not simply the continuity of
unbroken contact: there must be continuity of molecular
cohesion. Placing in apposition the two ends of a divided
nerve, does not re-establish nervous communication. Even
when, after a cut, the surrounding flesh has been healed, it
is long before the sundered nerve-threads re-unite so com-
pletely that they transmit stimuli as well as before.

Further, there must be no destruction of continuity by
molecular disorganization. Without division of a nerve, and
without injury of its sheath, there may result from disease a
change which incapacitates the nerve-fibres—an atrophy, or
a breaking-up by decomposition: the result being a de-
rangement of those lines of peculiar nitrogenous molecules
which receive and pass on the waves of disturbance.

§ 26. Nerve-structures, whether peripheral or central,
permanently disabled as they are by actual discontinuity,
either molar or molecular, are temporarily disabled by dis-
continuity of molecular equilibrium. Pressure is capable of
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producing re-arrangement of particles, even in substances
that are simple and comparatively hard ; as is shown by its
power of altering the direction of diamagnetic polarity in
metals. We may therefore expect that in substances of com-
plex composition and little cohesion, pressure will readily
cause the particles to change their relative positions. Hence
there is no difficulty in understanding why nerve-substance,
having a balanced molecular structure such that it is ever
ready to pass when disturbed from one of its isomeric states
to the other, may be so modified by pressure, even when
small, as to be incapacitated for undergoing these alternate
molecular re-arrangements. Be this as it may, however, the
fact 18 that one of the conditions to nervous action is ab-
sence of much pressure.

In the case of nerve-trunks, demonstration of this general
‘ruth is easy. A ligature round a nerve prevents a dis-
turbance set up at one end of it from producing any effect
at the other end. Partial results of this nature are familiar.
By external pressure on a limb, the conducting power of the
nerves affected is much diminished.

That pressure on the centrally-seated tracts of fibres,
hinders or arrests their actions, is shown in every case of
paralysis. By a clot of blood that has escaped from a
ruptured vessel, or by a quantity of lymph that has oozed
through the walls of capillaries over-distended, bundles of
fibres at the base of the brain, or in the spinal cord, are un-
duly squeezed ; and if afferent or centripetal fibres they cease
to bring disturbances from the periphery, while if efferent
or centrifugal fibres they cease to convey impulses to the
muscles.

The like is true of nerve-centres as wholes. Indeed pres-
sure appears to be a greater hindrance to their actions than
to the actions of nerve-trunks. That certain forms of the
abnormal arrest of nervous action called coma, are due to
excessive congestion of the blood-vessels of the encephalon,
seems possible ; but as some question this interpretation we
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cannot safely base an inference on it. There is, however, one
conclusive piece of evidence. A fracture. of the skull that
causes indentation over a considerable area, and leaves the
bone intruding on the space previously filled by the brain,
stops the functions of the brain—disturbances sent to it
call forth no appropriate co-ordinated motions, and, indeed,
no motions at all. But when, by means of a trephine, the
depressed portion of bone is cut out, the brain, relieved from
pressure, at once resumes its duties.

Further support is yielded by what may be regarded as
converse evidence. If excess of pressure arrests nerve-
action, and if the normal amount of pressure allows the
normal amount of nerve-action; then it is inferable that
perve-disturbances will pass with undue facility if the pres-
sure is deficient. Now as the brain is contained in an al-
most-closed chamber which cannot collapse, it follows that
if the cerebral blood-vessels are rapidly drained, the masses
of nerve-fibres amid which they ramify, being subject to less
pressure than usual, will allow waves of molecular change to
pass with unusual facility ; and ordinary impressions pro-
pagated to the centres, will produce extraordinary motor
impulses. Hence the seemingly-anomalous fact that great
loss of blood, or great local anmmia caused by stoppage
of a cerebral artery, causes convulsions. Such a result
may be anticipated as the first result, before innutri-
tion begins to tell; though innutrition will afterwards
cause prostration or paralysis. And this is the order in
which the phenomena actually occur. The like
appears true of the peripheral nervous system. The afferent
nerves of individuals who, though otherwise healthy, have
!ax tissues, are often unduly impressible. And there are
mstances of undue local impressibility which, I think, admit
of this interpretation. It has been found that an arm
rendered anmic by unnatural constriction of its arteries
thereby reduced in temperature and beginning to atrophy’
wmay nevertheless have its afferent nerves affecteq by electri(;
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discharges in an unusual degree.* Deficient pressure on
the nerve-trunks appears a possible cause of this otherwise
strange result.

§ 27. Proof that heat kept above a certain level is a con-
dition to the maintenance of mervous action, is difficult to
disentangle from proof that the maintenance of nervous
action depends on a due circulation of blood ; for the one
condition is usually but a concomitant of the other. Never-
theless, there is reason to infer that a supply of free mole-
cular motion is requisite, apart from a supply of nutritive
materials.

The general fact that cold-blooded animals are com-
paratively inactive, admits of the interpretation that their
low temperature is due to their inactivity, as well as to the
mterpretation that their inactivity is a consequence of their
low temperature ; for the two act and react in such a way
that neither can properly be called the cause of the other.
But reptiles which remain quiescent in cold weather, and
become active when they are warmed by the summer’s sun,
yield us good evidence. Though it may be alleged that
their greater activity arises from accelerated circulation and
aeration of the blood, yet as the heart and lungs are set
going by their respective nervous centres, we must infer
that the warming of these nervous centres by external heat,
is the imitial change in these amimals that have but little
power of producing heat by their own actions. In
support of this interpretation may be cited the converse
fact.  'When active creatures, capable under ordinary
conditions of generating enough heat within themselves,
are exposed to conditions under which they lose heat faster
than they make it, their nervous actions decrease, and they
eventually cease to move. In hybernating mammals we see

* I am indebted for this fact to Dr. Bastian, who observed it in oue of his
own patients,
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an annual recurrence of this rclation of cause and effect ;
and in mammals that do not hybernate, as in ourselves, it
equally holds that prolonged exposure to extreme cold de-
presscs mervous action, causing strong tendency to sleep,
and that death results if the bodily temperature is allowed
to fall still lower.

That local loss of heat when carried far, is followed by
local inaction of the nerves, is shown by the fact that parts
of the body that have been greatly cooled down, naturally
or artificially, may be pricked or cut or pinched without any
of the usual disturbances being conveyed to the nerve-
centres. It is true that where the refrigeration is extreme,
there is usually a partial deprivation of blood ; but there
1s evidence that when this is not the case—when, indeed,
the blood-vessels are congested, as inred hands on a winter’s
day, loss of heat entails decsease of nerve-function. That
the like holds of the respective centres, is shown by the use
of cold as a therapeutic agent: ice to the head being pre-
scribed when there is excessive cerebral action, and ice to
the spine being a means of diminishing reflex excitability.

It is worth remarking that this dependence of nervous
action on supply of heat, yields indirect support to the views
set forth in foregoing chapters. If, as was inferred, the
disturbance conveyed along a nerve-thread is an isomeric
change, during which some molecular motion is yielded up
by each molecule as it passes on the accumulated wave to
its neighbour—if resumption of the previous isomeric state
implies an equivalent absorption of molecular motion from
surrounding matter; then, in proportion to the heat of
surrounding matter, will be the rapidity with which the
nerve-fibre, resuming this previous isomeric state, becomes
fit to transmit another wave of molecular change.

§ 28. That nerves and nerve-centres act only so long as
they are furnished with those materials which the blood-
vesscls bring them, is a familiar truth. The quantity of
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blood present in any part, and the rapidity with which fresh
blood is propelled to the part, both affect the degree of
nervous activity in the part.

General depletion is a cause of nervous inaction: if the
total quantity of blood in the body is much diminished, the
great nervous centres are the first organs to feel the change.
Temporary loss of blood produces fainting, or sudden arrest
of cerebral action; and permanent deficiency of blood is
accompanied by debility, which implies a decreased nervous
discharge. Supposing that no blood has been lost, in-
sensibility nevertheless instantly results if the heart ceases
to supply the brain with fresh blood in place of the blood
it contains. Or if there is chronic feebleness of the heart’s
action, there is proportionate diminution of nervous power.
Where the total quantity of blood is adequate and the heart
is not in fault, local nervous function may still be hindered
by local anemia, resulting from aneurism in an artery, or
from what 1s called an embolism—a plugging up of an
artery with coagulated blood. Thus paralysis is caused by
embolism of the cerebral blood-vessel which supplies the
highest part of the motor tract. The converse
facts similarly imply this same general relation. When,
other conditions being normal, a nerve-centre is highly
charged with arterial blood, it responds with unusual
rapidity to the disturbances it receives; and evolves more
than ordinary amounts of force, shown in secondary nervous
changes, or in muscular motions, or both. Supposing,
again, that there is no hypersemia of a nervous centre, it
will still happen that if the heart propels blood to it with
unusual rapidity, its libero-motor function will be exalted.

At the periphery of the nervous system, like variations of
efficiency follow like variations of circulation. A reduction
in the quantity of blood present, caused by constriction of
the vessels, is probably one cause of the decreased nervous
impressibility in a part that is exposed to cold ; and to the
same cause 1s perhaps to be ascribed some of the comparative
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sluggishness with which the muscles of the part respond ta
motor impulses. If instead of local lack of blood there is
retardation or stoppage of the local current of blood, the
nerves of the part similarly become incapacitated in a pro-
portionate degree: instance the blindness that results from
blocking up the central retinal artery ; or instance the gradual
disappearance of impressibility in a region of the skin that
has had its supplying blood-vessel tied. Con-
versely, excess of blood around the peripheral nerve-fibres,
causes unusual excitability of them. A gentle touch on the
skin in its normal state, sends through the afferent nerves a
disturbance so small as to call forth from the central organs
scarcely any response; but where the skin is highly inflamed,
a like touch affects them so much that the disturbance, when
reflected from the central organs, produces a start of the
whole body. If in addition to local excess in the quantity
of blood there is an accelerated flow of blood, a still greater
exaltation of local nervous action follows. It is a familiar
truth that, other things remaining the same, an inflamed
part is made more irritable by anything which increases the
action of the heart.

§ 29. Nervous action depends not alone on the quantity
of blood supplied but also on its quality—on the proportion
of the needful elements contained by it.

General rather than special warrant must suffice for this
proposition. Little is known about variations in the consti-
tution of the blood; and still less about the relations between
these and variations of nervous activity. That a blood
greatly impoverished, as in dropsical persons (whose tissues
become infiltrated because the thin serum passes too easily
through the walls of the capillaries), is accompanied by ener-
vation, is pretty clear; and we can scarcely be wrong in
concluding that a blood rich in the constituents of nerve-
substance, renders possible a great evolution of nerve-force.

But there 1s indirect evidence serving to enforce the scanty
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direct evidence. For we have abundant proof that by adding
certain matters to the blood, unusual amounts of necrvous
action may be evoked. Alcohol, nitrous oxide, the vegeto-
alkalies, and other stimulants, are not, indeed, components
of nerve-substance; nor is there any reason to suppose that
they can serve in place of components. Probably their im-
mediate influence is that of setting up or facilitating the
change of nerve-substance, and so causing unusual disen-
gagement of molecular motion. But by showing that the
supply of particular substances to the nervous system exalts
nervous activity, they make it more mamfest that nervous
activity must partly depend on the supply of substances
which re-build nerve-tissue as fast as action disintegrates it.

We must not omit a further qualitative character of a
positive kind. The blood must contain oxygen. What is
the special action of oxygen—whether it is a direct disinte.
grant of the tissues, including nerve-tissue; or whether it
simply facilitates by its presence molecular disintegrations
otherwise caused ; or whether it serves merely to combine
with, and carry away, the products of such disintegrations
otherwise caused ; are questions about which there are
differences of opinion. But there can be no difference of
opinion as to the necessity for an oxygenated blood. And
opinions can scarcely differ respecting the general relation
that exists between the degree of oxygenation and the de-
gree of nervous activity.

§ 80. While, for the maintenance of nervous action, it is
requisite that certain matters shall be present in the blood, it
i3 also requisite that certain other matters shall be absent ;
or, to speak strictly, that they shall be present in but small
proportions. These are the compounds resulting from de-
composition of the tissues—the nervous tissue included. The
two most important are carbonie acid and urea.

If the exhalation of carbonic acid by the lungs is greatly
retarded, lethargy ensues: disturbances at the periphery
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of the nervous system fail to call forth the usual responses,
If the exhalation is completely arrcsted, complete insensi-
bility is soon produced ; followed quickly by arrcst of the
inferior nervous functions, and consequently of all other
functions. And thesc effects arise 