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PREFACE.

. IN the following pages .I.have endeavoured to arrange
‘ the most important facts and principles of Modern
. Chemistry in a plain but precise and scientific form,

suited to the present requirements of glementary in
! struction.

For the purpose of fagilitating‘ the attainment of that
exactitude in the knowledge of the subject, without which
the, introduction of physical science into the school

. system is worse than uscless, I have added a series of

_-’:Exercises and Questions upon the Lessons, *The pupil
must learn to wotk out accurately both the numerical
and descriptive examples, and t:he teacher may find it
advisable to add largely to their number. Particular
attention sshould be given to the calculation of the
rcla{jons-betweeno the weights of gases, and their volumes
measured under varying circumstances of temperature
and pressure, :

The metric system of weights and measu;es and the
centigrade thermometric scale are used throtighout the
work,
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» For farther information concerning the absolute weights
of tfle gases than is given on p. 31,2 ‘I)aragfaph in the
Appendix, page 472, may be consulted.

I have much pledsure in thanking my friend, Mr. Schor-
lemmer, for the aid which he has given me, especially
in revising the proofs ; and I have also to acknowledge
the care and attention bestowcd on the ‘woodcuts and on
the chromolithographic frontispiece by Mr. J. D. Cooper
and Mr. Collings.

H. E. R

MANCHESTER, Yan. 1869.

IN the présent Edition I have included paragraphs on
Atoms and Molecules, on Classification of the Elements,
on Isomerism, &c. I Rave also added some of the more
important discoveries made in the last three years;
amongst others that of Hydrogenium by Graham, that
of the Primary Phosphamines by Hofmann, and .that
of the artificiale production of Alizarine by Gribe. The
anangangﬁt of the book has, however, remained
unchangea.
MANCHESTER; Oct. 1871. ) H. E. R.



PREFACE TO THE FIRST EDITION.

Tee following “Lessons in Elementary Phy-
siology” are primarily intended to serve the
purpose of a text-book for teachers and learners
in boys’ and girls’ schools.

My object in writing them has been to set
down, in plain and concise language, that which
any person who desires to »ecome acquainted
with the principles of Human Ph¥siology may
learn, with a fair prospect of having but little
to unlearn as our knowledge widens.

It is only by inadvertence, or from an error
in judgment, therefore, that the book contains
any statement, or doctrine, which cannot be
regarded as the common property of all physi-
ologists. I have endeavoured simply to play
the part of a sieve, and to separate .the well-
established and the essential from the doubtful

and the unimportant portions of the vast mass
v 2 :
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of knowledge and opinion we call Human Phy-
siology. ‘

The 6riginals of the woodcuts are, for the
most part, to be found in the works of Bourgery,
Gray, Henle, and Kolliker, A few are new,

I am particularly indebted to my accomplished
friend, Dr. Michael Foster, for the pains and
trouble he has bestowed upon the Lessons in
_their passage through the press.

THE RovaL ScHooL oF MiNgs, LoNDOXN.
October 1866,
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PREFACE TO THE SECOND EDITION.

' Tug present edition ¢f the  Lessons in Elemen-
tary Physiology,” has been very carefully revised.
A few woodcuts have been added; others have
been replaced by better ones, as in the case of
the figures of the retina, which embody the
results of Schulze’s latest researches.

Some additions (but as few as possible, lest
the book should insensibly lose its elementary
character) have been made; among the most '
important I count the very useful “Table of Ana-
tomical and Physiological Constants” drawn up
for mé by Dr. Michael Foster, for whose friendly
aid I am again glad to express my thanks.

It will e well for those who attempt to study
Elementary Physiology, to bear in mind the im-
portant truth that the knowledge of science
which is attainable by mere reading, though in-
finitely better than ignorance, is knowledge of a
very different kind from that which arises from
direct contact with fact; and that the worth of the
pursuit of science as an intellectual discipline is
almost lost by those who seek it only in books,
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As the majority of the readers of these Lessons
will assuredly have® no opporturity of studying
anatomy or physiology upon the human subject,
these remarks may seem discouraging. But they
are not so in reality. For the purpose of acquir-
ing a practical, though elementary, acquaintance
with physiological anatomy and histology, the
organs and tissues of the commonest domestic
animals “afford ample materials, The principal
points in the structure and mechanism of the-
heart, the lungs, the kidneys, or the eye, of man,
may be perfectly illustrated by the corresponding

* parts of a sheep; while the phenomena of the
circulation, and many of the most important pro-
perties of living tissues, are better shown by the
common frog thax by any of the higher animals.

Under those circumstances there really is no
reason why the teaching of elementary physi-
ology should not be made perfectly sound and
thorough. DBut it should be remembered thal.
unless the learner has previofisly acquired - a
knowledge of the elements of Physics and of
Chemistry, his path will be heset with difficulties

and delays.
T. H. H.

Loxpox, July 1868,
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ELEMENTARY PHYSIOLOGY.

LESSON 1.

A GENERAL VIEW OF THE STRUCTURE AND.
FUNCTIONS OF THE HUMAN BODY.

1. Tur body of a living man performs a great
diversity of actions, some of which are quite obvious ;
others require more or less careful observation ; and
yet others can be detected only by the employment
of the'most delicate appliances ofscience.

Thus, some part of the body of a livihg man is
plainly alwayg in motion. Lven in sleep, when the
limbs, head, and eyelids may be still, the incessant
rise and fall of the chest continue to remind us that
we are viewing slumber and not death.. °

But a little more careful observation is needed to
détect the motion "of the heart; or the pulsation of
the arteries; or the changes in the size of the pupil
of the eye with virying light; or to ascertain that
the air which is breathed out of the body is hotter
and damper than the air which is taken in by'
breathing.

And lastly, when we try to ascertain what happens
in the eye when that organ is adjusfed to different

%)
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distances: or what in a nerve when it is excited : or
of what materials flesh and blood are made: or in
_virtue of what mechanism it is that a sudden pain
" makes one start—we have to call into operation all
the methods of-inductive and deductive logic; all
the resources of physics find chemistry ; and all the
delicacies of the art of experiment.

2. The sum of the facts and gencralizations at
which we arrive by these various modes of inquiry,
be they simple or be they refined, concerning the
actions of the body and the manner in which those
actions®are brought*about, constitutes the sciencc of
Human Physiology. An elementary outline of this
science, and of so much anatomy as is incidentally
necessary, is the subject of the following Lessons ; of
which I shall devote the present to an account of so
much of the structure and such of the actions (or,

“as they are technically called, ¢ functions”) of the
body, as can be ascertained by casy observation ;
or might be so ascertained if the bodies of men
were as easily progured, examined, and subjected to
experiment, as those of animals.

3.. Suppose a chamber with walls of ice, through
which a current of pure ice-cold air passes, the walls
of the chamber will of course remain unmelted.

Now, having weighed a healthy living man with
great care, let him walk up and down the chamber
for an hour. In doing this he will obviously exer-
cise a great amount of mechanical force; as much,
at least, as would be required to lift his weight
as high and as often as he has raised himself at
every step. But, in addition, a certain quantity
of ‘the ice will be melted, or converted into water ;
showing that the man has given off heat in .
abundance. Furthermore, if the air which enters



] WORK AND WASTE. 3

the chamber be made to pass through lime-water,
it will cause no cloudy white prebipitate of carbonate
of lime, because the quantity of carbonic acid in
ordinary air is so small as to be ;nappreclable in
this way., But if the air,which passes out is made
to take the same course, the lime-water will soon
become milky, from the precipitation of carbonate
of lime, showing the presence of carbonic acid,
which, like the heat, is given off by the man.

Again, even if the air be quite dry as it enters
the chamber, that which is bregthed out of the man,
and that which is given off from his skin, will ex-
hibit clouds of vapour; which vapour, therefore, is
derived from the body.

After the expiration of the hour during which the
cxperiment has lasted,*let the man be released and
weighed once more. He will be found to have lost
weight,

Thus o living, active', man constantly exerts
mechanical force, gives off heat, evolves carbonic
acid dnd water, and undergoes #loss of substance.

4. Plainly, this state of things could not continue
for an unlimited period, or the man would dwindle
to nothing. But long before the effects of this gra-
dual diminution of substance become .apparent to a
bystander, they are felt by the subject of the ex-
periment in the form of the two imperious sensations
called hunger and thirst. To still these cravings,
to restore the weight of the body to its former
amount, to. enable it to continue giving out heat,
water and carbonic acid, at the same rate, for an
indefinite period, it is absolutcly necessary that the
body should be supplied with each of three things,
and with three only, These are, firstly, fresh air;
sccondly, drink—consisting of water in some shape

B2
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or other, however much it may be adulterated;
thirdly, food. That compound known to chemists
as protein, and which contains carbon, hydrogen,
oxygen, and nitrogen, must form a part of this food,
‘if 1t is to sustain life indefinitely ; and fatty, starchy,
or saccharine matters ought to be contained in the
food, if it is to sustain life conveniently.

5. A certain proportion of the matter taken in as
food either cannot be, or at any rate is not, used ; and
leaves the body, as ewcrementitious matter, in the
condition in which it entered it, without ever being
incorporated with its substance. But, under healthy
conditions, and when only so much food as is neces-
sary is taken, no important proportion of either pro-
tein matter, or fat, or starchy or saccharine food, as
such, passes out of the body by this, or any other
channel. Almost everything that leaves the body,
in fact, does so cither in the form of water, or of
carbonic acid, or of a third substance called wrea,
or of certain saline compounds.

Chemisjs have ®determined that these products
which are thrown out of the body and are called
excretions, contain, if taken altogether, far more
oxygen than the food and water taken into the body.
Now, the only possible source whence the body can
obtain oxygen, cxcept from food and water, 1s the
air which surrounds it.* And careful investigation
of the air which leaves the chamber in the imaginary
experiment described above would show, not only
that it has gained carbonic acid from the man, but

* Fresh country air contains in every 100 parts nearly
21 of oxygen and 79 of nitrogen gas, together with a
small fraction of a part of carbonic acid, and a variable .
progolrfi;m of watery vapour and ammonia. (See Lesson
iv. . :
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that it has lost oxygen in equal or rather greater
amount.to him.

6. Thus, if a man is nelther gaining nor losing
weight, the sum of the weights of all the substances
above enumerated which leave the body ought to be
‘exactly equal to the, welght of the food and water
which enter it, together with that of the oxygen
which it absorbs from the air. And this is proved
to be the case.

Hence it follows that a man, in health, and “neither
gaining nor losing flesh,” is sncessantly ox1datmg and
wasting away, and periodically making good the loss.
So that if he could be confined in the scale-pan of a
delicate spring balance, like that used for weighing
letters, in his average condition, the scalc-pan
would descend at every meal and ascend in the
intervals, oscillating to equal distances on each
side of the average position, which would never be
maintained for longer than a few minutes. There is,
therefore, no such thing as a stationary condition of
the ‘weight of the body, and evhat we call such is
simply a condition of variation within farrow limits
—a conditign in which the gains and losses of the
numerous daily transactions of the economy balance
one another.

7. Suppose this diurnally-balanced physiological
state to be reached, it can be maintained only so long.
hs the quantity of the mechanical work done, and
of heat, or other force, evolved, remains absolutely
unchanged.

Let such a physiologically-balanced man lift a
heavy body from the ground, and the loss of weight
which he would have undergone without that exer-
tion will be immediately increased by a definite
amount, which cannot be made good unless a pro-
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portionate amount of extra food be supplied to
him, Let the temptrature of the air fall, and the
same result will occur, if his body remains as warm
as before.

On the other hand, diginish his exertion and
lower hig production of heat, and either he will gain
weight, or some of his food will remain unused.

Thus, in a properly nourished man, a stream of
food is constantly entering the body in the shape of
complex compounds containing comparatively little
oxygen; gs constantly, the elements of the food
(whether before or after they have formed part of
the living substance) are leaving the body, combined
with more oxygen. And the incessant breaking
down and oxidation of the complex compounds
which enter the body are definitely proportioned to
the amount of force the body exerts, whether in the
shape of heat or otherwise : just in the same way as
the amount of work to be got out of a steam-engine,
and the amount of heat it and its furnace give off,
bear a strict proportivn to its consumption of fuel.

8. From these general considerations regarding
the nature of life, considered as physiolpgical work,
we may turn for the purpose of taking a like broad
survey of the apparatus which does the work, We
have seen the general performance of the engine,
we may now look at its build. _

The human body is obviously separable into head,
trunk, and limbs. In the head, the brain-case, or
skull, is distinguishable from the fuce. The trunk
is naturally divided into the chest or thoraz, and the
abdomen or belly. Of the limbs there are two
pairs—the upper, or arms, and the lower, or legs ,
and legs and arms again are subdivided by their
joints into parts which obviously exhibit a rough
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correspondence—thigh and upper arm, leg and fore-
arm, ankle and wrist, finger§ and toes, plainly
answering to one another, And the two last, in
fact, are so similar that they receive the same name
of digits ; while the several joints of the fingers and
toes have the common denomination of phalanges.

The whole body thus composed (without the
viscera) is scen to be bilaterally symmetrical ; that
is to say, if it were split lengthways by a great
knife, which should be made to pass along the
middle line of both the dorsa’ and ventral ,(or back
and front) aspects, the two halves would almost
cxactly resemble one another. :

9. One half of the body, divided in the manner
described (Fig. 1, A), would exhibit, in the trunk,
the cut faces of thirty-three bones, joined together
by a very strong and tough substance into a long
column, which lies much nearer the dorsaé (or back)
than the ventral (or front) aspect of the body.
The bones thus eut through are called the bodzes of
the vertebrae. They separate a®long, narrow canal,
called the spenal canal, which is placed upon their
dorsal side, from the spacious chamber of the chest
and abdomen, which lics upon their ventral side.
There is no direct communieation between the dorsal
canal and the ventral cavity.

. The spinal canal contains a long white cord—
the spinal cord—which is an important part of the
nervous system. The ventral chamber is divided
into the two subordinate cavities of the thorax and
abdomen by a remarkable, partly fleshy and partly
membranous, partition, the déiaphragm (Fig. 1, D),
which is concave towards the abdomen, and convex
towards the thorax. The alimentary canal (Fig. 1,
A1) traverses these cavities from one end to the other,
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piercing the diaphrigm. So does a lopg double
series of distinet ma8ses of nervous substafice, which
are called ganglia, are connected together by nervous
cords, and constitute the so-called sympathetic (Fig.
1, Sy.). The abdomen contains, in addition to these
parts, the two kidneys, one placed against each side
of the vertebral column, the liver, the pancreas or
¢ sweetbread,” and the spleen. The thorax incloses,
besides its segment of the alimentary canal and of
the sympathetic, the Aeart and the two lungs. The
latter are placed one on cach side of the heart,
which lies nearly in the middle of the thorax.

Where the body is succeeded by the head, the
uppermost of the thirty-three vertebral bodies is
followed by a continuous mass. of bone, which extends
through the whole length of the head, and, like the
spinal column, separates a dorsal chamber from a
ventral one. The dorsal chamber, or cavity of the
skull, opens into the spinal canal. It contains a
mass of nervous matter called the brain, which is
continuous with th¢ spinal cord, the brain and the
spinal cord together constituting what is termed the
cerebro-spinal axis (C.S., 0.8.). The ventral cham-
ber, or cavity of the face, is almost entirely occupied
by the mouth and pharynz, into which last the
upper end of the slimentary canal (called gullet or
cesophagus) opens.

10. Thus, the study of a longitudinal section
shows us that the human body is a double tube, the
two tubes being completely separated by the spinal
column and the bony axis of the skull, which form
the floor of the one tube and the roof of the other,
The dorsal tube contains the cerebro-spinal axis ;
the ventral, the alimentary canal, the sympathetic
nervous system, and the heart, besides other organs.
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Fia. 1.

A, a dingrammatic section of the human body taken vertically
throngh the mediau plane. C.S. the cerebro-spinal nervous system;
N, the cavity of the nose; M, that of the mouth ; A4l., 4l the ali-
mentary canal represented as a simple straight tube; H, the heart ;
D, the diaphragm ; Sy. the sympathetic ganglia

' B, atransverse vertieal section of the head taken parallel with
the line a b ; letters as hefore.

C, a transverse section taken along the line ¢ d ; letters as before.
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Transverse sections, taken perpendicularly to the
axis of the vertcbfal column, or to that of the
skull, show still more clearly that this is the funda-
mental structure of the human body, and that the
great apparent difference between the head and the
trunk is due to the different size of the dorsal cavity
relatively to the ventral. In the head the former
cavity is very large in proportion to the size of the
latter (Fig. 1, B); in the thorax, or abdomen, it is
very small (Fig. 1, C).

The limbs contain.no such chambers as are found
in the body aud the head ; but, with the exception
of certain branching tubes filled with fluid, which
are called blood-vessels and lymphatics, are solid, or
semi-solid, throughout.

11. Such being the general character and arrange-
ment of the parts of the human body, it will next
be well to consider into what constituents it may be
separated by the aid of no better means of discrimi-
nation than the eyc and the anatomist’s knife.

With no more ‘elaborate aids than these, it be-
comes easy to separate that tough membrane which
invests the whole body, and is calle¢ the skin, or
integument, from the parts which lie beneath it.
Furthermore, it is readily enough ascertained that
this integument consists of two portions: a super-
ficial layer, which is constantly being shed in the
form of powder or scales, composed of minute par-
ticles of horny matter, and is called the epidermis,
and a deeper part, the dermis, which is dense
and fibrous. The epidermis, if wounded, neither
gives rise to pain nor bleeds. The dermis, under
like circumstances, is very tender, and bleeds freely.
A practical distinction is drawn between the two in
shaving, in the course of which operation the razor
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ought to cut only epidermic structures ; for if it go
a shade deeper, it gives rise to pafh and effusion of
blood.
" The skin can be readily enough removed from
all parts of the exterior, but at the margins of the
apertures of the body it seems to stop, and to be
replaced by a layer which is much redder, more
sensitive, bleeds more readily, and is rendered moist
by giving out a more or less tenacious fluid, called
mucus. Hence, at these apertures, the integument
is said to stop, and to be replaced by mucous
membrane, which lines all those interior cavities,
such as the alimentary canal, into which the aper-
tures open. But, in truth, the integument does not
come to an cnd at these points, but is directly con-
tinued into the mucous membrane, which last is
simply an integument of greater delicacy, but con-
sisting fundamentally of the same two layers, a deep,
fibrous, sanguine, and ncrvous layer, and a super-
ficial, horny, insensible, and bloodless one, now
called the epitheltum. Thus ever§ part of the bedy
might be said to be contained hetween the walls of
a double bag, formed by the epidermis, which in-
vests the outside of the body, and the epithelium,
its continuation, which lines the internal cavities.
12. The dermis, and the deep, sanguine layer,
which answers to it in the mucous membranes, are
chiefly made up of a filamentous substance, which
yields abundant gelatine on being boiled, and is the
matter which tans when hide is made into leather,
This is called areolar, fibrous, or, better, connective
tissue.* The last name is the best, because this
tissue is the great connecting medium by which the

* Every such constituent of the body, as epidermis,
cartilage, or muscle, is called a *tissue.’ -
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different parts of the body are held together. Thus
it passes from tlfe dermis between all the other
organs, ensheathing the muscles, coating the bones
and cartilages, and eventually reaching and entering
" into the mucous membranes. And so completely
and thoroughly does the connective tissue permeate
almost all parts of the body, that if every other
tissue could be dissected away, a complete model
of all the organs would be left composed of this
tissue. Connective tissuc varies very much in cha-
racter; sometimes being very soft and tender, at
others—as_in the tendons and ligameunts, which
are almost wholly composed of it—attaining great
strength and density.

138. Among the most important of the tissues im-
bedded in and ensheathed by the connective tissue,
are some the presence and action of which can be
readily determined during life.

If the upper arm of a man whose arm is stretched
out be tightly grasped by another persoun, the latter,
as the man bend® up his. fore-arm, will feel a great
goft mass which lies at the fore part of the upper
arm, swell, harden, and become prominent. As the
arm is extended again, the swellmg and hardness
vanish.

On removing the skin, the body which thus
changes its configuration is found to be a mass of
red flesh, sheathed in connective tissue, The sheath
is continued at each end into a tendon, by which the
muscle is attached, on the one hand, to the shouldere
bone, and, on the other, t6 one of the bones of the
fore-arm. This mass of flesh is the muscle called
biceps, and it has the peculiar property of changing
its dimensions—shortening and becoming thick in
proportion to its decrease in length—when influenced
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by the will as well as by some other causes.* It is
by reason of this property thdt . muscular tissue
becomes the great motor agent of the body; the
muscles being so disposed between the systems. of
levers which support the body, that their shortening
pecessitates the motion of one lever upon another.

14. These levers form part of the system of hard
tissues which constitute the skelefon. The softer
of these-are the cartilages, composed of a dense, firm
substance, ordinarily known as ¢ gristle.”  The
harder are the dones, which are masses- either of
cartilage, or of connective tissue, hardened by being
impregnated with phosphate and carbonate of lime.
They are animal tissues which have become, in a
manner, naturally petrified ; and when the salts of
lime are extracted, as they may be, by the action
of acids, a model of the bone in soft and flexible
animal matter remains,

More than 200 separate bones are ordinarily
reckoned in the human body, though the actual
number of distinct bones varies £ different periods
of life, many bones which are separate’ in youth
becoming uniged together in old age. Thus there
are originally, as we ¢ have seen, thirty-three separate
bodies of vertebrae in the spinal column, and the
upper twenty-four of these commonly remain dis-
tinct throughout life.  But the twenty-fifth, twenty-
sixth, twenty-seventh, twenty-eighth, and twenty-
ninth early unite into one great bone, called the
sacrum ; and the four remaining vertebrse often run
into one bony mass called the coccyx. In eggly adult
life, the skull contains twenty-two naturally sepa-
‘rate bones, but in youth the number is much greater,

* * Such causes are called stimuli, .
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and in old age far less, Twenty-four ribs bound the
chest laterally, twelve on each side, and most of
them are connected by cartilages with the breast-
bone. In the girdle which supports the shoulder,
two bones are always distinguishable as the scapula
and the clavicle. 'The pelvis, to which the legs are
attached, consists of two separate bones called
the ossa smnominata in the adult; but each os
innominatum is separable into threo (called pubts,
ischium, and ium) in the young. There are thirty
bones in each of the arms, and the same number in
each of the legs, counting the patella, or knee pan.

All these bones are fastened together by liga-
ments, or by cartilages ; and, where they play freely
over one aunother, a coat of cartlluge furnishes the
surfaces which come into contact. The free surfaces
of those articular cartilages which enter into a joint,
again, are lined by a delicate synovial membrane,
which secretes a lubricating fluid—the synovia.

15. Though the. bones of the skeleton are all
strongly enough (connected together by lizaments
and carttlages, the joints play so freely, and the
centre of gravity of the body, when egect, is so high
up, that it is impossible to make a skeleton, or a
dead body, support itself in the uptight position.
That position, easy as it seems, is the result of the
contraction of a multitude of muscles which oppose
and balance one another. Thus, the foot afford-
ing the surface of support, the muscles of the calf
(Fig. 2, T) must contract, or the legs and body
would fg]l forward, But this action tends to bend
the leg; and to neutralize this and keep the leg
straight, the great muscles in front of the thigh
(Fig. 2, 2) must come into play. But these, by
the same action, tend to bend the body forward on
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the legs; and if the body is to be kept straight,
they must be neutfalized by the action of the muscles
of the buttocks and of the back (Fig. 2, IIT).
 erect position, then, which we assume so easily

and without thinking about it, is the result of the
combined and accurately proporhoned action of a
vast number of muscles. What is it that makes
them work together in this way ?

16. Let any person in the erect position receive
a violent blow on the head, and you kuow what
occurs., On the instant he drops prostrate, in a
heap, with his limbs relaxed and powerless, What
has happened to him? The blow may have been
so inflicted as not to touch a single muscle of
the body; it may not cause the loss of a.drop of
blood : and, indeed, if the  concussion,” as it-is
called, has not been too severe, the sufferer, after a
few moments of unconsciousness, will ‘come to him-
self, and bé as well as ever again. Clearly, therefore,
no” permanent injury has been done to any part of
the. body, least &f all to the muscles, but an in-
fluence Has been exerted upon a something which
governs the muscles. And this influence may be
the effect of very subtle causes. A strong mental
emotion, and even a very bad smell, will,'in some
people, produce the same effect as a blow.

These observations might lead to the conclusion
that it is the mind which directly governs the
muscles, but a little further inquiry will show that
such is not the case. For people have been so
stabbed, or shot in the back, as to cut the spinal cord,
without any considerable injury to other parts: and
_then they have lost the power of standing upright as
~much as before, though their minds may have re-
mained perfectly clear. And not only have they lost



1]  THE COMBINATIQN OF ACTIONS. 17

the power of standing upright under these circum-
stances, but they no longer retdin any power of
cither feeling what is going on in their legs, or,
by an act of their volition, causing mottoh in
them.

17. And yet, though the mind is thus cut off from
the lower limbs, a controlling and governing power
over them still remains in the body. For, if the
soles of the disabled feet be tickled, though no
sensation will reach the body, the legs will be Jerked
up, just as would be the easc in an uninjured person.
Again, if a serics of galvanic shocks be sent along
the spinal cord, the legs will perform movements even
more power ful than those which the will could
produco in an uninjured person. And, finally, if
the injury is of such a nature that the cord is
crushed or profoundly disorganized, all these pheno-
mena cease; tickling the soles, or sending galvanic
shocks along the spine, will produce no effect upon
the legs.

By oxaminations of this kind cdtried still further,
we arrive at the remarkable result that th brain is
the seat of all sensation and mental action, and the
primary source of all voluntary muscular contrac-
tion ; while the spinal cord is capable of receiving
an impression from the cxterior, and converting it
not only into a simple muscular contraction, but
into a combination of such actions.

Thus, in general terms; we may say of the cercbro-
spinal nervous centres, that thcy have the power,
when they receive certain impressions from without,
of giving rise to simple, or combined, muscular con-
tractions.

- 18. But you will further note that these impres-
sions from without are of very different characters.
«
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Any part of the surface of the body may be so
affected as to givé'rise to the sensations of contact,
or of heat or cold; and any or every substance is
able, under certain circumstances, to produce theso
sensations. But only very few and comparatively
small portions of the bodily framework are competent
to be affected, in such a manner, as to causc the
sensations of taste or of smell, of sight, or of hear-
ing: and only a few substances, or particular kinds
of vibrations, are able so to affect those regions.
These, very limited parts of the body, which put us
in relation with particular kinds of substances, of
forms of force, are what are termed sensory organs.
There are two such organs for sight, two for hear-
ing, two for smell, and one, or more strictly spcaking
two, for taste.

19. And now that we have taken this brief view
of the structure of the body, of the organs which
support it, of the organs which move it, and of the
organs which put it in relation with the surrounding
world, or, in other words, enable it to move in
harmon§ with influences from without, we must
consider the means by which all, this wonderful
apparatus is kept in working order.

All work, as we have seen, implies waste. The
work of the nervous system- and that of the
muscles, therefore, implies consumption either of
their owm substance, or of something clse  And us
the organism can make nothing, it must possess
the means of obtaining from without that which
it wants, and of throwing off from itself that which
it wastes; and we have seen that, in the gross, it
docs these things. The body feeds, and it excretes.
But we must now pass from the broad fact to the °
mechanism by which the fact is brought ahout.
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The organs which convert food into nutriment are
the organs of alimentation ; thae which distribute
nutriment all over the body are organs of circu-
lation ; those which get rid of the waste products
are organs of exeretion.

20. The organs of alimentation are the mouth,
pharynx, gullet, stomach, and intestines, with their
appendages, What they do is, first to reccive and
grind the food. They then act upon it with chemical
agents, of which they possess a store which is renewed
as fast as it is wasted ; and in this way separate it
into a fluid containing nutritious matters in solution
or suspension, and innutritious dregs or fieces.

21. A system of minute tubes, with very thin
walls, termed capillaries, is distributed threugh the
whole organism cxcept the cpidermis and its pro-
ducts, the cpithelium, the cartilages, and the sub-
stance of the tecth. On all sides, these tubes pass
into others, which are called arteries and vetns;
while these, becoming larger and larger, at length
open mto the Zeart, an organ ®hich, as we have
seen, is placed in the thorax. During life, these
tubes, and thg chambers of the heart, with which
they arc connected, are all full of liquid, which is,
for the most part, that red fluid with which we are
all familiar as dlood.

The walls of the heart are museular, and contract
rhythmically, or at regular intervals. By means
of these centractions the blood which its cavities
contain is driven in jets out of these cavities into the
arterics, and thence into the capillaries, whence it
returns by the veins back into the heart,

This is the circulation of the blood.

+ 22, Now the fluid containing the dissolved or sus-
pended nutritive matters which are the result of the
c2
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process of digestion, traverses the very thin layer of
soft and permeablé tissue which separates the cavity
of the alimentary canal from the cavities of the innu-
merable capillary vessels which lie in the walls of
that canal, and so enters the blood, with which those
capillaries are filled.  Whirled away by the tor-
rent of the circulation, the blood, thus charged with
nutritive matter, enters the heart, and is thence
propelled into the organs of the body. To these
organs it supplies the nutriment with which it is
charged ; from them it takes their waste products,
and, finally, returns by the veins, loaded with useless
and injurious excretions, which sooncr or later take
the form of water, carbonic acid, and urca.

23. These excretionary matters are separated
from the blood by the excretory organs, of which
there are three—the skin, the lungs, and the
kidneys.

Different as these organs may be in appearance,
they are constructed upon one and the same prin-
ciple. Each, in ditimate analysis, consists of a very
thin sheet of tissue, like so much delicate blotting-
paper, the one face of which is fuee, or lines a
cavity in communication with the exterior of the
body, while the other is in contact with the blood
which has to be purified.

The excreted matters are, as it were, strained
from the blood, through this delicate layer of filter-
ing tissue, and on to its free surface, whence they
make their escape. '

Every one of these organs eliminates the same
products, viz. water, carbonic acid, and urea, or
some nitrogenous compound of like import. But
thgy climinate them in various proportions—the
skin giving off much water, little carbonic acid, and
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still less urea; the lungs giving off much water,
much carbonic acid, and a minimum of urca, or
ammonia (which is one of the products of the
decomposition of urea); the kidneys separating
much water, much urea, and a minimum of car-
bonic acid.

24. Finally, the lungs play a. double part, being
not merely climinators of waste, or cxcretionary,
products, but importers into the economy of a sub-
stance which is not exactly either food or drink, but
something as important as either,—to wit,oxygen.
It is oxygen which is the grcat sweeper of the
cconomy. Introduced by the blood, into which
it i3 absorbed, into all corners of the organism,
it seizes upon those organic molecules which are
disposable, lays hold of their clements, and combines
with them into the new and simpler forms, car-
bonie acid, water, and urea.

The oxidation, or in other words, the burning, of
these effete matters, gives rise to an amount of heat
which'is as efficient as a fire to raise the dlood to a
temperature of about 100°; and this hot fluid, in-
cessantly rencwed in all parts of the cconomy by the
torrent of the circulation, warms the body, asa house
is warmed by a hot-water apparatus.

25. But these alimentary, distributive or circu-
latory, exerctory, and combustive processes would .
be worse than useless if they were not kept in strict
proportion one to another. If the state of physiolo-
gical balance is to be maintained, not only must the
quantity of aliment taken be at least equivalent to
the guantity of matter excreted; but that aliment
must be distributed with due rapidity to the seat of
each local waste. The circulatory system is the
commissariat of the physiological army.
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Agaiif} if the pody is to be maintained at a
tolerably even tcmperature, while that of the air
is constantly varying, the condition of the hot-water
apparatus must be most carefully regulated.

In other words, a combining organ must be added
to the organs already mentioned, and this is found in
the nervous system, which not only possesses the
function already described of enabling us to move our
bodies and to know what is going on in the external
world; but makes us aware of the nced of food,
enables «us to discriminate nutritious from innutri-
tious matters, and to exert the muscular actions
needful for seizing, killing, and cooking ; guides the
harid to the mouth, and governs all the movements
of the jaws and of the alimentary canal. By it,
the working of the heart is properly adjusted and the
calibres of the distributing pipes are regulated, so as
indirectly to govern the cxerctory and combustive
processes. And these are more directly affected by
other actions of the nervous system.

26. The various functions which have been thus
briefly indicated constitute the greater part of what
are called the #ital actions of the human body, and,
so long as they are performed, the body is said to
possess life. The cessation of the performance of
these functions is what is ordinarily called death.

But there arc really several kinds of death, which
may, in the first place, be distinguished from oie
another under the two heads of local and of yeneral
death. :

27. Local death is going on at every moment, and
in most, if not in all, parts of the living body. Indi-
vidual cells of the epidermis and of the epithclium are
incessantly dying and being cast off, to be replaced’
by others which are, as constantly, coming into sepa-
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rate existence. The like is true of blood-corpuscles,
and probably of many other elemefts of the tissues.

This form of local death is insensible to ourselves,
and is cssential to the due maintenance of life.
But, occasionally, local death occurs on a larger
scale, as the result of injury, or as the conscquence
of discase. A burn, for example, may suddenly kill
more or less of the skin; or part of the tissues of the
skin may die, as in the case of the slough which lies
in the midst of a boil; or a whole limb may die,
and exhibit the strange phenomena of mortification.

The local death of some tissues is followed by
their regeneration.  Not only all the forms of cpi-
dermis and epithelium, but nerve, connective tissue,
bone, and, at any rate, some muscles, may be thus
reproduced, even on a large scale. Cartilage once
destroyed is mot restorced.

28. General death is of two kinds, death of
the body as a whole, and death of the tissues. By
the former term is implied the absolute cessation of
the functions’of the brain, of the &reulatory, and of
the respiratory organs; by the latter, the cntire dis-
appearance of the vital actions of the ultimate struc-
tural constituents of the body. When death takes
place, the body, as a whole, dies first. the death of
the tissues sometimes not occurring until after a con-
siderable interval.

Tlence it is that, for some little time after what
is ordinarily called death, the muscles of an cxecuted
criminal may be made to contract by the application
of proper stiwuli, - The muscles are not dead, though
the man is.

29. The 1odes in which death is brought about
appear at first sight to be extremely varied. We
speak of natural death by old age, or by some of the
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endless forms of discase; of violent death by starvation,
or by the innumecfable varictics of injury, or poison.
But, in reality, the immediate cause of death is always
the stoppage of the functions of one of three orguns;
the cerebro-spinal nervous centre, the lungs, or the
heart. Thus, 2 man may be instantly killed by such
au injury to a part of the brain which is called the
medulla oblongata (sce Lesson XI.) as may be
prodaced by hanging, or breaking the neck.

Or death may be the immediate result of suffocation
by strangulation, smothering, or drowning,—or, in
other words, ofstoppage of the respiratory functions.

Or, finally, death cnsues at once when the heart
ceases to propel blood. These three organs, the
brain, the lungs, and the heart, have been fancifully
termed the trepod of life.

In ultimate analysis, however, life has but two legs
to stand upon, the lungs and the heart, for death .
through the brain is always the effect of the secondary
action of the injury to that organ upon the lungs or
the heart. The functions of the brain cease, when
either respiration or circulation are at an end. DBut
if circulation and respiration are kepbup artificially,
the brain may be removed without causing death.
On the other hand, if the blood be not aérated, its
circulation by the heart cannot prescrve life; and, if
the circulation be at an end, mere aération of the
blood in the lungs is equally ineffectual for the
prevention of death.

30. With the cessation of life, the everyday forces
of the inorganic world no longer remain the servants
of the bodily frame, as they were during life, but
become its masters. Oxygen, the sweeper of the
living organism, beecomes the lord of the dead body.
Atom by atom, the complex molccules of the
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tissues are taken to pieces and geduced to simpler
and more oxidated substances, until the soft parts are
dissipated chicfly in the form of carbonic acid, am-
monia, water, and soluble salts, and the bones and !
tecth alone remain. But not even these dense and
carthy structures are competent to offer a permancent
resistance to water and air.  Sooner or later the
animal basis which holds together the earthy salts
decomposes and dissolves—the solid structures be-
come friable, and break down into powder. Finally,
they dissolve and are diffused among the waters of
the surface of the globe, just as the gaseous products of
decomposition are dissipated through its atmosphere.

It is impossible to follow, with any degree of cer-
tainty, wanderings more varied and more extensive
than those imagined by the ancient sages who held
the doctrine of transmigration ; but the chanees are,
that sooner or later, some, if not all, of the scattered
atoms will be gathelcd into new forms of life.

The sun’s rays, acting through the vegetable world,
build up some of the wu.ndulug molecules of cmbom(,
acid, of water, of ammonia, and of salts, into the
fabric of plants. The plants arg devoured by ani-
mals, animals devour onc another, man devours both
plants and other animals; and hence it is very pos-
sible that atoms which once formed an integral part
of the busy brain of Julius Caesar may now enter into
the composition of Caesar the negro in Alabama, and
of Cesar the house-dog in an Dnrrhsh homestead.

And thus there is sobcr truth in the words which
Shakespeare puts into the mouth of ITamlet—

“ Imperial Ceesar, dead and turned to clay,
Might stop a hole to keep the cold away ;
Ol that that carth, which kept the world in awe,
Should pateh o wall, t’ expel the winter's flaw | ”
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LESSON 1II.

THE VASCULAR SYSTEM AND THE
CIRCULATION.

1. Armost all parts of the body are wvascular ;
that is to say, they are traversed by minute and
very close-set canals, which open into one.another
50 as te eonstitutc a small-mdshed network, and
confer upon these parts a spongy texture. The
canals, or rather tubes, are provided with distinet
but very delicate walls, composed of a structureless
membrane, in which at intervals small oval bodies,
termed nucler, are imbedded.

These tubes are what are termed the capillaries.
They vary in diameter from 13%pth to zdssth of an
inch; they are somectimes disposcd in loops, some-
times in long, sqmetimes in wide, sometimes in
narrow meshes ; and the diameters of these meshes,
or in other words, the interspaces between the
capillaries, are sometimes hardly wider than the
diameter of a capillary, sometimes many times as
wide (Fig. 3, A, B, C, D). These interspaces are
occupied by the tissue which the capillaries permeate,
so that the ultimate anatomical components of cvery
part of the body are, strictly speaking, outside the
vessels, or extra-vascular.

But there are certain parts which, in another and
broader sense, are also said to be extra-vascular or
non-vascular. These are the epidermis and epithe-
lium, the nails and hairs, the substance of the tecth,
and the cartilages; which may and do attain a very
considerable thickness or length, and yet contain no
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vessels. Mowever, as we have gcen that all the
tissues are cxtra-vascular, these diﬁ'cr only in degree
from the rest. The circumstance that all the tissues
are outside the vessels by no means interferes with
their being bathed by the fluid which is inside the
vessels. In fact, the walls of the capillaries are so
cxceedingly thin that their fluid contents readily

1
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A, Capillaries of muscle; B, Looped capillaries of the finger;

¢, Capillarics of the lungs; D, Of fat.
Magnified about 100 diameters.

exude through the delicate membrane of which they

gre composed,and irrigate the tissues in which they lie.

2. Of the capillary tubes thus described, one kind

contains, during life, the red fluid, blood, while the
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others are filled wjth a pale, watery, or milky fluid,
termed lymph, or chyle. 'The capillarics, which
contain blood, are continued on different sides into
somewhat larger tubes, with thicker walls, which are
the smallest arteries and veins.

The mere fact that the walls of these vessels are
thicker than those of the capillaries constitutes an
important difference between the capillaries and the
small arteries and veins ; for the walls of the latter
are thus rendercd far less permeable to fluids, and
that thorough irrigation of the tissues, which is
cffeeted by the capillaries, cannot be performed by
them,

F1a. 4,—A minute artery (a), ending in () larger and (c) smaller
capillarics. d, Nuclei imbedded in the walls of the capillaries.
Magnified about 200 diameters. '
The most importunt difference between these
vessels and the capillaries, however, lics in the cir-
cumstance that their walls are not only thicker, but
aiso more complex, being composed of several coats,
one of which consists of muscular fibres (Fig. 5, B),
which are directed transversely, so as to encirele the
artery or vein (as at @, Fig. 4). This coat lies in
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the middle of the thickness of the wall of the vesscl;
inside it, and lining the cavity 8f the vessel, is a
layer of very delicate, clongated, cpithelial cells
(Fig. 5, A; Fig. 6, ¢). Outside the mustular
layer is a sheath of fibrous tissue (@, Fig. 6). The
muscular fibres themsclves are flattened, spindle-
shaped bands, each with an elongated . rod-like
nucleus in the middle (Fig. 5, B). When these

A

Fi16. 5.
A. Fpithelial cells of the arteries. @, The nucleus.

B. Muscular fibres of the arteries: the middle one having bLeen
treated with acctic acid, shows more distinctly the nucleus a.
Magnified about 350 diameters.
fibres exereise that power of contraction, or shorten-
ing in the long, and broadening in the narrow,
directions (which, as was stated in the preceding
Lesson, is the special property of muscular tissue),
they, of course, narrow the calibre of the vessel, just
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as squeczing it in any other way would do; and
this contraction $may go so far as, in some cases,
to reduce the caviy of the vessel almost to nothing,
and to render it practically impervious.

The state of contraction of these muscles of the
small arterics and veins is regulated, like that of
other museles, by their nerves; or in other words,
the nerves supplied to the vessels determine whether
the passage thiough these tubes shall be free and
wide, or narggw and obstructed. Thus while the
small arteries and veins lose the funetion of directly
irrigating the tissues which the capillaries possess,
they gain that of regulating the supply of fluid
to the irrigators, or capillaries themseclves.  The
contraction, or dilatation, of the arteries which
supply a set of capillaries, comes to the same result
as lowering or raising the sluice-gates of a system
of irrigation-canals.

25 20

3
o3
@

A. A small artery.
B. A small vein, both treated with acetic acid: a, fibrous coat;
b, nuclei of the muscular coat ; ¢, nuclei of the epithelial coat,
Magnified about 800 diameters,
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3. The smaller arteries and veins severally unite
into, or ave branches of, larger arterial or venous
trunks, which again spring from still larger onecs,
and these, at length, communicate by a few prin-
cipal arterial and venous trunks with the heart.

The smallest arteries and veins, as we have seen,
are similar in structure, but the larger arteries and
veins differ widely ; for the larger arteries have
walls so thick and stout that they do not sink

together when empty ; and this thickness and stout-.

ness ariscs from the circumstance that, not enly is
the muscular coat very thick, but that, in addition,
a strong coat of highly clastic fibrous substance is

developed outside the muscular Jayer. Thus, when

a large artery is pulled out and let go, it stretches
and returns to its primitive dimensions almost like a
piece of india-rubber.

The larger veins, on the other hand, contain but
little of either elastic or muscular tissue. Hence,
their walls are thin, and they collapse when
empty . ] .

This is one great difference between the larger

arteries and the veins; the other is the presence of |

what ave termcll valves in a great many of the veins,
especially in those which lie in muscular parts of the
body. :

4). These valves are pouch-like folds of the inner
wall of the vein. The bottom of the pouch is turned
towards those capillaries into which the vein opens.
The free edge of the pouch is directed the other way,
or towards the heart. The action of these pouches

is to impede the passage of any fluid from the heart

towards the capillaries, while they do not interferc

——

with fluid passing in the opposite direction (Fig. 7). -

The working of some of these valves may be very
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easily demonstrated in the living body. When the
arm is bared, blueveins may be seen running from
the hand, under the skin, to the upper arm. The

F1a. 7.—DIAGRAMMATIC SECTIONS OF VEINS WITH VALVES.

In the upper, the blood is supposed to be flowing in the direction
of the arrow, towards the heart: in the lower, the reverse way.
C, capillary side ; H, heart side,

diameter of these veins is pretty even, and diminishes
regularly towards the hand, so long as the current
of the blood, which is running in them, from the
hand to the upper arm, is uninterrupted.

But if, a finger be pressed upon the upper part of
one of these veins, and then passed downwards along
it, s0 as to drive the blood which it contains back-
wards, sundry swellings, like little knots, will sud-
denly make their appearance at several points in the
length of the vein, where nothing of the kind was
visible before. These swellings are simply dilata-
tions of the wall of the vein, caused by the pressure
of the blood on that wall, above a valve which
opposes its backward progress. The moment the
backward impulse ccases the blood flows on again;
“the valve, swinging back towards the wall of the
vein, affords no obstacle to its progross, and the dis<
tension causcd by its pressure disappears (Fig. 7).
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The only arteries which possess valves are the
primary trunks—the aorta and pitmonary artery— /
which spring from the heart, and they will be best
considered with the latter organ:

Bi1g. 8.—TAE LYMPIATICS OF THE FRONT OF THE RIGHT ARM.

g Lymphatic glands, or ganglia, as they are sometimes called.
These ganglia are not to be confounded with nervous ganglia.

5. Besides the capillary network and the trunks
connected with it, which constitute the blood-vascular
system, all parts of the body which possess blood
capillaries—except the brain and spinal cord, tH%
eyeball, the gristles, tendons, and perhaps the
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bones*—also contain another set of what are termed
lymphatic capilldries, mixed up with those of the
blood-vascular system, but not directly communicating
with them, and, in addition, differing from the blood
capillaries in being connected with larger vessels of
only one kind. That is to say, they open only into
-trunks which carry fluid away from them, there being
no large vessels which bring anything to them.

These trunks further resemble the small veins in
being abundantly provided with valves which freely
allow of the passage of liquid from the lJymphatic
capillaries, but obstruct the flow of anything the
other way, But the lymphatic trunks differ from
the veins, in that they do not rapidly unite into
larger and larger trunks, which present a continually
increasing calibre and allow of a flow without inter-
ruption to the heart.

On the contrary, remaining nearly of the same
size, they, at intervals, enter and ramify in rounded
bodies called lymphatic glands, whence new lym-
phatic trunks arlse (Fig. 8). In these glands the
Iymphatic capillaries and passages are closely inter-
laced with blood capillaries.

Sooner or later, however, the great majority of
the smaller lymphatic trunks pour their contents
into a tube, which is about as large as a crow-quill,
lies in front of the backbone, and is called the
thoracic duct. This opens at the root of the neck
into the conjoined trunks of the great veins which
bring back the blood from the left side of the head
and the left arm (Fig. 9). The remaining lym-
phatics are connected by a common canal with the
o esponding vein on the right side.

* Itis 1[» robable that these exceptionsare apparent rather
than real, but the question is not yet satisfactorily decided.
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Fi16. .—THE THORACIC DUCT.

The Thoracic Duct occupies the middle of the figure. It lies upon
the spinal colummn, at the sides of which are seen portions of the ribs.
At the bottom of the figure the psoas muscles appear.

a, The receptacle of the chyle; b, the trunk of the thoracic duct,
opening at ¢into the junction of the left jugular (f) and subclavian
(g) veins as they unite into the left innominate vein ; e, the right
innominate vein formed by the union of the left jugular and sub-
clavian veins; d, lym}.)lmtic glands placed in the lumbar and
intercostal regions ; k k, the cut csophagus. Two veing are seers*
eunning alongside the lower part of the thoracic duet, and
iust above its middle, one<(the left) crosses under the duct and

oins the other, These are the azygos veins.
p :

D2
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Where the pgincipal trunks of the lymphatic
system open-into the veins, valves are placed, which
allow of the. passage of fluid only from the lym-
phatic to the vein. Thus the lymphatic vessels are,
as it were, a part of the venous system, though,
by rcason of these valves, the fluid which is con-
tained in the veins cannot get into the lymphatics.
On the other hand, every facility is afforded for the
passage into the veins of the fluid contained in the
Iymphaties. Indecd,in conscquence of the numerous
valvese in the lymphatics, every pressurc on, and
contraction of, their walls, not being able to send
the fluid backward, must drive it more or less
forward, towards the veins. -

6. The lower part of the thoracie duct is dilated,
and is termed the 7receptacle, or cistern, of the chyle
(@, Fig. 9). In fact, it receives the lymphatics of
the intestines, which, though they differ in no
essential respect from other lymphatics, are called
lacteals, because, after a meal containing much fatty
matter, they are filled with a milky fluid, which
is termed the chyle. The lacteals, or lymphatics
of the small infestine, not only form networks in
its walls, but send blind prolongations into the
little velvety processes termed wvzlle, with which
the mucous membrane of that intestine is beset
(see Lesson VI.). The trunks which open into
the network lie in the mesentery (or membrane
which suspends the small intestine to the back wall
of the abdomen), and the glands through which these
trunks lead are hence termed the mesenteric glands.

7. It will now be desirable to take a general view
of the arrangement of all these different vessels,
and of their relations to the great central organ ¢f
the vascular system—the heart (Fig. 10),
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All the veins of every part of the body, except
the lungs, the heart itself, and certain viscera of the
abdomen, join together into larger veins,.which,
sooner or later, open into one of two great trunks
(Fig. 10, V.C.8. V.C.L) termed the superior and
the snferior vena cava, which debouch into the upper,
or broad end of -the right half of the heart.

All the arteries of every part of the body, exeept
the lungs, are more or less remote branches of one
great trunk—the aorta (Fig. 10, 4o.), which springs
from the lower division of the left half of the
heart.

The arteries of the lungs are branches of a great
trunk (Fig. 10, P.4.) springing from the lower
division of the right side of the heart. The veins
of the lungs, on the contrary, open by four trunks
into the upper part of the left side of the heart
(Fig. 10, P.V.).

Thus the venous trunks open into the upper
division of each half of the heart—those of the
body in® general into that of the Pight half; those
of the lungs into the upper division of the left half ; -
while the artesial trunks spring”from the lower
moietics of each half of the heart—that for the
body in general from the left side, and that for the
lungs from the right side.

Hence it follows that the great artery of the body,
and the great veins of the body, are connected with
opposite sides of the heart; and the great artery of
the lungs and the great veins of the lungs also with
opposite sides of that organ.  On the other hand, the
veins of the body open into the same side of the
heart as the artery of the lungs, and the veins of
the lungs open into the same side of the heart as
the artery of the body.
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F10. 10.—D1AGRAM OF THE HEART AND VESSELS, WITH THE COURSE
OF THE CIRCULATION, VIEWED FROM BEHIND, 50 THAT THE PROPER
LEFT OF THE OBSERVER CORRESPONDS WITH THI LEFT SIDE OF THE
HEART IN THE DIAGRAM,
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L.A.left auricle ; L.V. left ventricle; Ao. aorta; Al arteries to
the upper part of the body ; A2 arteries to®the lower part of the
body ; H.A. hepatic artery, which supplies the liver with part of its
blood ; VL. veins of the upper part of the body; 2. veins of the
lower part of the body; V.P. vena porte; H.V. hepatic vein ;
V.C.1 “inferior vena cava; V.C.S. superior vena cava; R.4. right
auricle ; R.V. right ventricle; P.A4. pulmonary artery: ILg. lung;
P.V. puhmonary vein ; Lct. lacteals ; Ly. lymphatics; 7'. D. thoracic
duct ; Al alimentary canal; Lr. liver. The arrows indicate the
course of the blood, lymph, and chyle. The vessels which contain
arterial blood have dark contours, while those which carry venous
blood have light contours.

The arteries which open into the capillaries of
the. substance of the heart are called coronary
arteries, and arise, like the other arteries, from the
aorta, but quite close to its origin, just beyond the
semilunar valves. But the coronary wein, which
is formed by the union of the small veins which
arise from the capillaries- of the heart, does not
open into either of the venx cavie, but pours the
blood which it contains dircetly into the division
of the heart into which these cavae open—that is
to say, into the right upper division (Fig. 14).

The abdominal viscera referred to above, the
veins of which do not take the usithl course, are the
stomach, the intestines, the spleen, and the pancreas.
These veins all, combine into a single trunk, which
is termed the vena porte (Fig. 10, V.P.), but this
trunk does not open into the wera cava inferior.
On the contrary, having reached the liver, it enters
the substance of that organ, and breaks up intv
an ‘immense multitude of capillaries, which ramify
through the liver, and beecome connected with those
_into which the artery of the liver, called the Lepatic
artery (Fig.-10, H.4.), branches. From this common
capillary mesh-work veins arise, and unite, at length,
into a single trunk, the Aepatic vein (Fig. 10, H.V.),
which emerges from the liver, and opens into the
inferior vena cava, The portal vein is the only
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great vein in tQe body which branches out and
becomes continuous with the capillaries of an organ,
like an artery.

8. The heart, to which all the vessels in the body
bave now been directly, or indirectly, traced, is an
orgun, the size of which is usually roughly estimated
as equal to that of the closed fist of the person
to whom it belongs, and which has a broad end
turned upwards and backwards, and rather to the
right side, called its dase; and a pointed end
which ,is called its aper, turned downwards and
forwards, and to the left side, so as to lie opposite
the mterval between the fifth and sixth ribs (Fig. 12).

F1G. 11.—TRANSVERSE SECTION OF THE CHNEST, WITH THE HEART
AND LUNGS IN-PLACE,

\mvu. rs PULULALY BULOLY, mnuuu 1MW @ WIBUGIL 0L BROL
ung, LPRP left and right pulm onm veins ; Br. Bronchi ;
R.L. L.L. right and left lungs ; et or oesophagus
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It is lodged between the lungs, ncarer the front
than the back wall of the chest, and is inclosed
in a sort of double Bag—the pericardium. One-
half of the double bag is.closely adherent to the
beart itself, forming a thin coat upon its outer
surface. At the buse of the heart, this half of the
bag passes on to the great vessels which spring
from, or open into, that organ; and becomes con-
tinuous with the other half, which loosely envelopes
_the heart and the adherent half of the bag. Between

FI10. 12.—THE HEART, GREAT VESSELS, AND Lunds. FroNnT ViEW.

R.V. right ventricle; L.V. left ventricle; R.4. right auricle; I.4.
left auricle ; Ao. aorta; P.A4. {mlmonary artery; P.V. pulmonary
veins; R.L. right lung § L.L. left lung ; V.8, vena cava superior;
S.C. subclavian vessels ; C. carotids ; R. and L.J.V. right and left

* jugu'ar veins; V.I. vena cava inferior ; 7. traclea ; B. bronchi,

All the great vessels but those of the lungs are cut.
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the two layers of the pericardium, consequently,
there is a compfctel_y closed, narrow cavity, lined
by an epithelium, and secreting into its interior a
small quantity of clear fluid* The outer layer
of the pericardium is firmly connceted below with
the upper surface of the diaphragm.

But the heart cannot be said to depend altogether
upon the diaphragm for support, inasmuch as the
great vessels which issuc from or enter it—and
for the most part pass upwards from its base—help
to suspend and keep it in place.

Thus the heart is coated, outside, by one, layer
of the pericardium. Insnde, it contains two great
cavities, or ““divisions,” as they have been termed
above, completely separated by a fixed partition
which extends from the base to the apex of the
heart ; and, consequently, having no direct commu-
nication with one another. Each of these two great
cavities is further subdivided, not longitudinally, but
transversely, by a moveable partition, The cavity
above the transveMse partition, on each side, is called
the auritle; the cavity below, the ventricle—right
or left'as the case may be.

Each of the four cavitics has the same capacity,
and is capable of containing from 4 to 6 cubic inches
of water. -The walls of the auricles are much
thinner than those of the ventricles. The wall of
the left ventricle is much thicker than that of the
right ventricle; but no such differcnce is percep-
tible between the two auricles.

* This fluid, like that contained in the peritoneum,
pleura, and other shut sacs of a similar character to the
pericardium, is sometimes called serum ; whence the
membranes forming the walls of these sacs are fxequently
termed scrous membranes,
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9. In fact, as we shall see, the ventricles have
more work to do than the auricles, and the left
ventricle more to do than the right. Hence the
ventricles have more muscular substance than the
auricles, and the left ventricle than the right; and it
is this excess of muscular substance which gives rise
to the excess of thickness observed in the left
ventricle.

i

1 Ry

¥16. 13.~1. TaE LerFt S1pE, AND 11, THE RicHT SIDE OF THE
H EART DISSECTED.

1. L.4. the left auricle; P.V. the four pulmonary veins; c¢d, a style
passed through tihe auriculo-ventricular aperture; M.V. the
mitral valve ;  ab, a style passed through the left ventriclo into
the aorta; It.4. R.V. parts of the right side of the heart; P.4.
pulmonary artery. .

II. R.A. the right auricle ; ¥.C.S. superior vena cava ; V.C.I. inferior
vena cava, tho styles fe, cd being passed through them into
the auricle; ab, style passcd through the auriculo-ventricular

. aperture ; T.V. tricuspid valve ; R.V. right ventricle ; S.L. semi-
lunar valves at the base of P.4. the pulmonary artery, through
which the style gh is passed; L.4. L.V. auricle and ventricle
of the left side of the keart.
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" The muscular fibres of the heart are not smooth,
nucleated bands, like those of the vessels, but are
bundles of transveisely-striped. fibres, and resemble
those of the chief muscles of the body, except that
they have no sheath, or sarcolemma, such as we shall
-find to exist in the latter. (Sce Lesson XII.)

Almost the whole mass of the heart is made up
of these muscular fibres, which have a very remark-
able and complex arrangement. There is, however,
an internal membranous and epithelial lining, called
the endocardium ; and at the junction between the
auricles and ventricles, the apertures of communi-
cation between their cavities, called the. auriculo-
ventricular apertures, are strengthened by fibrous
rings, To these rings the moveable partitions,
or valves, between the auricles and ventricles, the
arrangement of which must next be considered, are
attached. .

10. There are three of these partitions attached
to the circumference of the right auriculo-ventri-
cular aperture, ahd two to that of the left. Each
is a broad, thin, but very tough and strong triangular
fold of the endocardium, attached by.ts base, which
joins on to its fellow, to the auriculo-ventricular .
fibrous ring; and hanging. with its point down-
wards into the ventricular cavity. On the right
side there are, therefore, three of these broad,
pointed membranes, whence the whole apparatus is
called the tricuspid valve. On the left side, there
are but two, which, when detached from all their
connexions but the auriculo-ventricular ring, look

. something like a bishop’s mitre, and hence bear
the name of the mitral valve.

The edges and apices of the valves are not com-
pletely free and loose. On the contrary, a number
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of fine, but strong, tendinous cors!s, called chordee
tendineee, connect them with some column-like
elevations of the fleshy substance of the walls of
the ventricle, which are termed columncee carnece.

It follows, from this arrangement, that the valves
oppose no obstacle to the passage of fluid from the
auricles to the ventricles ; but if any should be forced
the other way, it will at once get between the valve
and the wall of the heart, and drive the. valve back-
wards and upwards. Partly because they soon meet
in the middle and oppose one another’s action, and
partly because the chorde tendinee hold their
edges and prevent them from going back too far,
the valves, thus forced back, give rise to the
formation of & complete transverse partition between
the ventricle and the auricle, through which no fluid
can pass.

‘Where the aorta opens into the left ventricle and
where the pulmonary artery opens into the right
ventricle, another valvular apparatus is placed, con-
gisting in each casc of three pouchlike valves, called
the semilunar valves, which are similar *to those
of the veins. <But as they are placed on the same
level and mect in the middle line, they completely
stop the passage when any fluid is forced along the
artery towards the heart. On the other hand, these
valves flap back and allow any fluid to pass from the
heart into the artery, with the utmost readiness.

The action of the auriculo-ventricular valves
may be demonstrated with great ease on a sheep’s
heart, in which the aorta and pulmonary artery have
been tied and the greater part of the auricles cut
away, by pouring water into the ventricles through
the auriculo-ventricular aperture. The tricuspid
and mitral valves then usually become closed by the
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upward pressure of the water which gets behind
them. Or if the ventricles be nearly filled, the
-valves may be made to come together at once by
gently squeezing the ventricles. In like manner, if
the base of the aorta, or pulmonary artery, be cut
out of the heart, so as not to injurc the semilunar
valves, water poured into the upper ends of the
vessel will cause its valves to close tightly, and
allow nothing to flow out after the first moment.

F16. 14 —The valves of the heart displayed by cutting away both
auricles and all but the bases of. the Pulmnnnry artery (4) and
aorta (B); C, the tricuspid ; D, the mitral valve ; a, b, a style passed
into the coronary vein. The semilunar valves at the or%g: of the
aorta (B) are well scen, those of the pulmonary artery (4) being less
completely displayed.

Thus the arrangement of the auriculo-ventricular
valves is such, that any fluid contained in the cham-

bers of the heart can be made to pass through the
auriculo-ventricular apertures in only one direction :
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that is to say, from the auricles to the ventricles.
On the other hand, the arraugem‘éut of the semi-
lunar valves is such that the fluid contents of the
ventricles pass easily into the aorta and pulmonary
artery, while noue can be made to travel the other
way from the arterial trunks to the ventricles.

11. Like all other muscular -tissues, the sub-
stance of the heart is coutractile; but, unlike most
muscles, the heart contains within itself a something
which causes its different parts to contract in a
definite succession and at regular intervals.

If the heart of a living animal be removed from the
body, it will go on pulsating for a longer or shorter
time, much as it did while in the body. And careful
attention to these pulsations will show that they
consist of:—(1) A simultaneous contraction of the
walls of both auricles. (2) Immediately following
this, a simultancous contraction of the walls of both
ventricles.  (8) Then comes a pause, or state of
rest; after which the auricles and ventricles con-
tract agsin in the same order as ‘before, and their
contractions are followed by the same piuse 'as
before. .

If the auricular contraction be represented by
A”, the ventricular by V¥, and the pauses by —,
the series of actions will be as follows: A V" —;
A*V'—; A*V'—; &e. Thus, the contraction
of the heart is rhythmical, two short contractions
of its upper and lower halves respectively, being
followed by a pause of the whole, which occupies
about as much time as the two contractions,

The state of contraction of the ventricle or auricle
is called its systole—the state of relaxation, during
which it undergoes dilatation, its diastole.

12. Having now acquired a notion of the arrange-
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ment of the different pipes and reservoirs of the
circulatory system, of the position of the valves, and
of the rhythmieal contractions of the heart, it will be
easy to comprehend what must happen if, when the
whole apparatus is full of blood, the first step in the
pulsation of the heart occurs and the auricles contract.

By this action cach auricle tends to squecze
the fluid which it contains out of itself in two
directions—the one towards the great veins, the
other towards the ventricles; and the direction which
the blood, as a whole, will take, will depend upon
the relative resistance offered to it in these two
directions. Towards the great veins it is resisted
by the mass of the blood contained in the veins.
Towards the ventricles, on the contrary, there is
no resistance. worth mentioning, inasmuch as the
valves are open, the walls of the ventricles, in their
uncontracted state, are flaccid and easily distended,
and the entire pressure of the arterial blood is taken
off by the semilunar valves, which are necessarily
closed, e .

Thetefore, when the auricles contract, only a
very little of the fluid which they contain will
flow back into the veins, and the great proportion
will pass into and distend the ventricles. As the
ventricles fill and begin to resist further distension,
the blood, getting bchind the auriculo-ventricular
valves, will push them towards one another; and
almost shut them. The auricles now cease to con-
tract, and immediately that their walls relax, fresh
blood flows from the great veins and slowly distends
them again. ' _

But the moment the auricular systole ig over, the
ventricular systole begins. The walls of each ven-
tricle contract vigorously, and the first effect of that
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_contraction is to shut the auriculo-ventricular valves
completely and to stop all egress towards the auricle.
The pressure upon the valves becomes very con-
siderable, and they might even be driven upwards,
if it were not for the chorde tendinee which hold
down their edges.

As the contraction continues and the capacitics

- of the ventricles become diminished, the points of
the wall of the heart to which the chorde tendinec
are attached approach the cdges of the valves;
and thus there is a tendency to allow of a slackening
of these cords, which, if it really took place, might
permit the edges of the valves to flap back and
80 destroy their utility. This tendency, however,
is counteracted by the chorda tendinee being con-
nected, not directly to the walls of the heart, but
to those muscular pillars, the columnce carnece,
which stand out from its substance. These muscu-
lar pillars shorten at the same time as the substance
of the heart contracts ; and thus, jyst so far as the
contraction of the walls of the ventricles brings the
columne carnee nearcr the valves, do they, by
.their own contraetion, pull the chordw tendinece as
tight as before.

By the means which have now been described the -
fluid in the ventricle is debarred from passing back
into the auricle; the whole force of the contraction
of the ventnculs,r walls is therefore expended in
overcoming the resistance presented by the semi-
lunar valves. This resistance has several sources,
being the result, partly, of the weight of the vertical
column of blood which the valves support ; partly,
of the redbtion of the distended elastic walls of the

réat arteries, and partly of the friction and inertia
of the blood contained in the vessels.
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It now becomes obvious why the ventricles have
80 much more to do than the auricles, and why
valves are needed between the auricles and ventricles,
while none are wanted between the auricles and
the veins.

All that the auricles have to-do is to fill the
ventricles, which offer no active resistance to that
process. Hence the thinness of the walls of the
auricles, and hence the needlessness of any auriculo-
venous valve, the resistance on the side of the
ventricle being so insignificant that it gives way,
at_once, before the pressure of the blood in the
veins,

On the other hand, the ventricles have to over-
come a great resistance in order to force fluid into
elastic tubes which are alveady full; and if there
were no auriculo-ventricular valves, the fluid in
the ventricles would meet with less obstacle in push-
ing its way backward into the auricles and thence
into the veins, than in separating the semilunar
valves,, Hence the necessity, firstly, of the auriculo-
ventricular valves; and, secondly, of the thickness
and strength of the walls of the *ventricles. And
since the aorta, systemic arteries, capillaries, and
veins form a much larger system of tubes, containing
more fluid and offering more resistance than- the
pulmonary arteries, capillaries, and veins, it - follows
that the left ventricle needs a thicker<rmuscular
wall than the right. . '

13. Thus, at every systole of the auricles, the
ventricles are filled and the auricles emptied, the
latter being slowly refilled by the pressure of the
fluid in the great veins, which is amply s®ficient to
overcome the passive resistance of their relaxed
wolls,  And, at every systole of the ventricles,
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the arterial systems of the body &nd lungs receive -
the contents of these ventricles, and the nearl
emptied ventricles remain ready to be refilled by
the auricles. )

We 'must now consider what happens in the
arteries,. 'When the contents of the ventricles are
suddenly forced into these tubes (which, it must
be recollected, are already full), a shock is given
to the entire mass of fluid which they contain.
This shock is propagated almost instantaneously
throughout the fluid, becoming faigter and fainter
in proportion to ‘the increase of the mass of the
blood in the capillaries, until it finally ceases to be
discernible.

If the vessels were tubes of a rigid material, like
gaspipes, the fluid which the arteries contain would
be transported forward as far as this impulse was
competent to carry it, at the same instant as the
shock, throughout their whole extent. And, as
the arteries open into the capillarigs, the capillaries
into the veins, and these into the heart, a quantity
of fluid exactly equal to that driven out of ‘the
ventricles %oul® be returned to the auricles, almost
at the same moment that the ventricles contract.

However, the vessels are not rigid, but, on the
contrary, very yielding tubes ; and the great arteries,
as we have scen, have especially elastic walls. What
happens, then, when the ventricular systole takes
place is—firstly, The production of the genecral
and sudden slight shock already mentioned ; and,
sccondly, The dilatation of the great arteries by
the pressure of the increased quantity of blood
forced into them. *

“But, when the systole is over, the force stored
up in the dilated arterial walls, in the shape
E 2
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of elastic tensiom, comes into play and exerts a
pressure on the fluid—the first effect of which is
to shut the semilunar valves ; the second, to drive
the fluid from the larger arteries along the smaller
ones. These it dilates in thc same fashion. The
« fluid then passing into the capillaries, the ejection of
a corresponding quantity of fluid from them into the
veins, and finally from the veins into the heart, is
the ultimate result of the ventricular systole. .

14. Several of the practical results of the work-
ing of the heart and arteries just described now
become intelligible.  For example, between the fifth
and sixth ribs, on the left side, a certain movement is
perceptible by the finger and by the eye, which is
known as the beating of the heart. It is the result
of the striking of “the apex of the heart against the
pericardium and through it, on the inner wall of
the chest, at this point, at the moment of the systole
of the ventricles. 'When the systole occurs, in fact,
two things happen: in the first place, as a result
of the manner in which the muscular fibres of the
heart are disposed, its apex bends upward sharply ;
and,.in the second place, its front face is thrown a
little downwards and forwards, in consequence of
the stretching and elongation of the aorta by the
blood which is thrown into it.

The result of one or other, or both of these
actions combined, i8 the upward and forward blow
of the apex of the heart which we feel.

15. Secondly, If the ear be applied over the heart
certain sounds are heard, which recur, with great
regularity, at intervals corresponding with those
between every two beats. First comes a longish
dull sound; then a short sharp sound; then 'a
pause; then the long, then the sharp sound, then
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another pause; and so on. here are many
different opinions as to the cause of the first sound,
and perhaps physiologists are not yet at the bottom
of the matter; but the second sound is, without
doubt, caused by the sudden closure of the semi-
lunar valves when the ventricular systole ends.
That such is the case has been proved experi-
mentally, by hooking back the semilunar valves in a
living animal, when the second sound ceases at once.
16. Thirdly, If the finger be placed upon an artery,
such as that at the wrist, what is termed the pulse
will be felt ; that is to say, the clastic artery dilates
somewhat, at regular intervals, which answer to
the beatings of the heart. The pulse which is felt
by the finger, howcever, does not correspond pre-
ciscly with the beat of the heart, but takes place
a little after it, and the interval is longer the greater
-the distance of the artery from the heart. The beat
in the artery on the inner side of the ankle, for
example, is a little later than the beat of the artery
in the temple. - S
The reason of this is that the sense of téuch by
finger is onlydelicate enough to distinguish the dilata-
tion of the artery by the wave of blood, which is driven
along it by the elastic reaction of the aorta, and is not
.competent to perceive the first shock caused by the
systole. But if, instead of the fingers, very delicate
levérs be made to rest upon any two arteries, it will
be found that the pulse really begins at the same
time in both, the shock of the systole making itself
felt all over the vascular system at once; and that
it is only the actual fluid, which is propelled into
the two arteries by the elastic reaction of the greater
vessels, which takes longer to reach and distend the
more distant branch, .
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" 17. Fourthly,,When an artery is cut, the outflow |
of the fluid which it contains is increased by jerks,
the intervals of which correspond with the intervals
of the beats of the heart. The cause of this is
plainly the same as that of the pulse; the force
which would be employed in distending thie walls of
the artery, were the latter cntire, is spent in jerking
the fluid out when the artery is cut.

18. Fifthly, Under ordinary circumstances, the
pulse is no longer to be detected in the capillaries,
or in the veins. This arises from several circum-
stances. One of them is that the capacity of the
branches of an artery is greater than the capacitv of
its trunk, and the capacity of the capillaries, as a
whole, is greater than that of all the small arterics
put together. Hence, supposing the capacity of
the trunk to be 10, that of its branches 50, and
that of the capillaries into which these open 100, it
is clear that a quantity of fluid thrown into the
trunk, sufficient to dilatc it by one-tenth, and to
produce a very‘considerable and obvious effect,
could nvt distend each branch by more than Z;th,
and each capillary by ;35th of its velume, an effect
which might be quite imperceptible:

19. Agaiu, the flow of the fluid is retarded by
the subdivision’ of the tubes which contain it; and
the multitude of minute impulses into which the
primary blow of the systole is subdivided in ‘the
small vessels, become lost among these obstacles
and fused into one general and steady pressure.
This loss of the distinct effect of the heart’s action
may be likened to the result of pumping into a
horse-trough. Where the water flows into the trough,
the splashes and waves, caused by the intermitting
fall of water from the pump, are very obvious; but
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the water will flow steadily and eVﬁnly from a tap,
open at the other end of the trough,

20. Finally, in consequence of the resistance to
its passage, resulting from the extremely minute
size and subdivision of the capillaries, the fluid,
to a certain extent, accumulates in the arteries,
and kecps their walls in a constant state of disten-
sion, which is maintained by each successive beat
of the heart. In other words, one beat follows
another before the effect of the first has ceased.

As the effeet of each systole becomes diminished in
the smaller vesscls by the causes above mentioned,
that of this constant pressure becomes more obvious,
and gives rise to a steady passage of the fluid from
the arteries towards the veins. In this way, in fact,
the arteries perform the same functions as the air-
reservoir of a firc-engine, which converts the jerk-
ing impulse given by the pumps into the steady
flow of the delivery hose.

Such is the general result of the mechanical con-
ditions of the organs of the cireulation combined
with the rhythmieal activity of the hearte This
activity dgives jhe fluid contained in these organs
out of the heart into the arteries, thence to the
capillaries, and from them through the veins back
to the heart. And in the course of these opera~
tions it gives rise, incidentally, to the beating of the
heart, the sounds of the heart, and the pulse.

21. It is now necessary to trace the exact course
of the circulation as a whole. And we may con-
veniently commence with the portion of the blood
eontained at any moment in the right auricle, The
contraction of the right auricle drives that fluid
into the right ventricle ; the ventricle then con-
tracts and forces it into the pulmonary artery;
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from hence it pagses into the capillaries of the lungs.

Leaving these, it rcturns by the four pulmonary
" veins to the left auricle; and the contraction of the

left auricle drives it into the left ventricle. ,

The systole of the left ventricle forces the blood
into the aorta, The branches of the aorta convey
it into all parts of the body except the lungs;
aud from the capillaries of all these parts, except
from those of the intestines and certain other viscera
in the abdomen, it is conveyed, by vessels which
gradually unite into larger and larger truuks, into
cither’the superior or the inferior vena cava, which
carry it to the right auricle once more,

But the blood brought to the capillaries of the
stomach and intestines, spleen and pancreas, is
gathered into veins which unite into a single trunk
—the vena porte. The vena porte distributes its
blood to the liver, mingling with that supplied to
the capillaries of the same organ by the hepatic
artery. From these capillaries it is conveyed by
small veins, whith unite into a large trunk—the
hepaticvetn, which opens into the inferior vena cava.
The flow of the blood from the abdomipal viscera,
through the liver, to the hepatic vein is called the
.portal cireulation,

The heart itsclf is supplied with blood by the two
coronary arteries which spring from the root of the
-aorta just above'two of the semilunar valves. The
. blood from the capillaries of the heart is carried
back by the coronary vein, not to either vena cava,
but to the right auricle. The opening of the coro-
nary vein is protected by a valve, so as to prevent
the right auricle from driving the venous blood
which it contains back into the vessels of the heart.

22, Thus, the shortest possible course which any
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particle of the blood can take in ogder to pass from
one side of the heart to the other, is to leave the aorta
by one of the coronary arteries, and return to the
right auricle by the coronary vein. And in order
to pass through the greatest possible number of
capellaries and return to the point from which it
started, a particle of blood must leave the heart by
the aorta aud traversc the arteries which supply the
alimentary canal, spleen, and pancreas. It then
enters, 1stly, the capillaries of these organs; 2dly,
the capillaries of the liver ; and, 3dly, after passing
through the right side of the heart, the capillaries of
the lungs, from which it returns to the left side and
eventually to the aorta. :

Furthermore, from what has been said respecting
the lymphatic system, it follows that any particle of
matter which enters a lacteal of the intestine, will
reach the right auricle by the superior cava, after
passing through the lymph capillaries and channels
of sundry lymphatic glands; while anything which
enters the adjacent blood capillaty in the wall of
the intestine will reach the right auricle by ‘the
inferior caga, affer passing through the blood capil-
laries of the liver.

23. It has been shown above (§ 2) that the small
arteries and veins may be directly affected by the
nervous system, which controls the state of contrac-
tion*of their muscular walls, and 8o regulates their
calibre. The cffect of this power of the nervous
system is to give it a certain control over the circu-
lation in particular spots, and to produce such a
state of affairs that, although the. force of the
hcart and the general condition of the vessels
remain the same, the state of the circulation may
be very different in different localities.
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Blushing is @ purely local modification of the
circulation of ‘this kind, and it will be instructive to
. consider how a blush is brought about. An emotion
—sometimes pleasurable, sometimes painful—takes
possession of the mind: thereupon a hot flush is felt,
the skin grows red, and according to the intensity
of the emotion these changes are confined to the
cheeks only, or extend to the “‘roots of the hair,”
or “all over.

What is the cause of these changes? The blood
is a red and a hot fluid; the skin reddens and
grows hot, because its vessels contain an increased
quantity of this red and hot fluid; and its vessels
contain more, because the small arteries suddenly
dilate, the natural moderate contraction of their
muscles being superseded by a state of relaxation.
In other words, the action of the nerves which cause
this muscular cohtraction is suspended.

On the other hand, in many people, extreme terror
causes the skin to grow cold, and the face to appear
pale and pinchéll, Under these circumstances, in
fact, the supply of blood to the skin is greatly
diminished, in conscquence of an ercessire stimula-
tion of the nerves of the small arteries, which causes
them to contract and so to cut off the supply of blood
more or less completely.

24, That this is the real state of the case may be
proved experimentally upon rabbits. These animals,
it is true, do not blush naturally, but they may be
made to blush artificially. If, in a rabbit, the
gympathetic nerve which sends branches to the
vessels of the head is cut, the ear of the rabbit,
which is covered by so delicate an integument that
the changes in its vessels can be readily perceived,
at onco blushes. That is to say, the vessels dilate,
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fill with blood, and the ear becornges red and hoe
The reason of this is, that when thd sympathetic
is cut, the nervous stimulus which is ordinarily sent
along its branches is interrupted, and the muscles
of the small vessels, which were slightly contracted,
become altogether relaxed.

And now it is quite possible to produce pallor and
cold in the rabbit’s car. To do this it is only neces-
sary to irritate the cut end of the sympathetic which
remains connceted with the vessels. The nerve then
becomes excited, so that the muscular fibres of the
vessels are thrown into a violent state of contrac-
tion, which diminishes their calibre so much that
the blood can hardly make its way through them.
Couscquently, the ear becomes pale and cold.

25. The practical importance of this local control
cxerted by the nervous system is immense. When
exposure to cold gives a man catarrh, or inflamma-
tion of the lungs, or diarrheea, or some still more
serious affection of the abdominal viscera, the dis-
easc is brought about through the fervous system.
The impression made by the cold on the skin is
conveyed tQ the gnervous centres, and so influences
the vaso-motor nerves (as the nerves which govern
the walls of the vesscls are called) of the organ
affected as to cause their partial paralysis, and
produce that state of congestion (or undue disten-
sion of the vessels) which so commonly ends in
inflammation. (Sec Lesson XI. § 15.)

26. Is the heart, in like manner, under the con-
trol of the central nervous system ?

As we all know, it is not under the direct influence
of the will, but every one is no less familiar with the
fact that the actions of the heart are wonderfully
affeeted by all forms of emotion. Men and women
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‘often faint, and have sometimes been killed by
sudden and violent joy or sorrow; and when they
faint or die in this way, they do so because the per-
turbation of the brain gives rise to a something
which arrests the heart as dead as you stop a stop-
watch with a spring. On the other hand, other
emotions cause that extreme rapidity and violence
of action which we call palpitation.

Now there are three sets of nerves in the heart:
one sct are supplied by ganglia, or masses of nerve-
cells, in its substance; another set come from the
sympathetic nerve ; a third set arc branches of a
remarkable nerve, which procecds straight from the
brain, and is called the preumogastric nerve. There
is every reason to belicve that the regular rhyth-
mical succession of the ordinary contractions of the
heart depends upon the ganglia lodged in its sub-
stance. At any rate, it i3 certain that these move-
ments depend neither on the sympathetic, nor on the
pieumogastric, since they go on as well when the
heart is removed from the body.

In the next place, there is much reason to be-
lieve that the influence which increases she rapidity
of the heart’s action is exerted through the sym-

athetic.

And lastly, it is quite certain that the influence
which arrests the heart’s action is supplied by the
pneumogastric. This may be demonstrated in
animals, such as frogs, with great case.

27, If a frog be pithed, or its brain destroyed,so as
-to obliterate all sensibility, the animal will continue

“to live, and its circulation will go on perfectly well for
an indefinite period. The body may be laid open
without causing pain or other disturbance, and then
the heart will be obscrved beating with great regu-
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A. Two toes of a frog’s foot, with the intervening web, slightly
enlarged : @, veins; b, arteries, connected by a network of
capillaries.

B. A small portion of the network magnified about 100 diameters:
ab are small veins, and d capillaries, all full of large oval
blood-corpuscles, moving in the direction indicated by the
arrows ; ¢, star-shaped, coloured patches or pigment cells in
the frog’s skin. -
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larity. It is pessible to make the heart move a long
index backwards and forwards, like the inverted
pendulum which musicians term a metronome ; and
if frog and index are covered with a glass shade,
the air under which is kept moist, the index will
vibrate with great steadiness for a couple of days.

It is easy to adjust to the frog thus prepared a
contrivance by which clectrical shocks may be sent
through the pneumogastric nerves, so as to irritate
them. The moment this is done the.index stops
dead, and the heart will be found quiescent, with
relaxed and distended walls. After a little time
the influence of the pneumogastric passes off, the
heart recommences its work as vigorously as before,
and the index vibrates through the same are as for-
merly. With careful management, this experiment
may be repcated very many times ; and after every
arrest by the irritation of the pneumogastric, the
heart resumes its work. }

28. The evidence that the blood circulates in man,
althongh perfectly conclusive, is almost all indirecet,
But certain of the lower animals, the whole, or parts,
of the body of which are transparent, readily afford
direct proof of the circulation,.the blood visibly
rushing from the arteries into the capillaries, and
from the capillaries into the veins, so long as the
animal is alive and its heart is at work. The animal
in which the circulation can be most convenivntly
observed is the frog. The web between its toes is
very transparent, and the particles suspended in its

“blood are so large that they can be readily seen as
they slip swiftly along with the stream of blood,
when the toes are fastened out, and the intervening
web is examined under even a low magnifying
power (Fig. 15).
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LESSON III.
THE BLOOD AND THE LYMPII.

1. In order to become properly acquainted with
the characters of the blood it is necessary to examine
it with a microscope magnifying at least three or
four hundred diameters. . Provided with this instru-
ment, a hand lens, and some slips of thick and
thin glass, the student will be enabled to follow
the present Lesson.

The most convenient mode ‘of obtaining small
quantitics of blood for examination is to twist a
piece of string, pretty tightly, round the middle of
the Jast joint of the middle, or ring finger, of the left
‘hand. The end of the finger will immediately swell -
a little, and become darker coloured, in consequence
of the obstruction to the return of the blood in the
veins caused by the ligature. 'WQen in this con-
dition, if it be slightly pricked with a sharp clean
needle (an pperagion which causes hardly any pain),
a good-sized lep of blood will at once exude. Let
it be deposited on one of the slips of thick glass,
and covered lightly and gently with a piece of the
thin glass, so as to spread it out evenly into a thin
layer. Lct a second slide reccive another drop,
and let it be put under an inverted tumbler so as to
keep it from drying. Let a third drop be dealt
with in the same way, a few granules of common
salt being first added to the drop.

2. To the naked eye the layer of blood upon the
fivst slide will appear of a pale reddish colour, and
quite clear and homogeneous. But on viewing it
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with even a pocket lens its apparent homogeneity
will disappear, and it will look like a. mixture of
cxcessively fine yellowish-red particles, like sand, or
dust, with a watery, almost colourless, fluid,  Imme-
diately after the blood is drawn the particles will
appear to be scattered very evenly through the
fluid, but by degrees they aggregate into minute
patches, and the layer of blood becomes more or less
spotty. T

The ¢particles” are what are termed the corpuscles
of the blood; the nearly colourless fluid in which
they are suspended is the plasma.

The second slide may now be examined. The
drop of blood will be unaltered in form, and may
perhaps seem to have undergone no change. But
if the slide be inclined, it will be found that the
drop no longer flows ; and, indeed, the slide may be
inverted without the disturbance of the drop, which
has become solidified, and may be removed, with the
point of a penknife, as & hemispherical gelatinous
mass. The mdss is quite soft and moist, so that
this setting, or coagulation, of a drop of bloed is
something very different from its dpying.

On the third slide, this process of coagulation will
be found not to have taken place, the blood remaining
as fluid as it was when it left the body. The salt,
therefore, has prevented the coagulation of the
blood. Thus this very simple investigation teaches
that blood is composed of a nearly colourless plasma,
in which many coloured corpuscles arc suspended ;
that it has a remarkable power of coagulating; and
‘that this coagulation may be prevented by artificial

“means, such as the addition of sdlt. N

‘3. If, instead of using thg hand lens, the drop

of blood on the first slidef be placed under the
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microscope, the particles, or corpusges, of the blood
will be found. to be bodies with very definite cha-
racters, and of two kinds, called respectively the red
corpuscles and the colourless corpuscles. The former
are much more numerous than the latter, and have
a yellowish-red tinge ; while the latter, somewhat
larger than the red corpuscles, are, as their name
implies, pale and devoid of coloration.

4. The corpuscles diffet also in other and more
important respects. The red corpuscles are flat-
tened circular disks, on an average zzhgth of aninch
in diameter, and having about one-fourth of that
thickness. It follows that rather more than
10,000,000 of them will lie on a space one inch
square, and that the volume of each corpuscle does
not exceed 175,000 05,000th of a cubie inch.

Fi1a. 16.—CorrusuLES oF HuMaN Broop,
Magnified about 600 diameters.

A. Red Corpuscles: a, a corpuscle seen edgeways; b, a corpuscle
in an altered state, arising from pressure. A small spheroidal
red corpuscle, such as may be frequently met with in the
blood, is represented beside the larger discoidal ones.

B. Golourless Corpuscles : a, a colourdess corpuscle acted upon by
diluted mﬁo acid, showing its nuclous. ‘ Vo
¥
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The broad fages of the disks are not flat, but some-
what concave, as if they were pushed in towards one
another. Hence the corpuscle is thinner in the
middle than at the edges, and when viewed under
the microscope, by transmitted light, looks clear in
the middle and darker at the edges, or dark in the
middle and clear at the edges, according to circum-
stances. When, on the other hand, the disks roll
over and present their edges to the eye, they look
like rods, All these varieties of appearance may
be made intelligible by turning a round biscuit or
muffin, bodies similar in shape to the red corpuscles,
in various ways before the eye.

The red corpuscles are very soft, flexible, and
elastic bodies, so that they readily squeeze through
apertures and passages narrower than their own
diameters, and immediately resume their proper
shapes. The exterior of each corpuscle is denser
than its interior, which contains a semi-fluid, or quite
fluid matter, of a red colour, called Aemoglobin.
By proper processes this may be resolved into an
albuminous substance termed globulin, and a peculiar
colouring matter, which is called hematin. The
interior substance presents no distinet structure.

From the density of the outer as compared with
the inner substance of each corpuscle, they are,
practically, small flattened bags, or sacs, the form
of which- may be changed by altering the -den-
sity of the plasma. Thus, if it be made denser by
dissolving saline substances, or sugar, in it, water 18
drawn from the contents of the corpuscle to the dense
plasma, and the corpuscle becomes still more flat-
tened. On the other hand, if the plasma be diluted
with water, the latter forces itself into and dilutes
the contents of the corpuscle, causing the latter to
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swell out, and even become spherical4 and, by adding
dense and weak solutions alternately, the corpuscles
may be made to become successively spheroidal and
discoidal. Exposure to carbonic acid gas seems to
cause the corpuscles to swell out; oxygen gas, on
the contrary, appears to flatten them.

F16. 17.—8uccerssivE FORMS ASSUMED BY COLOURLESS -
CorruscLes or HuMaN Brooo

Magnified about 600 diameters.

The interval between the forms a b ¢ d was a minute ; between
and ¢ two minutes ; so that the whole series of changes from a to
¢ took five minutes.

5. The colourless corpuscles are larger than the
red corpuscles, their average diamefer being zgggth
of an inch. They are further seen, at a glance, to
differ from the rad corpuscles by the extreme irre-
gularity of their form, and by their tendency to
attach themselves to the glass slide, while the red
corpuscles float about and- tumble freely over onc
another.

A still more remarkable feature of the colourless
corpuscles than the irregularity of their form is the
unceasing variation of shape which they exhibit.
The form of a red corpuscle is changed only by
infuences from without, such as pressure, or the
like; that of the colourless corpuscle is under~
going constant alteration, as the result of changes
taking place in its own substance. To see these

F2



‘68  ELEMENTARY PHYSIOLOGY. [Lissox

changes well, a¥microscope with a magnifying power

of five or six hundred diameters is requisite ; and,

even then, they are so gradual, that the best way to

ascertain their existence is to make a drawing of a’
given colourless corpuscle at intervals of a minute or

two. This is what has been done with the corpuscle

represented in Fig. 17, in which @ represents the

form of the corpuscle when first observed; b, its

form a minute afterwards; ¢, that at the end of the

second ; d, that at the end of the third ; and e, that .
at the end of the fifth minute.

Careful watching of a colourless corpuscle, in fact,
shows that cvery part of its surface is constantly
changing—undergoing active contraction, or being
passively dilated by the contraction of other parts.
It exhibits contractility in its lowest and most
primitive form. '

6. While they are thus living and active, no cor-
rect notion can be formed of the structure of the
colourltss corpuscles. By diluting the blood with
water, or, still better, with water acidulated with
acetic acid, the corpuscles are killed, and become
distended, so that their real nature.is shewn. ~They
are then seen to be spheroidal bags, or sacs, with
very thin walls; and to contain in their interior a
fluid which is either clear or granular, together with
a spheroidal vesicular body, which is ecalled the
nucleus (Fig. 16, B, a). It sometimes, though very
rarely, happens that the nucleus has a red tint.

The sac-like colourless corpuscle, with its nucleus,
is what is called & nucleated cell. It will be ob-
served that it lives in a free state, in the plasma of
the blood, and that it exhibits an-independent con-
tractility.  In fact, except that it is dependent for
‘the conditions of its existence upon the plasma, ‘it
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might ‘be compared to one of those simple organ-
isms which are met with. in stagnant water, and
are called Amaebe.

7. That the red corpuscles are in some way or
other derived from the colourless corpuséles may be
regarded as certain; but the steps of the process
have not been made out with perfect certainty.
There is very great reason, however, for believing
that the red corpuscle is simply the nucleus of the
colourless corpuscle sumewhat enlarged; flattened
from side to side ; changed, by development within
its interior of a red colouring matter ; and set free
by the buarsting of the sac or wall of the colourless
corpuscle. In other words, the red corpuscle is a
free nucleus.

The origin of the colourless corpuscles themselves
is not certainly determined ; but it is highly pro-
bable that they are constituent cells of certain parts
of the-solid substance of the body which have been
detached and carried into the blood, and that this
process s chiefly effected in whe} are called the
ductless glands (Lesson V. § 27), from whence the
detached cells pass, as' lymph-corpuscles, directly
or indirectly, into the blood.

The following facts are of importance in their
bearing on the relation between the different kinds
of corpuscles :—

(@) The invertcbrate animals,® which have true
blood-corpuscles, possess only such as resemble the
colourless corpuscles of man.

(b) The lowest vertebrate animal, the Lancelet
(Amphioxus), possesses only colourless: corpuscles ;
" * Invertebrate animals are animals devoid of backbones,

such as insects, suails, sea-ancmones, &c. Vertebrate
animalsnre fishes, amphibia, reptiles, birds,and mammals,



70 ELEMYNTARY PHYSIOLOGY. [Lussoxs

and the very young embryos* of all vertebrate
animals have only colourless and nucleated cor-
uscles.

(c) All the vertebrated animals, the young of
which are born from eggs,t have two kinds of cor-
puscles—colourless corpuscles, like those of man,
and large red-coloured corpuscles, which are genc-
rally oval, and further differ from those of man
in presenting a nucleus. In fact, they are simply
the colourless corpuscles enlarged and coloured.

All animals which suckle their young (or
what are called mammals) have, like man, two kinds
of corpuscles : colourless ones, and small coloured
corpuscles—the latter being always flattened, and
devoid of any nucleus. They are usually circular,
but in the camel tribe they are elliptical. And it is
worthy of remark that, in these animals, the nuclei
of the colourless corpuscles become elliptical.

(¢) The colourless corpuscles differ much less from
one another in size and form, in the vertebrate series,
than the coloureli. The latter are smallest in the
little Musk Deer, in which animal they are about a
quarter as large as those of man. QOgn thewther hand,
the red corpuscles are largest in the Amphibia (or
Frogs and Salamanders), in some of which animals
they are ten times as long as in man.

8. As the blood dies, its several constituents,
which have now been described, undergo maiked
changes.

The colourless corpuscles lose their contractility,
but otherwise undergo little alteration. They tend
to cohere neither with one another, nor with the red
~ *An embryg is the rudimentary unborn young of :;,py

- creature. .
*t These are fishes, amphibia, reptiles, and hirds,
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corpuscles, but adhere to the glase plate on which
they are placed.

It is quite otherwise with the red corpuscles, which
at first, as has been said, float about and roll, or
slide, over cach other quite frecly. After a short
time (the length of which varies in different persons,
but usually amounts to two or three minutes), they
scem, as it were, to become sticky, and tend to co-
here ; and this tendency increases until, at length,
the great majority of them become applied face to
face, 80 as to form long series, like rolls of coin.
The end of one roll cohering with the sides of
another, a network of various degrecs of closencss
is produced. :

F16. 18.—RED CoRrPUSCLES OF HUMAN BLOOD ARRANGED IN
CoHERENT RoLLS.

Magnified about 600 diameters.

One free red corpuscle and one colourless corpuscle are seen, and
the plasma in the field of view is traversed by very delicate
filaments of fibrine.

The corpuscles remain thus coherent for a cer-
tain length of time, but eventually separate and float
freely again. The addition of a little water, or
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dilute acids, or saline solutions, will at once cause
the rolls to break up.

It is from this running of ‘the corpuscles together
into patches of network that the change noted above
in the uppearances of the layer of blood, viewed
with a lens, arises. So long as the corpuscles are
separate, the sandy appearance lasts ; but when they
run together, the layer appears patchy or spotted.

The red corpuscles rarely, if ever, all run together
into rolls, some always remaining free in the meshes
of the net. In contact with air, or if subjected to
pressure, many of the red corpuscles become covered
with little knobs, so as to look like minute mul-
berries—an appearance which has been mistaken
for a breaking up, or spontaneous division, of the
corpuscles (Fig. 16, A, 3).

9. There is a still more remarkable change which
the red blood-corpuscles occasionally undergo.
Under certain circumstances, the peculiar red sub-

“stance which forms the chief mass of their contents,
and which has Been called hwmoglobin (from its
readily breaking up into globulin and hematin,
§ 6), separates in a crystalline form. o In man,
these crystals have the shape of prisms; in other
animals they take other forms. Treatment of the
blood with oxygen and with carbonic acid in sunlight
greatly facilitates this process, so that the easiest way -
to see these blood crystals is to expose a drop of blood
to the air, then moisten it with water, and then, by
breathing several times on it, supply it with.carbonic
acid. The colour of the drop brightens:- as the
crystals form in it. .

10. When the layer of blood has been drawn
ten or fifteen minutes, the plasma will be seen to
be no longer clear. It then exhibits multitudes of
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extremely delicate filaments of a substance called
Fibrin, which have been deposited from it, and
which traverse it in all directions, uniting with one
another and with the corpuscles, and binding the
whole into a semi-solid mass.

It is this deposition of fibrin which is the cause
of the apparent solidification, or coagulation, of the
drop upon the second slide; but the phenomena of
coagulation, which are of very great importance,
cannot be properly understood until the behaviour
of the blood, when drawn in larger quantity than a
drop, has been studied. ‘

11. When, by the ordinary process of opening a
vein with a lancet, a quantity of blood is collected into
a basin, it is at first perfectly fluid ; butin a quarter
of an hour, and sometimes in less than half that time,
it separates into two very different constituents—the
one a clear, yellowish, liquid, the other a red, semi-
solid mass, which lies in the liquid, and at the
surface is paler in colour and firmer than in its
deeper part. . »

The liquid is called the serum ; the semi-solid
mass the eclot,,or crassamentum. Now the clot
obviously contains the corpuseles of the blood, bound
together by some other substance ; and this last, if
a small part of the clot be examined microscopically,
will be found to be that fibrous-looking matter,
fibrén, which has been seen forming in the thin
layer of blood. Thus the clot is equivalent to the
corpuscles plus the fibrin of the plasma, while the
serum is the plasma minus the fibrinous elements
which it contained. ‘

12. The corpuscles of the blood are slightly heavier
than the plasma, and - therefore, when the blood is
drawn, they sink very slowly towards the bottom.
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Hence the upper part of the clot contains fewer cor-
puscles, and is lighter in colour, than the lower part
—there being fewer corpuscles left in the upper
layer of plasma for the fibrin to catch when it sets.
And there are some conditions of the blood in which
the corpuscles run together much more rapidly and in
denser masses than usual. Hence they more readily
overcome the resistance of the plasma to their fall-
ing, just as feathers stuck together in masses fall
much more rapidly through the air than the same
feathers when loose.  'When this is the case, the
upper stratum of plasma is quite free from red cor-
puscles before the fibrin forms in it; and, conse-
quently, the_uppermost layer of the clot is nearly
white : it reccives the name of the buffy coat.

After the clot is formed, the fibrin shrinks and
squeezes out much of the serum contained within its
meshes ; and, other things being equal, it contracts
the.more the fewer corpuscles there are in the way
of its shrinking. Hence, when the buffy coat is
formed, it usually contracts so much as to give the
clot a cup-llke upper surface.

Thus the buffy coat is fibrin naturally separated
from the red corpuscles; the same separation may
be effected, artificially, by whipping the blood with
twigs as soon as’it is drawn, until its coagulation
is complete. Under these circumstances the fibrin
will collect upon the twigs, and a red fluid will be
left behind, consisting of the serum plus the red
corpuscles, and many of the colourless ones.

138. The coagulation of the blood is hastened,
retarded, or temporarily prevented by many circum-
stances.

" (a) Temperature—A. high temperature acceles
rates the congulation of the blood; a low one
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retards it very greatly; and some experimenters
have stated that, when kept at a sufficiently low tem-
perature, it does not coagulate at all.

(b) The addition of soluble matter to the blood.—
Many saline substances, and more especially sulphate
of soda and common salt, dissolved in the blood
in sufficient quantity, prevent its coagulation; but
coagulation sets in when water is added, so as to
dilute the saline solution.

(¢) Contact with living or not-living matter.—

" Contact with not-living matter promotes the coagu-
lation of the blood. Thus, blood drawn into a basin
begins to coagulate first where it is in contact with
the sides of the basin; and a wire introduced into
a living vein will become coated with fibrin, although
perfectly fluid blood surrounds it.

On the other hand, direet contact with living
matter retards, or altogether prevents, the coagula-
tion of the blood. Thus blood remains fluid for a
very long time in & portion of a vein which is tied
at each end. : .

The heart of a turtle remains alive for a lengthened
period (megy hoyirs or even days) after it is extracted
from the body ; and, so long as it remains alive, the
blood contained in it will not coagulate, though, if
a portion of the same blood be removed from the
heart it will coagulate in a few minutes.

Blood taken from the body of the turtle, and
kept from coagulating by cold for some time, may
be poured into the separated, but still living, heart,
and then will not coagulate.

Freshly deposited fibrin acts somewhat like living
matter, coagulable blood remaining fluid for a long
time in tubes coated with such fibrin,

14. The coagulation of the blood is an altogether
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physico-chemical process, dependent upon the pro-
perties of certain of the constituents of the plasma,
apart from the vitality of that fluid. This is proved
by the fact that if blood-plasma be prevented
from coagulating by cold, and greatly diluted, a
current of carbonic acid passed through it will throw
down a white powdery substance. If this white sub-
stance be dissolved in a weak solution of common
salt, or in an extremely weak solution of potash or
soda, it, after a while, coagulates, and yields a clot of
true pure fibrin. It would be absurd to suppose
that a substance which has been precipitated from
its solution, and redissolved, still remains alive.

There are reasons for believing that this white
substance consists of two constituents of very similar
composition, which exist separately in living blood,
and the union of which is the cause of the act of
coagulation. These reasons may be briefly stated
thus:—The pericardium and other serous cavities
in the body contain a clear fluid, which has
exuded from thé blood-vessels, and contains the
elements of the blood without the blood-corpuscles.
This fluid sometimes coagulates spontarwrzously, as
the blood-plasma would do, but very often shows no
disposition to spontaneous coagulation. When this
is the case, it may nevertheless be made to coagulate,
and yield a true fibrinous clot, by adding to it a
little serum of blood.

Now, if serum of blood be largely diluted with
water and a current of carbonic acid gas passed
through it, a white powdery substance will be thrown
down; this, redissolved in a dilute saline, or ex-

_tremely dilute alkaline, solution will, when added to
the pericardial fluid, produce even as good a clot as
that obtained with the original serum,
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This white substance has been called globulin.
It exists not only in serum, but also, though in
smaller quantities, in connective tissue, in the cornca,
in the humours of the eye, and in some other fluids
of the body. '

-1t possesses the same general chemical properties
as the albuminous substance which enters so largely
into the composition of the red corpuscles (§ 4),
and hence, at present, bears the same name. But
when treated with chemical reagents,. even with
such as 'do not produce any appreciable effeet on
its chemical composition, it very speedily loses its
peculiar power of causing serous fluids to congulate.
For instance, this power is destroyed by an excess
of alkali, or by the presence of acids.

Hence, though there is great reason to believe
that the fibrino-plastic globulin (as it has been
called) which exists in serum does really come from
the red corpuscles, the globulin which is obtained in
large quantities from these bodies, by the use of
powerful reagents, has no coaguidting cffect at all
on pericardial or other serous fluids.

Thougle globylin is so susceptible of change when
in solution, it may be dried at a low temperature
and kept in the form of powder, for many months
without losing its coagulating power. ’

Thus globulin, added, under proper conditions, to
serous cffusion, is a coagulator of that cffusion,
giving rise to the development of fibrin in it.

It does so by its interaction with a substance
contained in the serous effusion, which can be ex-
tracted by itself, and then plays just the same part
towards a solution of globulin, as globulin doestowards
its solution, This substance has been called fibrin-
ogen. It is exceedingly like globulin, and may be
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thrown down from serous exudation by carbonic acid,
just as globulin may be precipitated from the serum
of the blood. When redissolved in an alkaline
solution, and added to any fluid containing globulin,
it acts as a coagulator.of that fluid, and gives rise
to the development of 'a clot of fibrin in it. In
accordance with what has just been stated, serum of
blood which has completely coagulated may be kept
in one vessel, and pericardial fluid in another, for an
indefinite period, if spontaneous decomposition be
prevented, without the coagulation of either. But
let them be mixed, and coagulation sets in.

Thus it seems to be clear, that the coagulation of
the blood, and the formation of fibrin, are caused
primarily by the interaction of two substances (or
two modifications of the same substance), globulin
and fibrinogen, the former of which exists in the
serum of the blood, and in some tissues of the body ;
while the latter is known, at present, only in the
plasma of the blood, of the lymph, and of the chyle,
and in fluids derived from them. .

15, The proverb that ¢ blood is thicker than
water” is literally true, as the blgod ig not only
¢ thickened”> by the corpuscles, of which it has
been calculated that no fewer than 70,000,000,000
(eighty times the number of the human population
of the globe) are contained in a cubic inch, but is
rendered slightly viscid by the solid matters dis-
solved in the plasma. The blood is thus rendercd
heavier than water, its specific gravity being about
1055. In other words, twenty cubic inches of blood
have about -the same weight as twenty-one cubic
inches of water.

The corpuscles are heavier than the plasma, and
their volume is usually somewhat less than that of
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the plasma. Of colourless corpuscles there are
usually not more than three or four for every thou-
sand of red corpuscles; but the number varies very
much, increasing shortly after food is taken, and
diminishing in the intervals between meals.

The blood is hot, its temperature being about
100° Fahrenheit.

16. Counsidered chemically, the blood is an alkaline
fluid, consisting of water, of solid and of gaseous

“matters,

The proportions of these sevcral constituents vary
according to age, sex, and condition, but the follow-
ing statement holds good on the average :—

In every 100 parts of blood there arc 79 parts of
water and 21 parts of dry solids; in other words,
the water and the solids of the blood stand to one
another in about the same proportion as the nitro-
gen and the oxygen of the air.  Roughly speaking,
‘one quarter of the blood is dry, solid matter; three
quarters water. Of the 21 parts of dry solids, 12
(= #4ths) belong to the corpuscles.» The remaining
9 are about two-thirds (67 parts = #ths) albumen
(a substange llke white of egg, coagulating by
heat), and one”third (= 3}th of the “whole solid
matter) a mixture of saline, fatty, and saccharine
matters, sundry pxoducts of the waste of the body,
and fibrin. * The quantity of the latter constituent
is remarkably small in relation to the conspicuous
part it plays in the act of coagulation. Healthy
bloed, in fact, yields, in coagulating, not more than
from two to four parts in a thousand of its weight
of fibrin.

The total quantity of gaseous matter contained in
the blood is equal to rather less than half the volume
of the blood; that is to say, 100 cubic inches of blood
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will contain rather less than 50 cubic inches of gases.
These gaseous matters are carbonic acid, oxygen,
and nitrogen ; or, in other words, the same gases
as those which exist in the atmosphere, but in totally
different proportions ; for whereas air contains nearly
three-fourths nitrogen, one-fourth oxygen, and a
mere trace of carbonic acid, the average composition
of the blood gascs is nearly two-thirds carbonic acid,
rather less than one-third oxygen, and not one-tenth
nitrogen,

It is important to observe that blood contains
much more oxygen gas than could be held in solu-
tion by pure water at the same temperature and
pressure. T'his power of holding oxygen appears in
some way to depend upon the corpuscles, firstly,
because mere scrum has no greater power of ab-
sorbing oxygen than pure water has ;. and secondly,
because a solution of hamoglobin absorbs oxygen
very readily, It is further to be remarked, that
some substances which are capable of being oxidated
with great readiress—such as pyrogallic acid—are
not affected by their passage through the blood.
Thus it would appear that the oxygen ig not quite
free, but is held in some sort of loose chemical
combination with a constituent of the blood contained
in the corpuscles.

The corpuscles differ chemically from the plasma,
in containing a large proportion of the fats and phos-

hates, all the iron, and almost all the potash, of the
blood ; while the plasma, on the other hand, contains
by far the greater part of the chloriue and the
soda. ‘
17. The blood of adults contains a larger proportion
‘of solid constituents than that of children, and that
of men more than that of women ; but the difference .
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of scx is hardly af all exhibited by persons of flabby,
or what is called lymphatic, constitution.

Animal dict tends to increasc the quantity of the
red corpuscles ; a vegetable diet and abstinence to
diminish them. Bleeding exercises the same in-
fluence in a still more marked degree, the quantity
of red corpuseles being diminished thierchy in a muach
greater proportion than that of the ethier solid con-
stituents of the blood.

18. The total quantity of blood «iitai wdin the
body varies at different times, and tiz 1+ ccise aseer-
tainment of its amount is very diti.ult. Tt :nay
probably be estimated, on the average, at not less
than one-tenth of the weight of the body.

19. The funetion of the blood is to supply nourts?. -
ment to, and take away waste matters from, all a1,
of the body. It is absolutely essential to the lii of
every part of the body that it should be in such
rclation with a current of blood, that matters can
pass freely from the blood to it, and from it to the
blood, by transudation through the walls of the vesscls
in which the blood is contained. And this vivifying
influence depends npon the. corpuscles of the blood.
The proof of these statements lies in the following
experiments :—If the vessels of a limb of a living
animal be tied in such a manner as to cut off the
supply of blood from the limb, without affecting it in
any other way, all the symptoms of death will set
in,. The limb will grow pale and cold, it will lose
its sensibility, and volition will no longer have power
over it; it will stiffen, and eventually mortify and
decompose. : :

But, even when the death stiffening has begun to
sct in, if the ligatures be removed, and the bleod be
allowed to flow into the limb, the stiffening specdily

G
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ceases, the temperature of the part rises, the sensi-
bility of the skin returns, the will regains power over
the muscles, and, in short, the part returns to its
normal condition,

If, instead of simply allowing the blood of the
animal operated upon to flow again, such blood,
deprived of its fibrin by whipping, but containing
its corpuscles, be artificially passed through the
vessels, it will be found as effectual a restorative
as entire blood ; while, on the other hand, the serum
(which is cquivalent to whipped blood without its
corpuscles) has no such effeet.

[t is not necessary that the blood thus artificially
injected should be that of the subject of the experi-
went.  Men, or dogs, bled to apparent death may
!¢ at once and effectually revived by filling their
veins with' blood taken from another man, or dog,
an operation which is known by the name of trans-
Juston.

Nor is it absolutely nceessary for the success of
this operation “that the blood used in transfusion
should belong to an animal of the same species.
The blood of a horse will permangutly xgvive an ass,
and, speaking generally, the blood of one animal
may be replaced without injurious cffects by that of
another closely-allied species ; while that of a very
different animal will be more or less injurious, and
may even cause immediate death.

20. The Lymph, which fills the lymphatic
vessels, is, like the blood, an alkaline fluid, con-
sisting of a plasma and corpuscles, and coagu-
lates by the separation of fibrin from the plasma.
The lymph differs from the blood in its corpuscles
being all of the colourless kinﬂ], and in the very small
proportion of its solid constituents, which amount
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to only about 5 per cent. of its weight.. Lymph
may, in fact, be regarded as blood minus its red
corpuscles, and diluted with water, so as to be some-
what less dense than the scrum of blood, which con-
tains about 8 per cent. of solid mxtters.

A quantity of fluid equal to that of the blood is
probably poured into the blood, daily, from the lym-
phatic system. This fluid is in great nicwsure the
mere overflow of the blood itsclf—plasma wh' h has
exuded from the capillaries into the tissucs, and
which has not been taken up again i~to the venous
current ; the rest is due to the absorption of chy’»
from the alimentary canal.

a2
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LESSON 1IV.
USPIR “TION.

1. Tur biood, the general nature and properties
of wi . L have beendeseribed in the preceding Lesson,
i+ the highly complex product, not of any one organ
av constivuent of the body, but of all.  Many of its
featurcs are doubtless given to it by its intrinsic
and proper structural elements, the corpuscles ; but
the general character of the blood is also profoundly
affected by the circumstance that every other part
of the body takes something from the blood and
pours something into it. The blood may be com-
pared to a river, the naturc of the contents of
which is largely determined by that of the head

Cwaters. and by that of the animals which swim in
it; but which js also very much affected by the soil
over which it flows, by the water-weeds which cover
its bauks, and by affluents from distant regions; by
irrigation works which are suppled from it, and by
drain pipes which flow into it.

2. One of the most remarkable and important
of the changes effected in the blood is that which
results, in most parts of the body, from its simply
passing through capillarics, or, in other words,
through vessels, the walls of which are thin enough
to permit a free exchange between the blood and
the fluids which permeate the adjacent tissues
(Lesson II. § 1). )

Thus, if blood be taken from the artery which
supplies a limb, it will be found to have a bright
scarlet colour; while blood drawn, at the same



"] ARTERIAL AND VENOUS *BLOOD. 85

time, from the vein of the limb, will be of a purplish
hue, so dark that it is commonly called ¢ black
blood.” And as this contrast is met with in the
contents of the arteries and veins in general (except
the pulmonary artery and veing), the searlet blood
is commonly known as arterial, and the black blood
as venous.
This conversion of arterial into venous blood
takes place in most parts of the bely, while life
ersists. Thus, if a limb be cut off aud scarlet
blood be forced into its arteries by a syringe, it will
issuc from the veins as black blood, so long as the
limb exhibits signs of persistent vitality ; and when
thesc disappear, the blood will no longer be changed.
3. When specimens of venous and of arterial
hlood are subjected to chemical examination, the
differences presented by their solid and fluid con-
stituents, are found to be very small and inconstant.
As a rule, there is rather more water in arterial
blood, and rather more fatty matter. But the gaseous
contents of the two kinds of blood Uiffer widely in
the proportion which the carbonic acid gas bears to
the oxygen; ghere heing a smaller quantity of oxygen
and a greater quantity of carbonic acid, in venous
than in arterial blood. :
And it may be experimentally demonstrated that
this difference in their gaseous contents is the only
cssential difference between venous and arterial
blood. For if arterial blood be shaken up with car-
bonic acid, so as to be thoroughly saturated with
that gas, it loses oxygen, gains carbonic acid, and
acquires the hue and properties of venous blood ;
while, if venous blood 'be similarly treated with
oxygen, it gains oxygen, loses carbonic acid, and
takes on: the colour and properties of arterial blood,
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The same result is attained, though more slowly,
if the blood, in cither case, be received into a
bladder, and then placed in the carbonic acid, or
oxygen gas; the thin moist animal membrane
allowing the change to be effected with perfect ease,
and offering no serious impediment to the passage
of either gas.

4. The physico-chemical processes involved in the
exchange of carbonic acid for oxygen when venous
is convcrted into arterial blood, or the reverse,
in the cases mentioned above, are not thoroughly
understood, and are probably somewhat complex.

It is known (a) that gases, mechanically held by
a fluid in a given proportion, tend to ditfuse into
any atmosphere to which they are exposed, until
they occupy that atmosphere in corresponding pro-
portions; and (b) that gases separated by a dry
porous partition, or simply in contact, diffuse into
one another with a rapidity which is inversely pro-
portioned to the square roots of their densities.
A knowledge of these physical principles does, in
a rough way, lead us to see how the gases con-
tained in the blood may effect an egchange with
those in the air, whether the blood be freely exposed,
or inclosed in a membrane.

But the application of these principles gives no
more than this sort of general insight. For, in
the first place, the gases of the blood are not held
in a merely mechanical way in it; the oxygen
seems to be loosely combined with the red corpuscles
(Lesson IIL. § 16), and there is reason to think that
a great part, at least, of the carbonic acid, is che-
mically connccted, in a similarly loose way, with
certain saliue constituents of the serum. And,
secondly, when arterialization takes place through
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the walls of a bladder, or any other thin animal
membrane, the matter is still further complicated
by the circumstance that moisture dissolves car-
bonic acid far more freely than it will oxygen;
hence the wet bladder has a very different action
upon carbonic acid from that which it bhas upon
oxygen. A moist bladder, partially filled with
oxygen, and suspended in carbonic acid gas, becomes
rupldly dlstended, in ‘consequence of the carbonic -
acid gas passing into it with much greatm rapidity
than the oxygen passes out. °, °

5. The cause of the change of colour in the blood
—of its darkening when exposcd to carbonic acid,
and its brwht,eumn‘ when under the influence of
oxygen—-is not thoroughly understood.  There is
reason to think, however, that the red corpuscles are
rendered somewhat flatter by oxygen gas, while the
are distended by the action of carbonic acid (Lesson
III. § 4). Under the former circumstances they
may, not 1mprobabl y, reflect the light more strongly,
80 as to give a more distinct coloraffon te the blood ;
while, under the latter, they may reflect loss llght,
and, in thel way, allow the blood to appear darker
and dullcr

This, however, is not the whole of the matter;
for solutions of heemoglobin or of blood erystals
(Lesson IIT. § 9), even when perfectly free
from actual blood-corpuscles, change in colour from
scarlet to purple, according as they gain .or
lose oxygen. It has alrcady been stated (Lesson
III. § 16) that oxygen most probably exists in
the blood in loose combination with hemoglobin.
But, further, there is evidence to show that a solu-
tion of hemoglobin, when thus loosely combined
with oxygen, has a scarlet colour, while a solution
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of hemoglobin, deprived of oxygen, has a purplish
hue. Hence arterial blood, in which the hemo-
globin is richly provided with oxygen, would
naturally be scarlet, while venous blood, which not
only contains an excess of carbonic acid, but whose
hizmoglobin also has lost & great deal of its oxygen,
would be purple.

6. Whatever may be their explanation, however,
the facts are certain, (1) that arterial blood, separated
by only a thin membrane from carbonic acid, or from
a fluid containing a greater amount of carbonie acid
than itself, becomes venous; and (2) that venous
blood, scparated by only a thin membrane from
‘oxygen, or a fluid containing a greater proportion
of free oxygen than itself, becomes arterial.

In thesc facts lies the explanation of the conversion
of scarlet blood into dark blood as it passes through

" the capillaries of the body, for the latter are bathed
by the juices of the tissues, which contain carbonic
acid, the product of their waste and combustion,
in excess. On %he other hand, if we seek for the
explanation of the conversion of the dark blood in
the veins into the scarlet blood of the @rteries, we
find, 1st, that the blood remains dark in the right
auricle, the right ventricle, and the pulmonary
artery ; 2d, that it is scarlet not ouly in the aorta,
but in the left ventricle, tho left auricle, and the
pulmonary veins,

Obviously, then, the change from venous to arterial
takes place in the pulmonary capillaries, for these
are the sole chanuels of communication between the
pulmonary arteries and the pulmonary veins.

7. But what are the physical conditions to which
the blood is exposed in the pulmonary capillaries ?

These vessels are very wide, thin walled, and
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closely set, so as to form a network with very small

meshes, which is contained in the substance of an

extremely thin membrane. This membrane is in

contact with the air, so that the blood in each

oapillary of the lung is separated from the air, by -
only a delicate pellicle, formed by its own wall and

the lung membrane. Hence an exchange very

readily takes place between the blood and the air;

the latter gaining moisture and carbonic acid, and

losing oxygen (Lesson I. § § 23, 24).%

This is the esscntial step in respiration : that it
really takes place may be demonstrated very readily,
by the experiment deseribed in the first Lesson
(§ 3), in which air expired was proved to differ
from air inspired, by containing more heat, more
water, more carbonie acid, and less oxygen ; or, on
the other hand, by putting a ligature on the wid-
pipe of a living animal so as to prevent air fron®
passing into, or out of, the lungs, and then exa-
miuning the contents of the heart and great vessels.
The blood on both sides of the deart, and in the
pulmonary veins and aorta, will be found to be as
completely, venqus, as in the vena cava and pul-
monary artery. .

But though the passage of carbonic acid gas and
hot watery vapour out of the blood, and of oxygen
into it, is the essence of the respiratory process—
and thus a membrane with blood on one side, and

* The student must guard himself against the idea that
arterial blood contains no carbonic acid, and venous blood
no oxygen. In passing through the lungs venous blood
loses only a part of its carbonic acid ; and arterial blood,
in passing through the tissues, loses only a part of its
oxygen. In blood, however venous, thex:o is in health
always some oxygen ; and in cven the brightest arterial
blood there is actually more carbonic acid than oxygen.
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air on the other, is all that is absolutely necessary to
effect the purification of the blood—jyet the accumu-
lation of carbonic acid is so rapid, and the need for
exygen so incessant, in all parts of the human body,

Fi1a. 19.—~Back ViEw oF THE NrECK AND THORAX OF A TluMAN’
SUBJECT FROM WHICH THE VERTEBRAL COLUMN AND WHOLE POS-
TERIOR WALL OF THE CHEST ARE SUPPOSED TO BE REMOVED.

M. mouth; Gl glottis; Tr. trachea; L.L. left lung; R.L. right
lung; Br. bronchus; P A. pulmonary artery; P.V. pulinonary
veins; do. aorta; D. diaphragm; H. heart; V.C.I. Vena cava
inferior.

that the former could not be ‘cleared away, nor the

latter supplied, with adequate rapidity, without the

aid of extensive and complicated accessory machinery
~—the arrangement and working of which must next
be carefully studied.
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8. The back of the mouth or pharyna communi-
cates by two channels with the external air (sce
Fig. 84). Onc of these is formed by the nasal
passages, which cannot be closed by any muscular
apparatus of their own; the other is presented by
the mouth,-which can be shut or opened at will.

Immediately behind the tongue, at the lower and
front part of the pharyux, is an aperture—the glottis
—capable of being closed by a sort of lid—the
epiglottis—or by the shutting together of its side
boundaries, formed by the so-called vocal chords (see
(Tigs. 34, 48, and 49). The glottis opens into a
chamber with cartilaginous walls-—-the larynz; and
leading from the larynx downwards along the front
part of the throat, where it may be very readily felt,
i8 the trachea, or windpipe (Fig. 19, 1'r.).

If the trachca be handled through the skim, it
will be found to be firm and resisting. Its wall
are, in fact, strengthened by a series of carti-
laginous hoops, which hoops are incomplete behind,
their ends being united only by muscle and mem-
brane, where the trachea comes into contact with
the gullet, or esophagus. The trachea passes into
the thorax, and there divides into two branches, a
right and a left, which are termed the bromche
(Fig. 19, Br.). Each bronchus enters the lung-of
its own side and then breaks up into a great
number of smaller branches, which are called the
bronchial tubes. .As these diminish in size, the
cartilages, which are continued all through the
bronchi and their large ramifications, become
smaller and cventually disappear, so that the walls
of the smallest bronchial tubes are entirely mus-
cular or membranous. Thus, while the trachea and
bronchi are kept permanently open and pervious to
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air by their cartilages, the smaller bronchial tubes
may be almost closed by the contraction of their
muscular walls.

Fia, 20.

A. Two air-cells (b) with the ultimate bronchial tube (a) which opens
into them. Magnitied 20 diameters.

B. A section through the walls (u) of several air-cells with their
epithelium (b).

0. The capillaries of part of the wall of an air-cell, magnified 800
diameters: @, cat ends of the smaller arteries and veins;
b, wall of the air-cell.
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The finer bronchial tubes end at length in elon-
gated dilatatious, about Z;th of an inch in diameter
on the average, which are called the azr-celis, and
which have sacculated walls (Fig. 20, A). The very
thin walls (Fig. 20, B) which separate these air-cells
are supported by much delicate and highly elastic
tissue, and carry the wide and close-set capillaries
into which the ultimate ramifications of the pul-
monary artery pour its blood (Fig. 20, C). Thus,
the blood contained in these capillarics is exposed
on both sides to the air—being separated from the
air-cell on either hand only by the very delicate
pellicle which forms the wall of the capillary, and
the lining of the air-sac.

9. Hence no conditions can be more favourable to
a ready exchange between the gaseous contents of the
blood and those of the air in the air-cells, than *the
arrangements which obtain in the .pulmonary capI
larics ; and, thus far, the structure of the lung fully
enables us to understand how it is that the large quan-
tity of blood poured through the pulmonary circula-
tion becomes cxposed in very thin streams, over a
large surface, tp the air. But the only result of this
arrangement would be, that the pulmonary air would
very speedily lose all its oxygen, and become com-
pletely saturated with carbonic acid, if speeial pro-
vision were not made for its being incessantly
renewed.

10. If an adult man, breathing calmly in the
sitting position, be watched, the respiratory act will
be observed to be repeated thirteen to fifteen times
every minute. Each act cousists of certain com-
ponents which succeced one another in a regular
vhythmical order. First, the breath is drawn in, or
tnspired ; immediately afterwards it is driven out, or
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cxpired ; and these successive acts of {nspiration and
expiration are followed by a brief pause.  Thus,
just as in the rhythm of the heart, the auricular
systole, the ventricular systole, and then a pause
foliow in regular order; so in the chest, the inspi-
ration, the expiration, and then a pause succeed one
another. At each inspiration of an adult well-
grown man about thirty cubic inches of air are
inspired ; and at each cxpiration the same, or a
slightly smaller, volume (allowing for. the increase
of temperature of the air so expired) is given out of
the body.

11. The expired air differs from the air inspired
in the following particulars :— :

(a) Whatever the temperature of the external air,
that expired is nearly as hot as the blood, or has a
temperature between 90° and 100°,

“{b) However dry the external air may be, that
expired is quite, or nearly, saturated with watery
vapour. ‘

(¢) Though ordfnary air contains nearly* 2,100
parts of oxygen, and 7,900 of nitrogen, with not
_more than 3 parts of carbonic acid, in 10,800 parts,
expired air contains about 470 parts of carbonic
acid, and only between 1,500 and 1,600 parts of
oxygen ; while the quantity of nitrogen suffers little
or no change. Speaking roughly, air which has
been breathed once has gained five per cent. of
carbonic acid, and lost five per cent. of oxygen.

The expired air contains, in addition, a greater
or less quantity of animal matter of a highly decom-
posable character.

(d) Very close analysis of the expired air shows,
firstly, that the quantity of oxygen which disappears’
is always &ightly in cxcess of the quantity of car-



v.] THE RESPIRATORY MECHANISM. 95

bonie acid supplied ; and secondly, that the nitrogen
is variable—the expired nitrogen being sometimes
slightly in excess of, sometimes slightly less than
that inspired, and sometimes remaining stationary.
12. From three hundred and fifty to four hundred
cubic feet of air are thus passed through the lungs
of an adult man taking little or no exercise, in the
course of twenty-four hours; and are charged with
carbonic acid, and deprived of oxygen, to the extent
of nearly five per cent. This amounts to about
eighteen cubic feet of the one gas taken in, and of
the other given out. Thus, if a man be shut up in
a close room, having the form of a cube seven feet
in the side, every particle of air in that room will
bave passed through his lungs in twenty-four hours,
and a fourth of the oxygen it contains will be re-
placed by carbonic acid. *

"The quantity of carbon eliminated ia the twentyt'

four hours is pretty clearly represented by a piece
of pure cbarcoal weighing cight ounces.

The quantity of water given of? from the lungs
in the twenty-four hours varies very much, but may
be taken onythe gverage as rather move than half a
pint, or about nine ounces. It may fall below this
amount, or increase to double or treble the quantity.

13. The mechanical arrangements by which the
respiratory movements, essential to the removal of
the great mass of effete matters, and the importation
of the large quantity of oxygen indicated, are effected,
may be found in—(a) the clasticity of the lungs;
(b) the mobility of the sides and bottom of the
thoracic cavity in which the lungs are contained.

The thorax ‘may be regarded as a completely
shut conical box, with the small end turned upwards,
the back of the box being formed by the spinal
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column, the sides by the ribs, the front by the breast-
bone, the bottom by the diaphragm, and the top by
the root of the neck (Fig. 19).

The two lungs occupy almost all the cavity of
this box which is not taken up by the heart. Each
is inclosed in its serous membrane, the pleura. So
long as the walls of the thorax are entire, the cavity
of cach pleura is practically obliterated, that layer
of the pleura which covers the lung being in close
contact with that which lines the wall of the chest;
but if a small opening be made into the pleura, the
lung at once shrinks to a comparatively small size,
and thus develops a great cavity betwcen the two
layers of the pleura. If a pipe be now fitted into
the bronchus, and air blown through it, the lung is
very readily distended to its full size ; but, on being

‘}'e’fl; to itself, it collapses, the air being - driven out
sgain with some force, The abundant elastic tissues
of the walls of the air-cells are, in fact, so disposed as
to be greatly stretched when the lungs are full ; and,
when the cause' of the distension is remeved, this
clasticity comes into play and drives the greater
part of the air out again. L«

The lungs are kept distended in the dead subjeet,
80 long as the walls of the chest are entire, by the
pressure of the atmosphere.  For though the elastic
tissue is-all the while pulling, as it were, at the
layer of pleura which covers the lung, and attempting
to scparatc it from that which lines the chest, it
cannot produce such a separation without developing
a vacuum between these two layers. To effect this,
the elastic tissue must pull with a force greater
than that of the external air (or fiftecn pounds to
the square inch), an cffort far beyond its powers,
which do not equal more than one-fourth of a pound
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on the square inch. But the moment a hole is
made in the pleura, the atmospheric pressure inside .
the lung is equalized by that outside it, and the
elustic tissue, freed from its opponent, exerts its full
power on the lung.

14. The lungs are elastic, whether alive or dead.
During life the air which they contain may be
farther affected by the contractility of the museular
walls of the bronchial tubes. If water is poured
into the lungs of a recently-killed animal, and a
series of clectric ‘shocks is then sent through the
bronchial tubes, the latter contract, and the water
is forced out. Lastly, during life a further source
of motiorr in the broncehial tubes is provided by the
cilia—minute filaments attached to the cpithelium
of the tubes, which incessantly vibrate backwards
and “forwards, and work in such a manner as t§
sweep liquid and solid matters outwards, or towardss
the trachca.

A B

zr "€

Fio. 21 —Showing, A, the external (E. L) and, B, the internal (1.1,
intercostal muscles. In B the chest is supposed to be divided
vertically through the middle of the breastbone (St.) and back-
bone (V.C.).

H
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15. The ribs are attached to the spine, so as
to be freely moveable upon it; but, when left to
themsclves, they take a position which is inclined
obliquely downwards and forwards.* ~ Two sets of
muscles, called ¢ntercostals, pass between the suc-
cessive pairs of ribs on each side. The outer set,
called external tntercostals, run from the rib above,
obliquely downwards and forwards, to the rib below.
The other set, internal intercostals, cross these in
direction, passing from the rib above, downwards
and backwards, to the rib below.

"

Fio 22.—Diagram of modelsillustrating the action of the external
and internal intercostal muscles. B, inspiratory elevation; C, expi-
ratory depression. .

The action of these muscles is somewhat puzzling
at first, but is rcadily understood if the fact
that when a muscle contracts, it tends to make the
distance between its two ends as short as possible, be
borne in mind. Let @ and & in Fig. 22, A, be two

*1 purﬁosely neglect the consideration of the car-
tilages of the ribs in order not to complicate the question
unnecessarily.
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parallel bars, moveable by their ends upon the up-
right ¢, which may be regarded as at the back of the
apparatus, then a line directed from # to y will be
inclined downwards and forwards, and one from w to
z will be directed downwards and backwards. Now,
it is obvious that there is one position of the rods,
and one only, in which the points # and ¥ are at the
shortest possible distance, and one position .only in
which the points w and 2 are at the shortest possible
distance ; and these are, for z and y the position B,
and for w and z the position C. These positions
are respectively such that the points z, y, and 1w, 2,
are at the ends of straight lines perpendicular to
both rods.

Thus, to bring # and y into this position, the
parallel rods in A must move upwards ; and to bring
w and ¢z into it, they must move in the opposites ,
way. ’

If the simple apparatus just described be made
of wood, hooks being placed at the ,points z, ¥, and
w, z; and an elastic band, as long when left to itself
as the shortest distance between these points, be
provided wish eyes which can be readily put on to
or taken off these hooks: it will be found that when
the bars are in the horizontal position, A, the elasti-
city of the band, when hooked on to z and y, will
bring them up into the position shown in Fig. 22,
B; while, if hooked on to w and 2, it will force them
down into the position shown in Fig. 22, C.

Substitute the contractility of the external and
mternal intercostal muscles for the elasticity of the
band, and the latter will precisely exemplify their
action; and it is thus proved that the external
intercostals must raise, and the internal intercostals -
must depress, the bony rib;.

H
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16. The diaphragm is a great partition situated
between the thorax and the abdomen, and always
concave to tho latter and convex to the former
(Fig. 1). .-From its middle, which is tendinous,
muscular fibres extend downwards and outwards to
the ribs, and two, especially strong masses, which
are called the pillars of the diaphragm, to the
spinal coluran (Fig. 23). When these muscular
fibres contract, therefore, they tend to make the
diaphragm flatter, and to increase the capacity of
the thorax at the expense of that of the abdomen,
by thrusting down the bottom of the thoracic box
(Fig. 24, 4).

Fra. 28.—THE DIAPHRAGM VIEWED FROM THE LOWER OR
ABDOMINAL BIDE

V.C.I,, the vena cava inferior; (¥, the cesophagus; 4o, the
aorta ; Th. D., the thoracic duct, cut where they pass through the
diaphragm, the broad white tendinous middle of which is easily
distinguished from the radiating muscular fibres which pass down
to the ribs and into the pillars in front of the vertebrss
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17. Let us now consider what would be the
result of the action of the parts of the respiratory
apparatus, which have been described, if the dia-
phragm alone should begin to contract -at regular
intervals.

‘When it contracts it increascs the vertical dimen-
sions of the thoracic cavity, and tends to pull away
the lining of the bottom of the thoracic box-from
that which covers the base of the lungs; but the air
immediately rushing in at the trachea, propor--
tionately inercases the distension of the lung, and
prevents the formation of any vacuum between the
two pleure in this region. When the diaphragm
ceases to contract, so much of the elasticity of the
lungs as was neutralized by the contraction of the
diaphragm, comes into play, and the extra ajr
taken in is driven out again. We have, in shorty ,
an Inspiration and an Ezpiration. '

Suppose on the other hand that, the diaphragm
being quiescent, the cxternal intercostal muscles
contract. The 1ibs will be raiscd from their oblique
position, the antero-posterior dimensions of the tho-
racic cavity? willsbe increascd, and the lungs will
be distended as before to balance the enlargement.
If now the external intcreostals relax, the action of
gravity upon the ribs, and the elasticity of the
lungs, will alone suffice to bring back the ribs to
their previous positions and to drive out the extra
air; but this expiratory action may be greatly aided
by the contraction of the internal intercostals.

18. Thus it appears that we may have either
diaphragmatic resperation, or costal respiration. As
a general rule, however, not only do the two forms
of " respiration coincide and aid one another—the
contraction of the dinplragm taking place at the
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same time with that of the external intercostals,
and its relaxation with the contraction of the
internal intercostals—but sundry other accessory
agencies come into play. Thus, the muscles which
connect the ribs with parts of the spine above them,
and with the shoulder, may, more or less cxten-
sively, assist inspiration ; while those which conncet
the ribs und breastbone with the pelvis, and form
the front and side walls of the abdomen, are power-
ful aids to expiration. In fact they assist expira-
tion in two ways: first, directly, by pulling down
theribs ; and next, indirectly, by pressing the viscera
of the abdomen upwards against the under surface
of the diaphragm, and so driving the floor of the
thorax upwards.

It is for this rcason that, whenever a violent .

. expnatory effort is made, the walls of the abdomen
" ure obviously flattened and driven towards the spine,
the body being at the same time bent forwards.

In taking a deep inspiration, on the other hand,
the walls of the abdomen are relaxed and become
convex, the viscera being driven- against them

by the descent of the diaphragm—the spine is
straightened, the head thrown back, and the
shoulders outwards, so as to afford the greatest
mechanical advauntage to all the muscles which can
elevate the ribs,

19. It is a remarkable circumstance that the me-
chanism of respiration is somewhat different in the
two sexes. In men, the diaphragm takes the larger
share in the process, the upper ribs moving com-
paratively little; in women, the reverse is the case,
the respiratory act being more largely the result of
the movement of the ribs.

" Sighing is a deep and prolonged inspiration.
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“ Snifting” is a more rarid inspiratory act, in
which the mouth is kept shut, and the air made
to pass through the nose.

Coughing is a violent expiratory act. A deep
inspiration being first taken, the glottis is closed
and then burst open by the violent compression of
the air contained in the lungs by the contraction
of the expiratory muscles, th.e diaphragm being re-

F16. 24.—DIAGRAMMATIC SECTIONS OF THE DBoby IN

4. Ingpiration; B. expii‘ation. Tr. trachea; St stermum; D, Dia.
phragm ; Ab. abdominal walls. The shading rouglly indicates the*
stationary air :
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laxed and the air driven through the mouth, In
sneezing, on the contrary, the cavity of the mouth
being shut off from the pharynx by the approxima-
tion of the soft palate and the base of the tongue,
the air is forced through the nasal passages.

20. It thus appears that the thorax, the lungs,
aad the trachea constitute a sort of bellows without a
valve, in which the thorax and the lungs represent
the body of the bellows, while the trachea is the pipe;
and the effect of the respiratory movements is just
the same as that of the approximation and separa-
tion of the handles of the bellows, which drive out
and draw in the air through the pipe. There is,
however, one difference between the bellows and the
respiratory apparatus, of great importance in the
theory of respiration, though frequently overlooked ;
and that is, that the sides of the bellows can be
‘brought close together so as to force out all, or
nearly all, the air which they contain; while the
walls of the chest, when approximated as much as
pussible, still inclose a very considerable cavity
(Fig. 24, B); so that, even after the most violent
expiratory cffort, a very large quantity of air is.left
in the lungs.

The amount of this air which cannot be got rid
of, and is called Residual air, is, on the average,
from 75 to 100 cubic inches.

About as much more in addition to this remains
in the chest after an ordinary expiration, and is
called Supplementdl air.

In ordinary breathing, 20 to 30 cubic inches of
what is conveniently called 7'dal air pass in and
out. Tt follows that, after an ordinary inspiration,
1004-100+430 = 230 cubic inches, may be con-
tained in the lungs. By taking the deepest possible
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inspiration, another 100 cubic inches, called Com-
plemental air, may be added.

21. 1t results from these data that the lungs,
after an ordinary inspiration, contain about 230
cubic inches of air, and that ounly about one-seventh
to one=eighth of this amount is Lreathed out and
taken in again at the next inspiration. Apart from
the circumstance, then, that the fresh air inspired
has to fill the cavities of -the hinder part of the
mouth, and the trachea, and the bronehi, if the
lungs were mere bags fixed to the ends of the
bronchi, the inspired air would descend as far only
as to occupy that onc-fourteenth to one-sixteenth
part of each bag which was nearest to the bronehi,
whence it would be driven out again at the next
cxpiration. But as the bronchi branch out intg a
plodmous number of bronchial tubes, the msplred
air can only penetrate for a certain distance alonfy
these, and can never reach the air-cells at all,

Thus the residual and supplemental air taken
together arc, under ordinary circumstances, station-
ary—that is to say, the air comprchended under
these names merely shifts its outer limit in the
bronehial tubes, as the chest dilates and contracts,
without leaving the lungs; the tidal air, alone,
being that which leaves the lungs and is renewed in
ordinary respiration.

It is obvious, thercfore, that the busmess of lcspl-
ration is essentially transacted by the stationary air, -
which plays the part of a middleman between the
two parties—the blood and the fresh tidal air—who
desire to exchange their commodities, carbonic acid
for oxygen, and oxygen for carbonic acid.

* Now there is nothing interposed between the
fresh tidal air and the stationary air; they are
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aériform fluids, in complete contact and continuity,
and hence the cxchange between them must take
place according to the ordinary laws of gascous
diffusion.

22. Thus, the stationary air in the air-cells gives
up oxygen to the blood, and takes carbonic aeid from
it, though the exact mode in which the change
is effected is not thoroughly understood. By this
process it becomes loaded with carbonic acid, and
deficient in oxygen, though to what precise extent is
pot known, But there must be a very much greater
excess of the one, and deficiency of the other, than
is exhibited by inspired air, secing that the latter
acquires its composition by diffusion in the short
space of time (four to five seconds) during which it
is in contact with the stationary air.

“In accordanee with these facts, it is found that

‘the air expired during the first half of an expi-
ration contains less carbonic acid than that expired
during the sccond half. Further, when the frequency
of respiration is increased without altering the
volume of each inspiration, though the percentage of
carbonic acid in cach inspiration is diminished, it
is not diminished in the same ratio as that in which
the number of inspirations increases; and hence
more carbonic acid is got rid of in a given time.

Thus, if the number of inspirations per minute is
incrcased from fifteen to thirty, the percentage of
. earbonic acid evolved in the sccond case remains
more than half of what it was in the first case, and
hence the total evolution is greater.

23. Of the various mechanical aids to the respi-
ratory process, the nature and workings of which have
now been described, one, the elasticity of the lungs, is
of the nature of a dead, constant force. The action
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of the rest of the apparatus is under the control of
the nervous system, and varies from time to time.

As the nasal passages cannot be closed by their
own action, air has always free access to the pharynx;
but the glottis, or entrance to the windpipe, is com-
pletely under the control of the nervous system—
the smallest irritation about the mucous membrane
in its neighbourhood being conveyed, by its nerves,
to that part of the cerebro-spinal axis which is called
the medulla oblongata (sce Lesson XI. § 16).
The medulla oblongata, thus stimulated, gives rise,
by a process which will be explained hereafter,
termed reflex action, to the . contraction of the
muscles which close the glottis, and commonly, at
the same time, to a violent contraction of the expira-
tory muscles, producing a cough (sce § 19). .

The muscular fibres of the smaller bronchial tubes,
no less than the respiratory pump itself, formed by
the walls and floor of the thorax, are under the
complete control of the nerves which supply the
muscles, and which are brought ifto action in con-
sequence of impressions conveyed to that part of the
brain whiclwis called the medulla oblongata, by the
pneumogastric and other nerves.

24. From what has been said, it is obvious that
there are many analogies between the circulatory and
the respiratory apparatus. Each consists, essentially,
of a kind of pump which distributes a fluid (aériform
in the one case, liquid in the other) through a series
of ramified distributing tubes to a system of cavities
(capillaries or air-cells), the volume of the conterits
of which is greater than that of the tubes.

In each, the pump is the cause of the motion of
the fluid, though that motion may be regulated,
locally, by the contraction, or relaxation, of the
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muscular fibres contained in the walls of the dis-
tributing tubes. But, while the rhythmic movement
of the heart chiefly depends upon a nervous appa-
vatus placed within itself, that of the respiratory
apparatus results mainly from the operation of a
nervous centre lodged in the medulla oblongata.

25. As there are certain secondary phenomena
which accompany, and are explained by, the action
of the heart, so there are secondary phenomena
which are similarly related to the working of the
vespiratory apparatus. These are—(a) the respi-
ratory sounds, and () the effect of the inspiratory
and expiratory movements upon the circulation,

26. The respiratory sounds, or murmurs, are
audible when the ear is applied to any part of the
chest which covers one or other of the lungs. They
accompany inspiration and expiration, and very

*much rescmble the sounds produced by breathing

through the mouth, when the lips are so applied
together as to leave a small interval. Over the
bronehi the sounds are louder than over the general
surface. It would appear that these sounds are
produced by the motion of the ayr alang the air-
passages.

27. In consequence of the elasticity of the lungs,
a certain force must be expended in distending them,
and this force is found experimentally to become
greater and greater the more the lung is distended ;

just as, in stretching a piece of india-rubber, more

force is required to stretch it a good deal than is
needed to stretch it only a little. Hence, when
msplration takes place, and the lungs are distended
with air, the heart and the great vessels in the chest
are subjected to a less pressure than are the blood-
vessels of the rest of the body.



v.] ACCOMPANIMENTS OF RESPIRATION. 109

For the pressure of the air contained in the lungs
is exactly the same as that exerted by-the atmo-
sphere upon the surface of the body; that is to say,
fifteen pounds on the square inch. But a certain
amount of this pressure exerted by the air in the
Jungs is counterbalanced by the elasticity of the dis-
tended lungs. Say that in a given coudition of
inspiration a pound pressure on the square inch is
needed to overcome this clasticity, then there will
be only fourteen pounds’ pressure on every square
inch of the heart and great vessels. And hence
the pressure on the blood in these vessels will
be one pound per square inch less than that on
the veins and arteries of the rest of the body. If
there were no aortic, or pulmonary, valves, and if the
composition of the vessels, and the pressure upon
the blood in them, were everywhere the same, tfe
result of this excess of pressure on the surface would ?
be, to drive all the blood from the arteries and veins
of the rest of the body into the heart and great
vessels contained in the thorax,® And thus the
diminution of the pressure upon the thoracic blood
cavities progluced by inspiration, would, practically,
suck the blood from all parts of the body towards
the thorax. But the suction thus exerted, while it
hastened the flow of blood to the heart in the veins,
would equally oppose the flow from the heart to the
arteries, and the two cffects would balance one -
another. )

As a matter of fact, however, we know—

(1.) That the blood in the great arteries is con-
stantly under a very considerable pressure, exerted
by their elastic walls; while that of the veins is
under little or no pressure, the walls of the veins
having but little elasticity.
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(2.) That the walls of the arterics are strong and .
resisting, -while those of the veins are weak and
flabby.

(8.) That the veins have valves opening towards
the heart; and that, during the diagfole, there is
no resistance of any moment to the frce passage of
biood into the heart; while, on the other hand, the
cavity of the arteries is shut off from that of the
ventricle during the diastole, by the closure of the
semilunar valves.

Hence it follows that equal pressures applied to
the surface of the veins and to that of the arteries
must produce very different effects. In the veins
the pressure is something which did not exist be-
fore ; and, partly from the presence of valves, partly

- from the absence of resistance in the heart, partly

from the presence of resistance in the capillaries, it
all tends to accelerate the flow of blood towards the
heart. In the arteries, on the other hand, the pressure
is ouly a fractional addition to that which existed
before ; so that, during the systole, it only makes a
comparatively small addition to the resistance which
bas to be ovcrcome by the ventricle,; and during the
diastole, it superadds itself to the elasticity of the
arterial walls in driving the blood onwards towards
the capillaries, inasmuch as all progress in the oppo-
site direction is stopped by the semilunar valves.

It is, therefore, clear that the inspiratory move-
ment, on the whole, helps the heart, inasmuch as its
general result is to drive the blood the way that the
heart propels it.

28. In expiration, the difference between the
pressure of the atmosphere on the surface, and that
which it exerts on the contents of the thorax through

_the lungs, becomes less and lessin proportion to the
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completeness of the expiration. Whenever, by the
ascent of the diaphragm and the descent of the ribs,
the cavity of the thorax is so far diminished that
pressure is excrted on the great vessels, the veins,
owing to the thinness of their walls, are especially
affected, and a check is given to the flow of blood
in them, which may become visible as a venous
pulse in the great vessels of the neck. In its effect
on the arterial trunks, expiration, like inspiration,
is, on the whole, favourable to the circulation ; the
increased resistance to the opening of the valves
during the ventricular systole heing more than
balanced by the advantage gained in the addition of
the expiratory pressure to the clastic reaction of
the arterial walls during the diastole.

When the skull of a living animal is laid open
and the brain exposed, the cercbral substance is sefn
to rise and fall synchronously with the respiratory 2
movements ; the rise corrcsponding with expira-
tion.

- 29. Hitherto, I have supposed tRe air-passages to
be freely open during the inspiratory and ¢xpiratory
movements., But if, the lungs being distended, the
mouth and nose are closed, and a strong expiratory
cffort is- then made, the heart’s action may. be
stopped altogether.* And the same result occurs if,
the lungs being partially empticd, and the nose and
mouth. closed, a strong inspiratory effort is made.
In the latter case the excessive distension of the |,
right side of the heart, in consequence of the flow of
blood into it, may be the cause of the arrest of the
heart’s action ; but in the former, the reason of the
stoppage is not very clear.

* Therve is danger in attempting this experiment.
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30. The activity of the respiratory process is
greatly modified by the circumstances in which the
body is placed. Thus, cold greatly increases the
quantity of air which is breathed, the quantity of
oxygen absorbed, and of carbonic acid expelled :
exercise and the taking of food have a correspond-
ing effect. .

In proportion to the weight of thee body, the
activity of the respiratory process is far greatest in
-, children, and diminishes gradually with age.

"' The excretion of carbonic acid is greatest during
the day, and gradually sinks at night, attaining its
" minimum about midnight, or a little after.
Reeent observations appear to show that the rule -
that the quantity of oxygen taken in by respiration
is, approximately, equal to that given out by etpira-
tivn, only holds good for the total result of twenty-
four hours’ respiration. Much more oxygen appears
to be given out during the day-time (in combination
with carbon as carbonic acid) than is absorbed;
while, at nights much more oxygen is- absorbed
-than is excreted as carbonic acid during the same
period.  And it is very probable that the deficiency
of oxygen towards the end of tHe waking hours,
which is thus produced, is one cause of the sense of
fatigue which comes on at that time. T

The quantity of oxygen which disappears in pro-
portion to the carbonic acid given out, is greatest
in carnivorous, least in herbivorous animals—greater
in & man living on a flesh diet, than when the same
man is feeding on vegetable matters.

31. When a man is strangled, drowned, or choked,
or is, in any other way, prevented from inspiring or
expiring sufficiently pure atmospheric air, what.is

_called asphyxia comes on, He grows « black in the
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face ;” the veins become turgid; insensibility, not
unfrequently accompanied by convulsive movements,
sets in, and he is'dead in a few niinutes.

But, in this nsphyxlatmg process, two deadly
influences of a distinct nature are co-operating ;
one is the deprivation of oxygen, the other is the
excesstve accumulation of. carbonic acid in the
blood. Oxygen starvation and carbonic acid poison-
ing, each of which may be fatal in itself, are at work
together.

The effects of .oxygen starvation may be studied

- separately, by placing a small animal under the
receiver of an air-pump and exhausting the air; or
by replacing the air by a stream of hydrogen, or
nitrogen gas. In these cases no accumulation of car-
honic.acid is permitted, but, on the other hand, the
supply of oxygen soon becomes insufficient, and the
animal quickly dies. And if the experiment be,

.made in another way, by placing a small mammal,
or bird, in air from which the carbonic acid is re-
moved as soon as it is formed, the animal will never-
theless die as soon as the amount of oxygen is
reduced to 1 per cent. or thereabouts. .

The directly poisonous effect of carbonic acid, on
the other hand, has been very much exaggemted
A very large quantity of pure carbonic acid (10 to
15 or 20 per cent.) may be contained in air, with-
out producing any very serious immediate effect, if
the quantity of oxygen be simultaneously increased.
And it is possible that what appear to be the directly
poisonous effects of carbonic acid may really arise
from its taking up the room that ought to be occu-
pied by oxygen. If this be the case, carbonic acid
is & negative rather than a positive poison. .

‘Whichever may be the more potent agency,
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the effect of the two, as combined in asphyxia,
is to produce an obstruction; firstly, in the pulmo-
nary circulation, and, secondly, in the veins of the
body generally. The lungs and the right side of the
heart, consequently, become gorged with blood, while
the arteries aftl left side of the heart gradually
empty themselves of the small supply of dark and
unaérated blood which they receive. The heart
becomes paralysed, partly by reason of the distension
of its right side, partly from being supplied with
" venous blood; and all the organs of the body
" gradually cease to act.

32. Sulphuretted hydrogen, so well known by its
offensive smell, has long had the repute of being a
positive poison. But its evil effects appear to arise
chiefly, if not wholly, from the eircumstance that its
Hydrogen combines with the oxygen carried by the

« sblood-corpuscles, and thus gives rise, mdlrectly, toa
form of oxygen starvation.

Carbonic oxide gas has a much more serious effect,
as it turns out the oxygen from the blood-corpuscles,
and forms a combination of its own with the hsemo-
globin. The compound thus formed ,is gradually
decomposed by fresh oxygen ; but, if nny large pro-
portion of the blood-corpuscles be thus rendered
useless, the animal dies before this restoration can
be effected.

Badly made common gas sometimes contains 20
to 30 per cent. of carbonic oxide ; and,under these
circumstances, a leakage of the pipesin a house may
be extremely perilous to life.

83. It is not necessary, however, absolutely to
strangle, or drown, & man in order to asphyxiate
him. As, other things being alike, the rapidity of

- diffusion between two gaseous mixtures depends on
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the difference of the proportions in which their con-
stituents are mixed, it follows that the more nearly
the composition of the tidal air approaches that of
the stationary air, the slower will be the diffusion of
carbonic acid outwards and of oxygen inwards, and
the more charged with carbonic acid and defective
in oxygen will the air in the air-cells become.
And, on increasing the proportion of carbonic acid in
the tidal air, a point will at length be reached when
the change effected in the stationary air is too slight
to enable it to relieve the pulmonary blood of its
carbonic acid, and to supply-it with oxygen to the-
extent- required for its arterialization. In this case
the blood, which passes into the aorta, and is thence
distributed to the heart and the body generally, being
venous, all the symptoms of insensibility, loss of
muscular power, and the like, which have been end-
merated above as the results of supplying the braine
and muscles with venous blood, will follow, and a
stage of suffocation, or asphyxia, will supervene.
34. Asphyxia takes place whenevkr the proportion
of carbonic acid in tidal air reaches 1Q per cent.
(the oxygen, being diminished in like proportion).
And it makes no difference whether the quantity
of carbonic acid in the air breathed is increased
by shutting out fresh air; or by augmenting the
number of persons who are consuming the same
air; or by suffering combustion, in any shape, to
carry off oxygen from the air. -
But the deprivation of oxygen, and the acecu-
mulation of carbonic acid, cause injury, long before
the asphyxiating point is reached. Uneasiness and
headache arise when less than one per cent. of the
oxygen of the air is replaced by other matters;
while the persistent breathing of such air tends to
: 12
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lower all kinds of vital energy, and predisposes to
disease,

Hence the necessity of sufficient air and of venti-
lation for every human being. To be supplied with
respiratory air in a fair state of purity, every man
ought to have at least 800 cubic feet of space® to
himself,.and that space ought to be freely accessible,
by direct or indirect channels, to the atmosphere.

* A cubical room nine feet high, wide and long, con-
tains only 729 cubic feet of air.
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LESSON V.

THE SOURCES OF LOSS AND OF GAIN
70 THE BLOOD. '

1. Tue blood which has been a&rated, or ar-
terialized, by the process described in the pre~
ceding Lesson, is carried from the lungs by the
pulmonary veins to the left auricle, and is then forced
by the auricle into the ventricle, and by the ventricle
into the aorta. As that great vessel traverses the
thorax, it gives off several large arterics, by means
of which blood is distributed to the head, the arnis,
and the walls of the body. Puassing through the?®
diaphragm (Fig. 23), the aortic trunk enters the
cavity of the abdomen, and becomes what is called
the abdominal aorta, from which %esscls are given
off to the viscera of the abdomen. Finally, the
main streang of plood flows into the <liac arteries,
whence the viscera of the pelvis and the legs are
supplied.

Having traversed the ultimate ramifications of the
arteries, the blood, as we have seen, enters the
capillaries. Here, the products of the waste of the
tissues constantly pour into it; and, as the blood .
is everywhere full of corpuscles, which, like all other
living things, decay and die, the results of their de-
composition everywhere accumulate in it. It follows
that, if the blood is to be kept pure, the waste matters
thus incessantly poured into, or generated in it, must
be as constantly got rid of, or excreted,
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2. Three distinct sets of organs are especially
charged with this office of continually excreting
carbonic acid, water, and urea. They are the Lungs,
the Kidneys, and the Skin (seec Lesson 1. § 23).
These three great organs may therefore be regarded
as s0 many drains from the blood—as so many
channels by which it is constantly losing substance.

Further, the blood, as it passes through the
capillaries, is constantly losing matter by exudation
into the surrounding tissues.

Another kind of loss takes place from the surface
of the body gencrally, and from the interior of the
air-passages and lungs, Heat is constantly being
given off from the former by radiation, evaporation,
and conduction : from the latter, chiefly by evapo--
rgtion,

8. The blood which entcrs the liver is constantly

"‘osing material to that organ; but the loss is only
temporary, as almost all the matter lost, converted
into sugar and into bile, re-enters the current of the
circulation in the liver itself, or clsewhere.

Again, the loss of matter by the lungs in expi-
ration is partially made good by the no fess constant
gain which results from the quantity of oxygen
absorbed at each inspiration: while the combustion
which is carried on in the tissues, by means of this
oxygen, i8 the source not only of the heat which is
given off through the lungs, but also of that which
is carried away from the gencral surface of the
body. And the loss by exudation from the capil-
laries is, in some degree, compensated by the gain
from the lymplatics and ductless glands.

4. In the instances just mentioned- the loss and
gain ave constant, and go on while lifc and hedlth
last.  But there are certain other operations which
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cause either loss or gain to the blood, and which
are not continuous, but take place at intervals.

These are, on the side of loss, the actions of the
many secretory glands, which separate certain sub-
stanccs from the blood at recurrent periods, in the
intervals of which they are quiescent.

On the side of gain are the contractions of .the
matscles, which, during their activity, cause a great
quantity of waste materials to appear in the blood ;
and the operations of the alimentary canal, which,
for a certain period after food has been taken, pour
new materials into the blood.

Under some circumnstances, the skin, by absorbing
fluids, may become a source of gain.

5. The sources of loss and gain to the blood may
be conveniently arranged in the following tabular
form :—

A INCESSANTLY Acrivi Sounrcks oF Loss onr
GaiN 10 THE BLoopn.*

a. Sources of loss.
I. Loss of matter.
1. Tfe lufgs.
2. The kidneys.
3. The skin,
4. The liver.
5. The tissues generally.

I1. Loss of heat.
1. The free surfaces of the body.

* The learner must be careful not to confound the
losses and gains of the blood with the losses and gains of
the body as a whole. The two differ in much the same
waj as the internal commnerce of a country differs from
its export and import trade.
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b. The sources of gain.

L G'am of matter.
. The lungs,
z The liver.
8. The spleen, ductless glands, and lvm-
phatic system.
4. The tissues generally.

IL. Gain of heat.
1. The blood itself and the tissues generally.

B, ISTERMITTENTLY ACTIVE SOURCES oF Loss onr
GAIN To THE BLoob,

 a. Source of loss.
« 1. Many secreting glands.

‘1. Sources of gain.

1. The muscles.

2. The alimentary canal.
3. The skin.

6. In the preceding Lesson I have deseribed
the operation by which the lungs withdraw from
the blood much carbonic acid and water, with a
fractional quantity of urca, and supply oxygen to
the blood ; I now proceed to the second source of
continual loss, the KipnEYs.

Of these organs, there are two, placed at the back
of the abdominal cavity, onc on each side of the
lumbar region of the spine. Each, though some-
what larger than the kidney of a sheep, has a similar
shape. The depressed, or concave, side of the kidney
is turned inwards, or towards tue spine; and its
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convex side is directed outwards (Fig, 25). From
the middle of the concave side (called the Ailus) of
cach kiducy, a long tube with a small bore, the
Ureter (Ur.), proceeds to the Bladder (B3L.).

i 08
° . Fi1c. 25,

The kidneys (K); ureters (Ur.); with the aorta (4o.), and vena
cava inferior (V.C.I.); and the renal arteries and veins. Bl is
tho bladder, the top of which is cut off so as to show the open-
iugs of the ureters (1, 1) and that of the urethra (2). .

The latter, situated in the pelvis, is an oval bag,
the walls of which contain abundant unstriped mus-
cular fibre, while it is lined, internally, by muecous
membrane, and coated externally by the peritoneum.
The urcters open side by side, but at some little dis-
tance from one another, on the posterior and inferior
wall of the bladder (Fig. 25, 1, 1). Infront of them
is a single aperture which leads into the canal ealled
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the Urethra (Fig. 25, 2), by which the cavity of the

bladder is placed in communication with the exterior

of the body. The openings of the ureters enter the

walls of the bladder obliquely, so that it is much

more easy for fluid to pass from the urcters into the -
bladder than for it to get the other way, from the

bladder inte the ureters.

Mechanically speaking, there is little obstacle to
the free flow of fluid from the ureters into the blad-
der, and from the bladder into the urethra, and so

“outwards; but certain muscular fibres arranged cir-
cularly around the part called the ¢ neck ” of the
bladder, where it joins the urethra, constitute what
is termed a sphincter, and are usually, during life,
in a state of contraction, so as to close the exit of
the bladder, while the other muscular fibres of the
organ are relaxed.

.+ It is only at intervals that this state of matters
is reversed ; and the walls of the bladder eontract-
ing, while its sphincter relaxes, its contents, the
urine, are discharged. But, though the expulsion
of the secretion of the kidneys from the body is
thus intermittent, the excretion itsclf <8 constant,
and the urinary fluid flows, drop by drop, from the
opening of the ureters into the bladder. Here it
accumulates, until its quantity is sufficient to give
vise to the uneasy sensations which compel its
expulsion,

7. The excretion of nitrogenous waste and water,
with a little carbonic acid, by the kidneys, is thus
strictly comparable to that of carbonic acid and
water, with a little urea, by the lungs, in the air-
cclls of which carbonic acid and watery vapours are
incessantly accumulating, to be periodically expelied
by the act of expiration.  But the operation of the
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renal apparatus differs from that of the respiratory
organs, in the far longer iutervals between. the ex-
pulsory acts ; and still more in the circumstance that,
while the substance which the lungs take into the
body is as important as those which they give out,
the kidneys take in nothing.

8. The renal excretion has naturally an acid
reaction, and consists of wurea and wric acid,
sundry other animal produects of less importance in-
cluding certain colouring matters ; with saline and
gaseous substances, held in solution by a large quan-
tity of water.

The quantity und -composition of the urine vary
greatly according to the time of day ; the tempera-~
ture and moisture of the air ; the fasting or replete
condition of the alimentary canal: and the nature of
the food.

Urea and uric acid are both composed of the
clements carbon, hydrogen, oxygen, and nitrogen,
but the urea is by far the more soluble in water,
and greatly exceeds the uric acid in quantity.

An average healthy man excretes by the kidneys
about fifty owncess or 24,000 grains, of water a day.
In this are dissolved 500 grains of urea, but not
more than 10 to 12 grains of uric acid.

The amount of other animal matters, and of saline
substances, varies from one-third as much, to nearly
the same amount as, the vrea.  The saline matters
consist chiefly of common salt, phosphates and sul-
phates of potash, soda, lime, and magnesia. The
gases are the same as those in the blood,—namely, -
carbonic acid, oxygen, and nitrogen.  But the quan-
tity is, proportionally, less than one-third as great ;
and the carbonic acid is in very large, while the
oxygen is in very small, amount. v
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The average spgcific gravity does not differ very
widely from that of blood serum, being 1-020.

9. It will be observed that all the chief consti-
tuents of the wurine are already contained in the
blood, aud indeed, it might almost be said to be the
blood devoid of its corpuscles, fibrin, and albumen.
Speaking broadly, it is such a fluid as might be
separated from the blood by the help of any kind
of filter which had the property of retaining these
constituents, and letting the rest flow off. The
filter required is found in the kidney, with the
minute structure of which it is now necessary to
become acquainted.

When a longitudinal section of a kidney is made
(Fig. 26), the upper end of the ureter () seems
to widen out into a basin-like cavity (P), which is
called the pelvis of the kidney. Into this, sundry

“\onical elcvations, called the Lyramids (Py) pro-
ject ; and their summits present multitudes of minute
openings—the final terminations of the tubuli, of
which the thickndss of the kidney is chicfly made up.
If the tubules be traced from their openings towards
the outer surface, they are found, atdirst,éo lie parallcl
with one another in bundles, which radiate towards
that surface, and subdivide as they go ; but at length
they spread about irregularly, and become interlaced.
From this circumstance alone, the middle, or medul-
lary, part (marrow, medulla) of the kiduey looks
different from the superficial, or cortical, part (bark,
cortex); but, in addition, the cortical part is more
abundantly supplied with vessels than the medullary,
and hence has a darker aspect. The great majority
of the tubules ultimately terminate in dilatations (Fig.
27), which are called Malpighian capsules. Into
the summit of each capsule, a small vesse] (f), one of
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the ultimate branches of the renal artery (Fig. 26,
R 4), enters (driving the thin wall ‘of the capsule
before it), and immediately breaks up into a bunch
of looped capillarics, called a glomerulus (Fig. 27.

Longitudina) seetion of the human kidney. Ct. the eortical sub-
stance ; M, the medullary substance; P, the pelvis of the kidney ;
U, the urcter ; B 4, the renal artery : Py, a pyramid,

h), whick: nearly fills the cavity of the eapsule. The
blood is carried away from this glomerulus by a small
vein (9) which does not, at once, join with other
veins into a larger venous trunk, but opens into the
net-work of capillaries which surrounds thg tubule,
thus repeating the portal circulation on a small scale.

"The tubule has an epithelial lining (d), continuous
with that of the pelvis of the kidney, and the urinary
passages generally. The epithelium is thick and
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plain enough in the tubule, but it becomes very
delicate, or even disappears, in the capsule and or
the glomerulus,

. Fia. 27. e @

Maguified about 300 diameters
A. Malpighian capsule (=), with its contained glomerulus (k)
and the beginning of the tubule (b) into which it opens. ¢, d,
epithelium, in place ; ¢, epithelimm of the tubule detachefy; f, the
artery ; g, the vein ; &, the glomerulus. B. The epithelium magnified.

10. Tt is obvious from this description, that the
surface of the glomerulus is, practically, free, or in
direct communication with the exterior by means of
the cavity of the tubule; and further, that, in each
vessel of the glomerulus, a thin stream of blood
constantly flows, only separated from the cavity of
the tubule by the very delicate membrane of which
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the wall of the vessel is composed. The Malpighian
capsule may, in fact, be regarded ss a funnel, and
the membranous walls of the glorerulus as a piece
of very delicate filtering-paper, into which the blood
is poured.

11. The blood which supplies the kidneys is-
brought divectly from the aorta by the renal arteries,
so that it has but shortly left the heart. The venous
blood which enters the heart, and is propelled to
the lungs, charged with the nitrogenous, as well as
with the other, products of waste, loses only an in-
appreciable quantity of the former in its course
through thelungs; so that the arterial blood which fills
the aorta is pure only as regards carbonaceous waste,
while it is impure as regards urca and uric acid.

- In the healthy condition, the walls of the minuse
renal arteries and veins are relaxed, so that the
passage of the blood is very free; and but littles!
waste, arising from muscular contraction in the
walls of these vessels, is thrown into the renal blood.
And as the urine which is separatetl from the renal
blood contains proportionately less oxygen and more
carbonic aci«.} thag the blood itslf, any gain of car-
bonic acid from this source is probably at once
counterbalanced. Hence, so long as the kidney is
performing its functions .properly, thé blood whick
leaves the organ by the rcnal vein is as bright
scarlet as that which enters it by the renal artery.
Strictly speaking, it is the purest blood in the
body, careful analysis having shown that it con-
tains & sensibly smaller quantity of urea and of
water than that of ‘the left side of the heart. This
difference is, of course, a necessary result of the
excretion of the urinary fluid from the blood as it
travels through the kidney.



128 LLEMENTARY PHYSIOLOGY. [LessoN

As the renal veins pour their contents directly into
the inferior vena cava (sce Fig. 25), it follows that
the blood in the upper part of this vein is far less
impure, or veuous, than that contained in the in-
ferior vena cava, below the renal veins.

12. Irritation of the nerves which supply the
walls of the vessels of the kidney has the immediate
effect of stopping the excretion of urine, and render-
ing the renal blood dark and venous. The first

_cffect would appear to be explicable by the diminu-

tion of the pressure exerted upon the blood in the
Malpighian tufts, in consequence of the diminution
in the size of the channels—the small arteries—by
which the blood reaches them. And the sccond
cffect is probably, in part, a secondary result of the
first~—the excrction of carbonic acid by the urine
ceasing with the suppression of that fluid; while, to

«a Jarge extent, it is also the result of a pouring in of

carbonic acid into the renal blood, in consequence
of the work of the muscles of the small vessels, and
the waste which<results therefrom,

13, That the' skin is a source of continual loss to
the blood may be proved in various ways. If the
whole body of a man, or onc of his limbs, be inclosed
in a caoutchouc bag, full of air, it will be found
that this air undergoes changes which are similar in
kind to those which take place in the air which is
inspired into the lungs. That is to say, the air loscs
oxygen and gains car rbonic acid ; 3 it receives a great
quantity of watery vapour, which condenses upon
the sides of the bag, and may be drawn off by a -
properly disposed pipe; and a minute quantity
of urea accumulates upon the suifuace of the limb
or body.
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Under ordinary circumstances no liquid water
appears upon the surface of the integument, and the
whole process reccives the name of the insensible
perspiration. But, when violent excrcise is taken,
or under some kinds of mental emotion, or when the
body is exposed to a hot and moist atmosphere, the
perspiration becomes sensible,; that is, appears in
the form of scattered drops upon the surface.

14. The quantity of sweat, or perspiration, varies
immensely, according: to the temperature and other
conditions of the air, and according to the state of
the blood and of the nervous system. It is estimated
that, as a general rule, the quantity of water excreted
by the skin is about double that given out by the
lungs in the same time. The quantity of carbonic
acid is not above woth or Zth of that excreted 13,)'
the lungs. The precise quantity of urca excreted is
not known.

In its normal state the sweat is acid, and contains
fatty matters, even when obtained free from the fatty
products of the sebaceous glands. ‘Ordmarﬂy, per-
spiration, as it collects upon the skin, is mixed with
the fatty seegetion, of these glands; and in addition,
contains scales of the external layers of the epidermis,
which are constantly being shed.

15. In analysing the process by which the per-
spiration is eliminated from the body, it must be
recollected, in the first place, that the skin, even if
there were no glandular structures connected with it,
would be in the position of a moderately thick, per-
meable membrane, interposed between a hot fluid,
the blood, and the atmosphere. Even in hot climates
the air is, usually, far from being completely
saturated with watery vapour, and in temperate
climates it ceases to be so saturated the moment it

4
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comes into contact with the skin, the temperature of
which is, ordinarily, twenty or thirty degrees above
its own,

A bladder exhibits no sensible pores, but if filled
with water and suspended in the air, the water will
gradually ooze through the walls of the bladder, and
disappear by evaporation. Now, in its relation to-
the blood, the skin is such a bladder full of hot
fluid.

Thus, perspiration to a certain amount must
alwiys be going on through the substance of the
integument ; but what the amoun? of this perspira-
tion may be cannot be accurately ascertained,
because a second and very important source of the
perspiration is to be found in what are called the
sweat-glands.

16. All over the body the integument presents

‘winute apertures, the ends of channels excavated in

the epidermis or scarf-skin, and each continuing the
direction of a minute tube, usually about wivth of
an inch in diaméter, and a quarter of an inch long,
which is imbedded in the dermis. Each tube is
lined with an epithelium continuops with the epi-
dermis, The tube sometimes divides, but, whether
single or branched, its inner end or ends are blind,
and coiled up into a sort of knot, interlaced with a
meshwork of capillaries (Fig. 28, A).

The bloodin these capillaricsis therefore separated
from the cavity of the sweat-gland only by the thin
walls of the capillaries, that of the glandular tube,
and its epithelium, which, taken together, constitute
but a very thin pellicle; and the arrangement,
though different in detail, is similar in principle, to
that which obtains in the kiduey. In the latter, the
vessel makes a coil within the Malpighian capsule,
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which ends a tubule. Here the perspiratory
tubule coils about, and amoung, the vessels, 1In
both cases the same result is arrived at—namely,
the exposure of the blood to a large, relatively
free, surface, on to which certain of its contents
transude. '

Fia. 28.

4. Scction of the skin showing tho sweat-glands. a, the epider-
mis; b, its deeper layer, the reie Malpighii; e'd, the dermis, or
true skin; f, fat cells; g, the coiled end of a sweat gland; 2, its
duct; 4, its opening on the surface of the epidermis. B. A section
of the skin showing the roots of the hairs and the sebaceous
glands ; b, wuscle of, ¢, the hair sheath on the left hand.

The number of these glands varies in different
parts of the body. They arc fewest in the back
and neck, where their number is not much more
than 400 to a square inch. They are more"
numerous on the skin of the palm and sole, where
their apertures follow the ridges visible on the skin,

x 2
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and amount to betwcen two and three thousand on
the square inch. At a rough estimate, the whole
integument probably possesses not fewer than from
two millions and o quarter to two millions and a
Lalf of these tubules, which thercfore must possess a
very ereat aggregate secreting power.

17. The sweat-glands are greatly under tho
influence of the ncrvous system. This is proved,
not merely by the well-known effects of mental
emoticn in sometimes suppressing the perspiration
and sometimes causing 1t to bo pourcd forth in
immensc abundaince, but has been made a matter
of divect experiment. There are some animals, such
as the horse, which perspire very freely. If the
sympathetic nerve of one side, in the neck of a horse,
be cut, the same side of the head becomes injected
. With blood, aud its temperature rises (sce Lesson IL
§ 24); and, simultancously, sweat is poured out
abundantly over the whole surface thus affected.
On irritating that end of the cut nerve which is in
connexion with the vessels, the muscular walls of
the latter, to which the nerve is distributed, contract,
the congestion ceases, and with itthe perspiration.

18. The amount of matter which may be lost by
perspiration, under certain circumstances, is very
remarkable. Heat and severe labour, wmbmed
may reduce the weight of a man two or threo
pounds in an hour, by means of the cutaneous per-
spiration alone; and, as there is some reason to
believe that the quantity of solid matter carried off
from the blood does not diminigh with the increase
of the amount of the perspiration, the quantity cven
of urea which is eliminated by profuse sweatmg
may be considerable,

The difference between blood which is coming
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from, and that.which is going to, the skin, can only
be concluded from the nature of the substances given
out in ‘the perspiration; but artcrial blood is not
rendered venous in the skin. _

19. It will now be instructive to compare together
in more detail than has been done in the First
Lesson (Lesson I, § 23), the three great organs
—lungs, kidneys, and skin—which have been
desceribed.

In ultimate anatomical analysis, each of these

-organs consists of a moist animal membrane sepa-
rating the blood from the atmosphere.

Water, carbonie acid, and urca pass out from
the blood threugh the animal membrane in each
organ, and constitute its secrction or excretion;
but the three organs differ in the absolute and
relative amounts of the constituents the escape of,
which they permit.

Taken by weight, water is the predominant ex-
cretion in all three: most solid, matter is given
off by the kidneys; most gaseous matter by the
lungs., '

The skin partakes of the naturc of both lungs and
kidneys, seeing that it absorbs oxygen and exhales
carbonic acid and water, like the former, while it
excretes urca and saline matter in solution, like the
latter ; but the skin is more closely rclated to the
kidneys than to the lungs. Hence when the frce
action of the skin is interrupted, its wark is usually
thrown upon the kidneys, and vice versd. In hot
weather, when the cxcretion by the skin increases,
that of the kidneys diminishes, and the reverse
is gbserved in cold weather.

This power of mutual substitution, however, only
goes a little way ; for if the kidneys be extirpated,
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or their functions much interfered with, death en-
sues, however active the skin may be. Aund, on
the other hand, if the skin be covered with an im-
penetrable varmsh, the temperature of the body
rapidly falls, and death takes place, though the
lungs and kidneys remain active.

- 20. The lver 13 a constant source both of loss,
and, in a scnse, of gain, to the blood which passes
thmu«rh it. It gives rise to loss, because it sepa-
rates & peealiar fluid, the bile, from the blood, and
throws that fluid into the intestine. It is a source
of gain, if not in quantity, at any rate in kind, of
matter, because it elaborates a substance, glycogen,
which is capable of passing very readily into a kind
of* sugar, called glucose, and is carried off, in one

«ghape or another, by the blood. Finally, it is very
probable that the liver is one source of the colour-
less corpuscles of the blood.

The liver is the largest glandular organ in the
body, ordinarily weighing about fifty or sixty ounces.
It is a broad, dark, red-coloured organ, which lies
on the right side of the body, ithmedfiately below
the diaphragm, with which its upper surface is in
contact, while its lower surfuce touches the intestines
and the right kidney.

The liver is invested by a coat of peritoneum,
which keeps it*in place. It is flattened from above
downwards, and convex and smooth abave, where it
fits into the concavity of the lower surface of the
diaphragm. ~ Flat and irregular below (Fig. 29), it
is thick behind, but ends in a thin edge in front.

Viewed from below, as in Fig. 29, the inferior
vena ‘cava, @, is seen to traverse a notch in the
hinder edge of the liver as it passes from the abdo-
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men to the thorax. At b the trunk of the vena
porte is observed dividing into the chief branches

Fia. 29.
The liver viewed from below. a, vena cava; b, vena porzae;
¢, bile duct ; d, hepatic artery ; 7, gall-bladder.

which enter into, and ramify through, the substance
of the organ. At d, the hepatig artery, coming

Fia. 30.
a, ultimate branches of the hepatic duct; b, liver cells,
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almost directly from the aorta, similarly divides,
enters the liver, and ramifies through it; while at ¢
.is the single trunk of the duet, called the lepatic
duct, which conveys away the bile brought to it by
its right and left branches from the liver. Opening

Fie. 81,

A section of part of the liver to show H.V. the hepatie vein,
with L. the lobules or acini of the liver, seated upon its walls,
and sending their intralobular veins into it.

into the hepatic duct is seen the duct of a large oval
sac, I, the gall-bladder. The duct is smaller than

- the artery, and the artery than the portal vein.
If the branches of the artery, the portal vein, and
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the bile duct, be traced into the substance of the
liver, they will be found to accompany one another,
and to branch out and subdivide, becoming smaller
and smaller. At length the portal vein and hepatie
artery will be found to end in the capillaries, which
. traverse, like a network, the substance of the small-
est ohvious subdivisions of the liver substance—
polygonal masses of one-tenth of an inch in dia-
meter, or less, which are termed the lobules. Tvery
lobule is seated by its base upon one of the ramifi-
cations of a great vein—the Lepatic vein—and the
blood of the capillaries of the lobule is poured into
that vein by a minute veinlet, called intralobular,
which traverses the centre of the Jobule, and pierces
its base. Thus the venous blood of the portal vein
and the arterial blood of the hepatic artery reach the
surfaces of the lobules by the ultimate ramifications
of that vein and artery, become mixed in the capil-”
laries of each lobule, and are carried off by its intra-
lobular veinlet, which pours its contents into one of
the ramifications of the hepatie veil, These rami-
fications, joining together, form larger and larger
trunks, which at length reach the hinder margin of
the liver, and finally open into the vena cava inferior,
where i passes upwards in-contact with that part of
the organ. .
Thus the blood with which the liver is supplied is
a mixture of arterial and venous blood; the former
brought by the hepatic artery directly from the
aorta, the latter by the portal vein from the capil-
laries of the stomach, intestines, pancreas, and spleen.
‘What ultimately becomes of the ramifications of
the hepatic duct is not certainly known. Lined by
an epithelium, which is continuous with that of the
mam duct, and thence with that of the intestines,
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into which the main duct opens,.they may be traced
to the very surface of the lobules, " Their ultimate
ramifications are not yet thoroughly determined: but
reccut investigations tend to show that they commu-
nicate with minute passages left between the hepatic
cells, aud traversing the Jobule in the intervals left

* by the capillaries. In either case, any fluid sepa-
rated from the blood by the lobules must readily
find its way into them.

In the Jobules themselves all the meshes of the
blocd vessels are occupied by the liver cells. These
are many-sided minute bodics, cach about rgygth
of an inch in diameter, possessing. a nucleus in its
interior, and frequently having larger and smaller
granules of fatty matter distributed through its sub-
sfance (Fig. 80, 5). It is in the liver cells that
the active powers of the liver are supposed to reside.

¥ 21. The nature of these active powers, so far as
the liver is a source of loss to the blood which
_traverses it, is determined by ascertaining—

a. The charficter of that fluid, the bile, which
incessantly flows down the biliary duet, and which,
if digestion is not going on, and. thegpassage into
the intestine is closed, flows back into and fills the
gall-bladder.

b. The difference between the blood which enters
the liver and that which leaves it in respect of the
constituents of the bile.

22. a. The total quantity of bile scereted in the
twenty-four hours varies, but probably amounts to not
less than from two to three pounds. It is a greenish
yellow, slightly alkaline, fluid, of extremely bitter
taste, consisting of water, with from 17 per cent. to
half that quantity, of solid matter in solution. The
solids consist chiefly of a resinous substance, com-
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posed of carbon, hydrogen, oxygen, nitrogen, and
sulphur, which exists in combination with soda. This
biliary matter, or b¢lin, may be separated by chemical
processes into two acids, called the Zaurocholic
(which contains all the sulphur) and the Glycocholic;
and it is consequently said to be a combination of
taurocholate and glycocholate of soda. Besides this
bilin, its chief counstituent, the bile contains a crys-
tallized fatty substance, cholesterine, together with
a peeculiar colouring matter which contains iron, and
is probably related to the heematin of the blood.

b. Of these constituents of the bile the water,
the cholesterine, and the saline matters, alone, are
discoverable in the blood ; and, though doubtless
some difference obtains between the blood which
enters the liver and that which leaves it, in respegt
of the proportional quantity of these constituents,
great practical difficulties lie in the way of the pre-+
cise ascertainment of the amount of that difference.
The blood of the hepatic vein, however, is certainly
poorer in water than that of the poftal vein.

23. As the cssential constituent of bile, bilin,
is not discoveralde in the blood which enters. the
liver, it must be formed at the expense of the tissue
of that organ itself, or of some constituent of the
blood passing through it. Iowever this may be, it
is a very curious circumstance that, as almost all the
bile which is poured into the intestines is re-absorbed
by the vesscls in their walls, it must, in some shape
or other, enter the liver a second time with the
current of the portal blood.

24, We must next consider the chief sources of
conStant gain to the blood ; and, in the first place,
the sources of gain of matter.
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The lungs and skin are, as has been seen, two of-
the principal channcls by which the body loses liquid
and gascous matter, but they are also the sole means
by which one of the most important of all substances
for the maintenance of life, oxzygen, is introduced
into the blood. It has alrcady been pointed out
that the volume of the oxygen taken into the blood
Ly the lungs is rather greater than that of the
carbonic acid given out. The absolute weight of
oxygen thus absorbed may be estimated at 10,000
grains (sce Lesson VL. § 2). _

How mueh is taken in by the skin of man is
not certainly known, but in some of the lower
animals, such as the frog, the skin plays a very
important part in the performance of the respi-
rptory function.

25. The blood leaving the liver by the hepatic
vein, not only contains proportionally less water and
fibrin, but proportionally more corpuscles, especially
colourless corpuscles, and, what is still more impor-
tant, a larger quantity of liver-sugar, or glucose,
than that brought to it by the povtal eins and he-
patic artery ; and these differences are irrespective of
the nature of the food. )

" That the blood leaving the liver should, contain
proportionally less water and more corpuscles than
that entering it, is no more than might be expected
from the fact that the formation of the bile, which is
scparated from this blood, nceessarily involves a loss
of water and of some solid matters, while it does
not abstract any of the corpuscles.

‘We do not know why less fibrin separates from
the blood of the hepatic vein than from the blood

“brought to the liver. But the reason why there is
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always more sugar in_the blood leaving the liver
than in that entelmg it; and why, in fact there is
plenty of sugar in the blood of the hepatic vein even

+ when none whatever is brought to it by the hepatic
artery, or portal vein; has only been made out by
careful and ingenious experimental research within
the last few years.

26. If an animal be fed upon purely animal food,
the blood of the portal vein will contain no sugar,
none having been absorbed by the walls of the
alimentary canal, nor will that of the hepatic artery
contain any, or, at any rate, more than the merest
trace. Necvertheless, plenty will be found, at the
same time, in the blood of the hepatic vein and in
that of the vena cava, from the point at which it is
joined by the hepatie vein, as far as the heart.

Sccondly, if, from an animal so fed, the liver be
extracted, and a current of cold water forced into «
the vena porte, it will flow out by the hepatic vein,
carrying with it all the blood of the organ, and will,
after a time, pour out colourless) and devoid of
sugar. Nevertheless, if the organ be left to itself
at a moderafg tepperature, sugar will soon again
become abundant in it.

Thirdly, from the liver, washed as above deseribed,
a substance may be extracted, by appropriate me-
thods, which resembles starch, dextrine, and gum
in chemical composition, consisting as it does of
carbon united with hydlogen and oxygen, the latter
being in the same proportions as in water. This
“ amyloid ” substance is the glycogen spoken of in
§20. It may be dried and kept for long peuods
without undergoing any change.

But, like the vegetable starch and dextrine, this
animal amyloid, which must be formed in the
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liver, since it is certainly not eontained either in tl!e
blood of the portal vein, or in that of the hepatic
artery, is very readily changed by contact wih
certain matters, which act as ferments, into
sugar. :

Fourthly, it may be demonstrated that a fermgnt,
competent to change the ““ amyloid” glycogen into
succharine ¢¢ glucose,” exists under ordinary circum-
stances in the liver. _ .

Putting all these circumstances together, the

~following explaunation of the riddle of the appearance
of sugar in the blood of the hepatic vein and vena
cava, when neither it, nor any compound out of
which it is easily formed, exists in the blood brought
to the liver, appears to have much probability;
though it may possibly require modification, in some
respects, hereafter. ‘

The liver forms glycogen out of the blood with
which it is supplied. The same blood supplies the
ferment which, at the temperature of the body, very
speedily converts the comparatively little soluble
glycogen into very soluble sugar; and this sugar is
dissolved and carried away by cach intyalobular vein
to the hepatic vein, and thence to the vena cava.

-

27. The {ympkatic system has been already men-
tioned as a fecder of the bloud with a fluid which,
in general, appears to be merely the superfluous
drainage, as it were, of the blood-vessels ; though
at intervals, as we shall sce, the lacteals make
substantial additions of new matter. It is very
probable that the multitudinous lymphatic glands
may effect some change in the fluid which traverses
them, or may add to the number of corpuscles in

“the lymph. :
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. The glandular bodies, which, like the lymphatic
glands, are devoid of ducts, and are abundantly sup-
plied with lymphaties, are the thyroid gland, which
lies in the part of the throat below the larynx, and
is that organ which, when enlarged by disease, gives
rise to" Derbyshire neck ”” or ¢ goitre : ”” the thymus
gland, situated at the base of the heart, largest in
mfants, and gradually disappearing in adult and
old persons: and the supra-renal capsules, which
lie above the kidneys. Nothing certain is known
of the functions of any of these bodies.

28. We are as much in the dark respecting the
office of the large viscus called the spleen, which
lies upon the left side of the stomach in the ab-
dominal cavity (Fig. 32). 1t is an elongated flat-
tened red body, abundantly supplied with blood by,
an artery called the splenic artery, which procceds
almost directly from the aorta. The blood which
has traversed the spleen is colleeted by the splendc
vein, and is carried by it to the vena portw, and so
to the liver.

A section of the spleen shows a dark red spongy
mass dotted oger with minute whitish spots. ~Edch
of these last is the section of one of the spheroidal
bodies called corpuscles of the spleen, which are
scattered through its substance, and consist of a
solid aggregation of minute bodies, like the white
corpuscles of the blood, traversed by a capillary
network, which is fed by a small twig of the splenic
artery. The dark red part of the spleen, in which
these corpuscles are cmbedded, is composed of
fibrous and clastic tissue supporting a very spongy
vascular network.,

The elasticity of the splenic tissue allows the
organ to be readily distended, and enables it to re-
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turn to its former size after distension, It appears
to chango its dimensions with the state of the ab-
dominal viscera, attaining its largest size about six

< hours after a full meal, and falling to its minimum
bulk six or seven hours later, if no further supply
of food be taken.

Fia. 82,

The spleen (Spl.) with the splenic artery (_:S'pA.)."Below this is seen
the splenic vein running to help to form the venw porte (V.I.).
Ado. the aorta; D. a pillar of the diaphragm ; P.D. the pancreatic
duet exposed by dissection in the substance of the pancreas;
Dm. the duodenum ; B.D. the biliary duct uniting with the pan-
creatic duct into the common duct, 2 ¥, the intestinal vessels.

The blood_of the splenic vein is found to contain
proportionally fewer red eorpuscles, but more colonr-
“less corpuscles and more fibrin, than that in the
splenic artery ; and it has been supposed that the
spleen is one of those parts of thé economy in which
the colourless corpuscles of the blood are especially
produced. .
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29. It has been seen that heat is being constantly
given off from the integument and from the air-
passages ; and everything that passes from the body
carries away with it, in like manner, a certain
quantity of heat. Furthermore, the suface of the
body is much more exposed to cold than its in-
terior.  Nevertheless, the temperature of the body
is maintained very evenly, at all times and in all
parts, within the range of two degrees on either
side of 99° Fahrenheit.

This is the result of three conditions :—The first,
that heat is constantly being gencrated in the body.
The sccond, that it is as constantly being distributed
through the body., The third, that it is subject to
incessant regulation.

Heat is generated whenever oxidation takes
place; and hence, whenever protein substances, of
fats, or amyloidal matters, are being converted into ,»
the more highly o¥idated waste products,—urea, urie
acid, carbonic acid, and water,—heat is nccessarily
evolved. But thesc processes are taking place in all
parts of the body by which vital activity is manifested ;
and hence every cuplﬁary vessel and every extravas-
cular islet of ffssuc’is really a small fircplace in which
beat is being evolved, in proportion to the activity
of the chemical changes which are going on.

30. But as the vital activities of different parts of
the body, and of the whole body, at different times,
are very different; and as some parts of the body
are so situated as to lose their heat by radiation and
conduction much more easily than others, the tem-
perature of the body would be very unequal in its
different parts and at different times, were it not for
the arrangements by which the heat is distributed
‘aid regulated,

. L



.

146  ELEMENTARY PHYSIOLOGY. [Lussow

Whatever oxidation occurs in any part, raises
the temperature of the blood which is in that part
at the time to a proportional cxtent. But this
blood is swiftly huiried away into other regions of
the body, and rapidly gives up its increased tem-
perature to them. On the other hand, the blood
of the smiface of the body, the temperature of which
is lowered by evaporation and radiation, suffers only
a very slight loss of heat before it is transported
into the deeper organs; and in them it becomes
warited by contact, as well as by ihe oxidating
processes in which it takes a part. Thus the
blood-vessels and their contents might be compared
to a system of hot-water pipes, through which
the warm water is kept constantly circulating by
a pump; while it is heated, not by a great central
boiler as usual, but by a multitude of minute gas
jots, disposed beneath the pipes, not cvenly, but
more here and fewer there. It is obvious that,

.however much greater might be the heat applicd to

one part of thesystem of pipes than to another, the
general temperature of the water would be even
throughout, if it were kept moving with sufficient
quickness by tho pump. c e

81. If such a system were cntircly composed of
closed pipes, the temperature of the water might be
raised to any extent by the gas jets. On the other
hand, it might be kept down to any required degree
by causing a larger, or smaller, portion of the pipes
to be wetted with water, which should be able to
-evaporate freely—as, for cxample, by wrapping
them in wet cloths. And the greater the quantity
of water thus evaporated, the lower would be the
temperature of the whole apparatus. .

Now the regulation of the temperature of the
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human body is effected on this principle. The
vessels are closed pipes, but a great number of
them are enclosed in the skin and in the mucous
membrane -of the air-passages, which are, in a
physical sense, wet cloths frecly exposed to the air.
It is the evaporation from these which exercises a
more important influence than any other condition
upon the regulation of the temperature of the blood,
and consequently of the body.

But, as a further nicety of adjustment, the wetness
of the regulator is itsclf determined by the state of
the small vessels, inasmuch as exudation from these
takes place more readily when the walls of the veins
and arteries are rclaxed, and the blood distends
them and the capillaries. But the condition of the
walls of the vessels depends upon the nerves by
which they are supplied, and it so happens that cold
so affects these nerves in such a manner as to give
rise to contraction of the small vessels; while mode-
rate warmth has the reverse effect.

Thus the supply of blood to the surface is
lessened, and loss of heat is thereby checked, when
the external temperature is low; while, when the
external temperature is high, the supply of blood
to the surface is increased, the fluid exuded from
the vessels pours out by the sweat glands, and the
evaporation of this fluid checks the rise in the
temperature of the superficial blood.

Hence it is that, so long as the surface of the body
perspires freely, and the air-passages are abundantly
moist, & man may remain with impunity, for a con-
siderable time, in an oven in which meat is being
cooked. The heat of the air is expended in convert-
ing thid superabundant perspiration into vapour, and
the temperature of the ,mar)x’s blood is hardly raised.

) A

-
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" 82. The chicf intermittently active sources of loss
to the blood arc found among the glands proper,
all of which are, in prineiple, narrow pouches of the
mucous membrancs, or of the integument of the
body, lined by a continuation of the epithelium or of
the cpidermis. In the glands of Lieberkiihn, which
exist in immense numbers in the walls of the small
intestines, each gland is nothing more than a simple
blind sac of the mucous membrane, shaped like a
small test tube, with its closed end outwards, and
its open end on the inner surface of the intestine.

Fia. 83,

a, o salivary duct, with b, its lateral ramifieations, ana d, the
ultimate blind ends of these.” B. Two of thie blind ends magmﬁed

The sweat-glands of the skin, as we have already
seen, are equally simple, blind, tube-like involutions
of the integument, the ends of which become coiled
up. The scbaceous glands, usually connceted with
the hair sacs, are shorter, and their blind ends are
somewhat subdivided, so that the gland is divided
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into & narrow neck and a more dilated and saccu-
lated end. The neck by which the gland com-
municates with the free surface is called its duct.
More complicated glands are produced by the elon-
gation of the duct into a long tube, and the division
and subdivision of the blind end into multitudes of
similar tubes, cach of which ends in a dilatation.
These dilatations, attached to their branched duets,
somewhat rescmble a bunch of grapes. Glands of
this kind are called racemose. The saliwary glands
and the pancreas are such glands.

Now, many of these glands, such as the salivary,
and the pancreas (with the perspiratory, or sudo-
riparous glands, which it has been convenient to
consider already), are only active when certain im-
pressions on the nervous system give rise to a
particular condition of the gland, or of its vesscls,®
or of both,

Thus the sight or smell, or even the thought of
food, will cause a flow of saliva into the mouth;
the previously quiescent gland suddenly pouring
out its fluid sceretion, as a result of a change in the
condition of the nervous system. And, in animals,
the salivary gla‘nds ‘an be made to secrete abun-
dantly, by irritating a nerve which supplies the
gland and its vessels. Iow far this effect is the
result of the mechanical influence of the nerve on
the state of the circulation, and how far it is the
result of a more direct influence of the nerve upon.
the state of the tissue of the gland itself, is not at
present determined.

The liquids poured out by the intermittent glands
are always very poor in solid constituents, and con~
sist chicfly of water. Those poured on to the sur-
face of the body are lost, but those which are
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received by the alimentary canal are doubtless in
a great measure re-absorbed.

33. The great tntermittent sources of gain of
waste products to the blood are the muscles, every
contraction of which is accompanied by an oxidation
of matter, and a pouring of the oxidated produects
into the blood. That much of this waste is carbonic
acid is certain from the facts («) that the blood
which leaves a contracting muscle is always highly
venous, far more so than that which leaves a qui-
cscent muscle; and (b) that muscular exertion at
once immensely increases the quantity of carbonic
acid oxpired: but whether the amount of nitro-
genous waste is increased under these circumstances
or not, is a point yet under discussion.
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LESSON VI.
THE FUNCTION OF ALINENTATION

1. Tue great source of gain to the blood, and,
except the lungs, the only channel by which alto-
gether new material is introduced into that fluid, is
the alimentary canal, the totality of the operations
of which constitutes the function of alimentation.
It will be useful to consider the general nature and
results of the performance of this function before
studying its details.

2. A man daily takes into his mouth, and therehy
.introduces into his alimentary canal, a certain quan-
tity of solid and liquid food, in the shape of meat,
bread, butter, water, and the like. The amount of
(,hcmlcally dry, solid matter, wlnch must thus be
taken into the body, if a man of avemge size and
activity is neither to lose, nor to gain, in weight,
has been fomnd eto be about 8,000 grains, In
addition to this his blood absorbs by the lungs
about 10,000 grains of oxygen gas, making a grand
total of 18,000 grains (or nearly two pounds and
three-quarters avoirdupois) of daily gain of dry
solid and gaseous matter.

3. The weight of dry solid matter passed out
from the alimentar y canal docs not, on the average,
amount to more than onc-tenth of that which is
taken into it, or 800 grains. 1By no other channel
does any apprcciablc quantity of solid matter leave
the body. It follows, therefore, that in addition to
the 10,000 grains of oxygen, 7,200 grains of dry
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solid matter must pass out of the body in the other,
or gaseous and liquid secretions. Turther, as the
general composition of the body remains constant,
it follows either that the clementary constituents of
the solids taken into the body must be identical
with those of the body itself: or that, in the course
of the vital processes, the food alone is destroyed,
the substance of the body remaining unchanged:
or, finally, that both these alternatives hold good,
and that food is, partly, identical with the wasting
substance of the body and replaces it; and, partly,
differs from the wasting substance, and is consumed
without replacing it.

4. As a matter of fact, all the substances which
are used as food come under one of four heads.
They are either what may be termed Proteids, or
_they are Fats, or they are Amyloids, or they are
" Minérals.

Proteids are substances analogous in composmon
to Protein, and contain the four elements—carbon,
hydrogen, ox)gen, and nitrogen, sometimes united
“with sulphur and phosphorus.

Under this head come the Gluten®f flour; the
Albumen of white of egg, and of blood serum; the
Fibrin of the blood; the Syntonin, which is the
chief constituent of muscle and flesh, and Casein, the
chief constituent of checese; while Gelatin, which
is obtained by boiling from connective tissue, and
Chondrin, which may be produced in the same
way from cartilage, may be considered to be out-
lying members of the same group.

Fats are composed of carbon, hydrogen, and
oxygen only, and contain more hydrogen than is
enough to form water if united with- the oxygen
which they possess.
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All oils and vegetable and animal fatty matters
come under this division,

Amyloids are substances which also consist of
carbon, hydrogen, and oxygen only. But they con-
tain no more hydrogen than is just sufficient to pro-
duce water with their oxygen. These are the matters
known as Starch, Dextrine, Sugar, and Gum.

Tt is the peculiarity of the three groups of food-
stuffs just mentioned that they can only be obtained
(at any rate, at present) by the activity of living
heings, whether animals or plants, so that they may
be conveniently termed wvital food-stufs.

Food-stuffs of the fourth class, on the other hand,
or Mlinerals, are to be procured as well from the
not-living, as the living, world. They are water, and
salts of sundry alkalies, earths, and metals. T'o thege,
in strietness, oxygen ought to be added, though, as
4t is not taken in by the alimentary canal, it hardly
comes within the ordinary acceptation of the word
food.

5. In ultimate analysis, then it appears that
vital food-stuffs contain either three or. four of the
elements: carbom, hydrogen, oxygen, and nitrogen ;
that mineral food-stuffs are water and salts. But
the human body, in ultimate analysis, also proves
to be composcd of the same four clements, plus
water, and the same saline matters as are found in
food.

More than this, no substance can serve perma-
nently for food—that is to say, can prevent loss of
weight and change in the general composition of
the body—unless it contains a certain amount of
protein in the shape of albumen, fibrin, syntonin, or

.casein, While, on the other hand, any substance
which contains protein in a readily assimilable
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shape, is competent to act as a permanent vital
food-stuff. )

The human body, as we have seen, contains a
large quantity of protein in onc or other of the
four forms which have been enumerated; and,
therefore, it turns out to be an indispensable con-
dition, that every substance which is to serve per-
niancatly as food, must contain a sufficient quantity
of the most important and complex component of
the body ready made. It must also contain a suffi-
cient quantity of the mineral ingredients which are
required.  Whether it contains either fats or amy-
loids, or both, or is devoid of both, its essential power
of supporting the life and maintaining the weight
and composition of the body remains unchanged.

p. The necessity of constantly renewing the
supply of protein arises from the circumstance that
She secretion of urea from the body (and conse=
quently the loss of nitrogen) goes on continually,
whether the body is fed or not: while there is
only one form m which nitrogen (at any rate,
in any considerable quantity) ean be taken into
the blood, and that is in the form-of & solution of
protein. ~ If protein be not supplied, therefore, the
body must needs waste, because there is nothing
in the food competent to make good the loss of
nitrogen.

On the other hand, if protein be supplied, there
can be no absolute nceessity for any other but the
mineral food-stuffs, because protein contains carbon
and hydrogen in abundance, and henee is competent
to give origin to the other great products of waste,
carbonic acid and water.

In fact, the final results of the oxidation of protein
arc carbonic acid, water, and ammonia; and these,
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as we have seen, arc the final shapes of the waste
products of the human economy.

7. From what has been said, it becomes readily
intelligible that, whether an animal be herbivorous
or camivorous, it begins to starve from the momeni
its vital food-stuffs consist of pure amyloids, or
fats, or any mixture of them, It suffers from what
may be called nitrogen starvation, and, sooner or
later, will die.

In this case, and still more in that of an animal
deprived of vital food altogether, the organism, so
long as it continues to live, feeds upon itself. In
the former case, those excretions which contain
nitrogen, in the latter, all its waste products, are
necessarily formed at the expense of its own body ;
whenee it has been rightly cnough observed that a
starving sheep is as much a carnivore as a lion.

8. But though protein is the essential element #f
food, and under certain circumstances may suffice,
by itself, to maintain the body, it is a very disadvan-
tageous and uneconomical food. °

Albumen, which may be taken ‘as the type of
the proteids, contains about 53 parts of carbon and
15 of nitrogen in 100 parts.  If a man were to be
fed upon white of egg, therefore, he would take in,
speaking roughly, 8% parts of carbon for every part
of nitrogen.

But it is proved »expenmcntally, that a healthy
full-grown man, keeping up his weight and heat,»
and taking a fair amount of exercise, eliminates
4,000 grains of carbon' to only 3800 grams of
nitrogen, or, roughly, only needs one-thirtcenth as
much nitrogen as carbon. Iowever, if he is to
get his 4000 grains of carbon out of albumen,
be must eat 7,647 grains of that substance. But
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7,647 grains of albumen contain 1,132 grains of
nitrogen, or nearly four times as much as he
wants,

To put the case in another way, it takes about
fomr pounds of fatless meat (which generally con-
tains about one-fourth its weight of dry proteids),
to yizld 4,000 grains of carbon, whereas one pound

. will furnish 300 grains of nitrogen.

Thus & man confined to a purely proteid diet,
must cat a prodigious quantity of it. Thisnot only
involves a great amount of physiological labour in
comminuting the food, and a great expenditure of
power and time in dissolving and absorbing it; but
throws a great quantity of wholly profitless labour
upon those excrctory organs, which have to get rid
of the nitrogenous matter, threc-fourths of which,
as we have seen, is superfluous.

«Unproductive labour is as much to be avoided in
physiological, as in political, economy; and it is
quite possible that an animal fed with perfectly
nutritious protein tnatter should die of starvation,
the loss of power in the various operations required
for its assimilation overbalancing the gajn; or the
time occupied in their performance being too great
to check waste with sufficient rapidity. The body,
under these circumstances, falls into the condition
of a merchant who has abundant assets, but who
cannot get in his debts in time to meet his creditors.

9. These considcrations lead us to the physiolo-
gical justification of the universal practice of man-
kind in adopting a mixed diet, in which proteids
are mixed cither with fats, or with amyloids, or with
both,

Fats may be taken to contain about 80 per cent.
of carbon, and amyloids about 40 per cent. Now
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it has been scen that there is enough nitrogen to
supply the waste of that substance per diem, in a
healthy man, in a pound of fatless meat; which also
contains 1,000 grains of carbon, leaving a dcficit
of 3,000 grains of carbon. Rather more than half
‘a pound of fat, or a pound of sugar, will supply
this quantity of carbon. The former, if properly
subdivided, the latter, by reason of its solubility,
passes with great ease into the economy, the diges-
tive Jabour of which is consequently reduced to a
minimum,

10. Several apparently simple articles of food con-
stitute a mixed dict in themselves,  Thus butcher’s
meat commonly contains from 30 to 50 per cent. of
fat. Dread, onthe other hand, contains the proteid,
gluten, and the amyloids, stalch and sugar, with
minute quantities of fat. But, from the pxoportxon
in which these proteid and other constituents exist
in these substances, they arc ncither, taken alone,
such physiologically economical foods as they are
when combined in the proportion of about 200 to
75; or two pounds of bread to thrcc-quarters of a
pound of gmeat per diem.

11. Tt is quite certain that mne-tenths of the dry
solid food which is taken into the body, sooner or
later leaves it in the shape of carbonic acid, watcr,
and urea (or uric acid); and it is also certain that,
as the compounds which leave the body are more
highly oxidated than those which enter it, and 2s
free oxygen is nowhere climinated, all the oxygen
taken in by the lumrs passes away in these com-
pounds.

The intermediatc stages of this conversion are,
‘however, by no means so clear. It is highly pro-
bable that the amyloids and fats are very frequently
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oxidated in the blood, without, properly speaking,
ever forming an integral part of the substance of
the body ; but whether the proteids may undergo
the same changes in the blood, or whether it is
necessary for them first to be incorporated with the
living tissue, is not positively known.

So, again, it is certain that, in becoming oxidated,
the clements of the food must give off heat, and it

.is probable that this heat is sufticient to account for
all that is given off by the body ; bat it is possible,
and indeed probable, that there may be other, minor,
sources of heat.

12. Food-stuffs have been divided into keat~
producers and tissue-formers—the amyloids and
fats constituting the former division, the proteids the
latter.  But this is a very misleading classification,
inasinuch as it implics, on.the one hand,. that the
ox‘dation of the proteids does not develop heat;
and, on the other, that the amyloids and fats, as
they oxidize, subscrve only the production of heat.

Proteids are tissae-formers, inasmuch as no tissue
ean be produced without them; but they are also
fieat-producers, not only directly, but_becguse, as we
have scen (Lesson V. §§ 25, 26), that they are
competent to_give rise to amyloids by chemical
metamorphosis within the body.

If # is worth while to make a special classifica-
tion of the vital food-stuffs at all, it appears desirable
o distinguish the essential food-stufls, or proteids,
from the accessory food-stuffs, or fats and amyloids—
the former alone being, in the nature of things,
necessary to life, while the latter, however important,
are not absolutely necessary.

13. All food-stuffs being thus proteids, fats;
.amyloids, cr mineral matters, pure or wmixed up
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with other substances, ‘the whole purpose of the
alimentary apparatus is to separate these proteids,
&e. from the innutritious residue, if there be any;
and to reduce them into a condition either of solution
or of excessively fine subdivision, in order that they
may make their way through the delicate structures
which form the walls of the vessels of the alimentary
canal. To these ends food is taken into the mouth
and masticated, is insalivated, is swallowed, under-
goes gastric digestion, passes into the intestine, and
is subjected to the action of the secretions of the
glands attached to that viscus; and, finally, after the
more or less complete extraction of the nutritive
constituents, the residue, mixed up with certain
secretions of the intestines, leaves the body as the
Jaeces. »

The cavity of the mouth is a chamber with a
fixed roof, formed by the hard palate (Fig. 34, 7),and -
with a moveable Hoor, constituted by the lower jaw,
and the tongue (%), which fills up the space between
the two branches of the jaw. Arciing round the
margins of the upper and the lower jaws are the
thirty-two tegth, sixteen above and sixteen below,
and, external to these, the closure of the cavity of
the mouth is completed by the cheeks, ap the sides,
and by the lips, in front. .« -

‘When the mouth is shut, the back of the tongue
comes into close contact with the palate; and,
where the hard palate ends, the communication
between the mouth and the back of the throat is
still further impeded by a sort of fleshy curtain—
the soft palate, or velum—the middle of which is
produced into a prolongation, the wvula (f), while
its sides, skirting the sides of the passage, or fauces,
form double muscular pillars, which are termed the
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pillars of the fauces, Between these the tonsils
are situated, one on each side.

TFia. 84,

A scetion of the mouth and nose, taken vertieally a little to the
left of the middle line. @, the vertelnal colummn; b, the gullet;
¢, the windpipe; d, the thyroid cartilage of the larynx ; e, the
epiglottis; f, the uvula; g, 1he opening of the left Eustachian
tube; &, the opening of the left lackryn:al duct ; ¢, the hyoid bone ;
k, the tongue; I, the hard palate; m n, the base of the skull;
o q, the superior, middle, and inferior turbinal bones. Theletters

- g feare placed in the pharynx.

The velum with its wvula comes into contact
balow with the upper part of the back of the tongue,
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and with a sort of gristly, lid-like process connected
with its base, the epiglottis (e). ’

Behind the partition thus formed lies the cavity of
the pharynz, which may be described as a funnel-
shaped bag with muscular walls, the upper margins
of the slanting wide end of which are attached to
the base of the skull, while its lateral margins are
continuous with the sides, and its lower wall with
the floor, of the mouth. The narrow end of the
pharyngeal bag passes into the gullet or cesophagus
.(), a muscular tube, which affords a passage into
the stomach. ’

There are no fewer than six distinet openings
into the front part of the pharynx—four in pairs,
and two single ones in the middle line. The two
pairs are, in front, the hinder openings of the nasa]
cavities ; and at the sides, close to these, the aper-
tures of the Kustachian tubes (§). The two single
apertures are, the hinder opening of the mouth be-
tween the soft palate and the epiglottis ; and, behind
the epiglottis, the upper aperture of the respira-
tory passage, or the glottis.

14. The mucous membrane which lines the
mouth and thé® phtﬁ'ynx is beset with minute glands,
the buccal glands; but the great glands from which
the cavity of the mouth reccives its chief secretion
are the three pairs which, as has been already men-
tioned, are called parotid, submaxillary, sublingual,
and which secrete the principal part of the saliva.
(Fig. 35.)

Each parotid gland is placed just in front of the
ear, and ifs duct passes forwards along the cheek,
until it opens in the interior of the mouth, opposite
the second upper grinding tooth,

The submaxillary and sublingual glands lie be-

M
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tween the lower jaw and the floor of the mouth, the
submaxillary being sitnated further back than the
sublingual. ‘Their ducts open in the floor of the
mouth below the tip of the tongue. The secretion
of these salivary glands, mixed with that of the
small glands of the mouth, constitutes the saliva—
s ftuid which, though thin and watery, contains a
small quantity of animal matter, called Ptyalin,
which has certain very peculiar propertics. It does

Fia 85,

A dissection of the right side of the face, showing a, the snublin-
gual; b, the submaxillary glands, with their ducts opening heside
Lhe tongue in the floor of the mouth at d: ¢, the parotid gland and

. its duct, which opens on the side of the cheek at e.

not act upon proteid food-stuffs, nor upon fats; but
if mixed with starch, and kept at a moderate warm
temperature, it turns that starch into grape sugar.
The importance of this operation becomes apparent
when one reflects that starch is insoluble and uscless
as nutriment, while sugar is highly soluble, and
readily oxidable.
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15. Each of the thirty-two teeth which have
been mentioned consists of & crown which projects
above the gum, and of one or more fangs, which are
embedded in sockets, or what are called alveoli, in
the jaws. -

The eight teeth on opposite sides of the same
jaw are constructed upon exactly similar patterns,
while the eight teeth which are opposite to one
another, and bite against one another above and
below, though similar in kind, differ somewhat in
the details of their patterns.

The two teeth in each eight which are ncarest
the middle line in the front of the jaw, have wide
but sharp and chisel-like edges. Hence they are
called dncisors, or cutting teeth. The tooth which
comes next 18 a tooth with a more conical apd
pointed crown. It answers to the great tearing and
holding tooth of the dog, and is called the canine 012
eyc tooth. 'The next two teeth have broader crowns,
with two cusps, or points, on each crown, one on the
inside and one on the- outside, whence they are
termed bicuspid tceth, and sometimes false grinders.
All these tegth l}ave usually one fang each, except
the bicuspid, the fang of which nfay be more or less
completely divided into two.  The remaining teeth
have two or three fangs each, and their crowns are
much broader. As they crush and grind the matters
which pass between them "they ave called molars,
or true grinders. In the upper jaw their crowns
present four points at the four corners and a
diagonal ridge connecting two of them. In the
lower jaw the complete pattern is five-pointed,
there being two cusps on the inner side and three
on the outer.

The muscles of the parts which bave been de-

M 2
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scribed have such a disposition that the lower jaw
can be depressed, so as to open the mouth and
separate the teeth ; or raised, in such a manner as to
bring the teeth together ; or moved obliquely from
side to side, 80 as to cause the face of the grinding
tecth and the edges of the cutting teeth to slide
over one another. And the muscles which perform
the elevating and sliding movements are of great
strength, and confer a corresponding force upon the
grinding and cutting actions of the teeth. In cor-
respondence with the pressure they have to resist,
the superficial substance of the crown of the tecth
is of great hardness, being formed of enamel, which
is the hardest substance in the body, so dense and
hard, indeed, that it will strike fire with steel (see
Lesson XII.). DBut notwithstanding its extreme
hardness, it becomes worn down in old persons,
vand at an earlicr age, in savages who live on
coarse food.

16. When solid food is taken into the mouth,
it is cut and ground by the teeth, the fragments
which ooze out upon the outer side of their crowns
being pushed beneath them again by the muscular
contractions of the checks and lips §* while. those
which escape on the inner side are thrust back b
the tongue, until the whole is thoroughly rubbed
down.

‘While mastication is proceeding, the salivary
glands pour out their secretion in great abundance,
and the saliva mixes with the food, which thus be-
comes interpenetrated not only with the salivary
fluid, but with the air which is entangled in the
bubbles of the saliva.

When the food is sufficiently ground it is .col-
lected, enveloped in saliva, into a mass or bolus,
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which rests upon the back of the tongue, and is
carried backwards to the aperture which leads into
the pharynx. Through this it is thrust, the soft
palate being lifted and its pillars being brought
together, while the backward movement of the
tongue at ‘once propels the mass and causes the
epiglottis to incline backwards and downwards over
the glottis, and so to form a bridge by which the
bolus can travel over the opening of the air-passage
without any risk of tumbling into it. While the
epiglottis directs the course of the mass of food
below, and prevents it from passing into the trachea,
the soft palate guides it above, keeps it out of the
nasal chamber, and directs it downwards and back-
wards towards the lower part of the muscular pha-
ryngeal funnel, By this the bolus is immediatddy
scized and tightly held, and the muscular fibres
contracting above it, while they are comparatively
lax below, it is rapidly thrust into the cesophagus.
By the muscular walls of this tube it is grasped and
propelled onwards, in & similar fashion, until it
reaches the stomach.

17. Drinleis teken in cxactly the same way. It
does not fall down the pharynx and gullet, but
each gulp is grasped and passed down., Hence itis
that jugglers are able to drink standing upon their
heads, and that a horse, or ox, drinks with its throat
lower than its stomach, feats which would be impos-
sible if fluid simply fell down the gullet into the
gastric cavity. :

During these processes of mastication, msahv&tlon,
and deglutltmn, what happens to the food is, first,
that it is reduced to a coarser or finer pulp ; secondly,
that any matters it carries in solution aré still more
diluted by the water of the saliva ; thirdly, that any
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starch it may contain begins to be changed into
sugar by the peculiar constituent (ptyalin) of the
saliva.

18. The stomach, like the gullet, consists of a
tube with muscular walls composed of smooth mus-
cular fibres, and lined by an epithelium ; but it differs
from the gullet in several circumstances. In the
first place, its cavity is greatly larger, and its left end
is produced into an enlargement which, because it

Fia. 86.

The st 'h laid open behind.—a, the ;sophagus ; b, the cardiac
dilatation ; ¢, the lesser curvature; d, the pylorus ; e, the biliary
duct ; £, the gall-bladder ; g, the pancreatic duct, entering the com-
mon duct which opens opposite & h 4, the duodenum.

is on the heart side of the body, is called the cardiac
dilatation (Fig. 36, b). The opening of the gullet
into the stomach, termed the cardiac aperture, is
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consequently nearly in the middle of the whole
length of the organ, which presents a long, convex,
greater curvature, along its front or under edge,
and a short concave, lesser curvature, on its back
or upper contour. Towards its right extremity the
stomach narrows and, where it passes into the intes-
tine, the muscular fibres are so disposed as to form
a sort of sphincter around the aperture of commu-
nication. 'This is called the pylorus (Fig. 36, d).

The mucous membrane lining the wall of the
stomach is very delicate, and multitudes of small
simple glands open upon its surface. Among these
are others (Fig. 87) which possess a somewhat more
complicated structure, their blind ends being sub-
divided. It is these peptic glands which, when food
passes into the stomach, throw out a thin acid flud,
the gastric juice. The acidity arises from the pre-
sence of hydrochloric or lactic acids, but in addition
to these constituents the gastric juice possesses
another called pepsin, which appears to be a
substance not altogether dissimilar to ptyalin

§ 14).

Thus, whéh the food passes into the stomach, the
contractions of that organ roll it about and mix it
thoroughly with the gastric juice.

19, It is casy to ascertain the propcrtles of
gastric juice experimentally, by putting a small
portion of that part of the mucous membrane
which contains the peptic glands into acidulated
water containing small pieces of meat, hard boiled
egg, or other proteids, and keeping the mixture at
a temperature of about 100°, After a few hours it
will be found that the white of egg has become dis-
solved, if not in too great quantlty ; while all that
remains of the meat is a pulp, consisting chiefly of
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the connective tissue and fatty matters which it
contained. This is artificial digestion, and it has
been proved by experiment that precisely the same
operation takes place when food undergoes natural
digestion within the stomach of a living animal,

Fic. 87.

One of the glands which secrete the gastric guice, maguified about
850 diameters.

The proteid solution thus effceted is called a pep-
tone, and has pretty much the same characters,
whatever the nature of the proteid which has been

digested,
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It takes a very long time (some days) for the
dilute acid alone to dissolve the protein, and hence
the solvent power of gastric juice must be chiefly
attributed to the pepsin. :

20. By continual rolling about, with constant
additions of gastric juice, the food becomes reduced
to the consistence of pea-soup, and is called chyme.
In this state it is, in part, allowed to escape through
the pylorus and to enter the duodenum ; but a great
deal of the fluid (consisting of peptone mixed with
saliva, and any saccharine fluids resulting from the
partial conversion of starch, or otherwise) is at once
absorbed, making its way, by imbibition, through the
walls of the delicate and numerous vessels of the
stomach into the current of the blood, which is rush-
ing though the gastric veins to the vena porte.

21. The ¢ntestines form onc long tube, with'
mucous and muscular coats, like the stomach; and
like it they are enveloped in peritoneum. They are
divided into two portions—the small intestines and
the large intestines, the latter having a much greater
diameter then the former. The small intestines
again are subdivided into the duodenum, the jeju-
num, and the sleum, but there is no natural line of
demarcation between these. The duodenum, how-
ever, is distinguishable as that part of the small
intestine which immediately succeeds the stomach,
and is bent upon itself and fastened by the peri-
toneum against the back wall of the abdomen in
the loop shown in Fig. 36. Tt is in this loop that the
head of the pancreas lies (Fig. 32).

The ileum (a, Fig. 38) is no wider than the jeju-
num or duodenum, so that the transition from the
small intestine to the large (¢) is quite sudden.
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The opening of the small intestine into the large is
provided with prominent lips which projeet into the
cavity of the latter, and appose the passage of
matters from it into the small intestine, while they
readily allow of a passage the other way. This is
the dleo-cacal valve (Fig. 38, d). -

The large intestine forms a blind dilatation be-
youd the ileo-cmeal valve, which is called the cacum ;
and from this an“elongated blind process is given
off, which, from its shape, is called the vermiform
avpendiz of the cecum (Fig. 38, b).

Fia. 88.

The termination of the ileum, @, in the ceecum, and the continua-
tion of the latter into the colon, ¢; d, the ileo-ciecal valve ; e, the
aperture of the appendiz vermiformis (b) into the cweum,

The czecum lies in the lower part of the right side
of the abdominal cavity. The colon, or first part of
the large intestine, passes upwards from it as the
ascending colon ; then making a sudden turn at a
right angle, it passes across to the left side of the
body, being called the transverse colon in this part
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of its course; and next, suddenly bending. back-
wards along the left side of the abdomen, it becomes
the descending colon. This reaches the middle
line and becomes the rectum, which is that part of
the large intestine which opens externally.

22. The mucous membrane of the whole intes-
tine is provided with numerous, small, and for the
most part simple, glands (named after Lieberkiihn
and Brunner), which pour into it a secretion, the
tntestinal juice, the precise functions of which are
unknown.
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Fra. 89.

Two villi of the small intestines, magnified about 50 diameters.—
«, substance of the villus; b, its epithelium, of which some cclls
are seen detached at b/; c d, the artery and vein, with their con-
necting capillary network, which envclopes and hides e, the lacteal
radicle which occupies the centre of the villus and opens into a
network of lacteal vessels at its base.

Structures peculiar to the small intestine are the
valvuloe conmiventes, transverse folds of the mucous
membrane, which increase the surface; and the
villi, which are minute thread-like processes of the
mucous membrane on the valvule conniventes and

elsewhere, set side by side, like the pile of velvet.
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Each villus is coated by epithelium, and contains in
its interior the radicle, or commencement, of a lacteal
vessel (Lesson 1I. § 6), between which and the sur-
face of the villus lies a capillary network with its
afferent artery and efferent vein.

The large intestine presents noteworthy pecu-
liarities in the arrangement of the longitudinal mus-
cular fibres of - the colon into three bands, which
are shorter than the walls of the intestine itself, so
that the latter is thrown into puckers and pouches ;
and in the disposition of muscular fibres around the
termination of the rectum into a ring-like sphincter
muscle, which keeps the aperture firmly closed,
except when defesecation takes place.

The intestines reccive their blood almost directly
from the aorta. Their veins carry the blood which
has traversed the intestinal capillaries to the vena
porte.

The fibres of the muscular coat of the intestines
(which lies between its mucous membrane and its
serous, or peritoneal, investment) are disposed longi-
tudinally and circularly, and the circular fibres of any
part contract, successively, in such a manner that the
lower fibres, or those on the side of the anus, con-
tract after the upper ones, or those on the side of
the pylorus. It follows from this so-called peri-
staltic contraction, that the contents of the intes-
tines are constantly being propelled, by successive
and progressive narrowing of their calibre, from
their upper towards their lower parts.

23. The only secretions, besides those of the proper
intestinal glands, which enter the intestine, are those
of the liver and the pancreas—the bile and the pan-
creatic juice. 'The ducts of these organs have a
common opening in the middle of the bend of the
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duodenum ; and, since the common duct passes
obliquely through the coats of the intestine, its
walls serve as a kind of valve, obstructing the flow
of the contents of the duodenum into the duct, but
readily permitting the passage of bile and pan-
creatic juice into the duodenum (Figs. 32, 36).

As the chyme fills the duodenum, the pancreas
comes into activity, and its secretion, with the bile
from the gall-bladder, flows through the common
aperture, and, mixing with the chyme, converts it
into what is called chyle.

24. Chyle differs from chyme in two respeets.
In the first place, the alkali of the bile ncutralizes
the acid of the chyme ; in the second place, both the
bile and the pancreatic juice appear to exercise an
influence over the fatty matters contained in the
chyme, which facilitates the subdivision of these fat3
into very minute separate particles. The chyme, in
fact, which results from the digestion of fatty food,
is a mere mixture of watery fluid with oily matters,
which are ready to separate from it and unite with
one another. In the chyle, on the other hand, the
fatty matters gre suspended in the fluid, just as oil
may be evenly diffused through water by gradually
rubbing it up with white of egg into what is termed
an emulsion; or as the fat (that is, the butter) of
milk is naturally held suspended in the watery basis
of milk. :

The chyle, with these suspended particles, looks
white and milky, for the same reason that milk has
the same aspect—the multitude of minute suspended
fatty particles reflecting a great amount of light.

The conversion of starch into sugar, which seems
to be suspended wholly, or partially, so long as the
food remains in the stomach, on account of the
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acidity of the chyme, is resumed as soon as the latter
is neutralized, the pancreatic and intestinal juices
operating powerfully in this direction.

As the chyle is thrust along the small intestines
by the grasping action of the peristaltic contractions,
the dissolved matter which it contains is absorbed,
éf‘l the ordinary way, by the vessels of the villi.

he minute particles of fatty matter, on the other
hand, are squeezed through the soft substance of
the epithelium into that of the villi; and so, in the
long run, into the vessels; just as mercury may be
‘squeezed by pressure through the pores of a wash-
leather bag.

As the network of capillaries lies outside the
lacteal radicle in each villus, it would appear that
the blood-vessels must carry off the greater part of
the chyle; but much of it enters the lacteals, fills
them, and only enters the blood after a roundabout
passage through the mesenteric Iymphatics and the
thoracic duet. (Lesson II. §§ 5, 6.)

25. The digested matters, as they are driven
along the small intestines, gradually become deprived
of their peptones, fats, and soluble am(vlmds, and are
forced through the ileo-cmeal valve into the emeum
and large intestine. Here they acquire an acid re-
action and the characteristic feecal odour and colour,
which become more and more marked as they
approach the rectum. It has supposed that
a sort of second digestion oceurs Th the upper part
-of the large intestine,
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LESSON VIL
MOTION AND LOCOMOTION.

1. In the preceding Lessons the mamner in
which the incomings of the human body are con-
verted into its outgoings has been explained. Tt
has been seen that new matter, in the form of vital
and mineral foods, is constantly appropriated by the
body, to make up for the loss of old matter, in the
shape, chicfly, of carbonic acid, urea, and wutm,
which is as constantly going on.

The vital foods are derived dircetly, or mdlrectly,
from the vegetable world ; and the products of waste
either are such compounds as abound in the mineral
world, or immediately decompose into them. Con-
sequentl y, the human body is the centre of a stream
of matter which sets incessantly from the vegetable
and mincral wvoidds into the mineral world again.
It may be compared to an eddy in a river, which
may retain its shape for an indefinite length of time,
though no one particle of the water of the stream
remains in it for more than a brief period.

But there is this peculiarity about the human
eddy, that a large portion of the particles of matter
which flow into it have a much more complex com-
position than the particles which flow out of it. To
speak in what is not altogether a mectaphor, the
atoms which enter the body are, for the most part,
piled up in large heaps, and tumble down into small
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heaps before they leave it. The force which they
set free in thus tumbling down, is the source of the
active powers of the organism,

2. These active powers are chiefly manifested in
the form of motion—movement, that is, either of
part of the body, or of the body as a whole, which
last is termed Jocomotion.

The organs which produce total or partial move-
ments of the human body, or of the fluids which it
enntains, are of two kinds: Ctlia and Muscles.

3. Cilta are filaments of extremely small size,
attached by their bases to, and indeed growing out
from, the free surfaces of epithelial cells (see
Lesson XII.). They are in incessant waving
motion, 8o long as life persists in them; and the
motion of a cilium continues even for some time
after the epithelial cell, with which it is connected,
is detached from the body. Not only does the
‘movement of the cilia thus go on independently of
the rest of the body, but it cannot be controlled by
the action of the nervous system. The eause of the
movement of cach cilium would appear to be the
alternate contraction and relaxation of opposite sides
of its base ; but why these alternations®take place is
unknown,

Although no other part of the body has any
control over the cilia, and though, so far as we
know, they have no direct communication with one
another, yet their action is directed towards a
common end—the cilia, which cover extensive sur-
faces, all working in such a manner as to sweep
whatever lies upon that surface in one and the same
direction. Thus, the cilia which are developed upon
the epithelial cells, which line the greater part of
the nasal cavities and the trachea, with its ramifica-



viL) CILIA AND MUSCLES. 177

tions, tend to drive the mucus in which they work,
outwards.

In addition to the air-passages, cilia are found, in
the human body, in the ventricles of the brain, and
in one or two other localities; but the part which
they play in man is insignificant in comparison with
their function in the lower animals, among many of
which they become the chief organs of locomotion.

4. Muscles (Lesson 1. § 13) are accumulations of
fibres, each of which has the power, under certain
conditions, of shortening in length, while it increases
its other dimensions, so that the absolute volume of
the fibre remains unchanged. This power is called
muscular contractility ; and whenever, in virtue of .
this power, a muscular fibre contracts, it tends to
bring its two ends, with whatever may be fastened
to them, together,

The condition which ordinarily determines the
contraction of a muscular fibre is a change of state
in a nerve fibre, which is in close anatomical con-
nexion with the muscular fibre. The nerve fibre is
thence called a motor fibre, because, by its influence’
on a muscle, it_becomes the indirect means of pro-
ducing motion.® (Lesson XT. § 6.)

Muscle is a highly elastic substance. It contains
a large amount of water (about as much as the
blood), and during life has a clear and semi-trans-
parent aspect.

‘When subjected to pressure in the perfectly fresh
state, and after due precautions have been taken to
remove  all the contained blood, striated muscle
(Lesson XII. § 15) yields a fluid which under-
goes spontaneous coagulation at ordinary tempera-
tures., At a longer or shorter time after death this
coagulation takes placewithin the muscles themselves.

: N
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They become more or less opaque, and, losing their
previous elasticity, set into hard rigid masses, which
retain the form which they possess when the coagu-
lation commences. Hence the limbs become fixed in
the position in which death found them, and the
body passes inte the condition of what iz termed
the, “ death-stiffening,” or rigor mortis.

- After the lapse of a certain time the coagulated
matter liquefies, and the muscles pass into a loose
and flaccid condition, which marks the commence-
ment of putrefaction.

1t has been observed that the sooner rigor mortis
sets in, the sooner it is over; and the later it
commences, the longer it lasts. The greater the
amount of muscular exertion and consequent
gxhaustion before death, the sooner rigor mortis
sets in. _

Muscles may be conveniently divided into two
groups, according to the manner in which the ends
of their fibres are fastened; into muscles not
attached to solid levers, and muscles attached to
solid levers.

5. Muscles not attached to solid Jevers.—Under
this head come the muscles which are appropriately
called Aollow muscles, inasmuch as they enclose a
cavity or surround a spacc; and their contraction
lessens the capacity of that cavity, or the extent of
that space. :

The muscular fibres of the heart, of the blood-
vessels, of the lympathic vesscls, of the alimentary
canal, of the ducts of the glands, of the iris of the
eye, are so arranged as to form hollow muscles.

In the heart the muscular fibres are of the striated
kind, and their disposition is cxceedingly complex.
The cavitics which they enclose are those of the
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auricles and ventricles; and, as we have seen, tke
fibres, when they contract, do so suddenly and
together.

The iris of the eye is like a curtain, in the middle
of which is a circular hole. The muscular fibres
are of the smooth or not-striated kind (see Lesson
XII.), and they are disposed in two ways: some
radiating from the edges of the hole to the circum-
ference of the curtain; some arranged in circles,
concentrically with the aperture. The muscular
fibres contract suddenly and together, the radiating
fibres necessarily en]urgmg the hole, the cncular
fibres diminishing it.

In the alimentary canal the muscular ﬁbres are
also of the unstriated kind, and they are disposed in
two layers; one set of fibres being arranged parallel
with the length of the intestines, while the others
are disposed circularly, or at right angles to the
former.

As has been stated above (Lesson VI. § 22), the
contraction of these muscular fibres is successive;
that is to say, all the muscular fibres, in a given
length of the mtestmes, do not contract at once, but
those ot onc efd contract first, and the others follow
them until the whole series have contracted. As the
order of contraction is, naturally, always the same,
from the upper towards the lower end, the effect of
this peristaltic contraction is, as we have secn, to
force any matter contained in the alimentary canal,
from its upper towards its lower extremity. The
muscles of the walls of the ducts of the glands have
a substantially similar arrangement.

6. Muscles attached to definite levers.—The great
majority of the muscles in the body are attached to
distinet levers, formed by2 the bones, the minute

N
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structure of which is explained in TLesson XII.
§€ 11. In such bones as are ordinarily employed as
levers, the osseous tissue is arranged in the form of
a shaft (Fig. 40, b), formed of a very dense and
compact osseous matter, but often containing a great
central cavity (b) which is filled with a very delicate
vascular and fibrous tissue loaded with fat called
marrow. Towards the two ends of the bone, the
compact matter of the shaft thing out, and is re-
placed by a ‘much thicker but looser sponge-work
of bony plates and fibres, which is termed the cur~
cellous tissue of the bone. The surface even of
this part, however, is still formed by a thin sheet of
denser bone.

At least one end of each of these bony levers is
faghioned into a smooth articular surface, covered
with cartilage, which enables the relatively fixed end.
of the bone to play upon the corresponding surface
of some other bone with which it is articulated,
or, contrariwise, allows that other bone to move
upon it.

It is one or other of these extremities which
plays the part of fulerum when the bone is in use as
a lever. Ce .

Thus, in the accompanying figure (Fig. 41) of
the boies of the upper extremity, with the attach-
ments of the biceps muscle to the shoulder-blade
and to one of the two bones of the fore-arm called
the radius, P indicates the point of action of the
power (the contracting muscle) upon the radius.

But to understand the action of the bones, as
levers, properly, it is necessary to possess a know-
ledge of the different kinds of levers, and be able to
refer the various combinations of the bhones to, their
appropriate lever-classes.
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BONY LEVERS.
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A lever is a rigid bar, one part of which is abso-
lutely or relatively fixed, while the rest is free to
move. Some one point of the moveable part of the
leyer is set in motion by a force, in order to com-
municate more or less of that motion to another
point of the moveable part, which presents a re-
sistunce to motion in the shape of a weight or other
obstacle.

Fia, 41.

The bones of the upper extremity with the biceps muscle. The
two tendons by which this muscle is attached to the scapula are
séen at a. P indicates the attachment of the muscle to the radius,
and thence the point of action of the power; F, the fulerum; W,
the weight (of the hand). )

Three kinds of levers are enumerated by mecha-
nicians, the definition of each kind depending upon
the relative positions of the point of support, or
Sulerum ; of the point which bears the resistance,
weight, or other obstacle to be overcome by the
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force; and of the point to which the force, or
power employed to overcome the obstacle is applied.”

If the fulerum be placed between the power and
the weight, so that, when the power sets the lever in
motion, the weight and the power describe ares, the
concavities of which are turned towards one
another, the lever is said to be of the first order.
(Fig. 42, 1)

Fia. 42, -

The upper three figures represent the three kinds of lovers; the
lower, the foot, when it takes the character of each kind.—W,
weight or resistm*:e ; .F, fulcrum; P, power.

If the fulerum be at one end, and the weight be
between it and the power, so that weight and power
describe concentric arcs, the weight moving through
the less space when the lever moves, the lever is
said to be of the second order. (Fig. 42, I1.)

And if, the fulerum being still at one end, the
power be between the weight and it, so that, as in
the former case, the power and weight describe con-
centric arcs, but the power moves through the less
space, the lever is of the third order. (Fig. 42,

111.)
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7. In the human body, the following parts pre-
sent examples of levers of the first order.

(a) The skull in its movements upon the atlus,
as fulcrum.

(b) The pelvis in its movements upon the heads
of the thigh-bones, as fulcrum,

(¢) The foot, when it is raised, and the toe
tupped on the ground, the ankle-joint being
Julerum. (Fig. 42, 1)

The positions of the weight and of power are
not given in either of these cases, because they are
reversed according to circumstances. Thus, when
the face is being depressed, the power is applied in
front, and the weight to the back part, of the skull ;
but when the face is being raised, the power is behind
and the weight in front. The like is true of the
pélvis, according as the body is bent forward, or
(backward, upon the legs. Finally, when the toes,
in the action of tapping, strike the ground, the power
is at the heel, and the resistance in the front of the
foot. DBut, when the toes are raised to repeat the
act, the power is in front, and the weight, or resist-
ance, is at the heel, being, in fact, th.e inertia and
elasticity of the muscles and other parts of the back
of the leg. i

But, in all these cases, the lever remains one of
the first class, because the fulcrum, or fixed point
on which the lever turns, remains between the
power aud the weight, or resistance. : )

8. The following are thres examples of levers of
the second order :—

(a) The thigh-bone of the leg which is bent up to-
wards the body and not used, in the action of hopping.

For, in this case, the fulerum is at the hip-joint.
The power (which may be assumed to be furnished by
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the rectus muscle* of the front of the thigh) acts
upon the knee-cap; and the position of the weight
is represented by that of the ceutre of gravity of
the thigh and leg, which will lie somewhere between
the end of the knee and the hip.

(6) A rib when depressed by the rectus muscle
of the abdomen, in expiration.

Here the fulerum lies where the rib is articulated
with the spine; the power is at the sternum—vir-
tually the opposite end of the rib; and the resist-
ance to be overcome lies between the two.

(¢) The raising of the body upon the toes, in
standing on tiptoe, and in the first stage of making
a step forwards. (Fig. 42, IL.)

Here the fulerum is the ground on which the
toes rest; the power is applied by the muscles of
the calf to the heel; the resistance is so much of
the weight of the body as is borne by the ankle-®
joint of the foot, which of course lies bctwccn the
heel and the toes.

9. Three examples of levers of the thnd order
arc—

(@) The spiney head, and pelvis, conmdened as a
rigid bar, which has to be kept erect upon the hip-
joints. (Fig. 2.)

Here the fulerum lies in the hip-joints; the
weight is at the centre of gravity of the head and
trunk, high above the fulerum ; the power is sup-
plied by the extensor, or flexor, muscles of the
thigh, and acts upon points compnrauvely close to
the fulcrum.

* This muscle is attached above to the haunch- bono or
ilewin, and below to the Knee-cap. The latter bone is
connected by a strong ligament with the tibw.
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(3) Flexion of the forearm upon the arm by the
biceps muscle, when a weight is held in the hand.

In this casc, the weight being in the hand and
the fulerum at the elbow-joint, the power is applied
at the point of attachment of the tendon of the
biceps, close to the latter. (Fig. 40.)

{c) Extension of the leg on the thigh at the
knee-joint.

Here the fulerum is the knee-joint; the weight
is at the centre of gravity of the leg and foot; the
power is applied through the ligament of the knee-
cap, or patella, to the tibia, close to the knee-joint.

10. In studying the mechanism of the body, it is
very important to recollect that one and the same
part of the body may represent each of the three
kiads of levers, according to circumstances. Thus
it has been seen that the foot may, under some

“circumstances, represent a lever of the firat, in others
of the second, order. But it may become a lever of
the third order, as when one dances a weight resting
upon the toes, up and down, by moving only the
foot. In this case, the fulerum is at the ankle-joint,
the weight is at the toes, and the power is furnished
by the extensor muscles at the front of the leg,
which are inserted between the fulcrum and the
weight. (Fig. 42, II1.)

11. Itis very important that the levers of the body -
should not slip, or work unevenly, when their move-
ments are extensive, and to this end they are con-
nected together in such a manner as to form strong
and definitely arranged joints or articulations.

Joints may be classified into imperfect and perfect.

(@) Imperfect joints are those in which the con-
joined levers (bones or cartilages) present no sméoth
surfaces, capable of rotatory motion, to one another,
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but are connected by continuous cartilages, or liga-
ments, and have only so much mobility as is per-
mitted by the flexibility of the joining substance.
Examples of such joints as these are to be met
with in the vertebral column—the flat surfaces of
several joints, or vertebra, being connected together
by thick plates of very elastic fibro-cartilage, which
confer upon the whole column considerable play and
springiness, and yet prevent any great amount of

Fia. 43.

A vection of the hip-joint taken through the acetabulum and the
middle of the head and neck of the thigh-bone.—L.T. Ligamentum
teres, or round ligament. :
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motion between the several vertebrse. The pubic-
bones are united together, and the haunch-bones
with the sacrum, by fibrous or cartilaginous tissue,
which allows of only a slight play, or may merely
confer a little more clasticity than if the union were
effected by the direct apposition of the bones.

(v) In all perfect juints, the opposed surfaces of
the bones which move upon one another are covered
with cartilage, and are contained in a sort of sac,
which lines these cartilages and the side walls of the
joint; and which, secreting a viscid lubricating fluid

s—the synovia—is called a synovial membrane.

12. The opposed surfaces of the articular car-
tilages are spheroidal, cylindrical, or pulley-shaped ;
and the convexities of the one answer, more or
less completely, to the concavities of the other.

Sometimes, the two articular cartilages do not

“come directly into contact, but arc separated by
independent plates of cartilage, which are termed
inter-articular., 'The opposite faces of these inter-
articular cartilages are fitted to receive the faces of
the proper articular cartilages,

‘While these co-adapted surfases and eynovml
membranes provide for the free mobility of the
bones entering into a joint, the nature and extent
of their motion is defined, partly by the forms of the
articular surfaces, and partly by the disposition of
the ligaments, or firm fibrous cords which pass from
one bone to the other.

13. As respects the nature of the articular sur-
faces, joints may be what are called ball and socket
Jjoints, when the spheroidal surface furnished by one
bone plays in a cup furnished by another. In this
case the motlon of the former bone may take place
in any direction, but the extent of the motion
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depends upon the shape of the cup—being very
great when the cup is shallow, and small in propor-
tion as it is deep. The shoulder is an example of
a ball and socket joint with a shallow cup ; the hip
of such a joint with a deep cup (Fig. 43).

Fia. 4.

Longitudinal and vertical section through the elbow-joint.—
H. Humerus ; Ul ulna; 7'r. the triceps muscle which extends the
arm ; Bi. the biceps inuscle which flexes it.

14. Hinge-joints are single or double. In the
former case, the nearly cylindrical head of one bone
fits_into a corresponding socket of the other. In
this form of hinge=joint the only motion possible is
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in the direction of a plane perpendicular to the axis
of the cylinder, jist as a door can only be made to
move round an axis passing through its hinges.
The elbow is the best example of this joint in the
human body (Fig. 44). The knee and ankle
present less perfeet specimens .of it.

A double hinge-joint is one in which the articular
surface of each bone is concave in one direction, and
couvex in another, at right angles to the former.
A man scated in a saddle is ¢ articulated ” with the
saddle by such a joint. For the saddle is concave
from before backwards and convex from side to side,
while the man presents to it the concavity of his
legs astride, from side to side, and the convexity of
his seat, from before backwards. :

The mctacarpal bone of the.thumb is articulated
with the bone of the wrist, called trapezium, by a
double hinge-joint.

15. A pivot-joint is onc in which a given bone
furmishes a pivot, on which another turns; or
itself turns on its own axis, resting on another
bone. A remarkable example of the former arrange-~
nent is afforded by the aélas and aais, or two upper-
most vertebre of the neck (Fig.®43). The axis
possesses a vertical peg, the so-called odontoid
process (b), and at the base of the peg are two,
obliquely-placed, articular surfaces («). The atlas is
a ring-like bone, with a massive thickening on each
side.  The inner side of the front of the ring plays
round the neck of the odontoid peg, and tho under
surfaces of the lateral masses glide over the articular
faces on each side of the base of the peg. A strong
ligament passes between the inner sides of the two
lateral masses of the atlas, and keeps the hinder
side of the neck of the odontoid peg in its place
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(Fig. 45, A). By this arrangement, the atlas is
enabled to rotate through a considerable angle
either way upon the axis, without any danger of
falling forwards or backwards—accidents  which
would immediately destroy life by crushing the
spinal marrow.

The lateral masses of the atlas have, on their
upper faces, concavities (Fig. 45, A, a) into which

&~

A. The Atlas viewed from above: a a, upper articular surfaces of
its lateral masscs for the condyles of the skull; b, the peg of the
axis vertebra. 1. Side view of the axis vertebra: @, articular sur-
face for the lateral mass of the atlus ; b, peg or odontoid process.

the two convex, occipital condyles of the skull fit,
and in which they play upward and downward.
Thus the nodding of the head is effected by the
movement of the skull upon the atlas; while, in
turning the head from side to side, the skull does
-not move upon the atlas, but the atlas slides round
the odontoid peg of the axis vertebra.

The second kind of pivot-joint is seen in the
forearm. If the clbow and forearm, as far as the
wrist, are made to rést upon a table, and the clbow
is kept firmly fixed, the hand can nevertheless be
freely rotated so that either the palm, or the back,
‘is turned directly upwards. When the palm is
turned upwards, the attitude is called supination
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SlFlg 46, A); when the back, pronation (I‘lg
6, B).

The forearm is composed of two bones ; one, the
wulna, which articulates with the Immerus at the
elbow by the hinge-joint already deseribed, in such
a manner’ that it can move only in flexion and ex-
teusion, and has no power of rotation. Hence,
when the elbow and wrist are rested on a ta.ble, this
bone remains unmoved.

But the other bone of the forearm, the radius,
has its small upper end shaped like a very shallow
cup with thick edges. The hollow of the cup arti-
culates with a spheroidal surface furnished by the
humerus; the lip of the cup, with a concave depres-
sion on the side of the ulna.

The large lower end of the radius bears the hand,
and has, towards the ulna, a concave surface, which

~articulates with the convex side of the small lower
end of that bone.

Thus the upper end of the radius turns on the
double surface, furnished to it by the pivot-like ball
of the humerus, and the partial cup of the ulna;
while the lower end of the radius can rotate round
the surface furnished to it by the lower end of the
ulna.

In supination, the radius lies parallel with the
ulna, with its lower end to the outer side of the
ulna (Fig. 46, A). In pronation, it is made to turn
on its own axis dbove, and round the ulna below,
until its lower moiety crosses the ulna, and its lower
end lies on the inner side of the ulna (Fig. 46, B).

16. The ligaments which keep the mobile surfaces
of bones together are, in the case of ball and socket
joints, strong fibrous capsules which surround the
joint on all sides. In hinge-joints, on the other
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hand, the ligamentous tissue is chiefly accumplated,
in the form of lateral ligaments, at the sides of the

Fia. 46.

The hones of the right forearm in supination (A) and prona-
tion (B): H, humerus ; R, radius; U, ulna.

joints. In some cases lignments are placed within
the joints, as in the knee, where the bundles of fibres
which cross obliquely between the femur and the
tibia are called crucial ligaments; or, as in the hip,
where the round ligament passes from-the bottom
of the acetabulum to the ball furnished by the head
of the femur (Fig. 43).
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Again, two ligaments pass from the apex of the
odontoid peg to either side of the margins of the
occipital fornmen; these, from their function in
helping to stop excessive rotation of the skull, are
called check ligaments (Fig. 47, a).

Fia. 47.

The vertebral column in the upper part of-tho neck laid open,
to show—a, the check ligaments of the axis ; b, the broad ligamen
which extends from the front margin of the occipital foramen along
the hinder faces of the bodies of the vertebre; it is cut through,
and the cut ends turned back to show, ¢, ¢he special ligumen{;
which connects the point of the ¢odontoid” peg with the front
margin of the occipital foramen ; I. the atlas; II. the axis.

In one joint of the body, the hip, the socket or
acetabulum (Fig. 48) fits so closely to the head of
the femur, and the capsular ligament so completely
closes its cavity on all sides, that the préssure of the
air must be reckoned among the causes which prevent
dislocation. This has been proved experimentally
by boring a hole through the floor of the aceta-
bulum, so as to admit air into its cavity, when the
thigh-bone at once falls as far as the round and
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capsular ligaments will permit it to do, showing
that it was previously pushed close up by the pres-
sure of the external air.

17. The different kinds of movement which the
levers thus connected are capable of performing, are
called flexion and extension,; abduction and adduc-
tion ; rotation and circumduction.

A limb is flexed, when it is bent ; extended, when
it is straightened out. Tt is abducted, when it is
drawn away from the middle line; adducted, when
it is brought to it. It is rotated, when it is made
to turn on its own axis; circumducted, when it is
made to deseribe a conical surface by rotation round*
an imaginary axis.

No part of the body is capable of perfect rotations
like a wheel, for the simple reason that such motion
would necessarily tear all the vessels, nerves,
muscles, &c. which unite it with other parts.

18. Given two bones united by & joint, and they
may be moved one upon another in, at fewest, two
different directions. In the case of a pure hinge-
joint, their dircctiops must be opposite and in the
same plane ; but, in all other joints, they may be in
several directions and in various planes.

In the case of a pure hinge-joint, the two prac-
ticable movements will be effected by attaching
muscles to the respective bones on opposite sides of
the joint; 4.e. one on the side fowards which one of
the bones moves, and one on the side from which it
moves, when the joint is bent. When either of
these muscles contracts, it will pull its attached ends
together, and bend or straighten, as the case may be,
the joint towards the side on which it is placed.

Thus the biceps muscle (Bi., Fig. 44) flexes, and

o2
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the triceps (I'r., Fig. 44) extends, the forearm
upon the arm.

In the other extreme form of articulation—the
ball and socket joint—movement in any number of
planes inay be effected, by attaching muscles in
corresponding number and direction, on the one
. hand, to the bone which affords the socket, and on
the other to that which furnishes the head. Cir-
cumduction will be effected by the combined and
successive contraction of these muscles.

19. Tt usually happens that the bone to which one
end of a muscle is attached is absolutely or relatively
stationary, while that to which the other is fixed is
moveable. In this case, the attachment to the sta-
tionary bone is termed the origin, that to the move-
.able bone the tnsertion, of the muscle.

The fibres of muscles are sometimes fixed directly
into the parts which serve as their origins and
insertions: but, more commonly, strong cords or
bands of fibrous tissue, called Zendons, are interposed
between the muscle proper and its place of origin
or insertion. When the tendons play over hard
surfaces, it is usual for them to, be, separated from
these surfaces by sacs containing fluid, which are
called burse; or even to be invested by synovial
sheaths.

Usually, the direction of the axis of a muscle is
that of a straight line joining its origin and its
ingertion. But in some muscles, as the superior
oblique muscle of the eye, the tendon passes over a
pulley formed by ligament, and completely changes
its direction before reaching its insertion. (See
Lesson 1X.)

Again, there are muscles which are fleshy. at each
end, and have a tendon in the middle. Such
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muscles are called digastric, or two-bellied. In the
curious muscle which depresses the lower jaw, and
specially receives this name of digastric, the middle
tendon runs through a. pulley connected with the
hyoid bone; and the muscle, which passes down-
wards and forwards from the skull to this pulley,
after traversing it, runs upwards and forwards, to
the lower jaw (Fig. 48).

G, 48,

The course of the digastric musele.—D, its posterior belly; I7,
its anterior belly ; between the two is the tendon passing through
its pulley connected with ITy. the hyoid bone. .

20. 'We may now pass from the consideration of
the mechanism of mere motion to that of loco-
motion.

‘When a man who is standing erect on both feet
proceeds to walk, beginning with the right leg, the
body is inclined so as to throw the centre of gravity
forward ; and, the right foot being raised, the right
leg is advanced for the length of a step, and the
foot is put down again. In the meanwhile, the left
hecl is raised, but the toes of the left foot have not
left the ground when the right foot has reached it,
80 that there is no moment when both feet are off
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the ground. For an instant, the legs form two
sides of an equilateral triangle, and the centre of the
body is consequently lower than it was when the
legs were parallel and close- together,

The left foot, however, has not been merely
dragged away from its first position, but the muscles
of the calf, having come into play, act upon the foot
as a lever of the second order, and thrust the body,
the weight of which rests largely on the left astra-
galus, upwards, forwards, and to the right side.
The momentum thus communicated to the body
causes it, with the whole right leg, to describe an
arc over the right astragalus, on which that leg rests
below. The centre of the body consequently rises
to its former height as the right leg becomes vertical,
end descends again as the right leg, in its turn,
inclines forward.

‘When the left foot has left the ground, the body
is supported on the right leg, and is well in advance
of the left foot; so that, without any further mus-
cular exertion, the left foot swings forward like a
pendulum, and is carried by its own momentum,
beyond the right foot, to the pesitjon in which it
completes the second step.

‘When the intervals of the steps are so timed that
each swinging leg comes forward into position for a
new step without any exertion on the part of the
walker, walking is effected with the greatest possible
economy of force., And, as the swinging leg is a
true pendulum,—the time of vibration of “which
depends, other things being alike, upon its length
(short pendulums vibrating more quickly than long
ones),—it follows that, on the average, the natural
step of short-legged people is quicker than that of
long-legged ones.
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In running there is a- period when both legs are
off the ground. The legs are advanced by muscular
contraction, and the lever action of each foot is
swift and violent. Indeed, the action of each leg
resembles, in violent running, that which, when
both legs act together, constitutes a jump, the
sudden extension of the legs adding to the impetus,
which, in slow walking, is given only by the feet.

21. Perhaps the most singular motor apparatus

in the body is the larynz, by the agency of which
woice is produced.

]

sl

Fia. 49.

Diagram of the larynx, the thyroid cartilage being supposed
to be transparent, and allowing the right arytenoid cartilage {Ar.),
vocal litgament (V.), and thyro-arytenoid muscle (Th. 4.), the upper
part of the cricoid cartilage (Cr.), and the attachment of the
epiglottis (Ep.), to be seen. C.th. the right crico-thyroid muscle ;
T. the trachea; Hy. the hyoid bone.

The egsential conditions of the production of the
human voice are : —
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a. The existence of the so-called vocal chords.

b. The parallelism of the edges of these chords,
without which they will not vibrate in such a
manner as to give out sound.

¢. A certain degree of tightness of the vocal
chords, without which they will not vibrate quickly
crough to produce sound.

d. The passage of a current of air between the

Iia. 50.

A vertical and transverse section through the larynx, the hinder
half of which is removed.—Ep. Epiglottis; Th. thyroid cartilage;
a, cavities called the ventricles of the larynz above the vocal liga-

ments (V); x theri -4 i A
ments d( ca?rt o e right thyro-arytenoid muscle cut across ; Cr. the

parallel edges of the vocal chords of sufficient power
to set the chords vibrating.
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22. The vocal chords are, properly speaking,
not  chords” at all, but elastic cushions with broad
bases, fixed to the larynx, and sharp free edges,
which constitute the lateral boundaries of the glottis.
In front, the ends'of the edges of these voeal
cushions are attached, close together, to- the re-
entering angle of the thyroid cartilage; behind, to
the arytenoid cartilages. These, when left to them-
selves, diverge, so that, in the quiescent state, the
aperture of the glottis is V-shaped, the point of the V
being forwards and the base behind (Fig. 51). Under
these circumstances & current of air passing through
the glottis produces no sound ; whence it is that or-
dinary expiration and inspiration take place quietly. -

23. The thyroid cartilage is a broad plate of
gristle bent upon itself into a V shape, and go
disposed that the point of the V is turned for-
wards, and constitutes what is commonly ecalled
“ Adam’s apple.” Above, the thyroid cartilage is
attached to the hyoid bone. Below and behind, its
broad sides are produced into little elongations or
horns, which are connected by ligaments with the
outside of a great ring of cartilage, the cricoid,
which forms, s it were, the top of the windpipe.

The cricoid ring is much higher behind than in
front, ond a gap, filled up by membrane only, is
left between its upper edge and the lower edge of
‘the front part of the thyroid, when the latter is hori-
zontal. Consequently, the thyroid cartilage, turning
upon the articulation of its horns with the hinder
part of the cricoid, as upon hinges, can be moved up
and down through the space left by this membrane,
‘When it moves downwards, the distance between
the front part of the thyroid cartilege and the back
of the cricoid is necessarily incrcased ; and when it
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moves back again to the horizontal position, dimi-
nished. There is, on each side, a large muscle, the
erico~thyroid, which passes from the outer %ide of
the cricoid cartilage obliquely upwards and back-
wards to the thyroid, and pulls the latter down
(Fig. 49, C.th).

Fia. 51,

The parts surrounding the glottis partially dissected and viewed
from above. — Th. The thyroid cartilage ; Cr. the cricoid cartilage;
V. the edges of the vocal ligaments bounding the glottis; 4ry. the
arytenoid cartilages; Th.d. thyro-arytenoid; C.a.l lateral crico-
arytenoid ; C.a.p. posterior crico-arytenoid; Ar.p. posterior aryte-
noid muscles. .

24. The two arytenoid cartilages are perched
side by side upon the upper edge of the back part
of the cricoid, and are freely articulated therewith.
Muscles are so disposed as to pull them towards, or
away from, one another; and a pair of strong
muscles which proceed from their bases to the re-
entering angle of the thyroid alongside the vocal
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chords, and are called thyro-arytenoid, tend to pull
the thyroid cartilage up when it has been depressed
by the crico-thyroid muscles.

‘When the muscles called posterior arytenoid,
which, passing hetwecen the two arytenoid cartilages,
cause them to approach one another, contract, they
bring the hinder ends of the vocal chords together,
and make their edges parallel. The expiratory
muscles now force air from the chest through the
larynx, and a musical note, the voice, is produced.

Fig. 52,

Diagram of a model illustrating the action of the levers and
muscles of the larynx, The stand and vertical pillar represent the
cricoid and arytenoid caxtilu,%cs, while the rod (b ¢), moving on a

ivot at ¢, takes the place of the thyroid cartilage ; a b s an elastic

nd representing the vocal ligament., Parallel with this runs a
cord fasteneid at one end to the rod b ¢, and, at the other, passing
over a pulley to the weight B. This rt:lpresants the thyro-
arytenoid muscle. A cord attached to the middle of b ¢, and pass-
ing over a second pulley to the weight A, represents the crico-
thyroid muscle. It is obvious that when the bar (b ¢) is pulled
dé)w;x chf'o the position ¢ d, the elastic band (a b) is put on the
stre

25. Other things being alike, the-musical note
will be low or high, according as the vocal chords
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are relaxed or tightened; and this again depends
upon the relative predominance of the contraction of
the crico-thyroid and thyro-arytenoid muscles. For
when the thyro-arytenoid muscles are fully con-
tracted, the thyroid cartilage will be pulled up as
far as it can go, and the vocal chords will be ren-
dered relatively lax; while, when the crico-thyroid
muscles are fully contracted, the thyroid cartilage
‘will be depressed as much as possible, and the vocal
chords will be made more tense.

The range of any voice depends upon the differ-
enée of tension which can be given to the vocal
chords, in these two positions of the thyroid carti-
lage. Accuracy of singing depends upon the pre-
cision with which the singer can voluntarily adjust
the contractions of the thyro-arytenoid and crico-
thyroid muscles—so as to give his vocal chords the
pxact tension at which their vibration will yield the
notes required.

The quality of a voice—treble, bass, tenor, &e.
—on the other hand, depends upon the make of the
particular larynx, the primitive length of its vocal
chords, their elasticity, the amount of resonance of
the surrounding parts, and so on.

Thus, men have deeper notes than boys and
women, because their larynxes are larger and their
vocal chords longer—whence, though equally elastic,
they vibrate less swiftly.

26. Speech is voice modulated by the throat,
tongue, and lips. Thus, voice may exist without
speech ; and it is commonly said that speech may
exist without voice, as in whispering. This is only
true, however, if the title of voice be restricted to the
sound produced by the vibration of the vocal chords ;
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for, in whispering, there is a sort of voice produced
by the vibration of the muscular walls of the lips,
which thus replace the vocal chords. A whisper is,
in fact, a very low whistle.

The modulation of the voice into speech is effected
by changing the form of the cavity of the mouth and
nose, by the action of the muscles which move the
walls of those parts.

Thus, if the pure vowel sounds—

E (as in he), 4 (as in hay), A’ (asin ah),
0 (as in o7), O’ (as in oh), 00 (as in cool),

are pronounced successively, it will be found that
they may be all formed out of the sound produced by
a continuous expiration, the mouth being kept open,
but the form of its aperture being changed for egch
vowel. It will be narrowest, with the lips most
drawn back, in Z, widest in 4’, and roundest, with
the lips most protruded, in OO.

Certain consonants also may be pronounced with-
out interrupting the current of the expired air, by
modification of the form of the throat and mouth.

Thus the aspirate, H, is the result of & little extra
expiratory fofce——a sort of incipient cough. .S and
Z, Sh and J (as in jugular=GQ soft, as in gentry),
Th, L, R, F, V, may likewise all be produced by
continuous currents of air forced through the mouth,
the shape of the cavity of which is peculiarly modi-
fied by the tongue and lips.

27, All the vocal sounds hitherto noted so far
resemble one another, that their produetion does not
involve the stoppage of the current of air which
traverses either of the modulating passages.

But the sounds of M and X can only be formed
by blocking the current of air which passes through
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the mouth, while free passage is left through the
nose. For M, the mouth is shut by the lips; for
XN, by the application of the tongue to the palate.

28, The other consonantal sounds of the English
language are produced by shutting the passage
through both nose and mouth; and, as it were,
furcing the expiratory vocal current through the
obstacle furnished by the latter, the character of
which obstacle gives each consonant its peculiarity.
Thus, in producing the consonants B and P, the
mouth is shut by the lips, which arc then forced
open in this explosive manner. In 7' and D, the
mouth passage is suddenly barred by the application
of the point of the tongue to the teeth, or to the
front part of the palate; while in X and & (hard,
as in go) the middle and back of the tongue are
similarly forced against the back part of the palate.
- 29. An artificial larynx may be constructed by
properly adjusting clastic bands, which take the
place of the voeal chords; and, when a current of
air is forced through these, due regulation of the
tension of the bands will give rise to all the notes of
the human voice. "As each vowel and consonantal
sound is produced by the modification uf the form of
the cavities, which lie over the natural larynx; so,
by placing over the artificial larynx chambers to
which any requisite shape can be giveny the various
letters may be sounded. 1t is by attending to these
facts and principles that various speaking machines
have been constructed.

30. Although the tongue is credited with the
responsibility of speech, as the ¢ unruly member,”
and undoubtedly takes a very important share in its
production, it is not absolutely indispensable. Hence,
the apparently fabulous stories of people who have
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been enabled to speak, after their tongues had been
cut out by the cruelty of a tyrant or perseeutor,
. may be quite true.

Some years ago I had the opportunity of examin-
ing a person, whom I will call Mr. R., whose tongue
had been removed as completely as a skilful surgeon
could perform the operation. 'When the mouth was
widely opened, the truncated face of the stump of
the tongue, apparently covered with new mucous
membravre, was to be secn, occupying a position as
far back as the level of the anterior pillars of the
fauces. The dorsum of the tongue was visible with
dificulty ; but I believe I could discern some of the
circumvallate papillee upon it. None of these were
visible upon the amputated part of the tongue, which
had been preserved in spirit; and which, so far as I
could judge, was about 2% inches long. .

‘When his mouth was open, Mr. R. could advance
his tongue no further than the position in which I°
saw it; but he informed me that when his mouth
was shut, the stump of the tongue could be brought
much more forward.

Mr. R.s conversation was perfectly intelligible;
and such wogdseas think, the, cow, kill, were well
and clearly pronounced. But tin became fin,; tack,
fack or pack; toll, pool; dog, thog; dine, vine,
dew, thew ;’cut, catf ; mad, madf; goose, gooth ;
big, pig, bich, pich, with a guttural ch.

In fact, only the pronunciation of those letters the
formation of which requires the use of the tongue was
affected ; and, of these, only the two which involve
the employment of its tip were absolutely beyond
Mr. R.’s power. He converted all ¢s and d’s into
f’s, ©'s, v's, or th’s. Th was fairly given in all
cases ; 8 and sk, [ and 7, with more or less of a lisp.
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Initial ¢’s and ¥'s were good; but final g’s were all

more or less guttural. In the former case, the im-

perfect stoppage of the current of air by the root of
the tongue was of no moment, as the sound ran on

into that of the following vowel; while, when the

letter was terminal, the defect at once became

apparent. '
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LESSON VIIL.
SENSATIONS AND SENSORY ORGANS.

1. Tur agent by which all the motor organs
(except the cilia) described in the preceding Lesson
are set at work, is musecular fibre. But, in the
living body, muscular fibre is made to contract only
by a change which takes place in the motor or effe-
rent nerve, which is distributed to it. This change
again is cffected only by the activity of the centrql
nervous organ, with which the motor nerve is con-
nected. The central ergan is thrown into activity
immediately or ultimately, only by the influence of
changes which take place in the molecular condition
of nerves, called sensory or afferent, which are con-
nected, on the one hand, with the central organ, and,
on the other hand, with some other part of the body.
Finally, the ali®ration of the afferent nerve is itself
produced only by changes in the condition of the
part of the body with which it is connected, and
which usually’result from external impressions.

2. Thus, the great majority (if not the whole) of
the movements of the body and of its parts, are the
effect of an influence (technically termed a sttmulus
or ¢rritation) applied directly, or indirectly, to the
ends of ajferent nerves, and giving rise to a molecular
change, which is propagated along their substance
to the central nervous organ with which they are
connected. The molecular activity of the afferent

: P
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nerve communicates itself to the central organ, and
is then transmitted along the mofor nerves, which
pass from the central organ to the muscles affected.,
And, when the disturbance in the molecular condition
of the efferent nerves reaches their extremities, it is
communicated to the muscular fibres, and causes
their particles to take up a new position, so that
each fibre shortens and becomes thicker.

3. Such a series of molecular changes as that
just described is called a reflex action—the disturb-
ance caused by the imitation being as it were
reflected back, along the motor nerves, to the
muscles.

A reflex action, strlctly 8o called, takes place with-
out our knowing anything about it, and hundreds of
such actions are going on contmually in our bodies
without our being aware of them. But it very fre-
quently happens that we learn that something is
going on, when a stimulus affects our afferent nerves,
by having what we call a feeling or sensation. We
class sensations along with emotions, and volitions,
and thoughts, under the common head of states of
consciousness. But what consciousness is, we know
not; and how it is that anything“sot remarkable as
a state of consciousness comes about as the result of
irritating nervous tissue, is just as unaccountable as
the appearance of the Djin when Aladdin rubbed
his lamp, or as any other ultimate fact of nature,

4. *Sensations are of very various degrees of de-
finiteness. Some arise within ourselves, we know
not how or where, and remain vague and undefinable.
Such are the sensations of wuncomfortableness, or
Jaintness, of fatigue, or of restlessness. 'We cannot
assign any particular place to these sensations, which
are very probably the result of affections of the
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afferent nerves in general, by the state of the blood,
or that of the tissues in which they are distributed.
eAnd however real these sensations may be, and how-
ever largely they enter into the sum of our pleasures
and pains, they tell us absolutely nothing of the ex-
ternal world, They are not only difuse, but they
are also subjective sensations.

5. What is termed the muscular sense is less
vaguely localized than the preceding, though its
place is still incapable of being very accurately
defined. This muscular sensation is the feeling of
resistance which arises when any kind of obstacle is
opposed to the movement of the body, or of any
purt of it; and it is something quite different from
the feeling of contact, or even of pressure.

Lay one hand flat on its back upon a table, amd
rest a disc of cardboard a couple of inches in dia-
meter upon the ends of the outstretched fingers ; the *
only result will be a sensation of contact—the pres-
sure of so light a body being inappreciable. But
put a two-pound weight upon the cardboard, and
the sensation of contact will be accompanied, or even
obscured, by thp yery different fecling of pressure.
Up to this moment the fingers and arm have rested
upon the table; but now let the hand be raised from
the table, and another new feeling will make its
appearance—that of resistance to effort. This feeling
comes into cxistence with the exertion of the muscles
which raise the arm, and is the consciousness of
that exertion given to us by the muscular sense.

Any one who raises or carrics a weight, knows
well cnough that he has this sensation ; but he may
be greatly puzzled to say where he has it. Never-
theless, the sense itself is very delicate, and enables
us to form tolerably acgn'ate judgments of the

P
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relative intensity of resistances. Persons who deal
in articles sold by weight, are constantly enabled to
form very precise estimates of the weight of such.
articles by balancing them in their hands; and, in
this case, they depend in a great measure upon the
mascular sense.

6. In a third group of sensations, each feeling,
as it arises, is assigned to a definite part of the
body, and is produced by a stimulus applied to that
part of the body; but the bodies, or forces, which
aro competent to act as stimuli, are very various in
character. Such are the sensations of towch, taste,
and smell, which are restricted to the membranes
covering the surface of the body, and lining the
mouth and nasal cavities.

«And lastly, in & fourth group of sensations, each
feeling requires for its production the application of
a single kind of stimulus to & very specially modified
part of the integument. The latter serves as an
intermediator between the physical agent of the
sensation and the sensory nerve, which is to convey
to the brain the impulse necessary to awake in it
that state of consciousness which we call the sensa-
tion. Such are the sensations of sight and hearing.
The physical agents which can alone awaken these
sensations (under natural circumstances) are light
and sound. The modified parts of the integument,
which alone are competent to intermediate betwcen
these agents and the nerves of sight and hearing,
are the eye and the ear.

7. In every sensory organ it is necessary to dis-
tinguish the terminal expansion of the afferent or
sensory nerve, and the structures which intermediate
between this expansion and the physxca.l agent
which gives rise to the sensation.
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And in each group of special sensations there are
certain phenomena which arise out of the structure
©of the organ, and others which result from. the
operation of the central apparatus of the nervous
system upon the materials supplied to it by the
sensory organ.

8. The sense of ToucH (including that of heat
and cold) is possessed, more or less acutely, by all
parts of the free surface of the body, and by the
walls of the mouth and nasal passages.

‘Whatever part possesses this.sense consists of a
membrane (integumentary or mucous) composed of
a deep layer made up of fibrous tissue, containing a
capillary network and the ultimate terminations of
the sensory nerves; and of a superficial layer con-
sisting of epithelial or epidermic cells, among which
are neither nerves nor vessels.

‘Wherever the sense of touch is de]xcate, the deep
layer is not a mere flat expansion, but is raised up
into multitudes of small, close-set, conical clevations,
which are called papille. In the skin, the coat of
epithelial or egidgrmic cells does not follow the con-
tour of these papille, but dips down between them and
forms a tolerably cven-coat over them. Thus, the
points of the papillee are much nearer the surface
than the general plane of the deep layer whence
these papillee proceed.

Loops of vessels enter the papille, and the fine
ultimate terminations of the sensory nerve-fibres dis-
tributed to the skin terminate in them, but in what
way has not becn thoroughly made out.

In certain cases, the delicate fibrous sheath, or
neurilemma, of the nerve which enters the papxlla,
enlarges in the papilla into an oval swelling, which
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is called a tactile corpuscle (see Lesson XIIL.).
These corpuscles are ‘only found in the papille of
those localities which are endowed with a very.
delicate sense of touch, as in the tips of the fingers,
the point of the tongue, &e.

9. It is obvious, from what has been said, that no
direct contact takes place between a body which is
touched and the sensory nerve, a thicker or thinner
layer of epithelium, or epidermis, being situated
between the two. In fact, if this layer is removed,
as when a surface of the skin has been blistered,
contact with the raw surface gives rise to a sense of
pain, not to one of touch properly so called, Thus,
in touch, it is the epidermis, or epithelium, which is
the intermediator between the nerve and the physical
agent, the external pressure being transmitted
through the horny cells to the subjacent ends of the

enerves, and the kind of impulse thus transmitted

must be modified by the thickness and character of
the cellular layer, no less than by the forms and
number of the papille.

10. Certain very curious phenomena appertaining
to the sense of touch, are probably due to these vary-
ing anatomical arrangements. Not ‘only is tactile
sensibility to a single impression much duller in
some parts than in others—a circumstance which
might be readily accounted for by the different
thickness of the cellular layor—but the power of
distinguishing double simultaneous impressions is
very different. Thus, if the ends of a pair of
compasses (which should be blunted with pointed
pieces of cork) are separated by only one-tenth
or one-twelfth of an ineh, they will be distinctly
felt as two, if applied to the tips of the fingers;
whereas, if applied to the back of the hand in the
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same way, only one impression will be felt ; and, on
the arm, they may be separated for a quarter of an
¢ inch, and still only one impression will be perceived.

Accurate experiments have been made in different
parts of the body, and it has been found that two
points can be distinguished by the tongue, if only
one-twenty-fourth of an inch apart; by the tips of
the fingers if onc-twelfth of an inch distant; while
they may be one inch distant on the check, and
even three inches on the back, and still give rise to
only one sensation.

11. The fecling of warmth, or cold, is the result
of an excitation of sensory nerves distributed to the
skin, which are probably distinet from those which
give rise to the sense of touch. And it would
appear that the heat must be transmitted throygh
the cellular layer, to give rise to this sensation ; for
just as touching a naked nerve, or the trunk of a
nerve, gives rise only to pain, so heating or cooling
an exposed nerve, or the trunk of a nerve, gives rise
not to a sensation of heat or cold, but simply to

ain.
P Again, the sensation of heat, or cold, is relative
rather than absolute. Suppose three basins be pre-
pared, one filled with ice-cold water, one with water
as hot as can be borne, and the third with a mixture
of the two. If the hand be put into the hot water
basin, and then transferred to the mixture, the latter
will feel cold ; but if the hand be kept awhile in the
ice-cold water, and then transferred to the very
same mixture, it will feel warm.
Like the sensc of touch, the sense of warmth
_varies in delicacy in different parts of the body.

The cheeks are very sensitive, more 8o than the

lips; the palms of the hands arc more sensitive to
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heat than their backs. Hence a washerwoman holds
her flat-iron to her cheek to test the temperature,
and one who is cold spreads the palms of his hands'
to the fire.

The mouth widely opened to show the tongue and palate.—
Uv. the uvula; 7'r. the tonsil between the anterior and posterior
pillars of the fauces; C.p. circumvallate papille; F.p. fungiform
papillee. The minute filiform papille cover the interspaces between
these. On the right side the tongue is partially dissected to show
the course of the filaments of the glossopharyngeal nerve, IX.

12. The organ of the sense of TasTE is the
mucous membrane which covers the tongue, especi-
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ally its back part, and the hinder part of the palate.
Like that of the skin, the deep, or vascular, layer of
®the mucous membrape of the tongue is raised up
into papillee, but these are large, separate, und havo
separate coats of epitheliut. Towards the tip of
the tongue they are for the most part elongated and
pointed, and are called filiform ; over the rest of
the surface of the tongue, these are mixed with
other, larger papille with broad ends and narrow
bases, called fungiform, but towards its root there
arc a number of large papille, set in the shape of a
.V with its point backwards, each of which is like a
fungiform papilla surrounded by a wall. These are
the circumvallate papille (Fig. 63, Cp.). The
larger of these papillae have subordinate small ones
upon their surfaces. They are very vascular, ahd
they reccive nervous filaments from two sources, the
one the nerve called glossopharyngeal, the other the
fifth nerve.  The latter chiefly supplies the front of
the tongue, the former its back and the adjacent
part of the palate; and there is reason to believe
that it is the latter region which is more especially
the seat of thg sense of taste.
The gréat majority of the sensations we call
taste, however, are in reality complex sensations,
into which smell and even touch largely enter.

13. The organ of the sense of SmErrL is the
delicate mucous membrane which lines a part of the
nasal cavities, and is distinguished from the rest of
the mucous membrane of these cavities—firstly, by
possessing no cilia; secondly, by receiving its ner-
vous supply, from the olfactory, or first, pair of
cerebral nerves, and not, like the rest of the mucous
membrane, from the fifth pair.



218  ELEMENTARY PHYSIOLOGY. [Lrssox

Each nostril leads into a spacious nasal chamber,
separated, in the middle line, from its fellow of the
other side, by & partition, or septum, formed partly
by cartilage and partly by bone, and continuous
with that partition which separates the two nostrils
one from the other. Below, each nasal chamber is
separated from the cavity of the mouth by a floor,
the bony palate (Figs. 54, 55) ; and when this bony
palate comes to an end, the partition is continued
down to the root of the tongue by a fleshy curtain,

Fio. 5%.

Vertical longitudinal sections of the nasal cavity.—The left-
hanad figure represents the outer wall of theight nasal cavity; the
right-hand fAgure the left side of the middle partition or septumn of
the nose, which forms the right wall of the left nasal cavity. I, the
olfactory nerve and its branches.; V, branches of the fifth nerve;
Pa. the palate which separates the nasal cavity from that of the
mouth ; S.7. the superior turbinal bone ; M.T. the middle turbinal;
I.T. the inferior turbinal. The letter I is placed in the cerebral
cavity, and the partition on which the olfactory lobe rests, and
through which the filaments of the olfactory nerves pass, is the
cribriform plate,

the soft palate, which has been already described,
The soft palate and the root of the tongue together,
constitute, under ordinary circumstances, a trans-
verse moveable partition between the mbuth and the
pharynx, and it will be observed that the opening of
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the larynx, the glottis, lies behind the partition; so
that while the latter is complete, no passage of air
scan take place between the mouth and the pharynx.
But above and behind the partition are the two
hinder openings of the nasal cavities (which are
called the posterior nares) separated by the ter-
mination of the septum; and through these wide
openings the air passes, with great readiness, from
the nostrils along the lower part of each nasal
chamber to the glottis, or in the opposite direction.
It is by means of the passages thus freely open to
the air that we breathe, as we ordinarily do, with
the ‘mouth shut.

A transverso and vertical section of the osseous walls of the
nasal cavity taken nearly through the letter I in the foregoing
figure.—Cr. the cribriform glate; S.T. M.T. the chambered supe-
rior and middls turbinal bones on which and on the septum
Sp. the filaments of the olfactory merve are distributed; I.T.
the inferior turbinal bone; Pl the palate; An. the Antrum or
chamber which occupies the greater part of the maxillary bone and
opens into the nasal cavity.
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Each nasal chamber rises, as a high vault, far
above the level of the arch of the posterior nares—
in fact, about as high as the depression of the root
of the nose, The uppermost and front part of its
roof, between the eyes, is formed by a delicate hori-
zontal plate of bone, perforated like a sieve by a great
many small holes, and thence called the eribriform
plate (Fig. 55, Cr.). It is this plate (with the mem-
branous structures which line its two faces) alone
which, in this region, separates the cavity of the
nose from that which contains the brain. The
olfactory lobes, which are directly connected with,
and indeed a part of, the brain, enlarge at their
ends, and their broad extrcmities rest upon the
upper side of the cribriform plate ; sending immense
nambers of delicate filaments, the olfactory nerves,
through it to the olfactory mucous membrane
(Fig. 64). ) ’

On each wall of the septum this mucous mem-
brane forms a flat expansion, but, on the side walls
of each nasal cavity, it follows the elevations and
depressions of the inner surfaces of what are called
the upper and middle turbinal,,or, spongy bones.
These bones are called spongy, because the interior
of each is occupied by air-cavitics separated only by
very delicate partitions, and communicating with the
nasal cavities. Hence the bones, though massive-
looking, are ceally exceedingly light and delicate,
and fully deserve the appellation of spongy (Fig. 55).

There is a third light scroll-like bone distinct
from these two, and attached to the maxillary bone,
which is called the #nferior turbinal, as it lies lower
than the other two, and imperfectly scparates the
air-passages from the proper olfactory chamber (Fig.
54). It is covered by the ordinary ciliated mucous
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membrane of the nasal passages, and receives no
filaments from the olfactory nerve (Fig. 54).

o 14. From the arrangements which have been
described, it is clear that, under ordinary circum-
‘stances, tho gentle inspiratory and expiratory cur-
rents will flow along the comparatively wide, direct
passages afforded by sc much of the nasal chamber
as lies below the middle turbinal ; and that they will
hardly move the air enclosed in the narrow interspace
between the septum and the upper and middle spongy
bones, which is the proper olfactory chamber.

If the air currents are laden with particles of
odorous matter, they can only reach the olfactory
membrane by diffusing themselves into this nar-
row interspace; and, if there be but few of these
particles, they will run the risk of not reaching the
olfactory mucous membrane at all, unless -the air
in contact with it be exchanged for some of the,
odoriferous air. Hence it is that, when we wish to
perceive a fuint odour more dlstmctly, we sniff, or
snuff up, the air.  Each sniff is a sudden mspimnon,
the effect of which must reach the air in the olfac-
tory chamber at the same time as, or even before, it
affects that at?tie nostrils; and thus must tend to
draw a little air out of that chamber from behind.
At the same time, or immediately afterwards, the
air sucked in at the nostrils, entering with a sudden
vertical rush, part of it must tend to flow directly
into the olfactory chamber, ahd replace that thus
drawn out.

The loss of smell' which takes place in the course
of a severe cold muy, in part, be due to the swollen
state of the mucous membrane which covers the
inferior turbinal bones, which thus impedes the pas-
sage of odoriferous air to the olfactory chamber.
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15, The essential organ of the sense of IIEARING
consists, on each side, of two parts, the mem-
branous labyrinth, and the scala media of the
cochlea, both of which small organs are lodged in
the midst of a dense and solid mass of bone (thence
called petrosal), forming a part of the temporal
bone, and entering into the base of the skull.

Each of these essential constituents of the organ
of hearing is, substantially, a membranous bag filled
with a fluid, and supported in fluid. In the interior
of each, certain small, mobile, hard bodies are con~
tained; and the ultimate filaments of the auditory
nerves are so distributed upon the walls of the bags
that their terminations must be knocked by the
vibrations of these small hard bodies, should anything
sef them in motion. It is also quite possible that
the vibrations of the fluid contents of the sacs may
themselves suffice to affect the filaments of the
auditory nerve ; but, however this may be, any such
effect must be greatly intensified by the co-operation
of the solid particles.

In bathing in a tolerably smooth sea, on a rocky
shore, the movement of the little waves, as they run
backwards and forwards, is hardly felt by any one
who lies down upon the beach ; but, if the beach be
sandy and gravelly, the pelting of the showers of
little stones and sand, which are raised and let fall
by each wavelet, makes a very definite impression
on the nerves of the skin.

Now, the membrane on which the ends of the
auditory nerves are spread out is virtually a sensitive
beach, and waves which, by themselves, would not
be felt, may be readily perceived if they suffice to
raise and let fall hard particles.

In the membranous labyrinth these hard bodies
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are hair-like filaments, or minute particles of cal-
carecous sand. The latter are called ofoconia, or

Jotolithes. .
//
Ay

Fic. 56.

The delicate stiff filaments, b, which are set up on the inner walls
of the ampullee, a.

|

The cpithelium (a, Fig. 56) which covers the ter-
mination of the nerves in the ampullee (see” § 16),
is produced into long, stiff, slender, bair-like pro-
cesses {0, Fig. 56), which are, of course, readily
affected by any vibration of the endolymph, and
communicate the impulse to the ends of the nerves.
In the vestibular sac (§ 16), on the contrary, these
hairs are scanty or absent, but the minute angular
otoconia serve the same purpose.

In the scala media of the cochlea, minute, rod-
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like bodies, called the fibres of Corti, and which are
peculiarly modificd cells of the epithelial lining of
the scala (§ 17), appear to serve the same object. -

16. For simplicity’s sake, the membranous laby-
rinth and the scala media have hitherto been spoken
of as if they were simple bags; but this is not the
case, each bag having a very curious and somewhat
complicated form. (Figs. 57, 568.)

Fia. 57,

¢ The membranous labyrinth, twice the natural size. U7 the
Utriculus or part of the vestibular sac, into which the semicircular
canals open; 4 4 A the ampulle; P.4. anterior vertical semi-
circular canal ; P.V. posterior vertical semicircular canal ; ' H. hori-
zontal semicircular canal, N

Thus the membranous libyrinth (Fig. 57) has
the figure of an oval wvestidbular gac. consisting of
two parts, the one called utriculus, the other sac-
culus hemisphericus. The hoop-like semicircular
canals open into the utriculus, They are three in

" pumber, and two, being vertical, are called the an-
terior (P.A.) and postertor (P.V.) vertical semicir-
cular canals; while the third, lying outside, and
horizontally, is termed the external, or horizontal
semicircular canal (H). One end of each of these
canals is dilated into what is called an ampulla
(Fig. 57, 4). _

1t is upon the walls of these ampullze and those
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of the vestibular sac that the branches of the
auditory nerve are distributed.

o The fluid which fills the cavities of the semi-
circular canals and utriculus is termed endolymph.
That which scparates these delicate structures from
the bony chambers in which they are contained is
the perilymph. Each of these fluids is little more
than water. R

17. In the scala media* of the cochlea the pri-
mitive bag is drawn out into a long tybe, which is
coiled two and a half times on itself into a conical
spiral, and lies in a much wider chamber of corre-

Fra b8,

A scetion through‘the axis of the cochlea, magnificd three
diameters.  Sc.M. scala media; Se. V. scala vestibuli; Se.1'. scala
tympani ; L.S. lumina spiralis; Md. bony axis, or modiolus,
round which the scala are wound ; C.N. cochlear nerve.

sponding form, excavated in the petrous bone in
such a way as to leave a central column of bony
matter called the modivlus. The scala media has

* I employ this term as the equivalent of canalis
cochlewris.  The true nature and conmexions of these
parts have only recently been properly worked out, and
the account now given will be found to be somewhat
different from that in tho former edition of this work.
See particularly the explanation of Fig. 59.

Q
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o triangular transverse section (Fig. 58), being
bounded above and below by the membranous walls,
which converge internally and diverge externally.
At their convergence, the walls are fastened to the
edge by a thin plate of bone, the lamina sprralis
{L.8. Fig. 58), which winds round the modiolus.
The opposite ends of the walls of the scala media
are fixed to the walls of the containing chamber,
which thus becomes divided into two passages, which
communicate at the summit of the spire, but are

sewhere separate. These two passages arc called
respectively the scala tympani and scala ve tibule,
and are filled with perilymph.

The scala media, which thus lies between the
other two scalm, opens by a narrow duet into the
sacculus hemisphericus, but at its opposite end ter-
minates blindly, (Fig. 62.)

The fibres of the auditory nerve (V1. Fig. 59)
are distributed to the whole length of the scala
media. They enter it along the line of attachment
to the lamina spiralis.

That wall of the seala media which separates it
from the scala vestibuli is called the membrane of
Reissner. The opposite wall, which scparates it
from the scala tympani, is the basilar membrane.
The latter is very elastic, and on it rest the Jibres of
Corti (C ("), each of which is composed of two
filaments joined at an angle. An immense number
of these filaments are sct side by side, with great
regularity, throughout the whole length of the scala
media, so that this organ presents almost the appear-
ance of a key-board, if viewed from either the scala
vestibuli or the scala tympani. The ends of the
nerves have not yet been distinatly traced, but they
probably come into close relation with these fibres,
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Fia. 50.

A section through that wall of the scala media of the cochlea
which lies next to the scala tympani.—a, The inner wall, pillar,
or modiolus of the bony cochlea; ¢, its outer wall; Sca. T. the
cavity of the scala tympani; .S;ca. V. the cavity of the scala

2 .

Q &
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which are capable of being agitated by the slightest
impulse.

18. These essential parts of the organ of hearing
are lodged in chambers of the petrous part of the
temporal bone. Thus the membranous labyrinth is
eontained in a cavity of corresponding form, of which
that part which lodges the sac is termed the vestibulr,
and that which contains the semicircular canals, the
bony semicircular canals. Further, it has been
already scen that the scala media is contained
in a spirally-coiled chamber, the cochiea, which it
divides into two passages. Of these, one, the scale
vesttbuli, is so called because it opens directly into
the vestibule; and hence it is that the perilymph
fills these scala as well as the vestibule and semi-
gireular canals, the whole being placed in commu-
nication by the wide aperture which leads from the
vestibule into the scala vestibuli.

In the fresh state, the bony labyrinth, as this col-
lection of cavities in the petrous bone is termed, is
perfeetly closed ; but in the dry skull there are two
wide openings, termed fenestree, or windows, on its
outer wall. Of these fenestree, one, termed dvalis
(the oval window), is situated in the *wall of the vesti-
bular cavity ; the other, rotunda (the round window),
behind and below this, is the open end of the scala
cochlece. In the fresh state, cach of these windows

media; See. M. {hat part of the cavity of the scala media
which lies between the basilar mewmbrane and the membrane of
Corti; d, the clastic basilar membrane which separates the scala
media from the scala tympani; V. a vessel which lies in this cut
through; e, the so-called membrane of Corti; C C’, the fibres of
Caorti; VII. the filaments of the auditory nerve. It is doubtful
whether the membrane of Corti really has the extent and con-
nexions given to it in this figure. The membrane of Reissner
which separates the scala media from the scala vestibuli is not
represented. If it were, the letters Sca. V. would be seen to lie in
the scala media and not in the scala vestibuli.
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or fenestree is closed by a fibrous membrane, con-
tinuous with the periosteum of the bone.

The fenestra rotunda is closed only by mem-
brane ; but, fastened to the centre of the fenestra
ovalis, so as to leave only a narrow margin, is an
aval plate of bone, the basc of the stapes or stirrup
lione,

e, 60.

Iransverse seefion through the side walls of the skull to show
the parts of the ear.—Co. Concha or external ear; E. M, external
auditory meatus; 7y.M. tympanic membrane ; Ine, Mall, incus
and malleus; 4.5.C. £.8.C. I'.5.C. anterior, posterior, and external
scmicircular canals ; Coe. cochlea; Fw. Iustachian tube; L.M. in-
ternal auditory meatus, through which the auditory nerve passes
1o the organ of hearing.

19. The outer wall of the bony labyrinth is still
far away from the exterior of the skull. Between it
and the visible opening of the ear, in fact, are
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placed in a straight line, first, the drum of the car,
or tympanum; sccondly, the long external passage,
or meatus (Fig. 57). )

The drum of the ear and the external meatus
would form one cavity, were it not that a delicate
membrane, the tympanic membrane (7y.41.) is
tightly stretched in an oblique dircetion across the
passage, so as to divide the comparatively small
cavity of the drum from the meatus.

The membranc of the tympanum thus prevents
any communication between the drum and the ex-
terior, by means of the meatus, but such a commu-
nication is provided, though in a roundabout way,
by the Eustachian tube (Zu. Fig. 60), which leads
directly from the fore part of the drum inwards to
the roof of the pharynx, where it opens.

Fia, 61.

The membrane of the drum of the ear scen from the inner side,
with the small bones of the ear; and the walls of the {ympanum,
with the air-cells in the mastoid part of the temporal Lone.—M.C.
Mastoid cells ; Mall. malleus; Ine. incus; St stapes; a b, lincs
g;awn through the horizontal axis on which the malleus and incus

.
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20. Three small bones, the auditory ossicles, lie
in the cavity of the tympanum, One of these is the
%apes, o small bone shaped like a stirrup. The
foot-plate of this bone is, as already mentioned,
firmly fastened to the membrane of the fenestra
ovalus, while its hoop projects outwards into the
tympanic cavity (Fig. 62).

Another of these bones is the malleus (Mall.
Figs. 60, 61, 62), or hammer-bone, a long process of
which is similarly fastened to the inner side of the
tympanic membrane (Fig. 62). The réunded surface

RS
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Fic. 62.

A disgram illustrative of the relative positions of the various
parts of the ear.—E. M. External auditory meatus ; Ty.M. tympanic
membrane ; 7%. tympanum ; Mall. malleus; Inc. incus; Stp. stapes;
F.o. fencstra ovalis ; F.r. fenestra rotunda; ¥w. Fustachian tube;
M.I. membranous labyrinth, only one semicircular canal with
tts ampulla being represented ; Sca. V, Sca. T, Scu. M, the scals of
the cochlea, which is supposed to be unrolled.
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of the head of the malleus fits into a corresponding
pit in the other end of the third bone, the incus or
anvil bone, which has two processes—one, horizontal,
which rests upon a support afforded to it by the
walls of the tympanum; while the other, vertical,
descends almost parallel with the long process of the
malleus, and articulates with the stapes, or rather
with a little bone, the os orbiculare, which is united
with the stapes (Figs. 61, 62).

The thrce bones thus form a chain between the
fencstra ovalis and the tympanic membrane; and
the whole series turns upon a horizontal axis, the
two ends of which, formed by the horizontal process
of the incus and the slender process of the malleus,
rest in the walls of the tympanum. The gencral
direction of this axis is represented by the line e b
in Fig. 61, or by a line perpendicular to the plane
of the paper, passing through the head of the malleus
in Fig. 62. 1t follows, therefore, that whatever
causes the membrane of the drum to vibrate back-
wards and forwards, must force the handle of the
malleus to travel in the same way. This must
cause a corresponding motion of the long process of
the incus, the end of which must drag fhe stapes back-
wards and forwards. And, as this 1s fastened to the
membrane of the fenestra ovalis, which is in contact
with the perilymph, it must sct this fluid vibrating
throughout its whole extent, the thrustings in of
the membrane of the fenestra ovalis being compen-
sated by corresponding thrustings out of the mem-
brane of the fenestra rotunda, and vice versd.

The vibrations of the perilymph thus produced
will affect the endolymph, and this the otolithes ; by
which, finally, the auditory nerves will be excited.

21. The membranc of the fenestra ovalis and
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the tympanic membrane will necessarily vibrate the
more freely the looser they are, and the reverse.
*Bat there arve two muscles—one, ¢alled the stapedius,
which passes from the floor of the tympanum to the
orbicular bone, and the other, the tensor tympani,
from the front wall of the drum to the mallcus.
Each of the muscles when it contracts tightens the
membranes in question, and restricts their vibra-
tions; or, in other words, tends to cheek the effect of
any cause which sets these membranes vibrating.

22. The outer extremity of the external meatus
is surrounded by the concha or cxternal car (Fig.
60, Co.), a broad, peculiarly-shaped, and, for the
most part, cartilaginous plate, the general plane of
which 1s at right angles with that of the axis of the
auditory opening. The concha can be moved dn
various dircetions by muscles, which pass to it from
the side of the head. .

23. The manner in which the complex apparatus
now described intermediates between the physical
agent, which is the condition of the scnsation of
sound, and the nervous expansion, the affection of
which alone can excite that sensation, must next be
considered.

All bodies which produce sound are in a state of
vibration, and they communicate the vibrations of
their own substance to the air with which they are
in contact, ond thus throw that air into waves, just
as a stick waved backwards and forwards in water
throws the water into waves.

The adrial waves, produced by the vibrations of
sonorous bodies, in part enter the external auditory
passage, and in part strike upon the concha of the
external ear and the outer surface of the head. It
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may be that some of the latter impulses are trans-
mitted through the solid structure of the skull to
the organ of hearing; but before they reach it theye
must, “under ordinary circumstances, have become
s0 scanty and weak, that they may be left out of
sonsideration.

The atrial waves which enter the meatus all
impinge upon the membrane of the drum and set it
vibrating, stretched membranes taking up vibrations
from the air with great readiness.

24. The vibrations thus sct up in the membrane
of the tympanum are communicated, in part, to the
air contained in the drum of the ear, and, in part,
to the malleus, and thence to the other auditory
ossicles.

«The vibrations communicated to the air of the
drum impinge upon the inner wall of the tympanum,
on the greater part of which, from its density, they
can produce very little effect. 'Where this wall is
formed by the membrane of the fenestra rotunda,
however, the communication of motion must neces-~
sarily be greater.

The vibrations which are compunicated to the
malleus and the chain of ossicles Tay be of two
kinds: vibrations of the particles of the bones, and
vibrations of the bones as a whole. If a beam of
wood, freely suspended, be very gently scratched
with a pin, its particles will be thrown into a state
of vibration, as will be evidenced by the sound given
out, but the beam itself will not be moved. Again, if
a strong wind blow against the beam, it will swing
visibly, without any vibrations of its particles among
themselves.  On the other hand, if the beam be
sharply struek with a hammer, it will not only give
out a sound, showing that its particles are vibrating,
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but it will also swing, from the impulse given to its
o Whole mass.

Under the last-mentioned eircumstances, a blind
man standing ncar the beam would be conscious of
nothing but the sound, the product of molecular
vibration, or invisible oscillation of the particles of
the beam ; while a deaf man, in the same position,
would be aware of nothing but the visible oscillation
of the beam as a whole.

25. Thus, to return to the chain of auditory
ossicles, while it scems hardly to be doubted that,
when the membrane of the drum vibrates, they are
sct vibrating both as a whole and in their particles,
it depends upon subsidiary arrangements whether
the large vibrations, or the minute ones, shall make
themselves obvious to the auditory nerve, whiclf is
in the position of our deaf, or blind, man,

The evidence at present is in favour of the con-"
clusion, that it is the vibrations of the bongs, as a
whole, which arc the chicf agerts in transmitting
the impulses of the agérial waves.

For, in the first place, the disposition of the bones
and the mods 8f their articulation are very much
against the transmission of molecular vibrations
through their substance, while, on the other hand,
they are extremely favourable to their vilration en
masse. The long processes of the malleus and incus
swing, like a pendulum, upon the axis furnished by
the short processes of these bones; while the mode
of connesion of the incus with the stapes, and of the
latter with the edges of the fenestra ovalis, allows of
free play, inwards and outwards, to that hone. And,
in the sccond place, it is affirmed, as the result of
experiments, that the bone called columella, which,
in birds, takes the place of the chain of ossicles in
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man, docs actually vibrate as a whole, and at the
same rate as the membrance of the drum, when
a@rial vibrations strike upon the Iatter.

26. Thus, there is reason to believe that when the
tympanic membrane is set vibrating, it causes the
process of the malleus, which is fixed to it, to swing
at the same rate; the head of the malleus conse-
quently turns through a small are on its pivot, the
slender process.  But the turning of the head of the
mallens involves that of the head of the incus upon
its pivot, the short process.  In eonsequence, the long
process of the incus swings through an are as nearly
as possible equal to that deseribed by the handle of
the malleus.  The long process, however, is so fixed
to the stapes that it cannot vibrate without, to a
corresponding extent and at the same rate, pulling
this out of, and pushing it in to, the fonestra ovalis.
"But every pull and push imparts a corresponding set
of shakes to the perilymph, which fills the bony
labyrinth and cochlea, external to the membranous
labyrinth and scala media.  These shakes are com-
municated to the endolymph and fluid of the seala
media, and, by the help of the otolithes and the
fibres of Corti, are finally converted into impulses,
which act as irritants to the ends of the vestibular
and cochlear divisions of the auditory nerve.

27. The difference between the funetions of the
membranous  labyrinth (to which the vestibular
nerve is distributed) and those of the cochlea, are,
perhaps, not quite certainly made out, but the fol-
lowing conclusions are highly probable :—

The membranous labyrinth is an apparatus
whereby sounds arc appreciated and distinguished
according to their intensity or quantity ; but it docs
not afford any means of discriminating their qualities,
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The vestibular nerve tells us that sounds are low or
loud, but gives us no impression of tone, or melody,
o or harmony.

The cochlea, on the other hand, enables the mind
to discriminate the quality rather than the quantity
or intensity of sound.  Therc is reason to believe
that the excitement of any single filument of the
cochlear nerve gives rise, in the mind, to a distinet
musical impression; and that every fraction of a
tone which a well-trained car is capable of dis-
‘tinguishing is represented by its scpmute nerve-
fibre. Thus, the scala media resembles a key-board,
in function, as well as in appearance, the fibres of
Corti being the keys, and the ends of the nerves
representing the strings which the keys strike.  If
it were possible to irritate cach of these nerve-filyes
experimentally, we should be able to produce any
musical tone, at will, in the scusorium of the persons
experimented upon, just as any note on a piano is
produced by striking the appropriate key.

28. A tuning-fork may be set vibrating, if its
own particular note, or one harmonie with it, be
sounded in its nmf_)]xbomhood In other woxd% it
will vibrate ufdér the influence of a particular set of
vibrations, and no others. If the vibrating ends of
the tunixm—fmk were so arranged as to impinge
upon’ a nerve, their repeated mmute blows would at
once excite this nerve.

Suppose that of a set of tuning-forks, tuned to
every note and distinguishable fraction of a note in
the scale, one were thus connected with the end of
every fibre of the cochlear nerve ; then any vibration
communicated to the perilymph would affect the
tuning-fork which could vibrate with it, while the
rest would be absolutely, or relatively, mdxﬁ‘excut to
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that vibration. In other words, the vibration would
give rise to the scnsation of one particular tone, and
no other, and every musical interval would be repre-s
sented by a distinet impression on the sensorium.,
29. It is believed that the fibres of Corti are
eompetent to perform the function of such tuning-

. forks ; that ecach of them is set vibrating to its full

strength by a particular kind of wave sent through
the perilymph, and by no other; and that each
affects a particular fibre of the cochlear ncrve only.
The fibres of the cochlear nerve may be excited
by internal causes, such as the varying pressure of
the blood and the like. And in some persons such
internal influences do give rise to veritable musical
spectra, sometimes of a very intense character. But,
fop the appreciation of music produced cxternal to
us, we depend upon the intermediation of the scala

‘media and its Cortian fibres.

30. It has alrcady been explained that the sta-
pedius and tensor tympani muscles are competent to
tighten the membrane of the fenestra ovalis and that
of the tympanum, and it is probable that they come
into action when the sonorous impulses are too
violent, and would produce too exteissive vibrations
of these membranes.  They therefore tend to mode-
rate the effcet of intense sound, in much the same
way that, as we shall find, the contraction of the
circular fibres of the iris tends to moderate the effect
of intense light in the eye.

The function of the Kustachian tube is, probably,
to keep the air in the tympanum, or on the inner
side of the tympanic membrane, of about the same
tension as that on the outer side, which could not
always be the case if the tympanum were o closed
cavity.
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LESSON IX.
THE ORGAN OF SIGHT.

1. Ix studying the organ of the sense of sight,
the eye, it is needful to become acquainted, firstly,
with the structure and properties of the sensory
cxpansion inewhich the optic nerve terminates;
secondly, with the physical agent of the sensation ;
thirdly, with the intermediate apparatus by which
the physical agent is cnabled to act upon the
nervous expansion.

The ball of the eye is a globular body, moving,
freely in a chamber, the orbiz, which is furnished to
it by the skull. The optic nerve, the root of which
is in the brain, leaves the skull by a hole at the back
of the orbit, and enters the back of the globe of the
eye, not in the middle, but on the inner, or nasal,
gide of the cewtr8, Tt then spreads out on the inner
surface of the wall of the globe of the eye, and enters
a very delicate membrane, which extends forward
nearly to the margin of the erystalline lens, vary-
ing in thickness from gsth of an inch to less than
half that amount, and 1s termed the retin@. This
retina is the only organ connected with sensory
nervous fibres which can be affected, by any agent,
in such a manner as to give rise to the sensation
of light.

2. If the globe of the eye be cut in two, trans-
versely, so as to divide it into an anterior and a
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Fre, 63,

Diagrammatic views of the nervous (A) and the eonnective (B)
elements of the retina, supposed to be separated from one another.
A, the nervous structures—d, the rods; ¢, the cones; I ¢ the
granules of the outer Jayer, with which these are conneeted 5 d d,
interwoven very delicate nervous fibres, from which fine nervous
tilaments, bearing the inner granules, ff’, proceed towards Lhe front
surfaco ; g ¢/, the continuation of these fine nerves, which become
convoluted and interwoven with the processes of the ganglionic
corpuscles, k 1'; i i, the expansion of the fibres of the optic nerve.
B, the connective tissue—a «, external or posterior limiting mem-
brane ; e e, radial fibres passing to the internal or anterior limiting
membrane ; ¢’ e/, nuclei; @ d, the intergranular layer; g g, the
molecular layer; I, the anterior limiting membrane.

Magnified about 250 diameters.
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posterior half, the retina will be seen lining the
concave wall of the posterior half as a membrane of
sgreat delicacy, and, for the most part; of even
texture and smooth surface. But, exactly opposite
the middle of the posterior wall, it presents a slight
circular depression of a yellowish hue, the macula
{utea, or yellow spot; and, at some distance from
this, towards the inner, or nasal, side of the ball, is
a radiating appearance, produced by the entrance of
the optic nerve and the spreading out of its fibres
into the retina.

8. A very thin vertical slice of the retina, in any
region except the yellow spot and the entrance of
the optic nerve, may be resolved into the structures
represented scparately in Fig. 63.  The one of
these (A) occugies the whole thickness of the sec-
tion, and comprises its essential, or nervous, ele-
ments.  The outer (or posterior) fourth, or rather®
less, of the thickness of these consists of a vast
multitude of minute, rod-like, and conical bodies,
ranged side by side, perpendicularly to the plane
of the retina. This is the layer of rods and cones
b¢). From thg front ends of the rods and cones
very delicate fibres pass, and in each is developed
a granule-like body (&’ ¢’), which forms a part of
what has been terméd the outer layer of granules.
It is probable that these fibres pass into and indeed
form the close meshwork of very delicate nervous
fibres which is secn at & &' (Fig. 63, A). From the
anterior surface of this meshwork other fibres pro- |
ceed, containing a second set of granules, which
forms the ¢nner granular layer (7 f’). In front of
this layer is a stratum of convoluted fine nervous
fibres (¢ g')—and anterior to this again numerous
ganglionic corpuscles (A A'). Processes of these

R
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ganglionic corpuscles extend, on the one hand, into
the layer of convoluted nerve-fibres; and on the
other arc probably continuous with the stratum ofr
fibres of the optic nerve ().

These delicate nervous structures are supported
by a sot of framework of eonmective tissuc, which
extends from an ¢nner or anterior limiting memi-
brane (1), which bounds the retina and is in contact
with the vitreous humour, to an outer or posterior
limiting memfrane, which lics at the antefior ends
of the rods and concs near the-level of & ¢’ in
Fig. 63. Thus the framework is thinner than the
nervous substance of the retina, and does not extend
between the rods and cones, which lie between it
and the pigment of the choroid coat (§ 16).

«The fibres of the optic nerve spread out between
the limiting membrane () and the ganglionic cor-
puscles (A7) ; and the vessels which enter along with
the optic nerve ramify between the limiting mem-
brane and the inner granules (f f’). Thus, not
only the nervous fibres, but the vessels, are placed
altogether in front of the rods and cones.

At the.entrance of the optic nerye itself, the ner-
vous fibres predominate, and the rod§ and cones are
absent. In the yellow spot, on the contrary, the cones
are abundant and close set, becoming at the same
time longer and more slender, while rods are scanty,
and are found only towards its margin, The layer of
fibres of the optic nerve disappears, and all the other
layers, except that of the cones, become extremely
thin in the centre of the macula lutex (Fig. 64).

4. The most notable property of the retiva is its
power of converting the vibrations of ether, which
constitute the physical basis of light, into a stimulus
to the fibres of the optic nerve—which fibres, when
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1a. 64.

A diagrammatic section of the macula lutea, or vellow spot.—
@ a, the pigment of the chioroid ; b, ¢, rods and cones ; d d, outer
granular layer; ff, inner granular layer ; g g molecular layer; A h,
layer of ganglionic cells: ¢4, fibres of the optic nerve.

Magnified about 60 diameters,

n 2
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excited, have the power of awakening the scnsation
of light in, or by mcans of, the brain. The sensa-
tion of light, it must be understood, is the work of «
the brain, not of the retina; for, if an eye be
destroyed, pinehing, galvanizing, or otherwise irri-
tating the optic nerve, will still excite the sensation
of light, because it throws the fibres of the optic
nerve into activity; and their activity, however
produced, brings about in the brain certain changes
which give rise to the sensation of light.

Light, falling on the optic nerve, does not excite
it; the fibres of the optic nerve, in themselves, are
as blind as any other part of the body. But just as
the delicate filaments of the ampulle, or the otoconia
of the vestibular sac, or the Cortian fibres of the
coghlea, are contrivances for converting the delicate
vibrations of the perilymph and endolymph into
Ampulses which can excite the auditory nerves, so
the structures in the retina appear to be adapted to
convert the infinitely more delicate pulses of the
luminiferous ether into stimuli of the fibres of the
optic nerve.

5. The sensibility of the different parts of the
retina to light varies very greatly. 'he point of
entrance of the optic nerve is absolutely blind, as
may be proved by a very simple experiment. Close
the left eye, and look steadily with the right at the
cross on the page, held at ten or twelve inches’
distance.

The black dot will be seen quite plainly, as well as
the cross. Now, move the book slowly towards the
eye, which must be kept steadily fixed upon the
cross ; at a certain point the dot will disappear, but,
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as the book is brought still closer, it will come into
view again, " It results from optical principles that,

*in the first position of the book, the figure of the
dot falls between that of the cross (which throughout
lies upon the yellow spot) and the entrance of the
optic nerve: while, in the second position, it falls on
the entrance of the optic nerve itself; and, in the
third, inside that poiut. So long as the image of
the spot rests upon the entrance of the optic nerve,
it is not perccived, and hence this, region of the
retina is called the blind spot.

6. The impression made by light upon the retina
not only remains during the whele period of the
direct action of the light, but has a certain duration
of its own, however short the time during which the
light itself lasts. A flash of lightning is, practically,
instantaneous, but the sensation of light produced by
that flash endures for an appreciable period. It ie
found, in fact, that a luminous impression lasts for
about one-eighth of a second; whenee it follows,
that if any two luminous impressions are separated
by a less interval, they are not dlbtmgmshed from
one another.

For this réason a * Catherme-wheel,” or a lighted
stick turned round very rapidly by the hand, appears
as a circle of fire; and the spokes of a coach wheel at
specd are not scparately visible, but only appear as
a sort of opacity, or film, within the tire of the
wheel.

7. The cxcitability of the retina is readily ex~
hausted. Thus, looking at a bright light, rapidly
renders the part of the retina on which the light
falls, insensible; and on looking from the bright
light towards a moderately-lighted surface, a dark
spot, arising from a tcmporm 'y blindness of the
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retina in this part, appears in the field of view. If
the bright light be of one colour, the part of the
retina on which it falls becomes insensible to rays
of that colour, but not to the other rays of the
spectrum. This is the explanation of the appear-
aiace of what are called complemsntary colours.
For, example, if a bright red wafer be stuck upon
a sheet of white paper, and steadily looked at for
some time with onc eye, when the eye is turned
aside to the white paper a grecnish spot will appear,
of the size and shape of the wafer. The red image
has, in fact, fatigued the part of the retina on which
it fell for red light, but has left it sensitive to the
remaining coloured rays of which white light is
composed. So that, when white light falls upon
this- part, the red rays in the white light have no
. cffect, and the result of the operation of the others
13 a greenish hue. If the wafer be green, the com-
plementary image, as it is called, is red.

8. In some persons, the retina appears to be
affected in one and the same way by rays of light of
various colours, or even of all colours. Such colour-
blind persons are unable to distinguish, between the
leaves of a cherry-tree and its fruit l')y the colour
of the two, and see no difference between blue and
yellow cloth. :

This peculiarity is simply unfortunate for most
people, but it may be dangerous if unknowingly
possessed by railway guards or sailers, It probably
arises cither from a defect in the retina, which
renders that organ unable to respond to different
kinds of luminous vibrations, or it may proceed
from some unusual absorptive power of the humours
of the eye. .

9. The sensation of light may be excited by other
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causes than the impact of the vibrations of the lumi-
niferous ether upon the retina. Thus, an clectric
®*shock sent through the cye, gives rise to the appear-
ance of a flash of light: and pressure on any part of
the retina produces a Juminous image, which lasts
as long as the pressure, and is called a phosphene.
If the point of the finger be pressed upon the outer
side of the ball of the eyc, a luminous image —which,
. in my own case, is dark in the centre, with a bright
ring at the circumference (or, as Newton deseribed
it, like the “eye” in a peacock’s tail)—is scen; and
this image lasts as long as the pressurc is continued.
Most persons, again, have experienced the remark-
able display of subjective fireworks which follows a
Leavy blow upon the eyes, produced by a fall from a
horse, or by other mcthods well known to English
youth, :
1t is doubtful, however, whether these cffects af
pressure, or shock, really arise {rom the cxcitation of
the retina proper, or whether they arc not rather the
result of the violence done to the fibres of the optic
nerve apart from the retina.

10. The Ilast paragraph raises a distinction
Letween th® ¢ fibres of the optic nerve” and the
“reting” which may not have been anticipated, but
which is of much importarce.

‘We have scen that the fibres of the optic nerve
ramify in the inner fourth of the thickness of the
retina, while the layer of rods and cones forms its ¢
outer fourth. The light, therefore, must fall first
upon the fibres of the optic nerve, and, only after
traversing them, ean it reach the rods and cones.
Consequently, if the fibrille of the optic nerve them-
sclves are capable of being affected by light, the
rods and cones can only be some sort of supple-
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mentary optical apparatus. Baut, in fact, it is the
rods and cones which are affected by light, while the
fibres of the optic nerve are themselves insensible toc
it. The evidence on which this statement rests is—

a. The blind spot is full of nervous fibres, but
hus no cones or rods.

0. The yellow spot, where the most acute vision
is situated, is full of close-set cones, but has no
nerve fibres,

1f you go into a dark room with a single small
hnght candle, and, looking towards a dark wal] move
the light up and down, close to the outer side of one
cye, 80 as to allow the light to fall very obliquely
into the eye, one of what are called Purkinje’s
Jigures is seen. This is a vision of a series of
diverging, branched, red lines on a dark field, and in
the interspace of two of these lines is a sort of cup-
shaped disk. The red lines are the retinal blood-
vessels, and the disk is the yellow spot. As the
candle is moved up and down, the red lines shift
their position, as shadows do when the light which
throws them changes its place.

Now, as the lmllt falls on the inner face of the
retma., and the images of the vessel® to which it
gives rise shift thur position as it moves, whatever
perceives these images must needs lie on the other,
or outer, side of the vessels. But the fibres of the
optic nerve lie among the vesscls, and the only
retinal structures which lic outside them are the
granular layers and the rods and cones,

d. Just as, in the skin, there-is a limit of
distance within which two points give only one im-
pression ; so there is a minimum distance by which
two points of light falling on the retina must be
scparated in order to appear as two. -And this



1x.] LIGULT. 249

distance corresponds pretty well with the diamete.
of the cones.

® Thus it would appear that these remarkable
structures, set upon the outer surface of the retina,
with their ends turned towards the light, are like so
many finger-points, endowed with a touch delicate
enough to fecl the luminous vibrations.

11. The physical agent which gives rise to vision
is light, which is now conceived to be a very attenu-
ated fluid, the ether, vibrating in a particular way.
The properties of this ph_ysu,ul agent, and the prin-
ciples of optics, must be studicd clsewhere. At
present it is only necessary to advert to some facts,
of which every one can assure himself by simple
cexperiments.  An ordinary spectacle glass is,a
transparent body denser than the air, and convex on
both sides. It this lens be held at a certain dis-
tance from a screen or wall in a dark room, and a
lighted candle be placed on the opposite side of it,
it will be casy to adjust the distances of candle, lens,
and wall, so that an image of the flame of the candle,
upside down, slmll be thlown upon the wall.

12. The spot on which the image is formed is
called a focus. If the candle be now brought
nearer to the lens, the image on the wall will, en-
large, and grow blurred and dim, but may be
restored to brightuess and definition by moving the
lens further from the wall. But if, when the new
adjustment has taken place, the candle be moved
away from the lens, the image will again become
confuscd, and, to restore its clearness, the lens will
have to bc bxought ncarer the wall,

Thus a convex lens forms a distinet picture of
luminous objects, but only at the focus on the side
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of the lens opposite to the object; and that focus is
nearer when the object is distant, and further oﬁ'
when it is near.

18. Suppose, however, that, leaving the candle
unmoved, a lens with more convex surfaces is substi-

. tuted for the first, the image will be blurred, and

the lens will have to be moved nearer the wall to
give it definition. If, on the other hand, a lens
with less convex surfaces is substituted for the
first, it must, be moved further from the wall to
attain the same end.

In other words, other tlnngq being alike, the more
convex the lens the nearer its focus ; the less convex,
the further off its focus.

If the lens were clastic, pulling it at the circum-
forence would render it flatter, and thereby lengthen
its focus ; while, when let go again, it would become
more convex, and of shorter focus.

Any material more refractive than the medium in
which it is placed, if it have a convex surface, causes
the rays of light which pass through the less refractive
medium to that surface to converge towards a focus.
If a watch-glass be fitted into one side of a box,
and the box be then filled with water; a candle may
be placed at such a distance outside the watch-glass,
that an image of its flame shall fall on the opposite
wall of the box. If, under these circumstances, a
doubly convex lens of glass were introduced into the
water in the path of the rays, it would act (though
less powerfully than if it were in air) in bringing the
rays more quickly to a focus, because glass refracts
light more strongly than water does.

A camera obscura is a box, into one side of
which a lens is fitted, so as to be able to slide back-
wards and forwards, and thus throw distinct images
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of bodies, at various distances, on the sereen at the
back of the box. Hence the arrangement just
escribed might bo termed a water camera.

14. The intermediate organs by means of which
the physical agent of vision, light, is enabled to act
upon the expansion of the optic nerve, comprise
three kinds of apparatus: (a) A ¢ water camera,”
the eyeball; (b) muscles for moving the eyeball;
(c) organs for protecting the eyeball, yiz. the eye-
lids, with their lashes, glands, and muscles; the
conjunctiva; and the lachrymal gland and its
ducts. :

‘The eyeball is composed, in tho first place, of a
tough, firm, spheroidal case consisting of connective
tissue, the greater part of which is white and
opaque, and is called the sclerotic (Scl. Fig. 65).
In front, however, this fibrous capsule of the eye,
though it does not change its cssential character,
becomes transparent, and reccives the name of the
cornea (Cn. Fig. 65). The corneal portion of the
case of the eyeball is more convex than the sclerotic
portion, so that the whole form of the ball is such as
would be produced by cutting off a segment from
the front of a spheroid of the ‘diameter of the scle-
rotic, and replacing this by a scgment cut from a
smaller, and consequently more convex, spheroid.

15. The corneo-sclerotic case of the eye is kept
in shape by what are termed the humours—watery
or semi-fluid substances, one of which, the aqueous
humour, distends the corneal chamber of the eye,
while the other, the witreous, keeps the sclerotic
chamber full.

The two humours are scparated by the very
beautiful, transparent, doubly-convex crystalline
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lens (Cry. Fig. 65), denser, and capable of refract-
ing light more strongly, than either of the humours,
The crystalline lens is composed of fibres having<a
somewhat complex arrangement, and is highly
clastic. It is more convex behind than in frount, and

T1a. 65.

Horizontal section of the-eyeball.—Scl. the sclerotie coat; Cn. the
cornea ; B. the attach ts of the tendons of the recti muscles

Ch. the choroid; C.p. the ciliary processes ; C.m. the ciliary muscle

Ir. the iris; Aq. the aqueous humour; Cry. the erystalline lens

Vt. the vitreous humour; Rf. the retina; Op. the optic nerve,
M.1. the yeHow spot. The section lLas passed through a ciliary
nn;;::ss ou the left side, and between two ciliary processes on the
vig] '

it is kept in place by a delicate, but at the same
time strong and elastic, membranqus frame or sus-
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pensory ligament, which extends from the edges of
the lens to what are termed the ciliary processes of
the choroid coat (C.p. Fig. 65).

16. This ckoroid coat (Ch. Fig. 65) is a highly
vascular membrane, in close contact with the scle~
rotie externally, and lined, internally, by a layer of
small polygonal bodies contairiing much pigmentary
matter, called pigment cells. These pigment cells
are separated from the vitreous humour by the retina
only. The rods and cones of the latter are in im-
mediate contact with them. The chordid lines every
part of the sclerotic, except where the optic nerve
enters it, at a point below, and to the inner side of
the centre of the back of the eyc; but when it
reaches the front part of the sclerotic, its inner sur-
face becomes raised up into a number of longitudinal
ridges, with intervening depressions, termmatmg
within and in front by rounded ends, but passing,
externally, into the iris. These ridges are the
above mentioned ciliary processes (C.p. Fig. 65).

17. The s itself (Ir. Fig. 65) is, as has already
been said, a curtain with a round hole in the middle,
provided with circular and radiating unstriped
muscular fibrés ;* and capable of having its central
aperture en]arged or diminished by the action of
these fibres, the contraction of which, unlike that of
other unstriped muscular fibres, is extremely rapid.
The edges of the iris are firmly connected with the
capsule of the eye, at the junction of the cornea and
sclerotic, by the connective tissue which enters into
the composition of the so-called ciliary ligament.
Unstriped muscular fibres, having the same attach-
ment in front, spread backwards on to the outer
surface of the choroid, constituting the ciliary
muscle (C.m. Fig. 65), If these fibres contract, it
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is obvious that they will pull the choroid forwards;
and as the frame, or suspensory ligament of the
lens, is connected with the ciliary processes (whish
simply form the anterior termination of the choroid),
this pulling forward of the choroid comes to the same
thing as a rclaxation of the tension of that sus-
pensory ligament, which, as I have just said, like
the lens itself, is highly elastic.

The iris does not hang down perpendicularly into
the space betwecu the front face of the crystalline
lens and the posterior surface of the cornea, which
is filled by the aqueous humour, but applies itself
very closely to the anterior face of the lens, so that
hardly any interval is left between the two (Figs.
65, 66). :

* 18. The cyehall, the most important constituents
of which have now been described, is, in principle, a
camera. of the’kind described above—a water camera.
That is to say, the sclerotic answers to the hox, the
cornea to the watch-glass, the aqueous and vitreous
humours to the water filling the box, the crystalline
to the glass lens, the introduction of which was
imagined. The back of the box”ccrrésponds with
the retina. ‘

But further, in an ordinary camera obscura, it is
found desirable to have what is termed a diaphragm
(that is, an opaque plate with a hole in its centre)
in the path of the rays, for the purpose of moderating
the light and cutting off the marginal rays which,
owing to certain optical properties of spheroidal sur~
faces, give rise to defects in the image formed at
the focus. .

In the eye, the place of this diaphragm is taken
by the iris, which has the peculiar advantage of
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being self-regulating ; dilating its aperture, and ad-

_ mitting more light when the light is weak ; but con-
teacting its aperture and admitting less light when
the illumination is strong.

19. In the water camera, construeted according
to the descuptlon gwcn above, there is the defcet
that no provision cxists for &djusting the focus to
the varying distances of objects. If the box were
80 made that its back, on which the image is sup-
posed to be. thrown, recclved distinet images of very
distant objeets, all near ones would be indistinet.
And if, on the other hand, it were fitted to reccive
the image of pear objects, at a given distance, those
of either nearer, or more distant, bodies would be
blurred and indistinet. In the ordinary camera this
difficulty is overcome by sliding the lenses in and
out, a process which is not eompatible with the con-
struction of our water camera. But there is clearly
one way, among many, in which this adjustment
might be effected—namely, by changing the -glass
Iens ; putting in a less convex one when more distant
objects had to be pictured, and a more convex one
when the images of nearer objects wére to be
thrown upon th Back of the box.

But it would come to the same thing, :md be

much more convenient, if, without changing the.

lens, one and the same lens could be made to alter
its convexity. This is what actually is done in the
adjustment of the eye to distances.

20. The simplest way of experimenting on the

adjustment of the eye is to stick. two stout needles

upright into a straight piece of wood, not exactly,
but nearly in the same straight ]me, so that, on
applying the eye to one end of the picee of wood
one needle (a) shall be seen about six inches oﬁ
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and the other (B) just on one-side of it at twelve
inches’ distance. )

If the observer look at the needle b he will find
that he sees it very distinetly, and without the least
sense of effort; but the image of a is blurred and
more or less double. N ow, let him try to make this
blurred image of th€ necdle a distinet. He will
find he can do so readily enough, but that the act is
accompanied by a sense of fatigue. And in propor-
tion a8 a bgcomes distinet, b will become blurred.
Nor will any effort enable him to see @ and b
distinctly at the same time.

21. Multitudes of explanations have been gwen of
this remarkable power of adjustment, but it is only
within the last few years that the problem has been
solved, by the accurate determination of the nature
of the changes in the eye which accompany the act.
When the flame of a taper is held near, and a little
on ono side of, a person’s eye, any one looking into
the eye from a proper point of view, will see three
images of the flame, two upright and one inverted.
One upright figure is reflected from the front of the
cornea, which acts as a convex mirror. The sccond
proceeds from the front of the crysttt]]me lens, which
has the same effect; while the inverted image pro-
ceeds from the posterior face of the lens, which, -
being convex backwards, is,.of course, concave for-
wards, and acts as a concave mirror.

Suppose the eye to be steadily fixed on a distant

“object, and then adjusted to a near one in the
same_line of vision, the position of “the eyeball
remaining unchanged, Then the upright image
reflected from the surface of the cornca, and the
inverted ' image from the back of the lens, will
remain unchanged, though it is demonstrable that
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their size or apparent position must change if either
the cornea, or the back of the lens, alter either their
foym, or their position. But the second upright
image, that reflected by the front face of the lens,
changes both its size and its position; and that in
such a manner as to prove that the front face of the
lens has become more convex. - The change of form
of the lens is, in fact, that represented in Fig. 66.
These may be regarded as the facts of adjust-
ment with which all explanations of that process
must accord. They at once exclude thé hypothescs
(1) that adjustment is the result of the compression

Fia. 66.

Illustrates tho change in tho form of the lens when adjusted—
A to d.istant, B to near objects. )
o

of the ball of the eye by its muscles, which would
cause a change in the form of the cornea; (2) that
adjustment results from a shifting of the lens bodily,
for its hinder face does not move ; (3) that it results
from the pressure of the iris upon the front face of
the lens, for under these circumstances the hinder
face of the lens would not remain stationary. This
last hypothesis is further negatived by the fact that
adjustment takes place equally well when the iris is
absent,

One other explanation remains, which is, in all
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probability, the true one, theugh not altogether
devoid of difficulties. * The lens, which is very
elastic, is kept habitually in a state of tension by
the elasticity of its suspensory ligament, and con-
sequently has a flatter form than it would take if
left to itself. If the ciliary muscle contracts, it
must, as has been seen, relax that ligament, and
thereby diminish its elastic tension upon the lens.
The lens, consequently, will become more convex,
returning te its former shape when the ciliary muscle
ceases to contract, and allows the choroid to return
to its ordinary place.

If this be the true explanation of adjustment, the

sense of cffort we feel must arise from the contrac-
tion of the ciliary muscle.
o 22. Adjustment can take place only within a
certain range, which admits of great individual
variations. As a rule, no object which is brought
within less than about ten inches of the eye can be
seen distinetly without effort.

But many persons are born with the surface of
the cornea more convex than usual, or with the
refractive power of the eye increased in some other
way; while, very generally, as ‘afe draws on, the
cornea flattens. In the former case, objects at ordi-
nary distances are seen indistinctly, becausc these
images fall not on the retina, but in front of it;
while, in the latter, the same indistinctness is the
result of the rays of light striking upon the retina
before they have been brought to a focus. The
defect of the former, or short-sighted people, is
amended by wearing concave glasses, which cause
the rays to diverge; of the latter, or long-sighted
people, by wearing convex glasses, which make the
rays converge.
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23. The muscles which move the eyeball are
altogether six in number—four straight muscles,
*or recti, and two oblique muscles, the obliqui. The
straight muscles are attached to the back of the
orb.it, round the cdges of the hole through which the
optic nerve passes, and run straight forward to their
msertions into the sclerotic—one, the superior

Fia. 67.

The muscles of jhe eyeball viewed from above and from the outer
side.—S.R. the rior rectus; Inf. R. theinferior rectus; E.R. the
external rectus; In.R. the internal rectus;’ S.0b. the superior
oblique ; Inf.0b. the inferior oblique ; Ch. the chiasma of the optic
nerves (J1.); I1I. the third nerve which supplies all the muscles
except the superior oblique and the external rectus. -

rectus, in the middle line above; one, the tnferior,

opposite it below; and one half-way en cach side, the *
external and snternal recti. The cyeball is com-

pletely imbedded in fat behind and laterally; and

these muscles turn it as on a cushion, the superior

rectus inclining the axis of the eye upwards, the

inferior downwards, the external outwards, the in-

ternal inwards.

8.2
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The two oblique muscles are both attached on the
outer side of the ball, and rather behind its centre;
and they both pull in a direction from the point of»
attachment towards the inner side of the orbit—the
lower, because it arises hcre; the upper, because,
though it arises along with the recti from the back
of the orbit, yet, after passing forwards and becoming
tendinous at the upper and inner corner of the orbit,
it traverses a pulley-like loop of -ligament, and
then turns downwards and outwards to its insertion.
The action of the oblique muscles is somewhat com-
plicated, but their general tendency is to roll the
eyeball on its axis, and pull it a little forward and
inward.

24. The eyelids are folds of skin containing thin
plates of cartilage, and fringed at their edges with
hairs, the eyelashes, and with a series of small glands
called Mebomzian. Circularly disposed fibres of
striped muscle lic beneath the integuments of the
eyelids, and constitute the orbicularss muscle which
shuts them. The upper eyelid is raised by a special
muscle, the levator of the upper lid, which arises at
the back of the orbit and runs forwards to end in
the lid. v

The lower lid has no special depressor.

25. At the edge of the eyelids the integument
becomes continuous with a delicate, vascular, and
highly nervous mucous membrane, the conjunctiva,
which lines the interior of the lids and the front of
the eyeball, its epithelial layer being even continued
over the cornea. The numerous small ducts of a
gland which is Jodged in the orbit, on the outer side
of the ball (Fig. 68), the lackrymal gland, con-
stantly pour its watery secretion into the interspace
between the conjunctiva lining the upper eyelid and
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that covering the ball. ¢On the inner side of the eye
is a reddish fold, the caruncula lachrymalis, a sort
of rudiment of the third eyelid which is to be found

A front view of the eye dissceted to show, Orh., the orbiculare
muscle of the eyelids; the pulley and insertion of the superior
oblique, S.00., and the inferior oblique, Inf.0b.; L.G. the lachrymal
gland.
in many animals. Above and below, the cdge of
each eyclid presents a minute aperture (the punc-

tum lachrymalg), the opening of a small canal.

Fio. 69.

A front view of the eye, with the eyelids.—Lachrymal gland, L.G@.,
and Lachrymal duct, L.D.
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The canals from above and below converge and
open into the lackrymal sac, the upper blind end of
a duct (L.D. Fig. 69) which passes down from the:
orbit to the nose, opening below the inferior turbinal
bone (Fig. 34, %). It is through this system of
canals that the conjunctival mucous membrane is
continuous with that of the nose; and it is by them
that the secretion of the lachrymal canal is ordi-
narily carried away as fast as it forms. .

But, under certain circumstances, as when the
conjunctiva is irritated by pungent vapours, or when
painful emotions arise in the mind, the sccretion of
the lachrymal gland exceeds the drainage power of
the lachrymal duct, and the fluid, accumulating
between the lids, at length overflows in the form of
teays.
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LESSON X.

THE COALESCENCE OF SENSATIONS WITH
ONE ANOTHER AND WITH OTHER STATES
OF CONSCIOUSNESS.

1. In explaining the functions of the sensory
organs, I have hitherto confined myself to describing
the means by which the physical agent of a sensa~
tion is enabled to irritate a given sensory nerve;
and to giving some account of the simple sensatiogs
which are thus evolved.

Simple sensations of this kind are such as might
be produced by the irritation of a single nerve fibre,
or of several nerve fibres by the same agent. Such
are the sensations of contact, of warmth, of sweet-
ness, of an odour, of a musical note, of whiteness, or
redness. .

But very foW of our sensations are thus simple.
Most of even those which we are in the habit of
regarding as simple, are really compounds of
different sensations, or of scnsations with ideas, or
with judgments. Tor example, in the preceding
cases, it is very difficult to separate the sensation of
contact from the judgment that something is touch-
ing us; of sweetness, from the idea of something in
the mouth; of sound.or light, from the judgment
that something outside us is shining, or sounding.

2. The scnsations of smell are those which are
least complicated by accessories of this sort. Thus,
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porticles of musk diffuse themselves with great
rapidity through the nasal passages, and give rise
to the sensation of a powerful odour. But beyond 'a
broad notion that the odour is in the nose, this sen-
sation is unaccompanied by any ideas of locality and
direction.  Still less does it give rise to any con-
ception of form, or size, or force, or of succession, or
contemporaneity. If a man bad no other sense
than that of smell, and musk were the only odorous
body, he could have no sense of outness—no power
of distinguishing between the external world and
himself.

3. Contrast this with what may seem to be the
equally simple sensation obtained by drawing the
finger along the table, the eyes being shut. This
agt gives one the sensation of a flat hard surface
outside oneself, which appears to be just as simple
as the odour of musk, but is really a complex state
of feeling compounded of— -

() Pure sensations of contact.

(b) Pure muscular sensations of two kinds,—the
one arising from the resistance of the table, the
other from the actions of those muscles which draw
the finger along. v .

(c) Ideas of the order in which these pure sensa-
tions succeed one another.

(@) Comparisons of these sensations and their

. order, with the recollection of like sensations simi-

larly arranged, which have been obtained on pre-
vious occasions.

(¢) Recollections of the impressions of extension,
flatness, &e. made on the organ of vision when these
previous tactile and muscular sensations were
obtained.

Thus, in this case, the only pure sensations are
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‘those of contact and muscular action. The greater
part of what we call the sensation is a complex
smass of present and recollected ideas and judgments,

4. Should any doubt remain that we do thus mix
up -our sensations with our judgments into one
indistinguishable whole, shut the cyes as before, and
instead of touching the table with the finger, take a
round lead pencil between the fingers, and draw
that along the table. The ¢ sensation” of a flat
hard surface will be just as clear as bgfore ; and yet
all that we touch is the round surface of the pencil,
and the only pure sensations we owe to the table are
those afforded by the muscular sense. In fact, in
this case, our “ scnsation” of a flat hard surface is
entirely a judgment based upon what the muscular
sense tells us is going on in certain muscles. o

A still more striking case of the tenacity with
which we adhere to complex judgments, which we
conceive to be pure sensations, and are unable to
analyse otherwise than by a process of abstract
reasoning, is afforded by our sense of roundness.

Any one taking a marble between two fingers will
say that he feels it to be a single round body; and
he will probatty be as much at a loss to answer the
question how he knows that it is round, as he would
be if he were asked how he knows that a scent is a
scent.

Nevertheless, this notion of the roundness of the-
marble is really a very complex judgment, and that
it is so may be shown by a very simple experiment.
If the index and middle fingers be crossed, and the
marble placed between them, so as to be in contact
with both, it is utterly impossible to avoid the belief
that there are two .marbles instead of one. Even
looking at the marble, and secing that there is only



266 ELEMENTARY PHYSIOLOGY. [LEssoN

one, does not weaken the apparent proof derived
from touch that there arc two.*

The fact is, that our notions of singlencss and:
roundness are, really, highly complex judgments
based upon a few simple sensations; and when the
ordinary conditions of those judgments are reversed,
the judgment is also reversed.

With the index and middle fingers in their ordi-
nary position, it is of course impossible that the
outer sides of cach should touch opposite surfaces of
one spheroidal body. If, in the natural and usual -
position of the fingers, their outer surfaces simulta-
neously give us the impression of a spheroid (which
itself is a complex judgment), it is in the nature of
things that there* must be two spheroids. But,
when the fingers are crossed over the marble, the
outer side of each finger is really in contact with a
‘spheroid ; and the mind, taking no cognizance of
the crossing, judges in accordance with its universal
experience, that two spheroids, and not one, give
rise to the sensations which arc perecived.

5. Phenomena of this kind arc not uncommonly
called delusions of the senses; but there is no such
thing as a fictitious, or delusive, scnsation. A sen-
sation must exist to be a sensation, and if it exists
it is real and not delusive. DBut the judgments we
form respecting the causes and conditions of the
scnsations of which we are aware, are very often
erroneous and delusive enough ; and such judgments
may be brought about in the domain of every sense,

* A ludicrous form of this experiment is to apply the
crossed fingers to the end of the nose, when it at once
appears double ; and, in spite of the absurdity of the con-
]vxction, the mind cannot expel it, solong as the sensations

ast. . :
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either by artificially contrived combinations of sen-
sations, or by the influence of unusual conditions of
the body itself. The latter give rise to what are
called subjective sensations.

Mankind would be subject to fewer delusions than
they are, if they constantly bore in mind their
liability to false judgments, due to unusual combi-
nations, either artificial or natural, of true sensations.
Men say, I felt,” ¢I heard,” ¢I saw” such and
such a thing, when, in ninety-nine cases out of a
hundred, what they really mean is, thaf they judge
that certain sensations of touch, hearing, or sight,
of which they were conscious, were caused by such
and such things. .

6. Among subjective sensations within the domain
of touch, are the feelings of creeping and prickling
of the skin, which are not uncommon in certain
states of the circulation. The subjective evil smells
and bad tastes which accompany some diseases are
very probably due to similar disturbances in the cir-
culation of the sensory organs of smell and taste.

Many persons are liable to what may be called
auditory spectra—music of various degrecs of com-
plexity sounding®h their ears, without any external
cause, while they are wide awake. I know not if
other persons are similarly troubled, but in reading
books written by persons with whom I am ac-
quainted, I am sometimes tormented by hearing the
words pronounced in the exact way in which these
persons would utter them, any trick or peculiarity
of voice, or gesture, being, also, very accurately re-
produced. And I suppose that every one must have
been startled, at times, by the extreme distinctness
with which his thoughts have embodied themselves
in apparent voices. .
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The most wonderful exemplifications of subjective
sensation, however, are afforded by the organ of
sight. ’

Any one who has witnessed the sufferings of a
man labouring under delirium tremens (a disease
produced by excessive drinking), from the marvellous
distinctness of his visions, which sometimes take the
form of devils, sometimes of creeping animals, but
almost always of something fearful or loathsome,
will not doubt the intensity of subjective sensations
in the domain of vision.

7. But that illusive visions of great distinctness
should appeur, it is not necessary for the nervous
system to be thus obviously deranged. People in
the full possession of their faculties, and of high
iptelligence, may be subject to such appearances, for
which no distinet cause can be assigned. The best
illustration of this is the famous case of Mrs. A.
given by Sir David Brewster, in his ¢ Natural
Magic,” the chief points of which I proceed to
quote :—

¢¢(1) The first illusion to which Mrs. A. was subject,
was one which affected only the ear. On the 21st of
December, 1830, about half-past four®in the afternoon,
she was standing near the fire in the hall, and on the
point of going up to dress, when she heard, as she
supposed, her husband’s voice calling her by name.
— , come here | come to me!’ She imagined
that he was calling at the door to have it opened ; but
upon going there and opening the door, she was surprised
to find no person there. Upon returnjng to the fire she
again heard the same voice calling out very distinctly
and loudly, ¢ , come, come here!’ She then opened
two other doors of the same room, and, upon seeing no
person, she returned to the fire-place. ~After a few
moments she heard the same voice still calling, ¢ Come to
me, come ! come away !’ in a loud, plaintive, and some-
what impatient tone ; she answered as loudly, ¢ Where are
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you? I don’t know where you are,’ still imagining that
he was somewhere in scarch of her; but receiving no
answer, she shortly went upstairs. On Mr. A.'s return
t8 the house, about half an hour afterwards, she inquired
why he had called to her so often, and where he was, and
she was of course greatly surprised te learn that he had
not been near the house at the time. A similar illusion,
which excited no particular notice at the time, occurred
to Mrs. A. when residing at Florence, about ten years
before, and when she was in perfect health. When she
was undressing after a ball, she heard a voice call her
repeatedly by name, and she was at that time unable to
account for it. .

¢¢(2) The next illusion which occurred to Mrs, A. was
of a more alarming character. On the 30th of Decomber,
about four o’clock in the afternoon, Mrs. A. came down
stairs into the drawing-room, which she had quitted only
a few minutes before, and, on entering the room, she saw
her husband, as she supposed, standing with his back to
the fire.  As he had goue out to tuke a walk about half
an hour before, she was surprised to see him there, and
agked him why he had returned so soon. The figure
looked fixedly at her with a serious and thoughtful expres-
sion of countenance, but did not speak. Supposing that
his mind was absorbed in thought, she sat down inan arm-
chair near the fire, and within two feet, at most, of the
figure, which sho still saw standing before her. As its
eyes, however, still continued to be fixed upon her, she
said, after the lapme of a few minutes, ‘Why don’t you
speak !’ Tho figure immediately moved off towards the
window at the further end of the réom, with its eyes still
gazing on her, and it passed so very closo to her in doing
so, that she was struck by the circumstance of hearing no
step or sound, nor feeling her clothes brushed against, nor
even any agitation in the air.

¢¢ Although she was now convinced that the figure was
not her husband,yet she never for a moment supposed
that it was anything supernatural, and was soon con-
vinced that it was a spectral illusion. As soon as this
conviction had established itself in her mind, she recol-
lected the experiment which T had suggested of trying to
double the object ; but before she was able distinctly to
do this, the figure had retreated to the window, where it
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disappeared. Mrs. A. immediately followed it, shook the
curtains, and examined the window, the impression having
been so distinct and forcible, that she was unwilling to
bolieve that it was not a reality. Finding, however, that
the figure had no natural means.of escape, she was con-
vinced that she had seen a spectral apparition like that
recorded in Dr. Hibbert’s wor‘)c, and she consequently felt
no alarm or agitation., The appearance was seen in bright
daylight, and lasted four or five minutes. When the
figure stood close to her, it concealed the real objects
behind it, and the apparition was fully as vivid as the
reality. -

“ (??3 On these two occasions Mrs. A. was alone, but
when the next phantom appeared, her husband was pre-
sent. This took place on the 4th of January, 1830.
About ten o’clock at night, when Mr. and Mrs. A. were
sitting in the drawing-room, Mr. A. took up the poker to
stir the fire, and when he was in the act of doing this,
Mrs. A. exclaimed, ¢ Why, there’s the cat in the room !’
““Where ?’ exclaimed Mr. A. ‘There, close to you,” she
replied. * Where ?’ herepeated. ¢ Why, on the rug, to be
sure, between yourself and the coal-scuttle.” Mr. A. who
had still the pokerin his hand, pushed it in the direction
mentioned. ‘Take care,” cried Mrs. A. ‘take care! you
are hitting her with the poker.’” Mr. A. again asked her
to point out exactly where she saw the cat.  She replied,
¢ Why, sitting up there close to your feet on the rug ; she
is looking at me. It is Kitty—come here, lfitty I
There were two cats in the house, ongof which went by
this name, and they were rarely, if ever, in the drawing-
room. :

““ At this time Mrs, A. had no idea that the sight of the
cat was an illusion. When she was asked to touch it,
she got up for tho purpose, and seemed as if she wore
pursuing something which moved away. She followed a
few steps, and then said, ‘It has gone under the chair.’
Mr. A. assured her that it was an illusion, but she would
not belicve it. e then lifted up the chair, and Mrs. A.
saw nothing more of it, T'he room was searched all over,
and nothing found in it. There was a-dog lying on the
hearth, who would have betrayed great uneasiness if a cat
had becn in the room, but he lay perfectly quiet. In
order to be quite certain, Mr. A. rang the bell, and sent
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for the cats, both of which were found in the house- -
keeper’s room,

“(4) About a month after this occurrence, Mrs. A,
‘who had taken a somewhat fatiguing drive during thd
day, was preparing fo go to bed about eleven o'clock at
night, and, siiting before the dressing-glass, was occupied
in arranging her hair. She was in a listless and drowsy
state of mind, but fully awake. When her fingers were
in active motion among the papillotes, she was suddenly
startled by seeing in the mirror the figure of a near rela-
tive, who was then in Scotland, and in perfect health.
The apparition appeared over her left shoulder, and its
e{es met hers in the glass. It was enwveloped in grave-
clothes, closely pinned, as is usual with corpses, round
thoe head and under the chin ; and, though the eyes were
open, the features were solemn and rigid.  The dress was
evidently a shroud, as Mrs. A. rcmarked even the punc-
tured pattern usually worked in a peculiar manner round
the edges of that garment. Mrs. A. described herself as,
at the time, sensible of a feeling like what we conceige of
fascination, compelling her, for a time, to gaze upon this-
melancholy apparition, which was as distinet and vivi
as any reflected reality could be, the light of the cand
upon the dressing-table appearing to shine fully upon its
face. After a few minutes she turned round to look for
the reality of the form over her shoulder, but it was not
visible, and it had also disappeared from the glass when
she looked again in that direction. :

* : * * * *

“(7) On thd 17th March, Mrs. A. was preparing for
bed.  She had dismissed her maid, and was sitting with
her feet in hot water. Having an excellent memory, sho

" had been thinking upon and repeating to herself a striking
passage in the Zdinburgh Review, when, on raising her
eyes, she saw seated in a large easy-chair before her the
figure of a deceased friend, the sister of Mr. A. The ®
figure was dresaed, as had been usual with her, with great
neatuess, but in a gown of a peculiar kind, such as Mrs,
A, had never seen her wear, but exactly such as had been
described to her by a common friend as having been worn
by Mr. A.'s sister during her last visit to England. Mrs.
A. paid particular atteution to the dress, air, and appear-
ance of the figure, which sat in an ¢asy attitude in the
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chair, holding a handkerchief in one hand. Mrs. A.
tried to speak to it, but experienced a difficulty in doing
80, and in about three minutes the figure disappeared.
" “About a minute afterwards, Mr. A. came into the.
room, and found Mrs. A. slightly nervous, but fully
aware of the delusive nature of the apparition. She
described it as having all the vivid colouring and
apparent reality of lifc; and, for some hours preceding
this and other visions, she experienced a peculiar sensa-
tion in her eyes, which seemed to be relieved when the
vision had ccased.
* * * * * *

“(9) On the 31th October, when sitting in the draw-
ing-room, on one sido of the fire-place, she saw the figure
of another deceased friend moving towards her from the
window at the farther end of-the room. It approached
the fire-place, and sat down in the «hair opposite. As
there were several persons in the room at the time, she
describes the idea uf:})ermost in her mind to have been a
feag lest they should be alarmed at her staring, in the
way she was conscious of doing, at vacancy, and should
fancy her intellect disordered. Under the influence of
‘this fear, and recollecting a story of a similar effect in
your* work on Demonology, which she had lately read,
shoe summoned up the requisite resolution to enable her
to cross the space beforo the fire-place, and seat herself
in the same chair with the figare. The apparition
remained perfectly distinet till she sat down, as it were,
in its lap, when it vanished.” . :

¢

It should be mentioned that Mrs. A. was natu-
rally a person of very vivid imagination, and that,
at the time the most notable of these illusions
appeared, her health was weak from bronchitis and
enfeebled digestion,

It is obvious that nothing but the singular courage
and clear intellect of Mrs. A. prevented her from
becoming a mine of ghost stories of the most ex-~
cellently authenticated kind. And the particular

* Sir Walter Scott; to whom Sir David Brewster's
letters on natural magic were addressed.
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value of her history lics in its showing, that the
clearest testimony of the most unimpeachable witness
may be quite inconclusive as to the objective reality
of something which the witness has seen.

Mrs. A. undoubtedly saw what she said she saw.
The evidence of her eyes as to the existence of the
apparitions, and of her cars to those of the voices,
was, in itsclf, as perfectly trustworthy as their ovi-
dence would have been had the objects really existed.
For there can be no doubt that exactly those parts
of her retina which would have been® affected by
the image of a cat, and those parts of her auditory
organ which would have been set vibrating by her
husband’s voice, or the portions of the sensorium
with which these organs of sense ar¢ connected, were
thrown into a corresponding state of activity by some
internal cause.

‘What the senses testify is neither more nor less
than the fact of their own affection. As to the
cause of that affection they really say nothing, but
leave the mind to form its own judgment on the
matter. A hasty or superstitious person in Mrs. A.’s
place would have formed a wrong judgment, and
would have stood, by it on the plea that ¢ she must
believe her senses.”

8. The delusions of the judgment, produced not
by abnormal conditions of the body, but by unusual
or artificial combinations of sensations, or by sug-
gestions of ideay, are exceedingly numerous, and,
occasionally, are not a little remarkable.

Some of those which arise out of the sensation of
touch have already been noted. I do not know of
any produced through smell or taste, but hearing is
a fertile source of such errors.
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What is called Ventriloquism (speaking from
the belly), and is not uncommonly ascribed to a
mystefious power of producing voice somewhere
else than in the larynx, depends entirely upon the
accuracy with which the pefformer can 'simulate
‘sounds of a particular character, and upon the skill
with which he can suggest a belief in the existence
of the causes of these sounds. Thus, if the ven-
triloquist desire to create the belief that a voice
issues from the bowels of the earth, he imitates
with great #ecuracy the tones of such a half-stified
voice, and suggests the existence of some one utter-
ing it by directing his answers and gestures towards
the ground., These gestures and tones are such as
would be produced by a given cause; and no other
cause being apparent, the mind of the bystander
inscnsibly judges the suggested cause t6 exist.

. 9. The delusions of the judgment through the
sense of sight, optical delusions, as they are called,
are more numerous than any others, because such
a great number of what we think to be simple visual
sensations are really very complex aggregates of
visual sensations, tactile sensations, judgments, and
recollections of former sensations und judgments.

It will be instructive to analyse some of these
Jjudgments into their principles, and to explain the
delusions by the application of these principles.

10. When an external body us felt by the touch
to be in a gien place, the image of that body
Jalls on a point of the retina which lies at one
end of a straight line joining the body and the
retina, and traversing a particular region of the
centre of the eye. This straight line is called the
OPTIC AXIS.

Conversely, when any part of the surface of
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the retina ts excited, the luminous semsation is
referred by the mind to some point oufside the
body, vn the direction of the optic axis.

It is for this rqason that when a phosphene is
created by pressure, say ap the outer and lower side
of the eyeball, the luminous image appears to lie
above, and. to the inncr side of, the cye. Any
external object which could produce the sense of
light in the part of the retina pressed upon, must,
in fact, occupy this position ; and hgnee the mind
refers the light scen to an object in that position.

11. The same kind of explanation is applicable
to the apparent paradox that, while all the pictures
of cxternal objects are certainly inverted on the
retina by the refracting media of the eye, we never--
theless sce them upright. It is difficult to understand
this, until one reflects that the retina has, in itself,
no mcans of indicating to the mind which of its parts»
lies at the top, and which at the bottom ; and that
the mind learns to call an impression on the retina
high or low, right or left, simply on account of the
association of such an impression with certain co-
incident tactile impressions. In other words, when
onc part of the retina is affected, the objeet causing
the affection is found to be necar the right hand;
when another, the left; when another, the hand
has to be raised to reach the object; when yet
another, it has to be depressed to reach it. And
thus the several impressions on the retina are called”
right, left, upper, lower, quite irrespectively of their
real positions, of which the mind has,and can hare,
no cognizance. .

12. When an external body is ascertained by
touch to be single, it forms but one image on the
retina of a single eye; and when two or more

: T2
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images fall on the retina ng single eye, they or-
dinarily proceed from a esponding number of
bodies which are distinet to the touch. ..

Conversely, the sensation of (wo or more tmages
18 judged by the mind to proceed from two or more
obyjects.

If two pin-holes be made in a piece of cardboard
at a distance less than the diameter of the pupil,
and a small object like the head of a pin be held
pretty close to the cye, and viewed through these
lioles, two images of the hecad of the pin will be
seen. The reason of this is, that the rays of light
from the head of the pin are split by the card into
two minute pencils, which pass into the eye on
cither side of its centre, and cannot be brought to
oxe focus on account of the ncarness of the pin to
the eye. Hence they fall on different parts of the

e retina, and each pencil, being very small, makes a
tolerably distinct image of its own on the retina.
Each of these images is now referred outward
(§ 10) in the direction of the appropriate optic
axis, and two pins are apparently scen instead of
one. A like explanation applies to multiplying
glasses and doubly refracting crystals, both of which,
in their own ways, split the pencils of light proceed-
ing from a single object into two or more separate
bundles. These give rise to as many images, each of
which is referred by the mind to a distinet external

“object.

13, Certain visual phenomena ortlinarily accom-
pany thoseproducts of tactile sensation to which we
give the name of size, distance, and form. Thus,
other things being alike, the space of the retina
covered by the image of a large object is larger than
that covered by a small obiect ; while that covered
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by a near object is larger than that covered by a
distant object ; and, other conditions being alike, a
wear pbject is more brilliant than a distant one.
Furthermore, the shadows of oljects differ with the
Sforms of their surfaces, as determined by touch.

Conversely, if these visual phenomena can be pro-
duced, they inevitably suggest a belief in the existence
of objects competent to produce the corresponding
tactile sensations.

What is called perspective, whether solid or
aérial, in drawing, or painting, depends on the
application of these principles. Itis a kind of visual
ventriloquism—the painter putting upon his canvas
all the conditions requisite for the production of
images on the retina, having the form, relative size,
and intensity of colour of those which would actualy
be produced by the objects themselves in nature.
And the success of his picture, as an imitation,
depends upon the closeness of the resemblance
between the images it produces on the retina, and
those which would be produced by the objects
represented. : s

14. To most persons the image of a pin, at five
or six inches fi%m the eye, appears blurrcd and in-
distinet—tho cye not being capable of adjustment
to so short a focus. If a small hole be made in
a picce of card, the circumferential rays which cause
the blur are cut off, and the image becomes distinct.
But at the same time it is magnificd, or looks bigger,
because the ithage of the pin occupies a much
larger extent of the retina when close than when

distant. All convex glasses produce the same effect:

—while concave lenses diminish the apparent size
of an object, because they diminish the size of its
image on the retina.
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15. The moon,or the sun, when near the horizon
appear very much larger than they are when high
in the sky. 'When in the latter position, in, facty
we have nothing to compare them with, and the
small extent of the retina which their images occupy
suggests small absolute size. But as they set, we
see them passing behind great trees and buildings
which we know to be very large and very distant,
and yet occupying a larger space on the retina than
the latter do. _ Hence the vague suggestion of their
larger size. .

16. If a convex surface be lighted from one side,
the side towards the light is bright—that turned
from the light, dark, or in shadow ; while a con-
cavity is shaded on the side towards the light,
bright on the opposite side.

If a new half-crown, or a medal with a well-raised
chead upon its face, be lighted sideways by a candle,
we at once know the head to be raised (or a cameo)
by the disposition of the light and shade; and if an
tntaglio, or medal on which the head is hollowed out,
be lighted in the same way, its nature is as readily
judged by the eye.

But ngw, if either of the objec% thus lighted
be viewed with a convex lens, which inverts its posi-
tion, the light and dark sides will be reversed.
‘With the reversal the judgment of the mind will
change, so that the cameo will be regarded as an

* intaglio, and the intaglio as a cameo ; for the light
still comes from where it did, but the camco appears
to have the shadows of an intaglio, and vice versd.
So completely, however, is this interpretation of the
facts as a matter of judgment, that if a pin be stuck
beside the medal so as to throw a shadow, the pin

. ond its shadow, being reversed by the lenms, will
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suggest that the direction of the light is also re-
versed, and the medals will seem to be what they
really arg.

17. Whenever an external object is watched ra-
pidly chawgmg its form, a continuous series of
different pictures of the object is zmpressed Upon
the same spot of the retina.

Conversely, if a continuous series of different
pictures of one object ts impressed upon one part
of the retina, the mind judges that they are due
to a single external object, undergoing changes
of form.

This is the principle of the curious toy called the
thauwmatrope, by the help of which, on looking
through a hole, one sees images of jugglers throwing
up and catching balls, or boys playing at leap-frog
over one another’s backs. This is managed by
painting at intervals, on a disk of card, figures and
jugglers in the attitudes of throwing, waiting to
catch, and catching; or boys ¢ giving a back,”
leaping, and coming into position after leaping.
The disk is then made to rotate beforec an open-
ing, so that each image shall be presented for an
instant, and fol®w its predecessor before the im-
pression of the latter has died away. The result
is that the succession of different pictures irresis-
tibly suggests one or more objects undergoing
successive changes—the juggler seems to throw

the balls, and the boys appear to jump over one
another’s backs.®

18. When an external ob]ect 8 ascertained by
touch to be single, the centres of its retinal images in
the two eyes fall upon the centres of the yellow spots
of the two eyes, when both eyes are directed towards
it; but if there be two external objects, the centres
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of both their images cannot fall, at the same time,
upon the centres of the yellow spots.

Conversely, when the centres of two,images,
Jormed simultaneously in the two eyes, fall upon
the centres of the yellow spots, the mind judges
the images to be caused by a single external object ;
but if mnot, by two.

This seems to be the only admissible explanation
of the facts, that an object which appcars single to
the touch and when viewed with onme eye, also
appears single when it is viewed with both eyes,
though two images of it arc necessarily formed;
and on the other hand, that when the centres of the
two images of one object do not fall on the centres
of the yellow spots, both images are seen separately,
gnd we have double vision. In squinting, the axes
of the two eyes do not converge equally towards the
object viewed. In consequence of this, when the
centre of the image formed by onc eye falls on
the yellow spot, the corresponding part of that
formed by the other eye does not, and double vision
is the result.

19. In single vision with two eyes, the awes of the
two eyes, of the movements of whh the muscular
sense gives an indication, cut one another at a
greater angle when the object approaches, at a less
angle when it goes further off.

Conversely, if without changing the positton of an
object, the axes of the two eyes which view it can be
made to converge or diverge, the oBject will seem to
approach or go further of.

In the instrument called the pseudoscope, mirrors
or prisms are disposed in such a manner that the
rays of light from a stationary object can be caused
to alter the angle at which they enter the two eyes,
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and so require the axes of these eyes to become
more or less convergent. In the former case the

sobjegt seemss to approach ; in the latter, to increase
its distance.

20. When a body of moderate size, ascertained
by touch to be solid, is viewed with both eyes, the
images of it formed by the two eyes, are necessarily
different (one showing more of its right side, the
other of its left side). Nevertheless, they coalesce
inlo @ common image, which gives the impression
of solidity.

Conversely, if the two images of the right and
left aspects of a solid body be made to fall upon the
retine of the two eyes in such a way as to coalesce
into a common tmage, they are judged by the mind
to proceed from the single solid body which alene,
under ordinary circumstances, is competent to pro-
duce them. .

The stereoscope is constructed upon this prineiple.
‘Whatever its form, it is so contrived as to throw
the images of two pictures of a solid body, such as
would be obtaincd by the right and left eye of a
spectator, on fo such parts of the retinm of the
person who Wses the stercoscope as would reccive
these images, if they really proceeded from one solid
body. The mind immediately judges them to arise
from a single external selid body, and sees such a
solid body in place of the two pictures.

The operation of the mind upon the sensations®
presented to It by the two eyes is exactly comparable
to that which takes place when, on holding & marble
between the finger and thumb, we at once declare it
to be a single sphere (§ 4). That which is abso-
lutely presented to the mind by the sense of touch
in this case is by no means the sensation of one
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spheroidal body, but two distinct sensations of two
convex surfaces. That these two distinct convexities
belong to one sphere, is an act of judgment, ore
process of unconscious reasoningg based upon many
particulars of past and present experience, of which
we have, at the moment, no distinct consciousness.
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LESSON XI.
THE NERVOUS SI’STE’M AND INNERVATION.

1. Trr sensory organs are, as we have seen, the
channels through which particular physlcal agents
are enabled to excite the sensory nerves with which
these organs are connceted ; and the activity of these
nerves is evidenced by that of the central organ of
the nervous system, which becomes manifest as a_
state of consciousness—the sensation.

‘We have also seen that the muscles arc instru-
ments by which a motor nerve, excited by the
central organ with which it is connccted, is able to
produce motion, -

The scnsory nerves, the motor nerves, and the
central organ, constitute the greater part of the
nervous system, which, with its function of inner-
vation, we must*now study somewhat more closcly,
and as a whole.

2. The nervous apparatus consists of two sets
of nerves and nerve-centres, which are mtlmately
connected together, and yet may be conveniently
studied apart. These are the cerebro-spinal system
and the sympathetic system. The former consists
of the cerebro-spinal axis (composed of the brain
and spinal cord) and the cerebral and spinal nerves,
which are connected with this axis. The latter
comprises the chain of sympathetic ganglia, tho
nerves which they give off, and the nervous cords
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by which they are connected with one another and
with the cerebro-spinal nerves.

8. The cerebro-spiseal axis lies in the cayity ef
the skull and spinal columng the bony walls of
which cavity are lined by a very tough fibrous
membrane, serving as the periosteum of the compo-
nent bones of this region, and called the dura mater.
The brain and spinal cord themselves are closely
invested by a very vascular. fibrous tissue, called
pia mater. The numerous blood-vessels supplying
these organs run for some distance in the pia mater,
and where they pass into the substance of the brain
or cord, the fibrous tissuc of the pia mater accom-
panies them to a greater or less depth.

The outer surface of the pia mater, and the inner
surface of the dura mater, pass into a delicate fibrous
tissue, lined by an epithelium, which is called the

carachnoid membrane. Thus onelayer of arachnoid
coats the brain and spinal cord, and another lines
the dura mater. As thesclayers become continuous
with one another at various points, the arachnoid
“forms a sort of shut sac, like the pericardium ; and,
in common with other serous membyanes, it secretes
a fluid, the arachnoid fluid, into itinterior. The
%crspace between the internal and external layers

. of the arachnoid of the brain is, for the most part,
very small ; that between the corresponding layers of
the arachnoid of the spinal cord is larger.

4. The spinal cord (Fig. 70) is a column of
greyish-white soft substance, extendifig from the top
of the spinal canal, where it is continuous with the
brain, to about the second lumbar vertebra, where it
tapers off into a filament. A deep fissure, the ante-
rior fissure, divides it in the middle line in front,
nearly down to its centre; and a similar cleft, the
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yosterior fissure, also extends nearly to its centre in
the middle line behind. The pia mater extends into
a:ch of these fissures, and supports the vessels which
supply the cord with blood. In consequence of
the presence of these fissures, only a narrow bridge
of the substance of the cord conneets its two halves,
and this bridge is traversed throughout its entire
length by a minute canal, the central canal of the
cord,

Fio. 70,

The §pinal Cord.—A. A front view of & portion of the cord. On
the right side, the anterior roots, 4.R., are entire ; on the left side
they are cut, to show the posterior roots, P.R. B. A transverse
section of thecord. 4, the anterior fissure; P, the posterior fissure ;
G, the central canal ; C, the grey matter ; W, the white matter; 4.R.
the anterior root, P.R. the posterior root, Gn. the ganglion, and
7, the trunk, of a s®ihal nerve.

Each half of the cord is divided longitudinally
into three equal parts, by the lines of attachment
of two parallel series of delicate bundles of nervous
filaments, the roots of the spinal nerves. 'The roots
of the nerves which arise along that line which is
nearer the posterior surface of the cord are called
posterior roots ; .those which arise along the other
line are the anterior roofs. A certain number of
anterior and posterior roots, on the same level on
each side of the cord, converge and form anterior
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and posterior bundles, and then the two bundles,
anterior and posterior, coalesce into the trunk of @
spinal nerve ; but, before doing so, the poa,teu(),t
bundle presents an enlargemept—the gan glion of
the posterior root.

The trunks of the spinal nerves pass out of the
spinal canal by apertures between the vertebra.
called the intervertebral foramina, and then divide
and subdivide, their ultimate ramifications going to
the muscles and to the skin.

There are Thirty-one pairs of these spinal nerves,
and, consequently, twice as many sets of roots of
spinal nerves given off, in two lateral series, from
each half of the cord.

5. A transverse section of the cord (Fig. 70, B)
shows that each half contains two substances—a
white substance on the outside, and a greyish-red
.substance in the interior. And this grey substance
is so disposed that, in a transverse section, it looks
something like a erescent, with one end bigger than
the other, and with the concave side turned out-
wards. 'The two ends of the crescent are called its
horns or cornua, the one directed forwards being
the anterior cornu ; the one turneth: backwards the
posterior cornu. The. convex sides of the cornua
of the grey matter approach one another, and are
joined by the bridge which contains the central
canal.

Many of the nerve-fibres of which the anterior
roots are composcd may be traced into the anterior
cornu, while those of the posterior roots enter the
posterior cornu.

6. The physiological properties of the organs
now described are very remarkable.

If the trunk of a spinal nerve be irritated in any
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way, as by pinching, cutting, galvanizing, or apply-
ing & hot body, two things happen: in the first
Dlace, all the muscles to which filaments of this
nervé are distributed, contract ; in the second, acute
pain is felt, and th& pain is referred to that part of
the skin to which fibres of the nerye are distributed.
In other words, the effect of irritating the trunk of a
nerve is the same as that of irritating its component
fibres at their terminations.

The effects just deseribed will follow upon irrita-
tion of any part of the branches of thd nerve : except
that when a branch is irritated, the only muscles
directly affected, and the only region of the skin to
which pain is referred, will be those to which that
branch sends nerve-fibres. And thesc cffects will
follow upon irritation of any part of the trunk of a
nerve up to the point at which the antcrior and
posterior hundles of root fibres unite. .

7. If the anterior bundle of root fibres be irri-
tated in the same way, only half the previous effects
are brought about. That is to say, all the muscles
to which the nerve is distributed:gontract, but no
pain is felt. o

So again, ifgthe posterior, ganglionated, bundle be
irritated, only half the effect of irritating the whole
trunk is produced. But it is the other half; that
is to say, none of the muscles to which the nerve is
distributed contract, but intense pain is referred to
the whole area of skin to which the fibres of the
nerve are distgibuted.

8. Ttis clear enough, from these experiments, that
all the power of causing muscular contraction which
a spinal nerve possesses, is lodged in the fibres which
compose its anterior roots; and all the power of
giving rise to sensation, in those of its posterior
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roots. Hence the anterior roots are commonly called
motor, and the posterior sensory.

The same truth may be illustrated in other ways,,
Thus, if, in a living animal, the anterior roots'of a
spinal nerve be cut, the animal 18ses all control over
the muscles to which that nerve is distributed,
though the sensihility of the region of the skin sup-
plied by the nerve is perfect. If the posterior roots
be cut, sensation is lost, and voluntary movement
remains.  But, if both roots be cut, neither volun-
tary movement or sensibility are any longer possessed
by the part supplied by the nerve. The muscles
are said to be paralysed, and the skin may be cut,
or burnt, without any sensation being excited.

If, when both roots are cut, that end of the motor
rogt which remains connected with the trunk of the
nerve be irritated, the muscles contract ; while, if the
Hther end be so treated, no apparent cffect results.
On the other hand, if the end of the sensory root
connected with the trunk of the nerve be imitated,
no apparent effect is produced, while, if the cnd
connected with the cord be thus served, violent
pain immediately follows,

‘When no apparent effect followsyupon the irri-
tation of any nerve, it is not probable that the
mbolecules of the nerve remain unchanged. On the
contrary, it would appear that the same change oc¢curs
in all cases; but a motor nerve is connected with
nothing that can make that change apparent save a
muscle: and a sensory nerve with nqthing that can
show an effect but the central nervous system.

9. It will be observed that in ‘all the experiments
mentioned there is evidence that, when a nerve is
irritated, a something, probably a gkiinge in the
arrangement of its molecules, is propagated along



x1.] . THE PROPERTIES OF NERVES. 9289

the nerve-fibres. If a motor or a sensory nerve be
uritated, at any point, contraction in the muscle, or
sepsatign in the central organ, immediately follows.
But if the nerve be cgt, or even tightly tied at any
point between the part irritated and the muscle or
central organ, the cffect at once ceases, just as
cutting a telegraph wire stops the transmission of the
electric current or impulse. "When a limb, as we

" say, ¢ goes to sleep,” it is because the nerves supply-
ing it have been subjected to pressure sufficient to
destroy the nervous* continuity of the fibres. We
lose voluntary control over, and sensation in, the
limb, and these powers are only gradually restored
as that nervous continuity returns.

Having arrived at this notion of an impulse
travelling along a nerve, we readily pass to the
conception of a sensory nerve as a nerve which, when
active, brings an impulse to the central organ, or
is afferent ; and of a motor nerve, as a nerve which
carries away an impulse from the organ, or is
efferent. It is very convenient to use these terms
to denote the two great classes of nerves; for, as we
shall find (§ 12), there are afferent nerves which are
not sensory, whila® there may be in man, and cer-
tainly are in animals, efferent nerves which are not
motor, in the sense of inducing muscular contraction.

* Their “nervous continuity —because their physical
continuity.is not interrupted as a whole, but only that
of the substance which acts as a conductor of the nervous
influence ; or, it ma&y be that only the conducting power
of a part of that substance is interfered with. Imagine a
telegraph cable, made of delicate caoutchouc tubes, filled
with mercury—a squeeze would interrupt the ¢ electrical
continuity ” of the cable, without destroying its physical
continuity. This analogy may not be exact, but it helps
to make the nerwous phenomena intelligible,

U
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Such, for example, are’ the nerves by which the
electrical fishes give rise to discharges of electricity
from peculiar organs“to which those nerves are dis-
tributed. B o .

10. There is no difference in strutture, in chemical
orin physical character, between afferent and effe-
rent nerves. The impglse which travels along them
requires a certain -time for its propagation, and is
vastly slower than many other forces—even slower
than sound._

It {a found that, during life, the trunk of-a nerve
is im a state of electrical activity, the ends of any
segment being in a different polar condition to its
surface. Hence, if one pole of a galvanometer be
connected with the cut end of a nerve, and the other
«with its surface, a éurrent passes, and the necdle is
deflecteq to a certain extent—say 20 degrees, If,
under these circumstances, the nerve be irritated

~ (the result of which, of coursey is the propagation

of an impulse along its molecules), the deviation of

- the needle at once diminishes, falling, say, to 15
" degrees. . - ‘

This is called negative deflection, and the im-

portance of the experiment consis in the demon-

stration which it affords of the existence of a close
“relation between the force proper to nervous matter
and one of the ordinary forces of nature, electricity
—though this' close relation must by no means beo
mistaken for identity. .
11. Up to this point our experiments have been
confined to the nerves. We may now test the pro-
" perties of the spinal cord in a similar way, If the
“cord be cut across (say in the middle of the back),
the legs, and all the parig supplied by nerves which
come off below the section, will be insensible, and

-
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no effort.of the will can make them move ; while
all the parts above the section will rétain their
owdinary powers. . .

‘When a man hurgs his back by an accident, the
cord is not unfrequently so damaged as to be #ir-
tually cut in two, and then paralysis and insensibility
of the lower part of the body ensue. :

If, when the cord is cut across in an ‘animal, the
cut end of the portion below the division, or away
from the brain, be irritated, violent movements, of
all the muscles supplicd by nerves given e&f;om
the lower part of the cord take place, but therd™s no
sensation. On the other hand, if the __ggsterior root
of any merve attached to the part ofhe cord, which
is still connected with the brain, be ftritated, great

ain ensues, but there is no movement of the muscle8
of the part below the cut. o

12, Thus it may be said that, in relation to the
brain, the cord is a great mixed motor and sensory
nerve. But it is also much more. For if the
trunk of a spinal nerve be cut through, so as to
sever its conmexion with the cord, an irritation of
the skin to which the sensory fibres of that nerve
are distributed, pfoduces neither motor nor sensory
effect. -

But if the cord be cut through, so as to sever its
connexion with the brain, irritation applied to the
skin of the parts below the section, though it gives
rise to no sensation, may produce violent motion of
the parts supplied with motor nerves from the seg-
ment of the cord below the scction, -

Thus, in the case supposed above, of a man
whose legs are paralysed and insensible from spinal
injury, tickling the soles.of the feet will cause the
legs to kick out convulsivelg. And, as a broad fact,

. U
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it may be said that, so long as both roots of the
spinal nerves remain connected with the cord, irri-
tation of any afferent nerve is competent to give rie
to excitement of some, or the whole, of the efferent
" nerves so connected. . -

If the cord be cut across a second time at any-dis-

tance below the first section, the efferent nerves
below the second ent will no longer be affected by
irritation of the afferent nerves above it—but only
of those belew the second section. Or, in other
words, in order that an afferent impulse may be con-
verted into an efferent one by the spinal cord, the
afferent nerve must be in uninterrupted material
communication with the efferent nerve, by means of
the substance of the spinal cord.
“ This peculiar power of the cord, by which it is
competent to convert afferent into efferent impulses,
is that which distinguishes it physiologically, as a
central organ, from a nerve, and is called reflex
action. It is a power possessed by the grey matter,
and not by the white substance of the cord.

13. The number of the efferent nerves which
may be extited by the reflex action of the cord, is
not regulated by the number of tit afferent nerves
which are stimulated by the irritation which gives
rise to the reflex action. Nor does a simple exci-
tation of the afferent nerve by any means imply a
eorresponding simplicity in the arrangement and suc-
cession of the reflected motor impulses. Tickling
the sole of the foot is a very simple excitation of the .
afferent fibres of its nerves; but, in order to pro-
duce the muscular actions by which the legs are
drawn up, a great multitude of efferent.fibres must
act in regulated combination. In fact, in & mul-
titude of cases, a reflex action is to be regarded
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rather as an order given by an afferent nerve to the
cord, and executed by it, than as a mere rebound of
tito afferent impulse into the first efferent channels
open to it, .

14. Thus the spmal cord is, in part, merely a
transmitter of impressions to and from the brain;
but, in part, it is an independent nervous centre,
capable of originating combined movements upon
the reception of the impulse of an afferent nerve.

Regarding it as a conductor, the .question arises,
Do all parts of it coriduct all kinds of impressions
indifferently 2 Or are certain kinds of impressions
-communicated only through paltlcu]ar parts of the
cord ?

The following experiments furnish a partial reply
to these questlons —

If the anterior half of the white matter of the

* dorsal part of the cord be cut through, the will is

no longer capable of exerting any influence on the
muscles which are supplied with nerves from the
lower segment of the cord. A similar section, carried
through “The posterior half of the white matter in
this region, has no effect on the transmission of
voluntary impul#®s. It.is obvious, therefore, that,
in the dorsal part of the cord, nervous impulses from
the brain are sent through the anterior part.of the
white matter.

The posterior half of the white matter may be
cut through at vne point, and the anterior half at
a point a little higher up, so that all the white fibres
shall be divided transversely by the one cut or the
other, without any interference with the material
continuity of the cord, or damage to the grey
matter. '
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‘When this has been done, irritation of those sen-
sory nerves which are connected with parts below
the section excites the sensation of pain as strongly
as ever. Hence it follows, that the afferent im-
pulses, which excite pain when they reach the brain,
pass through, and are conveyed by, the grey matter.
And it has been found, by experiment, that, so long
as even a small portion of the grey matter remains
entire, these afferent impulses are efficiently trans-
mitted.  Sipgularly enough, however, irritation of
the grey matter itself does not cause pain.

If one half of the cord, say the right, be cut
through, transversely, down to its very middle, so
as to interrupt all continuity of both white and grey
matter between its upper and lower parts, irritation
of the skin of the right side of the body, below the
line of section, will give rise to as much pain as
before, but all voluntary power will be lost in those
muscles of that side, which are supplied by nerves
coming off from the lower portion of the cord.
Hence it follows, that the channels by which the
afferent impulses are conveyed must cross éver from
the side of the cord which they enter to the opposite
side; while the efferent impulsessent down from
the brain, must travel along that side of the cord
by which they pass out.

If this be true, it is clear that a Jongitudinal
section, taken through the exact middle of the cord,
will greatly impair, if not destroy, the sensibility
of both sides of the body below the section, but will
leave the muscles perfectly under the control of the
will. And it is found experimentally that such is
the case.

15. Such are ‘the functions of the spinal .cord,
taken as a whole. But particular regions of this
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organ appear to be charged with the special function
of acting as centres for those vaso-motor nerves,

4

Fia. 71

The base of the txain.—4. frontal lobei B. temporal lobe of the
cerebral hemispheres; C.C. corpus callosum; Cb. cerebellum;
M. medulla oblongata; P. the pituitary body; I. the olfactory
nerve ; I1. the optic nerve ; I1I. IV, VI. the nerves of the muscles
of the eye ; V. the trigeminalnerve; VII. the portio dura; VIII. the
auditory nerve ; I1X. the glossopharyngeal ; X. the pneumogastric;
XI. the spinal accessory ; X/I. the o)"ipoglossa.l, or motor nerve of
the tongue. The number V1. is placed upon the Pons Varolii. The
erura cerebri are the broad bundles of fibres which lie between the
third and the fourth nerves on each side.
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which supply the muscles of the vessels and of many
of the viscers.

Fia. 72.

A sido view of the brain and upper part of the spinal cord in
place—the parts which cover the cﬂrebro—sginal centres being re-
moved; CC. the convoluted surface of the right cerebral hemisphere;
Cb. the cerebellum; M. Ob. the medulla oblongata; B. the bodics
of the cervical vertebre; Sp. their spines ; N. the spinal cord with
the spinai nerves.
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For example, the muscular walls of the blood-
vessels supplying the ear and the skin of the head
generally, are made to contract, as has been already
mentioried, by nerwus fibres derived, immediately,
from the sympathetic. These fibres, however, do
not arise from the sympathetic ganglia, but simply
pass through them on their way from the spinal
cord, to the upper dorsal region of which they can
all be traced. At least, this is the only conclusion
to be drawn from the facts, that irgitation of this
region of the cord produces the same effect as
irritation of the vaso-rhotor nerves themselves, and
that destruction of this part of the cord paralyses
them.

The grey matter of the upper part of the cord
i therefore a vaso-motor centre for the head ahd
face. '

16. The brain (Fig. 71) is a complex organ, con-*
sisting of several parts, the hindermost of which,
termed medulla oblongata, passes insensibly into,
and, in its lower part, has the same structure as, the
spinal dord. .

Above, howeyer, it widens out, and the central
canal, spreadifg with it, becomes a broad cavity,
which (leaving certain anatomical minutiz aside)
may be said to be widely open above. This cavity
is termed the fourth ventricle. Overhanging the
fourth ventricle is a great laminated mass, the cere-
bellum (Cb. Figs. 71, 72, 73). On cach side, this
organ sends down several layers of transverse fibres,
which sweep across the brain and meet in the middle
line of its base, forming a kind of bridge (called
Pons Varolit, Fig. 71) in front of the medulla
oblongata. The longitudinal nerve-fibres of the me-
dulla oblongata pass forwards, among, and between
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“these layers of transverse fibres; and become visible,
in front of the pons, as two broad diverging bundles,
called crura cerebri (Fig. 71). Above the «crurs
cerebri lies a mass of nervous matter raised up into
four hemispherical elevations, called corpora quadri-
gemina (C.Q.Fig. 73). Between these and the crura
cerebri is a narrow passage, which leads from the
fourth ventricle into what is termed the third
ventricle of the brain. The third ventricle is a
narrow cavity,lodged between two great masscs of
nervous matter, called optic thalamt, into which
the crura cerebri pass. The roof of the third ven-
tricle is merely membranous; and a peculiar body
of unknown function, the pineal gland, is con-
nected with it. 'The floor of the third ventricle
isv produced into a sort of funnel, which ends in
another apomalous organ, the pituitary body (Pt.
“Fig. 73).

The third ventricle is closed, in front, by a thin
layer of nervous matter ; but, beyond this, on each
side, there is an aperturc in the boundary wall of
the third ventricle which leads into a largé cavity.
The latter occupies the centre of the cercbral hemi-
sphere, and is called the lateral véntricle. Each
hemisphere is enlarged backwards, downwards, and
forwards, into as many lobes; and the lateral
ventricle presents corresponding prolongations, or
cornua. :

The floor of the lateral ventricle is formed by a
mass of nervous matter, called the cvrpus striatum,
into which the fibres that have traversed the optic

- thalamus enter (Fig. 73, C.8.).

The hemispheres are so large that they overlap
all the other parts of the bram, and, in ‘the upper
view, hide them. Their applied faces are sepa-
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rated by a median fissure for the greater part of
their extent ; but, inferiorly, are joined by a thick
mass of transverse fibres, the corpus callosum (Fig.
71, 0.0.). ®

The outer surfaces of the hemispheres are marked
out into convolutions, or gyri, by numerous deep
Jissures (or sulei), into which the pia mater enters.
One large and deep fissure which separates the
anterior from the middle division of the hemisphere
is called the fissure of Sylvius (Fig» 72).

17. In the medulla oblongata the arrangement
of the white and grey matter is substantially similar
to that which obtains in the spinal cord ; that is to
say, the white matter is external, and the grey in-
ternal. "But, in the cerebellum and cerebral hemi-
spheres, the grey matter is external and the whito
internal ; while, in the optic thalami and corpora
striata, grey matter and white matter are variousfy
intermixed.

18. Nerves are given off from the brain in pairs,
which®succeed one another from before backwards,
to the number of twelve (Fig. 73).

The firs 1’(’1@7‘, counting from before backwards,
are the oéfactor y nerves, and the second are the
optic nerveS.  The functions of these have already
been described.

The third pair are called motores oculi (movers
of the eyc), because they are distributed to all the’
muscles of tht eye except two.

The nerves of the fourth pair and of the sixth
pair supply, each, one of the muscles of the eye,
on each side; the fourth going to the superior
oblique musele, and the sixth to the external rectus.
Thus the muscles of the eye, small and close



300 ELEMENTARY PHYSIOLOGY. [LEssoN

together as they are, receive their nervous stimulus
by three distinct nerves, ' ,

Each nerve of the fifth pair.is very large® If
has two roots, a motor and a sefisory, and further

e e

g

¥ig. T3.

A diagram illustrating the arrangement of the parts of the brain
and the - ° " - T e -
corpus
body; ...
oblongata ; 1.—X11. the pairs of cerebl
first and second pairs of spinal nerves,

resembles a spinal nerve in having a ganglion on its
‘sensory root. It is the nerve which supplies the skin
.of the face and the muscles of the jawd, and, having
three chief divisions, is often called ¢rigeminal.
The seventh pavr furnish with motor nerves the
muscles of the face, and some other muscles, and
are called factal.
The eighth pair are the auditory nerves, As the
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seventh and eighth pairs of nerves leave the cavity
of the skull together, they are often, and especially
&y English writers on anatomy, reckoned as one,
dividedsinto po*rtiO’ dura, or hard part (the facial) ;
and portio mollis, or soft part (the auditory) of the
‘ geventh” pair.

The ninth pair in order, the glossopharyngeal,

are mixed nerves; each being, partly, a nerve of
taste, and, partly, a motor nerve for the pharyngeal
muscles.
+ The tenth pair is formed by thé two pneumo-
gastric nerves, These very important nerves, and
the next pair, are the only cerebral nerves which are
distributed to regions of the body remote from the
head. The pneumogastric supplies the larynx, the
lungs, the liver, and the stomach, and branches of it
are connected with the heart.

The eleventh, pair again, called spinal accessoryy
differ widely from all the rest, in arising from
the sides of the spinal marrow, between the an-
terior and posterior roots of the dorsal nerves.
They sun up, gathering fibres as they go, to the
medulla oblongata, and then leave the skull by the
same aperturg as the pneumogastric and glosso-
pharyngeal. They are purely motor nerves, while
the pneumogastric is mainly sensory, or at least
afferent. As, on each side, the glossopharyngeal,
pneumogastric, and spinal accessory nerves leave the
skull together, they are frequently reckoned as ones
pair, which is,then counted as the eighth.

The last two nerves, by this method of counting,
become the nmemth pair, but they are, really, the
twelfth. ‘They are the motor nerves which supply
the muscles of the tongue, :

19, Of these nerves, the two foremost pair do
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not properly deserve that name, but are really pro-
cesses of the brain. .The olfactory pair are pro-
longations of the cerebral hemispheres; the thi&.
pair, of the walls of the third ygntricle; ard it is
worthy of remark, that it is only these two pair of
what may be called false nerves which arise from
any part of the brain but the medulla oblongata—
all the other true nerves being indirectly, or directly,
traceable to that part of the brain, while the olfac-
tory and optic nerves are not so traceable.

20. As might be expected from this circumstance
alone, the medulla oblongata is an cxtremely im-
portant part of the cerebro-spinal axis, injury to it
giving rise to immediate evil consequences of the
mogt serious kind.

Simple puncture of one side of the floor of the
fourth ventricle at once produces an increase of the
¢uantity of sugar in the blood, beyoud that which
can be destroyed in the organism. The sugar
passes off by the kidneys, and thus this slight
injury to the miedulla produces the disease called
duabetes. .

More extensive injury arrests the respiratory
processes, the medulla oblongata beikg the nervous
centre which gives rise to the contractions of the
respiratory muscles, and keeps the respiratory pump
at work.

If the injuries to the medulla oblongata be of
such a kind as to irritate the roots of the pneumo-
gastric nerve violently, death supesvenes by the
stoppage of the heart’s action in the manner already
described (see Lesson II.).

21. The afferent impulses, which are transmitted
by the cord to the brain and awake sensation there,
cross, as we have seen, from one half of the cord to
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the other, immediately after they enter it by the
posterior roots of the spinal nerves ; while the effe-
»agt,, or volitional, impulses from the brain remain,
throughdut the cordgin that half of it from which they
will eventually pass by the anterior roots. But at
the lower and front part of the medulla oblongata,
these also cross over; and the white fibres which
convey them are seen passing obliquely from left to
right and from right to left in what is called the
decussation of the anterior pyramids (Fig. T1).
Hence, any injury, at a point higher up than the
decussation, to the nerve-fibres which convey motor
impulses from the brain, paralyses the muscles of
the body and limbs of the opposite side,

Division, thercfore, of one of the crura cerebri,
say the right, gives rise to paralysis of the lsft
side of the body and limbs, and the animal ope-
rated upon falls over to the left side, because thes
limbs of that side are no longer able to support
the weight.

But as the motor nerves given off from the brain
itself d® not cross over in this way, it follows, that
disease or injury at a given point, on oné side of the
medulla oblongata, involving at once the course of
the volitional motor channels to the spinal marrow,
and the origins of the cerebral motor nerves, will.
affect the same side of the head as that of the injury,
but the opposite side of the body.

If the origin of the left facial nerve, for example,
be injured, and the volitional motor fibres going to
the cord destroyed, in the upper part of the medulla
oblongata,  the muscles of the face of the left
side will be paralysed, and the features will be drawn
over to the opposite side, thc muscles of the right
side having nothing to counteract their action. But
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it is the right arm, and the right leg and side of
the body, which will be powerless.

22, The functions of most of ¢he parts of the brain
which lie in front of the medulla oblongata are, at
present, very ill understood; but it is certain that
extensive injury, or removal, of the cerebral hemi-
spheres puts an end to intelligence and voluntary
movement, and leaves the animal in the condition
of a machine, working by the reflex action of the
remainder of the cerebro-spinal axis. °

Thus there can be no doubt that the cerebral
hemispheres are the seat of powers, essential to the
production of those phenomena which we term
intelligence and will ; but there is no satisfactory
prpof, at present, that the manifestation of any par-
ticular kind of mental faculty is especially allotted
oy or connected with, the activity of any particular
region of the cerebral hemispheres.

23. Even while the cerebral hemispheres are
entire, and in full possession:of their powers, the
brain gives rise to actions which are as completely
reflex as those of the spinal cord.

‘When the eyelids wink at a flast of light, or a
threatened blow, a reflex action takes place, in which
the afferent nerves are the optic, the efferent the
facial. When a bad smell causes a grimace, there
is a reflex action through the same motor nerve,
while the olfactory nerves constitute the afferent
channels. In these cases, therefore, reflex action
must be effected through the brain, all the nerves
involved being cerebral. .

‘When the whole body starts at a loud noise,
the afferent auditory nerve gives rise to an impulse
which passes to the medulla oblongata, and thence
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affects the great majority of the motor nerves of the
body. ) oo . .
»24. It may be said that these are mere mechanical
actiods, and have ngthing to do with the operations
which we associate With intelligence. But let us
consider what takes place in such an act as reading
aloud. In this case, the whole attention of the mind
is, or cught to be, bent upon the subject-matter of the
book ; while a multitude of most delicate museular
actions are going on, of which the reader is not
inethe slightest degree aware. Thud the book is
held in &e hand, at the right distance from the
cyes; the eyes are moved from side to side, over
the lines and up and down the pages. Further,
the most delicately adjusted and rapid movements of
the muscles of the lips, tongue, and throat, of tl;e
laryngeal and respiratory muscles, are involved in
the production of speech. Perhaps the reader is
standing up and accompanying the lecture with
appropriate gestures, And yet every one of these
muscular acts may be. performed with utter uncon-
sciousness, on his part, of anything but the sense of
the words in the book. In other words, they are
reflex acts. .

25, 'The reflex actions proper to the spinal cord
itself are natural, and are involved in the structure
of the cord and the properties of its constituents,
By the help of the brain we may acquire an infinity
of artificial reflex actions. That is to say, an action
may require all our attention and all our volition
for its first, or second, or third performance, but
by frequent repetition it becomes, in a manner, part
of our organization, and is performed withcut voli-
tion, or even consciousness.

As every one knoys, it takes a soldier a-long

L : X
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time to learn his drill—for instance, to put himself
into the attitude of  attention ”” at the ‘instant the
word of command is heard. But, after a time, the
sound of the word gives rise to_the act, whetHer the
soldier be thinking of it, or not. There is a story,
which is credible enough, though it may not be -
true, of a practical joker, who, seeing a discharged
veteran carrying home his dinner, suddenly called
out ¢ Attention!” whereupon the man instantly
brought his hands down, and lost his mutton and
potatoes in te gutter. The drill had been thorough,
and its effects had become embodied in the man’s
nervous structure. .
The possibility of all education (of which military
. drill is only one particular form) is based upon the
existence of this power which the nervbus system
-possesses, of organizing conscious actions into more
« Or less unconscious, or reflex, operations, It wmay
be laid down as a rule, that, if any two mental
states be called up together, or in succession, with
due frequency and vividness,.the subsequent pro-
duction of the one of them will suffice tp call up
the other, and that whether we desire it or not.
- The object of intellectual educstion is to create
" such indissoluble associations of our ideas of things,
in the order and relation in which they occur
in nature ; that of moral education is to unite, as
fixedly, the ideas of evil deeds with those of pain
and degradation, and of good actions with those of
pleasure and nobleness. .

* 26. The sympathetic system consists chiefly of a
double chain of ganglia, lying at the sides and in
front of the spinal column, and connected with one
unother, and with the spinal nerves, by commissural
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cords. From these ganglia nerves are given off
which for. the most part follow the distribution of
the vgssels, but which, in the thorax and abdomen,
form grent networkg, or plexuses, upon the heart
and about the stomach. It is probable that a great
proportion of the fibres.of the sympathetic system
is derived from the spinal cord; but others also,
in all probability, .originate in the ganglia of the
sympathetic itself. The sympathetic nerves influence
the muscles of the vessels generally, and those of
the heart, of the intestines, and of some other
viscera; and it is probable that their ganglia are
centres of reflex action to afferent nerves from these
organs. But many of the motor nerves of the
vessels are, as we have seen, under the influence of
particular parts of the spinal cord, though they pass
through sympathetic ganglia,

x 2
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LESSON XII.

HISTOLOGY ; OR, THE MINUTE STRUCTURE
OF THE TISSUES..

1. Tue various organs and parts of the body,
the working of which has now been described, are
not merely separable by the eye and the knife of
the anatomist into membranes, nerves, muscles
bones, cartilages, and so forth; but each of them is
sasceptible of a finer analysis, by the help of the
microscope, into certain minute constituents which,

_for the present, are the ultimate structural elements

of the body.

2. There is a time when the human body, or
rather its rudiment, is of one-structure throughout,
consisting of a more or less transparent.matiiz,
through which are scattered minute rounded par-
ticles of a different optical aspect.‘v These particles
are called nuclei; and as the matrix, or matter in
which the#8 nuclei are imbedded, readily breaks up
into spheroidal masses, one for each nucleus, and
these investing masses easily take on the form of
vesicles or cells, this primitive structure is called
cellular, and each cell is said to ba.nucleated.

As development goes on, the nuclei of this 4n-
different tissue simply increase in number, by division
and subdivision ; but the substance in which they are
imbedded, commonly called the cell wal®and inter-
cellular substance, becomes very variously modified,
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both chemically and structurally, and gives* rise to
the peculiarities by which completely formed tissues
ar® distinguished from one another.

Fia. 4,

A, vertical section of a layer of epidermis, or epithelium, from its
free to its deep s\m‘aﬁi; B, lateral views of the cells of which this
layer is composed at®he different heights, a b ¢ d; C, scales such as
d viewed from their fiat sides. Magnified about 250 diamneters.

&

3. Among these, the epidermis and some forms
of epithelium present the simplest structure, next
to the blood and lymph corpuscles described above
(Lesson IIL). These tissues are constantly growing
in their deepest®parts, and are, as constantly, being
shed at their surfaces.

The deep part consists of a layer of such globular
nucleated gells as have been mentioned, the number
of which is'constantly increasing by the spontaneous
division of the nuclei and cells. The incrense in
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number thus effected causes a thrusting of the excess
of cell population towards the surface ; on their wa
to which they become flattened, and their uwalls
acquire a horny texture. Arfived at the surface,
‘they are mere dead horny scales, and are thrown off
(Fig. 74). ’
Epithelium of the kind just described is. called
squamous. It is found in the mouth, and its scales
may always be obtained in abundance by scraping
the inside of she lip. .
In other parts of the alimentary tract, as in the
intestines, the full-grown epithelial cells are placed
side by side with one another, and perpendicular to
the surface of the membrane. Such epithelium is
called cylindrical (Fig. 76). '
“In some glands, such as the gastric glands, the
epithelial cells remain globular. :

F1a. 75.

Ciliated epithelium.—a, the submucous vascular tissue ; b, the
deop layor of ;
2o o e Pl ol B el i o
" Oiliated epithelium is usually of the eylindrical
kind, and differs from other epithelium only in the
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circumstance that one, or more, incessantly vibrating
filaments are - developed from the free surface of
efich ecll,.

* ' V.76

. A, alongitudinal and vertical section of a nail : @, the fold at the
base of the nail; b, the nail ; ¢, the bed of the nail. The figure B is
a transverse section of the same—a, small lateral folds of the integu-

ment; b, nail; ¢, bed of the nail, with its ridges. The figure C is
4 highly-mag¥ified view of a of the foregoing -¢, the ridqea;
d, eep layers of epidermis; e, the horny scales coalesced into
nail substance. Figs. A and B magnified about 4 diameters ; Fig.

C, magnitied about 200 diameters.
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4. In certain regions of the integument, the epi-
dermis becomes metamorphosed into nails and
hairs. N
. Underneath each nail the ¢deep layer of the
integument is peculiarly modified to form the bed
of the nail. Tt is very vascular, and raised up into
numerous parallel ridges, like elongated papille
(Fig. 76, B,C). The surfaces of all these are covered
with growidg epidermic cells, which, as they flatten
and become gonverted into horn, coalesce into a
solid coutinuous plategthe nail. At the hinder part
of the bed of the nail, the integument forms a deep
fold, from the bottom of which, in like manner, new
epidermic cells are added to the base of the nail,
which is thus constrained to move forward.

«The nail, thus constantly receiving additions
from below and from behind, slides forwards over its
wed, and projects beyond the end of the finger, where
it is worn away, or cut off,

6. A hair, like a nail, is cemposed of coalesced
horny cells, but instead of being only partially sunk
in a fold of the integument, it is at first “wholly
inclosed in a kind of bag, the Aaiy sac, from the
bottom of which a papilla, which ans¥ers to a single
ridge of the nail, ariscs.  The hair is developed by the
conversion into horn, and coalescence into a shaft,
of the superficial epidermic cells coating the papilla.
These coalesced and cornified cells being continually

* replaced by new growths from below, which undergo
the same metamorphosis, the shaft ‘of the hair is
thrust out until it attains the full length natural
to it. Its base then ceases to grow, and the old
papilla and sac die away, but not. before a new sac
and papilla have been formed by budding from the
sides of the old cne. Thesc give rise to a new
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hair. The shaft of a hair of the head consists of a
central pith, or medullary matter, of a loose and
open? texgure, which sometimes contains air; of a
cortical substance Jurrounding this, made up of
coalesced elongated horny cells; and of an outer
cuticle, composed of flat horny plates, arranged
transversely round the shaft, so as to overlap one
another by their outer edges, like closely-packed tiles.
The superficial epidermic cells of the hair-sac also
coalesce by their edges, and become onverted into
sheaths, which embrace the foot of the hair, and
usually come away with it, when it is plucked out.

Fia. 77,

Part of the shaft of a hair inclosed within its sacand treated with
caustic soda, which has caused the shaft to become distorted.—
a, medulla; b, cortical part; ¢, cuticle of the $haft; d and e, inner
and outer root sheaths ; f, wall of the hair sac. Magnified about
200 diameters,

Two sebaccous glands commonly open into the
hair-sac near its opening, and supply the hair with
- a kind of natural pomatum ; and delicate unstriped
muscular fibres are so connected with the hair-sae
as to cause it to pass from its ordinary oblique
osition into one perpendicular to the skin, when

they contract (Fig. 28, B).
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They are made to contract by the influence of
cold and terror, which thus give rige to ¢ horripila-
tion” or  goose-skin,” and the * standing of the
hair on end.” «

6. The crystalline lens is composed of fibres,
which are the moditied cells of the epidermis of
that inverted portion of the integument, from which
tho whole anterior chamber of the eye and the lens
are primitively formed.

7. Cartilage. - While epithelium and epidermis
are found only on the free surfaces of the organs,
gristle, or cartilage, is a deep-seated structure (see
Lesson VIL). Itis composed of a semi-transparent,
resisting, elastic matter, which yields the substance
called chondrine by boiling, and contains a great
number of minute cavities, in which lie single nucle-
ated cells, or groups of such cells (Fig. 78). These
Cells increase in number by division. Cartilage
contains no vessels, or only such as extend into it
from adjacent parts. °

Fia. 78,

A section of cartilage, showing the matrix (a), with the groups of
cells (b) containing nuclei (c) and fat globules (d). Magnifled about
850 diameters.
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8. Connective. Tissue (also called fibrous, or
areolar, or sometimes cellular tissue).
® This tissue, the most extensively diffused of
all in the body, Bonsists of bands or cords, or
sheets of whitish substance, having a wavy fibrous
appearance, and capable of being split up mechani-
cally into innumerable fine filaments. It swells up
and yiclds gelatine when it is boiled in water.

Fia. 7.

a

Connective tisswe.—A, unchanged—a, tive tissue; b, fat
cells: B, acted upon by acstic acid, and showing(a) the swollen and
transparent gelatine-yielding matter, and () the elastic fibres.
Magnified about 300 diameters,

The addition of strong acetic acid also causes it
to swell up and become transparent, entirely losing
its fibrous aspect ; and, further, reveals the presenco
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of two elements which acetic acid does not affect,
viz. nuclei and elastic fibres of different degrees of
fineness. If the acid be now neutralized by a weak"
alkali, the connective tissue #ssumes its former
partial opacity and fibrillated aspect. The nuclei
are the descendants of those which existed in the
indifferent tissue from which the connective tissue
has proceeded—while the elastic fibres, like the
gelatine-yieiding fibres, proceed from the meta-
morphosis of the matrix. The proportion of elastig
fibre to the gelatine-yielding constituents of*con-
nective tissue varies, in different parts of the body.
Sometimes it is so great that clasticity is the most
marked character of the resulting tissue.

Ligaments and tendons are simply cords, or
bauds, of very dense connective tissue. In some
parts of the body the connective tissue is more
tr less mixed with, or passes into, cartilage, and
such tissues are called fibro-cartilages (sec Lesson
VIL). . )

9.)Fat Cells are scattered through the con-
nective tissue, in which they sometimes ac¢cumu-
late in great quantities. They are spheroidal
sacs, composed of a delicate memBrane, on one
side of which is a nucleus, and distended by fatty
matter, from which the more solid fats sometimes
crystallize out after death. Ether will dissolve out

, the fat, and leave the sacs empty and collapsed
(Fig. 80).

Considerable aggregations of fat ‘eclls are con-
stantly present in some party of the body, as in
the orbit, and about the kidneys and heart; but
elsewhere their presence, in any quantity, depends
very much on the state of nutrition. Indeed, they
muy be regarded simply as a reserve, formed from
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the nutriment which has been taken into the body
in excess of its average-consumption. .

A B
0

Fia. 80.

C -

Fat cells.—A, having their natural aspeet; B, collapsed, the’fat
Bping texlwmstcd; C, with fatty crystals. Magnitled about 850
iameters. -

10. Pigment Cells are cither epidermic or
epithelial cells, in ewhich coloured granules are
deposited, or they arc particular cellular clements
of the deeper parts of the body, in which a like
deposit occurss’ Thus the colour of the choroid
and of the iris arises from the presence of a layer
of such cells. .

11. Bune is essentially composed of an animal
basis impregnated with salts of carbonate and
phosphate of lime, through the substance of which »
are scattered aninute cavities—the lacunce, which
gend out multitudinous ramifications, called cana-
liculi. The canaliculi of different lacunse unite to-
gether, and thus establish a communication between
the different lacunee. 1f the earthy matter be ex-
tracted by dilute acids, a nucleus is constantly



318 ELEMENTARY PHYSIOLOGY. [Lrssox

found in each lacuna; and, not unfrequently, the
intermediate substance .appears minutely fibrillated,
In a dry bone the lacuns are usually filled with aig,
When a thin. section of such p bone is, as usual,
covered with water and a thin glass, and placed
under the microscope, the air in the lacuns refracts
the light which passes through them, in such a
manner as to prevent its reaching the cye, and
they appear black, Ience the lacune were, at
one time, supposed to be solid bodies, containing
the lime salt§ of the bone, and were called boxe
corpuscles (Fig. 81, C).

All bones, except the smallest, are traversed by
small canals, converted by side branches into a
network, and containing vessels supported by more
oy, less connective tissue and fatty matter. These
are called Haversian canals (Fig. 81, A, B).
Jhey always open, in the long run, upon the surface
of the bone, and there the vessels which they contain
become connected with those of a sheet of tough
connective tissue, which invests the bone, and is
called periosteum. .

In many long bones, such as the thigh bone, the
centre of the bone is hollowed ou¥ into a consi-
derable cavity, containing great quantities of fat,
supported by ar delicate connective tissue, rich in
blood-vessels, and called the marrow, or medulla.
The inner ends of the Haversian canals commu-
nicate with this cavity, and their vessels are con-
tinuous with those of the marrow.

When & section of a bone containing Haversian
canals is made, it is found that the lacuns are
dispersed in concentric zones around each Haversian
canal, so that the substance of the bone appears
laminated ; and, where a medullary cavity exists,
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Fic. 8L

A. A transverse scetion of bone in the neighbourhvod of two
Haversian canals, ¢ a; b, lacun®. Magnifled about 250
diameters. .

B. A longitudinal section of bone with Haversian canals, a a, and
lacune, b. Magnified about 100 diameters.

C. Lacune, ¢, and canaliculi, d. Magnifled about 609 diameters.
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more or fewer of these concentric lamellse of osseous
substance surround it.

This structure arises from the mode of growth of
bones. In the place of every bone there.exisis, at
first, either cartilage, or connective tissue hardly
altered from its primitive condition of indifferent
tissue. When ossification commences, the vessels
from the adjacent parts extend into the ossifying
tissue, and, the calcarcous salts are thrown down
around them, These calcareous salts invade all
the ossifying” tissue, except the immediate neigh-
bourhood of its nuclei, around each of which a
space, the lacuna, is left. The lacunse and cana-
liculi are thus, substantially, gaps left in the ossific
matter around each nucleus, whence it is that
npelei are found in the lacunz of fully-formed bone.

Bone, once formed, does not remain during life,
Gbut is constantly disappearing and being replaced
in all its parts. Nevertheless, the growth of a bone,
as a general rule, tukes place only by addition to
“its frec ends and surfaces. ‘Thus the bones of the
skull grow in thickness, on their surfaces, and in
breadth at their edges, where they unite by sutures ;
and when the sutures are once clpsed, they cease
to increase in breadth,

The bones f the ‘limbs, which are preceded
by complete cartilaginous models, grow«in two ways.
The cartilage of which they consist grows and
enlarges at its extremities until the bones have at-
tained their full size, and remains to the end of life
as articular cartilage. But in the middle, or shaft,
of the bone, the cartilage does not grow with the
increase in the dimensions of the bone, but becomes
coated by successive layers of bone, produced by
the ossification of that part of the periostcum which
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lies nearest to the cartilage. The shaft of the bone
thus formed is gradually hollowed out in its interior
Jo form the medullary cavity, so that, at last, the
pnmltlve cartilage totally disappears.

‘When ossification sets in, the salts of lime are
not, diffused uniformly through the whole mass of
the’ pre-existing cartilage, or connective tissue, but
begin to be deposited at particular points called
centres of ossification, and spread 4from them
through the bone. Thus, a long bone has usually,
at fewest, three centres of ossification™one for the
middle or shaft, and one for each end; and it is
only in adult life that the three bony masses thus
formed unite into one bone.

12. Tecth partake more of the nature of bones
than of any other organ, and are, in fact, partiajly
composed of true bony matter, here called cement ;
but their chicf constituents are two other tissuesy
called dentine and enamel.

Xach tooth prescnts a crown, which is cxposed
to wear, and one ord morc fangs, which are buried
in a sogket furnished by the jawbone and the dense
mucous membrane of the mouth, which constitutes
the gum. Thgline of junction between the crown
and the fang is the neck of the tooth. In the in-
terior of the tooth is a cavity, whieh communicates
with the exterior by canals, which traverse the fangs
and open at their pgints. This cavity is the pulp
cavity. It is occupicd by a Lighly-vascular and
nervous tissue, the dental pulp, which is continuous
below, through the openings of the fangs, with the
mucous membrane of the gum.

The chief constituent of a tooth is dentine—a
dense calcified substance containing less animal
matter than bone, and further differing from it in

Y
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possessing no lacune, or proper canaliculi. TInstead
of these it presents innumerable, minute, parallel,
wavy tubules, which give off lateral branches. The,
wider ends of these tubules open into the pulp
-cavity, while the mnarrower ultimate terminations
ramify at the surface of the dentine, and may even
extend into the enamel or cement (Fig. 83, 0).

Fic, 82.

A, vertical, B, horizontal section of a tooth.—a, enamel of the
crown; b, pulg cavity ; ¢, eement of the fangs; d, dentine.
Magnified about three diameters,

The enamel consists of very small six-sided
fibres, set closely, side *by side, at right angles to
the surface of the dentine, and covering the crown
of the tooth as far as the neck, towards .which
the enamel thins off and joius the cement (Fig. 83,

b
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Fra. 83/

A. Enamel fibres viewed in transverse section.

B. Eaamel flbres separated and viewed laterally.

C. A section of a tooth at the junction of the dentine (a) with the
cement (¢); b ¢, irregulnr cavities in which the tubules of the
dentine end ; d, fine tubules continued from them: f g, lacunie
and canaliculi of tho cement. Magnified about 400 diameters.

Y
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Enamel is the hardest tissue of the body, and con-
tains not more than 2 per cent. of animal matter.

The cement coats the fangs, and has the struc-,
ture of truc bone; but as it egists only in a'thin
layer, it is devoid of Haversian canals (Fig. 83, C).

13. The dcvelopment of the teeth commences
long before birth. A groove appears in the gum
of each side of cach jaw; and, at the bottom of this
groove of the gum, five vascular and nervous papille
arise, making twenty in all. The walls of the
groove grow together, between and over cach of the -
papillee, and thus these become inclosed in what are
called the dental sacs.

Each papilla gradually assumes the form of the
future tooth. Next a deposit of calcific matter
takes place at the summit of the papilla, and cx-
tends thence, downwards, towards its base. In the
«crown the deposit takes on the form of enamel and
dentine ; in the root, of dentine and cement. As it
increases it encroaches upon the substance of the
papilla, which remains as the tooth pulp. The
fully formed tecth press upon the upper walls of
the sacs in which they are inclosed, and, causing
a more or less complete absorptiok of these walls,
force their way through, The tecth are then, as it
is called, cut. * '

The cutting of this first set of tceth, called de-
ciduous, ov milk teeth, commences at about six
months, and ends with the second year. -They are
altogether twenty in number—eight being cutting
tecth, or sncisors ; four, eye teeth, or canines ;
and eight, grinders, or molars.

Each dental sac of the milk teeth, as it is formed,
gives off a little prolongation, which becomes
lodged in the jaw, enlarges, and develops a papilla
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from which a new tooth is formed. As the latter
increases in size it presses upon the root of the
milk tooth which preceded it, and thercby causcs
the absofption of the root and the final falling out,
or shedding, of the milk tooth, whose place it
takes. Thus every milk tooth is replaced by a tooth
of what is termed the permanent dentition. The
permanent incisors and canines are larger than the
milk tceth of the same name, but otharwise differ
little from them. The permanent molars, which
réplacc the milk molars, are small, and their crowns
have only two points, whence they are called bicus-
pid. They never have more than two fangs.

14. We have thus accounted for twenty of the
teeth of the adult. But there are thirty-two teeth
in the complete adult dentition, twelve grinders
being added to the twenty teeth which corre-
spond with, and replace, those of the milk sete
‘When the fifth, or hindermost, dental sac of the
milk teeth is formed, the part of the groove which
lies behind it also decomes covered over, extends
into the back part of the jaw, and becomes divided
into three dental sacs. In these, papille are
formed, and gife rise to the great permanent back
grinders, or molars, which have four, or five, points
upon their square crowns, and, in the upper jaw,
commonly possess three fangs.

The first of these teeth, the anterior molar of .
each side, is the carliest cut of all the permanent
set, and appear at six years of age. 'The last, or
hindermost, molar is the last of all to be cut,
usually not appearing till twenty-one or twenty-two
years of age. Hence it goes by the name of the
¢ wisdom tooth.”

15. Muscle is of two kinds, striated and smooth.
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Striated muscle, of which all the ordinary muscles
of the trunk and limbs consist, is composed of
bundles of fibres, usually united at their ends te
cords or sheets of connective tissue—ther tendons
(see Lesson VIL.). The bundles are enveloped in,
and bound together by, connective tissue, which
supports the vessels and nerves of the muscle, and
sometimes forms a dense sheath on its exterior,
called a fastia.

Fro. 84.

A, a muscular fibre, dovoid of sarcolemma, and breakingup at one
end into its fibrille; B,separate fibrille ; C, a musecular fibre break
ing up into disks; D, a muscular fibre, the contractile substance
of which (a) is torn, while the sarcolemma (b) has not given way.
Magnified about 850 diametors.
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Into the ultimate striated muscular fibre neither

vessels, nor connective tissue, enter. Iach fibre is,
ein fact enveloped in a sheath formed by a tough,
e]a.stlc, ‘transpareng, structureless membrane, the
sarcolemma (Fig. 84).

The sarcolemma is not contractile, but its elasticity
allows it to adjust itself, pretty accurately, to the
changes of form of the contractile substance which
it contains.

This contractile substance, when yninjured, pre-
dents a very strongly-marked transverse striation,
its substance appearing to be composed of disks of
a partially opaque substance, in regular alternation
with others of a more transparent matter. A
more faint longitudinal striation is also observable.
‘When the sarcolemma is torn, the contractile suh-
stance either divides into disks (Fig. 84, C), or more
frequently and recadily breaks up into minuta
fibrille (Fig. 84, A, B) each of which, viewed by
transmitted hght presents dark and llght parts,
which alternate at Intervals exactly corresponding
with the distances of the transverse strite in the en-
tive fibre. Nuclei are obscrved here and there in
the contractile #ubstance within the sarcolemma.

In the heart, the muscular fibres are striated,
and have the same essential structfire as that just
described, but they possess no sarcolemma.

Smooth muscle consists of elongated band-like
fibres, devoid of striation, each of which bears a
rod-like nuclems, Thesce fibres do not break up
into fibrillee, and have no sarcolemma (Fig. 85, B).

16. Nervous tissue contains two elements, nerve-
fibres and ganglionic corpuscles. Ordinary nerve-
fibres, such as constitute the essential constituents
of all but the olfactory ncrves, are during life, or
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when perfectly fresh, subcylindrical filaments of a
clear, somewhat oily, look. ~But shortly after death,
a sort cf coagulation sets up within the fibre, and
it is then found to be composed of a very delicate

Fia. 85. R

A, a nerve-fibre in its fresh and unaltered condition ; B, a nerve-
fibre in which the greater part of the sheath and coagulated con-
tents (a b) have been stripped off from the axis cylinder(cc): C, a
nerve-fibre, the upper part of which retains its sheath and coagulated
contents, while the axis cylinder (a 2) projects; D, a gunglionic
ngtl:glc—(z, its nucleus and nucleolus. Magnified about 850

iameters.
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structureless outer membrane (which is not to be
confounded with the neurilemma), forming a
%ubg, through the centre of: which runs a solid
filament, the azi® cylinder. Between the axis
cylinder and the tube is a fluid, from which a solid
strongly refracting matter has been thrown down
and lines the tube.

Such_is the structure of all the larger nerve-
fibres, which lie, side by side, in the tfunks of the
yerves, bound together by delicate coynective tissue,
and inclosed.in a sheath of the same substance,
called the neurilemma. In the trunks of the nerves
the fibres remain perfectly distinet from one another,
and rarely, if ever, divide. But when the nerves
enter the central organs, and when they approach
their peripheral terminations, the nerve-fibres fite-
quently divide into branches. In any case they
become gradually finer and finer; until at lengtls
axis-cylinder, sheath, and contents are not separable,
and the nerve becomes a homogencous filament, the
ultimate termination’of which, in the sensory organs
and ih the muscles, is not yet satisfactorily
made out. R _ '

17. In Lessbn VIII. mention is made of peculiar
bodies called tactile corpuscles, which are oval
masses of specially modified confective tissue in
relation with the ends of the nerves in the papille
of the skin. In Fig. 86 four such papille, which
have been rendered transparent and stripped of
their epidermMs, are seen, and the largest contains
a tactile corpuscle (¢).

In the brain and spinal cord, on the other hand,
it is certain that, in many cases, the fine ends of
the nerve-fibres are continued into the processes of
the ganglionic corpuscles.
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18. The olfactory nerves are pale flat fibres, with-
out any distinction into axis, cylinder, and contents,
but with nuclei set at intervals along their length, *

4 ¢

Tra. 86.
.

Papille of the skin of the finger.—a, aarge papilla containing a
tactile corpuscle (¢) with its nerve (d); b, other papillae, without
corpuscles, but containing loops of vessels, c. Magniﬂ@d about
800 diameters.

19. Qanglionic corpuscles are chicly found in the
cerebro-spinal agis; in the ganglia of the posterior
nerve roots, and in those of the sympathetic ; but
they occur also elsewherc, notably in some of the

. sensory organs (seec Lesson I1X.).

They are spheroidal bodics, containing a central
cavity, in which a nucleus lies (Fig. 85, D, a).
Each sends off one, two, or more prolongations,
which may divide and subdivide; and which, in
some cages, unite with the prolongations of other
ganglionic corpuscles, while, in others, they are
continued into nerve-fibres.
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A4 TABLE OF ANATOMICAL AND PHYSIO-
LOGICAL CONSTANTS.

Tur average weight of the human body may be
taken at 164 lbs.

I. GENERAL StATISTICS.

Such a body would be made up of— )

bs.
Muscles and their appurtcnances . 68
Skeleton . . . . . . . . 24
Skin . . . . . . . . . 10}
Fat . . . . . . . . . . 28
Brain . . .. . . .. . 3
Thoracic viscera . . . . . . 2%
Abdominal visecera . . . . . 11

147*

1bs.
Orof water . . . . . . . 88
Solid matters . . . . . 66

* The addition of 7 1bs. of blood, the quantity which
will readily draln away from the body, will bring the
total to 154 1bs. A considerable quantity of blood will,
however, always remain in the capillaries and small
blood vessels, and must be reckoned with the various
tissues. The total quantity of blood in the body is now
calculated at about 1-13th of the body weight, 7.c., abou
12 lbs. .
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The solids would consist of the elements oxygen,
hydrogen, carbon, nitrogen, phosphorus, sulphur,
silicon, chilorine, fluorine, potassium, sodium, calciun?
(lithium), magnesium, iron (rianganese, ~copper,
lead), and may be arranged under the heads of—

Proteids. Amyloids. Fats. Minerals.

Such a body would lose in 24 hours—of" water,
about 40,000 grains, or 6 lbs.; of other matters
about 14,560 grains, or over 2 lbs. ; among which
of carbon 4,Q00 grains; of nitrogen 300 grains ;
of mineral matters 400 grains ; and would part, per
diem, with as much heat as would raisc 8,700 lbs.
of water from 0° to 1° Fahr., which is equivalent
to 3,000 foot-tons.! Such a body ought to do as
much work as is equal to 450 foot-tons.

“The losses would occur through various organs,
thus—by

WATER, OTHER MATTER. N C.
TS, grs. grs. grs.
Tungs . . 5,000 12,000 ‘... 8300

Kidneys . . 23,000 1,000 250 140
Skin . . .10,000 700 10 100
Fmces . . 2,000 800 40 ‘460

Total . . 40,000 14,500 300 4,000

The gains ahd losses of the body would be as
follows : —

Creditor—Solid dry food . . . 8,000

Oxygen . . . ... 10,000
Water . . . . . 36,500

~Total . . . . . 54,500

1 A foot-ton is the equivalent of the work required to
1ift one ton one foot high.
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Debtor — Water . . .
- Other Matters .

Potal .

I1. DieEsTION.

333
£rs.
40,000
14,500
54,500

Such a body would require for dailyefood, carbon
4,000 grains; nitrogen 300 grains, which, with
she other nccessary clements, would be most con-

veniently disposed in—

. TS,
Proteids . . . . . . 2000
Amyloids . . . 4,400
Fats . . .o . 1,200
Minerals . . . . 400
‘Water 36,500
Total . . . 44,500
?
which, in turn, might be obtained, for instance, by
means "of — :
grs.
Lean blefsteaks . 5,000
Bread . . 6,000
Milk . . . . . . ® 7000
Potatocs . 3,000
Butter, dripping, &e. 600
‘Water . ... . . 22,900
Total . 44,500

The faces passed, per diem, would amount to
about 2,800 grains, containing solid matter, 800

grains,
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III. CmrcULATION.

In such a body, the heart would beat 75 times ao
minute, and probably drive out, gt each stroka from
cach ventricle, from 5 to 6 cubic inches, or about
1,500 grains of blood.

The blood would probably move in the great
arteries at a rate of about 12 inches in a second,
in the capillaries at 1 to 1} inches in a minute;
and the time taken up in performing the entlre
circuit would probably be about 30 scconds.

The left ventricle would probably exert a pressure
on the aorta equal to the pressure on the square
inch of a column of blood about 9 fect in height ;
or of a column of mercury about 9% inches in
height ; and would do in 24 hours an amount of
work equivalent to about 90 foot-tons; the work
of the whole heart being about 120 foot-tons.

1V, REstA'MON"’

Such a body would breathe 15 tlmes a minute.

The lungs would contain of residual air about 100
cubic inches, of supplemental or refarve air about
100 cubic inches, of tidal air 20 to 30 cubic inches,
and of complemeutal air 100 cubic inches.

The vital capacity of the chest, that is, the greatest
quantity of air which could be 1nspued or expired,
‘would be about 230 cubic inches.

There would pass through the lungs, per diem,
about 850 cubic feet of air.

In passing through the lungs, the air would lose
from 4 to 6 per cent. of its volume of oxygen, and
gain 4 to 5 per cent. of carbonic acid.

During 24 hours there would be consumed about
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10,000 grains oxygen; and produced about 12,000
grains carbonic acid, corresponding to 3,300 grains
cgrbon.  During the same time about 5,000 grains
or 9 Ozﬁf water wopld be exhaledaby the lungs.
In 24 hours such a body would vitiate 1750 cubic
feet of pure air to the extent of 1 per cent.
or 17,500 cubic feet of pure air to the extent of
1 per 1,000. Taking the amount of carbonic acid
in the atmosphere at 3 parts, and in sxpired air
at 470 parts in 10,000, such a body would re-
quire a supply per diem of more fhan 23,000
cubic fect of ordinary air, in order that the
surrounding atmosphere might not contain more
than 1 per 1,000 of carbonic acid (when air is
vitiated from animal sources with earbonic acid to
more than 1 per 1,000, the concomitant impuritics
become appreciable to the nose). A man of the
weight mentioned (11 stone) ought, therefore, toe
have at least 800 cubic feet of well ventilated space.

£
V. Cutaxgous ExcrrTIoN.

Such & body would throw off by the skin—of
water about 18 ounces, or 10,000 grains; of solid
matters about 380 grains; of carbonic acid about
400 grains, in 24 hours.

VI. Renar EXCRETION.

Such a body would pass by the kidneys—of water
about 50 ounces; of urea about 500 grains; of
other solid mattérs about 500 grains, in 24 hours

VII. Nervous AcTION.

In the frog a nervous impulse travels at the rate
of about 80 fect in a second.
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In man a nervous (sensory) impulse has been
variously calculated to travel at 100, 200, or 300
feet in a sccond.

VIII. Hisrorvay.

Red corpuscles of the blood are about g7ygth of
an inch in breadth; white corpuscles zgygth.

Striated muscular fibres are about zgth of an
inch in breadth; plain z¢moth.

Nerve-fibres vary between tigpth and W&Wth
of an inch in breadth.

‘Connective tissue fibrils are about ghygth of an
inch in breadth.

Lpithelium scales (of the skin) are about zggth
of an inch in breadth.
¢ Capillary blood-vessels are from 5zhpth to zghgth
of an inch in breadth.

Cilia (from the wind-pipe) are about sglygth of
an inch in length.

The cones n the )e]]ow spot” of the retina
are about ygdggth of an inch-in breadth,
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A,

ABDOMEN, 6, 8

Abduction and adduction,
195

Absorption, 174

Acetabulum, 194

Adam’s Apple, 201

Air-cells, 93

Air, difference between in-
spired and expired, 9}

Air-passages, 91

Air, stationary and txda]
105

Albumen, 152, 155
Alimentary cang, 7, 151,
159
Alimentation, 19, 151—174
Ammonia, 21
Amabe, 69
Ampulla, 224
Amyloids, 141,
155, 157
Anatomy, outlinds of, 6
Aorta, 37
Aqueous humour, 251
Arachnoid membrane
fluid, 284
Areo]ar tissue, 11
Arteries, 19, 28, 33, 37, 51

152, 153,

and

Artery, hepatic, 135

—_— lena.l,P125

splenie, 144

Artlcu ations, 186
Arygenoxd cartilages, 201,

A@})hyma, 112—116
Atlas and axis, 190
Auditory ossicles, 231
spectra, 267
Auricles, 39, 42, 43, 55
Auriculo-ventricular ring, 44
valves, 45, 46

B.
Bary ayd socket joints, 188,
196 :

Biceps musclo, 12, 180, 195
Bicuspid teeth, 163

Bile, 134, 138, 172

Bilin, 139

Bladder, 122

Blmd spot of the retina, 244,

Blood affected by contact
w1th matter, 75
and lymph, 63
—— arterial and venous, 85
z2
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Blood, circulation of, 19, 87,

———’coagu]ation of the, 64,

76 )

-——’composition of the, 79

—— corpuscles, 64—74, 80,
144

—— crystals, 72

—— eflect of saline matter
on, 75

—— function of, 81

—— how to obtain, for ex-
amination, 63

-— quantity of, 81

——sources of loss and
gain to the, 117—150

--— specific gravity of, 78

—— temperature of, 79

—— transfusion of, 80 .

Blushing, 58

Body, functions of the, 1

—— a double tube, 8

—— main divisions of, 6

Bone, 817—321

Bones, the, 13, 80

Brain, the, 17, 297, 804

Bread, 157

Brewster, Sir D. 268

Bronehi, 91, 105, 108

Bronchial tubes, 91, 97

Buccal glands, 161

Buffy cout, 74

Burse, 196

C.

CxcuM, 170

Cancellous tissue, 182

Canine tooth, 163

Capillaries, 19, 26, 27, 34

Carbon eliminatetl by respi-
ration, 95

INDEX.

Carbonate of lime, 3, 13
Carbonic acid, 3, 4, 2, 86,
89, 106, 112, 113, 157

Carbonic oxide, 114
Cardiagaperture(of gt wnakh),
166

Cartilages, 12, 13, 23, 188,
201, 314, 320

Caruncula lachrymalis, 261

Casein, 152

Cellular strueture, 308

Cerebellum, 299

Cerebral nerves, ¥he, 209

Cerebration, unconscious, 30

Cerebro-spinal axis, 8, 17,
283

Chest, 6

Cholesterine, 139

Chondrin, 152

Chorde tendinew, 45, 49

Chords, the vocal, 91, 200

Choroid coat, 253

Chyle, 28, 36, 173

Chyme, 169, 173

Cilia, 97, 176, 177

Ciliar; ligament, muscle, and
processes, 232

Circulation of the blood, 19,
37, b5, 57

Circulatory apparatus analo-
gous to respiratory, 107

Clavicle, 14

Clot, 78

Co;tgu]a.tion of blood, 64, 74,

6

Coccyx, 13

Cochles, 229 228, 236
Coldness, sensation of, 215
Colon, 170 .

Colour blindness, 246
Colours, complementary, 246
Columnea carnew, 45, 49
Combination of actions, 16
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Concha (external ear), 233
Coudyles, occipital, 191
Congestion, 59

Corfjugetiva, 260

Coxlgle%e tissue, 119 814

Consciousness, 210, 263

Consonants and vowels, how
pronounced, 205

Control of respiration, 107

-——over the circulation,
57

—-— over the heart, 59

Coraea, 251

Coronary arteries, 39, 56

—— veins, 39, 56

Corpus callosum, 299

Corpuscles of the blood,
64—-74, 80, 144

Corti, membrane and fibres
of, 224

Coughing, 103

Crassamentum, 73

Cribriform plate, 220

Cricoid, 201

Crico-thyroid, 202

Crystal]ine lens, 252, 314

D.

DEATH, local, 22

general, 23—25

Delusions, instances of, 268

of judgment, 273

—— of the sensgs, 266

—— optical, 274

Dentine, 321

“‘Derbyshire neck” or gottre,
143

Dermis, 10

Dextrine, 153

Diaphragm, 7, 42, 100, 122

341

Diastole, 47

Diet, mixed, importance of,
156, 167

Digastric muscle, 197

Digestion, artificial, 168

~——— second, 174

Drinking, act of, how per-
formed, 165

Drum of the ear, 232

Dauctless glands, 69

Duodenum, 169

Dura mafer, 284

E.

Kar, 222—233 .
Tating and swallowing, 165
Embryo, 70~
Enamel, 164, 322
Endocardium, 44 ,
Endolymph, 228, 225
Epidermis, 10, 26, 130, 309
Hpiglottis, 91, 161
Epithelimm, 11, 26, 172,
309
Erect position of man, 14
Kustachian tubes, 161, 230
Excrementitious matter, 4
KExeretion, 4, 18, 118
Excretory organs, 20, 118--
134
Extension, 195
Extra-vascnlar parts, 26
Eye, adjustment of, 255—
258

—— humours of, 251

Eyeball, the, 239, 251, 254,
259 '

Eye-lashes, the, 260

Eyelids, the, 260



Fxors, 19, 169 -

Fainting, 60

Fat-cells, 316

Fatigue, cause of, 112

Fats, 152, 157, 158

Fauces, 159

Feeling, sense of, 210

Fenestre, 229, 204

Fibres of Corti, 224

Fibrin, 72, 76, 128¢ 139, 162

Fibrinogen, 77, 78

Fibrous tissue, 11

Flexion and extension, 195

Food, daily quantity ve-
qulred 151, 155

_— the essentm.l of, 4, 162

Food-Stuffs, mineral, 1531 58

- ——-" vital, 153

Foot, the, 14

Frog, circulation in foot of,
62

G.

.

(GALL-BLADDER, 136

Galvanie shocks, effect of, 17

Ganglia, 7, 60

Ghinglionic corpuseles, 330

Tastric juice, 167, 169

Gelatine, 11, 152, 295

Glands, buceal, 161

- fundamental structure
of, 148

—— lachrymal, 260

- -~ Meibomian, 260

---— esenteric, 36

INDEX.

Glands of Lieberkiihn, 148

parotid, 161

—— peptic, 167

-—— ragemose, 149,

—_— sub]mgual 16f

—— submaxillary, 161

Glasses, convex and concave,
277

—— multiplying and refrac-
tive, 276

Globulin, 66, 77, 78

Glomerulus, 125

Glossopharyngealnerve, o1t,
300

Glottis, 91, 97, 107, 161,
219

Glucose, 134, 140
Gluten, 152
Glycogen, 134, 141
Goitre, 143

Gum, 140

H.

HaEMATIN, 66

Hemoglobin, 66

Hairs, 26, 312

Haversian canals, 318

Head, 6

Hearing, 222—238

Heart,action of the valves, 45

—— action arrested bypneu-
mogastric, 61, 62

-—-— action, a.rrested by dis-
tension of lungs, 111

—— and vessels, diagram of,
38

—— beatin “f of the, 52
— mnsc ar fibres of the,

— posltlon of the, 8
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Heart, rhythm of the, 47
—— sounds of the, 52
—— structure of the, 41

* —— walls of the, 19
—~—a¥rking of the, 47—49
Heat, generation of, 8, 145
—— regulation of, 145—147
—— sensation of, 215
Hezg:éproducing food-stuffs,

1

Hepatic artery, 39, 135
—— circulation, 137

+——— duct, 136

- — vein, 39, 56, 137, 139
Hilus, the, 121
Hinge-joints, 189
Histology, 308

Humours of the eye, 251
Hydrochloric acid, 167
Hydrogen, 4

L

ICK-CHAMBER, experimental,
2

Ileo-ccal valve, 170
Ileum, 169 K
Ilusions, spectral, 268—273
Incisors, 163

Incus, 232

Inspiration and expiration,
10

Integument, 10
Inter-articular cartilage, 188
Inter-celular sfibstance, 308
Intercostal muscles, 98
Intestines, 169, 170—172

. Intra-lobular veinlet, 187
Invertebrate animals, 69
Iris, 179, 253
Irritation, 209

343
J.

JEsUNUM, 169
Joints, the, 13, 186—195
Jumping, 199

K.

KIDNEYS,eexcrotion by the,
20, 21, 118

——— ghapo and position, 8,
120

—— structure of, 125
—— lungs, and skin com-
pared, 20, 133

L.

LABYRINTH, 222, 224,9236

Lachrymal gland, 260

——sac, 262

Lacteals, 36

Lactic acids, 167

Lancelet, the, 69

Larynx, the, 91, 199—203

—— artificial, 206

Legs, bones of the, 14

Lens, grystalline, 252, 314

Levator musele of the eyelid,
260

Levers, three kinds of, 182

—— of the body, 184

Life, 22, 24

Ligaments, 13, 188

— check, 194

,— lateral, 193

——— suspensory, 252
Light, 249

Limbs, 10
Lime-water, 3
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Liver, 8, 134

Liver-cells, 138

--— circulation, 137

—— sugar, 140

Lungss, 19, 37, 96, 104, 105,
10

- -—kidneys, and skin com-
pared, 20, 133

Lymph, 28, 82

(—— corpuscles, 69

Lymphatic capillaries, 34

~—- glands, 34, 14

-— system, 33—36, 57,
142

M.

MAcUKA lutea, 243

Malleus, 231

Malpighian capsule, 124
Maminals, blood-corpuscles

of, 70 .
Marrow, 182, 318
Maatication, process of, 164
Mechanical force, 3
Medulla oblongata, 107, 297,
302
Mental emotion, 16, 59
Mesenteric glands, 36
Mesentery, 36 !
Mind, relation to muscles, 16
Mitral valve, 44
Molars, 163
Motion and locomotion, 175
Mouth, 8
Mucous membrane, 10, 167,
17
Mucus, 10
Muscles and tendons, 196
—— attached to definite
levers, 179
—— digastric, 191

INDEX.

Muscles, nature and property
of, 177

--—mnot attached to solid -
levers, 178 o“.

---— of 'the eye, 250"~

- of the jaw, 164

- of the vessels, 29

--— relation of mind to, 16

—— gtriated and smooth,
325 , :

—— the great motor agents,
13

Muscular contractility, 177 °
—— fibres of the arterics,
29

—— sense, the, 211, 265
Musk deor, blood-corpuscles
of, 70

N.

Naivs, 26, 312

Nasalk passages, 107

Nerve, auditory, 226, 300
——gaoglossopharyngenl, 217,

—— olfactory, 299, 330

—— optic, 942

Nerves, cerebral, 299

-— facial, 300
——motor (or efferent)

and sensory (or afferent),
209, 288, 289, 301

—— of the eye, 299

-—— of the beart, 59

—— true and false, 302

Nervous system acts as com-
bining organ, 22

Nervous system and innerva-
tion, 283

Nervous tissue, 827

Neurilemma, 2183, 327
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Nitrogen, 4

—— gtarvation, 155
Nucleated cell, 68
eNuclei, 28, 68, 308
Nuttrggigm, 19

0.

(EsoPHAGUS, 8, 91

Olfactory nerves, 330

Optic nerve, 242

Optical delusions, 274
rbicularis muscle, 260

Otoconia or otolithes, 223

Oxidation, 21

Oxygen, 4, 21, 24, 78, 80,
112, 188

P

PALATE, 159
Pancreas, 8, 149
Pancreatic juice, 172
Papille, 200, 213
Paralysjs, 288, 291, 303
Parotid glands, 161
Pelvis, 14 . -
Pepsin, 167 @
Peptic glands, 167
Peptone, 168
Pericardium, 41, 284
Perilymph, 225, 232
Periosteum, 318
Peristaltic contraction, 179
Peritoneum, 1349 169
Perspoctive, 277
Perspiration, 129
Petrosal, 222
Phalanges, 7
Pharynx, 8,91, 161
Phosphate of lime, 13
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Phosphenes, 247, 275

Physiology, human, 2

Pia mater, 284

Pigment cells, 258, 317

Plasma, 64, 73, 83

Plura, 96

Plexuses, 307

Pneumogastric nerve, 60,
300

Portal circulation, 56

Pronation, eL92

Proteids, 152, 154, 158

Protein, 4, 162, 154

Pseudoscope, 280

Ptyalin, 162

Pulse, 63

Punctum lachrymale, 261

Purkinje's figures, 248

Pylorus, 167, 169

R.

RAcEMOSE glands, I'49

Receptacle of the chyle, 36

Rectum, 171

Reflex action, 107, 210, 292,
304, 305

Renal apparatus, 120

—— circulation, 127

—— excretion, 123

Reparation, 18

Regpiration, accompani-
ments of, 109

—— act of, described, 93¢

—— control of, 107

—— diaphragmatic and cos-
tal, 101

different in. the two

sexes, 102

essential part of, 89

——favours the circula-
tion, 110
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Respiration, mechanism of,
95, 98, 99, 106 *

Respiratory apparatus analo-
gous to circulatory, 107

—— sounds, 108

Retina, 89, 244, 276

Ribs, 18, 98

Iioltation and circumduction,

95

Sacrun, 13

Salamanders, blood-corpus-
cles of, 70

Saliva, 162

Salivary glands, 149, 162

Sarcolanma, 44, 327

Scala media of the cochlea,
222, 225

Scala‘}tym ani, 226

Scala vesfibuli, 226, 228

Scapula, 14

Scarf-skin (see Epidermis)

Sclerotic, 251

Sebaceous glands, 129, 148,
312

Secretory glands, 119
Semilunar valves, 45
Sensation and the-brajn, 17
and judgment, 265

and sensory organs,

209

“— a state of conscious-
ness, 210

Sensations, coalescence of,
263

—— subjective, 267

Senses, delusions of the,
266

Sensory organs, 17

Serous membranes, 42

INDEX.

Serumn, 42, 78

Sighing, 102

Sight, organ of, 439

Size, visual, 278

Skeleton®? 13

Skin, 10, 20, 118, 128

—— creeping and prickling
of the, 247

—— regpiratory function of
the, 128

——lungs, and kidneys
compared, 20, 133

Skull, 8, 13 ‘

Smell, effects of a bad, 16

——the sense of, 217—
221 :

Sneezing, 104

Snifting, 103

Sound, 233

Speech, 204

Sphincter, 122

Spinal column, 7

—— cord, 16, 284, 291
pleep, 8, 143

Spleni¢ artery and vein, 143

Squinting, 280

Stapedius, 233

Starch, 153

Stereoscopemythe, 281

Stimulus or irritation, 13,
209

Stomach, 166

Sublingual glands, 161

Submaxillary glands, 161

Sugar, 153

——in liver.blood, 140

Sulphuretted hydrogen, 114

Supination, 191

Supra-renal capsules, 143

Suspensory ligament, 252

Sutures, 320

Sweat-glands, 131, 148

Sweet- (see Pancreas)
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Sympathetic ganglia, 7, 8,
60, 283, 307
Qymmal membrane, 13, 188

Eomn, 152
Systoley

T.

TACTILE corpuscles, 214, 329
Taste, 217
Tgars, 262
I‘eeth 26, 159, 163, 321—

Temperature effect of, on
the blood, 74

Tendons, 196

Tensor tympani, 233

Thaumatrope, 279

Thoracic duet, 34

Thorax, 6, 95, 104

Thought, 210

Thymus gland, 143

Thyroid cartilage, 201

gland, 143

Tissue, aomnective, 11, 314

Tissue - forming food - stufis,
1568
Tissues, death of] '23

~— general character of, 11

—— minute
the, 308

—— regeneration of, 23

Tongue as organ of taste,
217

———not indispensable for
speech, 206

Tonsils, 160

Touch, 213—216

'I‘rachea, 91, 94

Trapezium, 190

Triceps muscles, 196

structure of
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Tricuspid valve, 44
Turbinal bones, 220
Tympanum, 230

U.

UREA, 4, 20, 123

Ureter, 121

Urethra, 123,

Uric acid, 123

Urine, comstituents of, 123
Urine, daily quantity of 123
Uvula, 159

V.

VAnvEs of the arteries,.33

——— of the heart, 44, 45

—— of the veins, 32, 43

Valvulee conniventes, 171 -

Vascular system, 26—32, 39

Vaso-motor centres, 297

~— nerves, 59, 295

Veins, 19, 28—32, 37, 131

Velum (soft alate), 1569

Vena cava, 3 I; 39, 56

—— porte, 39, 56, 134, 141,
169, 172

Venous%mlse, 111 .

Ventilation, 116

Ventricles of the brain, 297
298

—— of the heart, 389, 42,
3, 55

Ventriloquism, 274
Vermiform appendix, 170
Vertebrz, 7, 13

Vestibular sac, 224
Vi;:;gtions, transmission of,
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Villj, 86, 171

Vision, single and double,
276, 280

Visual size and form, 277

Vital actions, 22

Vitreous humour, 223, 251

Vocal chords, 91, 200

Voice and speech, 204—208

—— modulation of, 205

——- quality and range of,
204

INDEX.

Ww.

WarlkiNg and
197--199
Warmtrand coldn®®s; 215

running,

Water, elimination of, 20,

95 . .
Windpipe, 91, 107
Work and waste, 2, 7
Working of the heart, 47, 49
——— of the heart’s vessels, 51

THE END.
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LIST* OF EDUCATIONAL BOOKS.

CLASSICAL.

ASCHYLI EUMENIDES. The Greek Text, with English Nbtes,
apd English Verse Translation and an Inoduction. By BERNARD
D=RAKE, M.A,, late Fellow of King’s College, Cambridge. 8vo.
7s. 6d. .

The Greek Text adopted in this Edition is based upon that of Wellauer,
which may be said in general terms to represent that of the best manu-
scripts. But in correcting the Text, and in the Notes, advantage has been
taken of the suggestions of Hermann, Paley, Linwood, and other com-
mentators.

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI
KLENCHI. With a Translation and Notes by Ebwsgn PosTE,
M.A., Fellow of Oriel College, Oxford, 8vo. 8. 6d.

Besides the doctrine of Fallacies, Aristotle offers either i:l this treatise, or
in other passages quoted in the commentary, various glances over the
world of science anﬂ Spinion, various suggestions on problems which are
still agitated, and a vivid picture of the ancient system of dialectics, which
itis goped may be found both interesting and instructive.

¢ It is not only sc}.nolarlike and careful ; it is dlso perspicuous.”—Guardian.

ARISTOTLE—~AN INTRODUCTION TO ARISTOTLE'S '
RIHETORIC. With Analysis, Notgs, and Appendices. By
E. M. CorE, Senior Fellow and Tutor of Trinity College, Cam-
bridge. 8vo. 14+
This work is introductory to an edition of the Greck Text of, ‘Aristolle’s
Rhetoric, which is in course of preparation, -

¢ Mr. Cope has given a very useful appendage to the promised Greek Text ;
but also 2 work of so much independent use that he is quite justified in his
separate publication. All who have the Greek Text will find themselves
supplied with a comment ; and those who have not will find an analysis of
the work.”—A theneum.

CATULLI VERONENSIS LIBER, edited by R. ELLIs, Fellow of
Trinity College, Oxford. 18mo. 3s. 64.

“ It is little to say that no edition of Catullus at once so scholarlike has ever
appeared in England.”—A thencum. i

¢ Rarely have we read a classic author with so reliable, acute, and safe a
guide.”—Saturday Review.



EDUCATIONAL BOOKS.

CI/ICERO.—THE SECOND PHILIPPIC ORATION. With an
Introduction and Notes, translated from the German of KaArLs
HaLM, Edited, with Corrections and Additions, by Joun E. B,

¢ MaYor, M.A., Fellow and Classical Lecturer of St. John'’s Col-
lege, Cambridge. Third Edition, revised . Fcap. 840n 55
“ A very valuable edition, from which the student may gather much both j
e way of information directly icated, and directious to oth?l
sources of knowledge.”—A theneunt.

DEMOSTHENES ON THE CROWN. The Greek Text with
English Notes. By B. DRAKE, M.A., late Fellow of King’s
Lollege, Cambridge. Third Edition, to which is prefixed
ZESCHINES AGAINST CTESIPHON, with English Notes. Fcap.
8vo. 55 3

The terseness and felicity of Mr. Drake’s translations constitute perhaps
the chief value of his edition, and the historical and archaological details
necessary to understanding the /)¢ Corond have in some measure been
anticipated in the notes on the Oration of Aschines. In both, the text
adopted in the Zurich edition of 1851, and taken from the Parisian MS.,
has been adhered to without any variation. Where the readings of
Bekker, Dissen, and others appear preferable, they are subjoined in the
notes.

HODGSON.—MYTHOLOGY FOR LATIN VERSIFICATION.
A Briéf Sketch of the Fables of the Ancients, prepared to be
rendered into Latin Verse for Schools, By F. Hobpcson, B.D,,
late Provost of Eton. New Edition,*revised by F. C., HobasQy,
M.A. 18mo. 35 :

Intending the little book to®be entirely elementary, the Author has made it
as easy as he could, without too largely superseding the use of the Dic-
tionary and Gradus. Dy the facilities herc afforded, it will be possible, in
many cases, for a boy to get rapidly through these preparatory exercises ;
and thus, having mastered the first difficulties, h& may advance with better
hox%cs of improvement to subjects of higher character, and verses of more
difficult composition. *

JUVENAL, FOR SCHOOLS. With English Notes. By J. E. B.
MaYOR, M\A. New and Cheaper Edition. Crown 8vo.
¢ [Z72 the Press.

¢ A School edition of Juvenal, which, for really rine scholarship, extensive
acquaintance with Latin literature, and familiar knowledge of Continental
criticism, ancient and modern, is unsurpassed, we do not say among Eng-
li]gh School-books, but among English editions generally,”—Zdinburg/s,
eview. M

LYTTELTON.—THE COMUS of MILTON rendered into Greek
Verse, By LorD LYTTELTON, Extra fcap. 8vo. Second Edition.
55,

— THE SAMSON AGONISTES of MILTON rendered into
Greek Verse. By LorD LYTTELTON, Ixtra feap. 8vo, 6s. 6.



CBASSICAL. 5

MARSHALL.—A TABLE OF IRREGULAR GREEK VERBS,

' Classified according to the Arrangement of Curtius’s Greek
grrammare By J. M. MarsHaLL, M.A., Fellow and late Igc-
ture{ of Brasenose College, Oxford ; one of the Masters in Clifton
Collef, » 8vo. clotl® 1.

MAVOR_FIRST GREEK READER, Edited after KARL HaLM,
with Corrections and large Additions by the Rev. JouN E. B,
Mavor, M.A., Fellow and Classical Lecturer of St. John’s College,
Cambridge. I'cap. 8vo. 6.

MAYOR.—GREEK for BEGINNERS. By the Rev. JosrpH B.
Mavor, M.A.  With Glossary and Indek.  Fcap. 8vo. 4. 67.

MERIVALE.—KEATS' HYPERION rendered into Latin Verte,
By C. MERIVALE, B.D. Second Edition. Extra feap. 8vo.
35, 64,

PLAT0O.—THLE REPUBLIC OF PLATO. Translatgd into En-
glish, with an Analysis and Notes, by J. LL Davres, M.A., and
D. J. VaucHAN, M.A. Third Edition, with Vignette Portraits
of Plato and Socrates, engraved by JEENS from an Arfique Gem.
18mo. 4s. 6d.

L] .

B3BY.—A LATIN GRAMMAR for the Higher Classes in Grammar
Schools. By I J. Rory, M.A.; based on the ‘Elementary
Latin Gtammar.” ' [7n the Press.

SALLUST.—CATL SALLUSTIT CRISPI Catilina et Jugurtha.
For use in Schodls (with copious Notes). By C. MerivaLk, B.D.
(Tn the present Fdition the Notes have,been carefullv revised, and
a few remarks and explanations added.) Second Edition. Fcap.

8vo. 4. 6d.

The Jugurtha and the Catilina may e had separately, priae-2s. 6d.
each. i

TACITUS.—THE HISTORY OF TACITUS translated into ENG-
LISH, By A.]. CuurcH, M.A., and W. J. BRoDRIBB, M.A.
With Notes and a Map. 8vo. 10s. 64.

“ Every classical student will do well to purchase this excellent translation,”
. —Educational Times.
It furnishes a very close translation, in thoroughly readable idiomatic
English."—British Quarterly Review,

— THE AGRICOLA and GERMANY. By the same translators,
With Maps and Notes; Extra fcap. 8vo. 25, 6d.
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THRING.—Works by Edward Thring, M.A., Head Master of
Uppingham School :—

-4 A CONSTRUING BOOK. Fcap. 8vo. 25 64.° o
This Construing Book is drawn up on the samg sort of gradyatqd,scale as the
Author’s Engli.\'h Grammar. pPanssa\ 23 rcxvl\ft of thcg;esp L?\'n“,n Poets :m:

gradually built up into their perfect shape. The few words altered, or in-

serted as the passages go on, are printed in Italics. It is hoped by this
plan that the learner, whilst acquiring the rudiments of language, may
store his mind with good poetry and a good vocabulary.

— A LATIN GRADUAL. A First Latin Construing Book for
“Beginners. Fcap. 8vo. 2s. 6d.

The main plan of this little work has been well tested. .

‘T'he intention is to supply by easy steps a knowledge of Grammar, combined
with a good vucabular{'; in a word, a book which will not require to be
forgotten again as the learner advances.

A short practical manual of common Mood constructions, with their English
cquivalents, form the second part.

— A MANUAL of MOOD CONSTRUCTIONS. Extra feap.
8vo. 1f. 64.

THUCYRIDES.—THE SICILIAN EXPEDITION. Being Books
VI. and VIL of Thucydides, with Notes. A New Ldition, revised
and enlarged, with a Map. By the Rev. PERCIVAL Frost, M. A.,
late Fellow of St. John’s College, Catibridge. Feap. 8vo. 55,3

This edition is mainly a grammatical one. Attention is called to the force
of compound verbs, and the exact meaning of the various tgnses cmployed.

WRIGHT.—Works by J. Wright, M.A., late I{ead Master of
Sutton- Coldfield School :— -

[)

— HELLENICA; Or,,a HISTORY of GREECE in GREEK,

as related by Diodorus and Thucydides, being a First Greck

Reading Book, with Explanatory Notes Critical and Historical,
Third Edition, with a Vocabulary. 12mo. 3s. 64.

In the last twenty chapters of this volume, Thucydides sketches the risc and
progress of the Athenian Empire in so clear a style and in such simple
language, that the author doubts whether any easier or more instructive !
Eas?kgcs can be selected for the usc of the pupil who is commencing

reek, @

— A HELP TO LATIN GRAMMAR; Or, the Form and Use
of Words in Latin, with Progressive Exercises. Crown 8vo.
4s. 6d.

“Necver was there a bettar aid offered alike to teacher and scholar in that
arduous pass. The style is at once familiar and strikingly simple and
lucid ; and the explanations precisely hit the difficulties, and thoroughly
explain them.”—Znglisk Fournal of Education.
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WRIGHT.—Works by J. Wright, M A.— Continued,

' — THE SEVEN KINGS OF ROME. An Easy Narrative,
gbridged from the First Book of Livy by the omission of diffigplt
passpges, being a First Latin Reading Book, with Grammatical
Note: s'cap. 8vo. 935,

Tyis work is intended to supply the pupil with an easy Construing-book,
which may at the same time be made the vehicle for instructing him in
the rules of and principles of position. Here Livy tells his
own pleasant stories in his own pleasant words. Let Livy be the master
fo teach a boy Latin, not some English collector of sentences, and he will

not be found a dull one.

— A VOCABULARY AND EXERCISES on the “SEVEN
KINGS OF ROME.” Fcap. 8vo. 25 62, :

The Vocabulary and Exercises may also be had bound up with
““The Seven Kings of Rome,” price §s.

MATHEMATICAL.

AIRY—Works by G. B. Airy, Astronomer Royal :—

.— ELEMENTARY TRBATISE ON PARTIAL DIFFEREN-
TIAL EQUATIONS Designed for the use of Students in the
Universjty. With Diagrams.  Crown 8vo. cloth, 5s. 6d.

It is hoped that the methods of solution here explained, and the i
exhibited, will ke found sufficient for application to nearly all the important

problems of Phgrsical Science, which require for their complete investiga- «
tion the aid of partial differential equations.

— ON THE ALGEBRAICAL AND NUMERICAT, THEORY
of ERRORS of OBSERVATIONS, and the COMBINATION
of OBSERVATIONS. Crown 8vo. cloth, 6s. 6d.

— UNDULATORY THEORY OF OPTICS. Designed for the
use of Student®in the University, New Edition, Crown 8vo.
cloth, 6s. 6d.

T ON SOUND and ATMOSPHERIC VIBRATIONS. With
the Mathematical Elements of Music. Designed for the use of
* Students of the University. Crown 8vo. 9s.

BAYMA.—THE ELEMENTS of MOLECULAR MECHANICS.
By JosepH Bavma, S.J., Professor of Philosophy, Stonyhurst
College. Demy 8vo. cloth, 105 64,
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BOOLE.—Works by G. Boole, D.C.L., F.R.8., Professor of
Mathematics in the Queen’s University, Ireland :—
A TREATISE ON DIFFERENTIAL EQUATIONS.  New
and Revised Edition. Edited by I. TODHUNTER.  Crown 8vo,
cloth, 14s.

The author has endeavoured in this Treatise to convey as com%cte an a
count of the present state of knowledge on the subject of Differential
Equations, as was consistent with the idea of a work intended primarily
for elementary instruction. The earlier sections of each chapter contain
that kind of matter which has usually been thought suitable to the beginner,
while the later ones are devoted either to an account of recent discovery,
or the discussio'of such deeper questions of principle as are lixely to pre-
sent themselves to the reflective student in connexion with the methods
and processes of his previous course. e

-— A TREATISE ON DIFFERENTIAL EQUATIONS Sup-
plementary Volume. Edited by I. TopuuNTER. Crown 8vo.
cloth, 8. 6d.

— THE CALCULUS OF FINITE DIFFERENCES. Crown
8vo. cloth, 10s. 64. .
This work is in some measure designed as a sequel to the Treatise on
Differential Equations, and is composed on the same plan, )
BEASLEV,—AN ELEMENTARY TREATISE ON PLANE
TRIGONOMETRY. With Examples. By R. D. BESLEY,
M.A., Head Master of Grantham <arammar School. Second
Edition, revised and enlarged. Crown.8vo. cloth, 3s. 6d. e
This T'reatise is specially intended for use in Schools. The choice of mutter
has been chiefly guided by the requirements of the three days’ Examna-
tion at Cambridge, with the exception of proportional parts in Logarithus,
which have been omutted. About Fowr kundred Examples have been
added, mainly coll 1 from the Examination Phpers of the last ten years,
and great pains have been taken to exclude from the body of the work any
which migflt dishearten a beginner by their difficulty.
CAMBRIDGE SENATE-HOUSE PROBLEMS and RIDERS,
WITH SOLUTIONS :—
1848—183‘1.—PROBLEMS. By FERRERS and JACKSON. 8vo. cloth.
155, 6d. :
1848—1851.—RIDERS. By Jampson. 8vo. cloth. 7s. 62.
1854.—PROBLEMS and RIDERS. By WALTON and MACKENZIE,,
8vo. cloth. 10s. 6d.
1857.—PROBLEMS and RIDERS. By CamrioN and WALTON.
8vo. cloth. 8s. 6d.
1860.—PROBLEMS and RIDERS. By WarsoN and ROUTH.
Crown 8vo. cloth. 7. 6d.
1864.—PROBLEMS and RIDERS. By WALTON and WILKINSON.
8vo. cloth, 105 64,
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CAMBRIDGE COURSE OF-ELEMENTARY NATURAL PHI-
N LOSOPHY, for the Degree of B.A. Originally compiled by
J. C. SnowsaLL, M.A., late Fellow of St. John’s College. Fift?r
Edition, revised and enlarged, and adapted for- the Middle-Chuss
LExangnagions by Tgomas Lunp, B.D., Late Fellow and Lecturer
-of St. John’s College; Editor of Wood’s Algebra, &c. Crown

% 8vos cloth. 5s.

CAMBRIDGE AND DUBLIN MATHEMATICAL FOURNAL.
THE CoMPLETE WORK, in Nine Vols. 8vo. cloth. £7 45

(Only a few copies remain on h‘md.)

CANDILER —HELP to ARITHMETIC. Designed for the sse of
Sghools. By M. CANDLER, M.A., Mathematical Master at
Uppingham.  Fcap. 8vo. 2s. 6d.

CHEYNE.—AN ELEMENTARY TREATISE on the PLANBT-
ARY THEORY. With a Collection of Problems. By C. H. H.
CuryNe, B.A. Crown 8vo. cloth, 6s. 6d.

— THE. EARTII’S MOTION of ROTATION, B)' C. H. H.
CHEYNE, M.A. Gown 8vo. 3s. 6d.

CIHI1.DE—THE SINGULAR PROPERTIES of the ELLIPSOID
and ASSOCIATED SURFACES of the Nth DEGREE, B?'
the Rev. G. F. CHILRgE, M.A,, Author of ‘Ray Surfaces,”
¢“Related Caustics,” &p  8vo. 10s. 6d.

2
CARISTIE—A COLLECTION OF ELEMENTARY TEST-
QUESTIONS in PURE and MIXED MATHEMATICS ; with
Aunswers and  Appendices on Synthetic Division, and on the
Solution of Numerical Equations by Horner’s Method. By JaMES
R. Curistie, ®.R.S., late First Mathematical Master at the
Royal Military Academy, Woolwich. , Crown 8vo. cloth, 8s. 6d.

DALTON.—ARITHMETICAL EXAMPLES. Progressively ar-
ranged, with Exercises and Examination Papers. By the Rev.
T. Darton, M.A., Assistant Master of Lton Colleges 18mo,
cloth. 2s. 6d. o

DAY.—PROPERTIES OF CONIC SECTIONS PROVED
GEOMETRICALLY. Part I, THE ELLIPSE, with Problems,
By the Rev. H. G. Day, M. A., Head Master of Sedbergh Grammar
School.  Crown 8vo. 3. 6d.

DODGSON.—AN ELEMENTARY TREATISE ON DETER-
MINANTS, with their Application to Simultancous Linear Equa-
tions and Algebraical Geometry. By C. L. Dongson, M.A.,
Mathematical Lecturer of Christ Church, Oxford. Small 4to.
cloth, 105, 64.
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DREW.—GEOMETRICAL TREATISE on CONIC SECTIONS.
By W. H. DrEw, M.A., St. John’s College, Cambridge. Third
Edition. Crown 8vo. cloth, 4s. 6d. N

In this work the subject of Conic Sections has been placed before the student
in such a form that, it is hoped, after masteripg the elemefts ¢f Kuclid, he
may find it an easy and interesting continuation of his geometrical studies.
With a view also of rendering the work a complete Manual of what is rgg
quired at the Universities, there have been either embodied into the text,
or inserted among the examples, every book-work question, problem, and
rider, which has been proposed in the Cambridge examinations up to the
present time.

— §OLUTIONS T THE PROBLEMS IN DREW’S CONIC
SECTIONS. Crown 8vo. cloth, 4. 6d.

FERRERS.—AN ELEMENTARY TREATISE on TRILINEAR
CO-ORDINATES, the Method of Reciprocal Polars, and the
Theory of Projections. By the Rev. N. M. FERRERS, M.A,,
Fellow and Tutor of Gonville and Caius College, Cambridge.
Second Edition. Crown 8vo, 6s. 64.

The object of the author in writing on this subject has mainly been to place
it on a basis altogether independent of the ordinary Cartesian system, in-
stead of regarding it as only a special form of Abridged Notation. A short
chapter on Determinants has been introduced.

FROST.THLE FIRST THREE SECTIONS of NEWTON’S
PRINCIPIA, With Notes and Tllustrations. Also a Collection
of Problems, principally intended ts Examples of Newton’s
Methods. By PERCIVAL Frost, M.A., late Fellow of St. Jolgys, '
College, Mathematical Lecturer of King's College, Cambridge.
Second Edition. 8vo. cloth, 10s. 6. i

The author’s principal intention is to explain difficultics which may be-cn-
counteréd by the student on first reading the Rrincipia, and to illustrate
the advantages of a carcful study of the methodszmployed by Newton, by
showing the extent to which they may be applied in the solution of prob-
lems; he has also engdeavoured to give assistance to the student who is
engaged in the study of the higher branches of Mathematics, by repre-
senting in a geometrical form several of the processes employed in the
Differential and Integral Calculus, and in the analytical investigations of

ynamics,

FROST and WOLSTENHOLME.—A TREATISE ON SOLID
GEOMETRY. By PrrcivAL Frost, M.A., and the -Rev. J.
WoLSTENHOLME, M.A., Fellow and Assistant Tutor of Christ’s
College. 8vo. cloth, 18s. )

The authors have endeavoured to present before students as comprehensive
a view of the subject as possible. Intending as they have done to make
the subject accessible, at least in the carlier portion, to all classes of
students, they have endeavoured to explain fully all the processes which
are most useful in dealing with ordinary theorems and problems, thus di-
recting the student to the sclection of methods which are best adapted to
the exigencies of each problem. In the more difficult portions of the sub-
ject, they have idered th Ives to be addressing a higher class of
students’; there they have tried to lay a good foundation on which to build,
if any reader should wish to pursue the science beyond the limits to which
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GODFRAY.—A TREATISE on ASTRONOMY, for the use of
Colleges and Schools. By HuGH GoDFRAY, M.A., Mathematical
Jeecturer at Pembroke College, Cambridge. 8vo. cloth. 125 64.

“We can recommend for its purpose a very good T'realise on Astronomy

’ ‘r Mr. Godfray. ¢lt is a working book, taking astronomy in its proper
place in mathematical science. But it begins with the elemenmrﬁ de-
Sinitions, and connects the mathematical formula very clearly with the
visible aspect of the heavens and the instruments which are used for ob-
serving it.”"—Guardian.

— AN ELEMENTARY TREATISE on the LUNAR THEORY.
With a brief Sketch of the Problem up tq the time of Ngwton.
By HucH Goprray, M.A. Second Edition, revised, Grown
8vo. cloth. §s. 64, .

HEMMING.—AN LELEMENTARY TREATISE on the DIF-
FERENTIAL AND INTEGRAL CALCULUS, for the dse
of Colleges and Schools. By G. W. HeEmMING, M.A., Fellow
of St. John’s College, Cambridge. Second Edition, with Cor-
rections and Additions. 8vo. cloth. 9s.

JONES and C.I{E YNE.—ALGEBRAICAL EXERC}SES. Pro-
gressively arranged. By the Rev, C, A, Jonks, M.A., and C. H.
CHryne, M.A., Mathematical Masters of Westminster School.
New ILidition. 18mo. cloth, 2s. 6d. .

“T'his little hook is intendgd to meet a difficulty which is probably felt more
<2 or less by all engaged 1n teaching Algebra to beginners. Tt is that while
. new ideas arc being &cquired, old oncs arc forgotten. In the belief that
congtant practice is the only remedy for this, the .present serics of miscel-
laneous exercises has been prepared. Their peouliarity consists in this,
that though miscellancous they are yet progressive, and may be used by
the pupil almos? from the commencement of his studies. ."They are not in-
tended to sup@sede the sys ically arranged ples to be found in®
ordinary treatises on Algebra, but rather to supplement them.
The book being intended chiefly for School8 and Junior Students, the higher
parts of Algebra have not been included. '

KITCHENER.—A GEOMETRICAL NOTE-BOOK, containing
Easy Problems in Geometrical Drawing preparatory to she Study
of Geometry.  For the use of Schools. By F. E, KITCHENER,
M.A., Mathenmtical Master at Rugby. 4to. 2s.

MORGAN.—A COLLECTION of PROBLEMS and EXAMPLES
in Mathematics,. With Answers. By H. A, MorGaN, M.A,,
Sadlerian and Mathematical Lecturer of Jesus College, Cambridge,
Crown 8vo. cloth, 0s. 6d.

This book contains a number of problems, chiefly clementary, in the Mathe-
matical subjects usually read at Cambridge.” They have been selected
from the papers set during late years at Jesus college.  Very few of them
are to be met with in other collections, and by far the larger number are
due to some of the most distinguished Mathematicians in the University.
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PARKINSON.—Works by 8. Parkinson, B.D., Fcllow and Pree-
lector of St. John’s College, Cambridge :—

— AN ELEMENTARY TREATISE ON MECHANICS. « For
the use of the Junior Classes at the Upjversity and the. Higher
Classes in Schools. With a Collection of Examples. Third
Edition, revised. Crown 8vo. cloth, gs. 6d. N

The author has endeavoured to render the present volume suitable as a
Manual for the junior classes in Universities and the higher classes in
Schools. In the Third Edition several additional propositions have been
incorporated in the work for the purpose of rendering it more complete,

/'- and lﬂc Collecti® of Examples and Problems has been largely increased,

— A TREATISE on @PTICS. Second Edition, revised.” £rown
8vo. cloth, 105, 64,

A collection of Examples and Problems has been appended to this work
which are sufficiently numerous and varied in character to afford useful
excrcise for the student: for the greater part of them recourse has been
had to the Examination Papers set in the University and the several Col-
leges during the last twenty years.

-

PHEAR.—ELEMENTARY HYDROSTATICS. With numerous
Examples. By J. B. Puear, M.A,, Fellow and late Assistant
Tutor & Clare College, Cambridge. Fourth Idition. Crown 8vo.
cloth, 3s. 6d. «

¢ An excellent Introductory Book. The &finitions are very clear; thc{ﬁi'
scriptions and explanations arc sufficiently full and intclligible ; the W=
vestigations are simple and scientific. The examples greatly enhance its
value.”—Eunglish Yournal of Education. .

PRATT.—A TREATISE on ATTRACTIONS, TLAPLACE’S
FUNCTIONS, and the FIGURE of the €£ARTH. By Joun
H. PratT, M.A., Arghdeacon of Calcutta, Author of ¢ The
Mathematical Principles of Mechanical Philosophy.”  Third
Edition, Crown 8vo. cloth, 6s. 6d.

PUCKLE.—AN ELEMENTARY TREATISE on CONIC SECT-
IONS and ALGEBRAIC GEOMETRY. With numerous Ex-
amples and hints for their Solution ; especiallydesigned for the use
of Beginners. By G. H. PuckLE, M.A., St. John's College,
Cambridge, Head Master of Windermere College.  Third Edition,
enlarged and improved. Crown 8vo. cloth, 7s. 64.

The work has been completely re-written, and a considerable amount of new
matter has been added, to suit the requirements of the present time.

REYNOLDS. —MODERN METHODS IN ELEMENTARY
GEOMETRY. By E. M. RevNoLps, M.A,, Mathematical
Master in Clifton College. Crown 8vo, 3s. 6d.



MATHEMATICAL.® 13

AWLINSON.—ELEMENTARY STATICS. By G. RAWLIN-
soN, M.A. [Edited by EDWARD STURGES, M.A., of Emmanuel
College, Cambridge, and late Professor of the Applied Sciences,
Elphinstone College, Bombay. Crown 8vo. cloth. 4s. 64, 7

Buslished under thedauthority of H. M. Secretary of State for use in the
Government Schools and Colleges in India. .
4 “@his Manual may take its place among the most exhaustive, yet clear and
simple, we have met with, upon the composition and resolution of forces,
equilibrium, and the mechanical powers.”—Oriental Budget.

ROUTH.—AN ELEMENTARY TREATISE on the DYNAMICS
of a SYSTEM of RIGID BODIES. .With Examples, By
EpwarDp JoHN RourH, M.A., Fellow and Assistant Tuwor of
St. Peter’s College, Cambridge; Examiger in the University of
London,  Second Edition. Crown 8vo. cloth, 14s.

SMITH,—A TREATISE on ELEMENTARY STATICS. 8y
J. H. SmitH, M.A., Gonville and Caius College, Cambridge.
8vo. §s. 6d.

— A TREATISE on ELEMENTARY HYDROSTATICS. By

J. H. Smiti, M.A.  8vo. 4s. 6d. ’
— A TREATISE on ELEMENTARY TRIGONOMETRY. By
J. I Smrti, M.A. 8vo. 55 )

SMITH,—Works by Barpard Smith, M.A., Recfor of Glaston,
Rutlandshire, late Fellow and Scnior Bursar of St. Peter’s College,
& = Cambridge :— .

— ARITIIMETIC and ALGEBRA, in their Principles and Ap-
plication, with numerous Systematically arranged Examples, taken
from the Cambridge Examination Papers, with especial reference
to the Ordinary s#xamination for B.A. Degree. Tenth Edition,
Crown 8vo. cloth, 105 64,

This work is now extensively used in S choods and C oll-ges both at home and
in the Colonies. Tt has also been found of great service for students pre-
paring for the MiDnLE-CLAss AND CIviL AND MiLITARY SERVICE Ex-
AMINATIONS, from the care that has been taken to elucidate the principles
of all the Rules. :

— ARITHMETI¢ FOR SCHOOLS. New Edition, Crown
8vo. cloth, 4s. 6d.

— COMPANION to ARITHMETIC for SCHIOOLS. [Preparing.
— A KEY to the ARITHMETIC for SCHOOLS, Scventh
~ Edition, Crown 8vo., cloth, 8s. 6d.

— EXERCISES in ARITHMETIC. With Answers. Crown
8vo. limp cloth, 2s. 64. Or sold separately, as follows :—Part I.
1s.; Part II, 1. ANSWERS, 6.

These Exercises have been published in order to give the pupil examples in
every rule of Arithmetic. The greater number have been carefully com-
piled from the latest University and School Examination Papers.



14 EDUCATIONAL BOOKS.

SMITH.—Works by Barnard Smith, M.A.—Continued.

~— SCHOOL CLASS-BOOK of ARITHMETIC. 18mo. cloth,
¢ 3% Orsold separately, Parts I and IL 10d. each ; Part III. 15

— KEYS to SCHOOL CLASS-BOOK of ARITHMETIZ. Com-
lete in one Volume, 18mo., cloth, 6s. 6d. ; or Parts L., IL., and
11, 25 6d. each. ! )

— SHILLING BOOK of ARITHMETIC for NATIONAL
and ELEMENTARY SCHOOLS. 18mo. cloth, Or separately,
Jart L 2d.; Part€i. 3d.; Part IIL 74, ANSWERS, Gd.

THE SAME, with Answers complete. 18mo. cloth, 1s, 6.

- KEY to SHILLING BOOK of ARITIIMETIC. 18mo. cloth,
4s. 64,

— EXAMINATION PAPERS in ARITHMETIC., In Four
Parts. 18mo. cloth, Is. 64. THE SAME, with Answers, 18mo.
15, 9d. ¢

— KEY to EXAMINATION PAPERS in ARITHMETIC.
18mo. Cloth, 4s. 64.

SNOWPBALL.—PLANE and SPHERICAL TRIGONOMETRY.
With the Construction and Use of Tables of Logarithms, <3
J. C. SNvowsaLL, Tenth Edition. Crown 8vo, cloth, 7s. 6d.

TAIT and STEELE.—~DYNAMICS of a PARTICLE. With
. Examples. By Professor TAIT and Mr. STEELE. New Edition.
Crown 8vo. cloth, 105, 64.
In this Treatise will b found all the ordinary propositions connected with
the Dtynamics of Particles which can be conveniently deduced without the
use of D’Alembert’s Principles. Throughout the book will be found a
number of illustrative Examples introduced in the text, and for thc most
art completely worked out; others, with occasional solutions or hints to*
assist the student, are appended to each Chapter.

‘
TAYLOR.—~GEOMETRICAL CONICS; including Anharmonic
Ratio and Projection, with numerous Examples, By C. TAYLOR,{
B.A., Scholar of St. John’s College, Cambridge. Crown 8vo.
cloth, 7s. 6d.

TEBAY.—ELEMENTARY MENSURATION for SCHOOLS.'
With numerous Examples. By SEpTiMUS TEBAY, B.A., Head
Master of Queen Elizabeth’s Grammar School, Rivington. Extra
feap. 8vo. 3s. 6d.
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TODHUNTER.—Works by I. Todhunter, M.A., F.R.8., Fellow
and Principal Mathematical Lecturer of St. John’s College, Cam-

. pridge —

— THE ELEMENTS of EUCLID for the use of COLLEGES
and 8CMOOLS. New Edition. 18mo. cloth, 3s 6d.

(— AL&EBRA for BEGINNERS. With numerous Examples.
New Ldition. 18mo. cloth, 2s. 6d.

— KEY to ALGEBRA for BEGINNERS. Crown 8vo., cl., 6s. 6d.

— TRIGONOMETRY for BEGINNERS, With nupgerous
Examples. New Edition. 18mo. cloth, 2s. 6d. "
Intended to serve as an introduction to- the lagger treatise on Plane Trigo-
nometry, published by the author. The same plan has been adopted as in
the Algebra {or Beginners: the subject is discussed in short chapters, and
o .

a coll ples is hed to each chapter. »

— MECIHANICS for BEGINNERS. With numerous Examples.
18mo. cloth, 4s. 64.

Intended as a companion to the two preceding books. The work forms an
elementary treatise on Demonstrative Mechanics. 1t mdy be truc that
this part of mixed mathematics has been sometimes made too abstract and
speculative ; but it can hardly be doubted that a knowledge of the elements
at lcast of the theory of the subject is extremely valuableagyen for those
who are mainly concerned with practical results. ‘The author has accord-
ingly endeavoured to provide a suitable introduction to the study of applied
as well as of theoreticalyMechanics.

~= A TREATISE on, the DIFFERENTIAL CALCULUS.
With Examples. Fourth Ldition. Crown 8vo. cloth, 105 64.

—- A TREATISE on the INTEGRAL CALCULUS. Third
Edition, revised sand enlarged. With Examples. Crown 8vo.
cloth, 10s 64. ** -

— A TREATISE on ANALYTICAIL, STATICS. With Ex-
amples. Third Edition, revised and enlarged. Crown 8vo. cloth,
105, 6d.

— PLANE CO-ORDINATE GEOMETRY, as applied] to the
Straight Line and the' CONIC SECTIONS. With numerous
Examples. Fourth Edition. Crown 8vo. cloth, 7. 6d.

— ALGEBRA. For the use of Colleges and Schools.  Fourth
Edition, Crown 8vo. cloth, 7s. 64.

This work contains all the propositions which are usually included in ele-
mentary treatises on Algebra, and a large number of £xamples for Ex-
ercise.  The author has sought to render the work easily intelligible to
students without impairing the accuracy of the demonstrations, or contract-
ing the limits of the subject. The Examples have been selected with a
view to illustrate every part of the subject, and as the number of them is
about Sixteen hundred and fifty, it is ho‘)cd they will supply ample exer-
cise for the student. Each set of Examples has been carefully arranged,
commencing with very simple ises, and p di Jually to those
which are less obvious, .
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TODHUNTER.—Works by I. Todhunter, M.A.—Continucd.

— PLANE TRIGONOMETRY. For Schools and Colleges.
( Third Edition. Crown 8vo. cloth, 5s. ' PR
The design of this work has been to render the subject intelligikle to be-
ginners, and at the same time to afford the $udent the opportunity of ob-
taining all the information which he will require on this branch of Mathe:
matics. Each chapter is followed by a set of Examples ; those. which af
entitled Miscellancons E xamples, together with a few in some of the othe:
sets, may be advantageously rescrved by the student for exercise after he
has ‘made some progress in the suh}jlect In the Second Edition the
hints for the sol of the Examples have been iderably increased.
— §¢ TREATISE® ON SPHERICAL TRIGONOMETRY.
second Fdition, enlarged. Crown 8vo. cloth, 4s. 6.

This work is construcfd on the same plan as the Treatise on Plant Trigo
nometry, to which it is intended as a sequel.  Considerable Jabour has
been expended on the text in order to render it comprehensive and ac-
curate, and the Kxamples, which have been chicfly selected from Uni-

. versity and College Papers, have all been carefully verified.

— EXAMPLES of ANALYTICAL GEOMETRY of THREE
DIMENSIONS. Second Edition, revised. Crown 8vo. cloth, 4s.

— AN ]iLEMENTARY TREATISE on thq THEORY of
EQUATIONS. Second Edit., revised. Cr. 8vo. cl., 7. 64.

WILSOVEELEMENTARY GEOMETRY. Part I Angles,
Parallels, [Triangles, and Equivalent Figures, with the Application
to Problems. By J. M. WiLson, ¥ A., Fcllow of St. ]olm’r;
College, Cambridge, and Mathematical Master in Rugby School:
Extra fcap. 8vo. 2s. 6d. .

41t is an actual substitute for the first two books of Euclid, in which many
of his propositions are drawn out from the gpnception of straightness,
parallelism, angles, with wonderful case and sinimlicity, and the methods
employed have the great merit of suggesting a ready application to the
solution of fresh problems.”—Guardian.

— ELEMENTARY GEOMETRY, Part II. THE CIRCLE AND
PrororTiON. By J. M.-WiLson, M. A, Extra feap. 8vo. 2s. 64.

— A FREATISE on DYNAMICS. By W. P. WiLsoN, M.A.,
Fellow of St. John’s College, Cambridge; and Professor of
" Mathematics in Queen’s College, Belfast.  8ve. 9s. 6.

WOLSTENHOLME.—A BOOK of MATHEMATICAL PROB-
LEMS on subjects included in the Cambridge Course. By JOSEPH
WorsTENHOLME, Fellow of Christ’s College, sometime Fellow of
St. John’s College, and lately Lecturer in Mathematics at Christ’s
College. Crown 8vo, cloth. 8s. 6d.

ConteNTs: Geometry (Euclid).—Algebra.—Plane Trigonometry.—Conic
Sections, Geometrical.—Conic Sections, Analytical. —Theory of Equations.
—Differential Calculus.—Integral Calculus.—Solid Geometry —Statics.—
Dynamics, Elementary.—Newton.—Dynamics of a Point.—Dynamics of
a Rigid Body.—Hydrostatics.—Ggometrical Optics.—Spherical Trigono-
metry and Plane Astronomy.
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AIRY.—POPULAR ASTRONOMY. With Ilustrations. By G. B,
- Ardy, Astronomer Royal. Sixth and Cheaper Edition. ~ 18mo.
cloth, 4s. 64.

¢ Popular Astronomy in general has many manuals ; but none of them super-
sede the Six Lectures of the Astronomer Royal under that title. Its
speciality is the direct way in which every step is referred to the observatory,
and in which the mcthot?; and instruments ﬁyy_ ich every obse§yation is
made arc fully described. This gives a sense of solidity and substance to
ical which is obtainal ‘5 in no other way.”—Guardian.

GEIKTE.—ELEMENTARY LESSONS in PHYSICAL GEO-
"LOGY. By ArcuiBaLp Grikik, F.R.S., Director of the Gee-
logical Survey of Scotland. [Preparing.

HUXLEY.—LESSONS in ELEMENTARY PHYSIOLOGY.
With numerous Illustrations. By T. H. HuxLEy, F.R.S., Pro-
fessor of Natural History in the Royal School of Mirgs. Scventh
Thousand.  18mo. cloth, 4s. 64.

““Itis a very small boak, but pure gold throughout. There is not a waste
sentence, or a superﬂl“xus word, and yet it is all clear as daylight. It
exacts close attention fiom the reader, but the attention will be repaid by
a real acquisition of knowledge. And though the book is so small, it
manages to touch on some of the very highest problems. . . .. ‘The whole
book shows how true it is that the most elementary instruction is best

» given by the highest masters in any science.”—Guardian.

“The very best ®descriptions and explanations of the principles of human®
llahysiology which have yet been written by an Englishman."—Saturday

Review.

QUESTIONS on HUXLEY’S PHYS%OLOGY for SCHOOLS.
© By T. ALcock, M.D. 18mo. 1Is, 64. .

LOCKYER—ELEMENTARY LESSONS in ASTRONOMY.
With Coloureé¢ Diagram of the Spectra of the Sun, Stars, and
Nebule, and numerous Illustrations. By J. NORMAN LOCKYER,
F.R.A.S. 18mo. 3s 6d.

¢ Forms an admirable introduction to the study of astronomy. While divested
of anything like irrelevant disquisition it is popular in its method of treat~
ment, and written in clear and easily comprehended language.”—£duca-
tional Times.

‘Tt is remarkably clear and conipact, the illustrations are also of unusual
excellence. No other book on the suhject that we know is at once so small
and so good.”—Grardian.



18 EDUCATIONAL BOOKS.

OLIVER.—LESSONS IN ELEMENTARY BOTANY. With
nearly Two Hundred Illustrations. By DANJEL OLIVER, F.R.S.,+
F.L.S. Yourth Thousand. 18mo. cloth, 4s. 6d. - -

“The manner is most fascinating, and if it does not succeed in making this
division of science interesting to every one, we do not think ag.ything can.
..« Nearly 200 well d woodcuts are d through the text,
and a valuable and copious index completes a volume which gve cannot
praise too highly, and which we trust all our botanical readers, Young and
old, will possess themselves of "—Popular Science Review. y

““To this system we now wish to direct the attention of teachers, feeling
satisfied that by some such course alone can any substantial knowledge of
plants be conveyed with certainty to young men educated as the mass of

§ our medical stydents have becn. ~ We know of no work so well suited to

' direct the botafical pupil’s efforts as that of Professor Oliver's, who, with
views so practical and with great knowledge too, can write so accurately

and clearly.”—Natugal History Review. .

.
RISCOE.—LESSONS in ELEMENTARY CHEMISTRY, In-
« organic and Organic. By Hrnry Roscog, F.R.S., Professor
of Chemistry in Owen's College, Manchester. With numerous
Tllustrations and Chromo-Litho. of the Solar Spectra. Twelfth
Thouszad.  18mo. cloth, 4s. 6d.

It has been the endeavour of the author to arrange the most important facts
and principles of Modern Chemistry in a plain hut concise and scientific
foflui, suited to the present requircments of elementary instruction.  For
the purpose of facilitating the attainment of exactitude in the knowledge of :

the subject, a series of exercises and questions upon the lessons have been
added.  The metric system of weights and measures, and the centigrade

thermometric scale, are used throughout.the work. - -
“A small, p carcfully elaborated und well arranged manual.”—
Spectalor.

MISCELLANEOUS;"

ATLAS of EUROPE. G1ose Eprrion. Uniform in size with'
Macmillan’s Globe Series, containing 48 Coloured Maps, on the
same scale Plans of London and Paris, and a copious Index,
stropgly bound in half-morocco, with flexible back. 9s.

Noricre.~This Atlas includes all the Countries of Europe in a Series of
Forty-eight Maps, drawn on the same scale, with an Alphabetical Index to
the situation of more than 10,000 Places ; and the relation of the various
Maps and Countries to cach other is defined in a general Key-Map.

“In the series of works which Messrs, Macmillan and Co.are pnblishing
under this general title (Gloke Series) they have combined portableness
with scholarly accuracy and typographical beauty, to a degree that is
almost unprecedented.  Happily they are not alone in employing the
highest available scholarship in’the preparation of the most el
educational works ; but their exquisite taste and large resources secure an|
artistic result which puts them almost beyond competition, This lmlq
atlas will be an invaluable boon for the school, the desk, or the traveller’s
portmanteaw.”—British Quarterly Review.
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BATES and LOCKYVER.—A CLASS BOOK of GEOGRAPHY,
. adapted to thejrecent Programme of the Royal Geographical
Society.. By HJ W. BaTEs and J. N. Lockyeg, F.R.A.S.

[ 77 the Press.

CAMEUS ffom ENGBISH HISTORY. From Rollo to Edward IL. .
By the Author of ¢ The Heir of Redclyffe.” Extra feap. 8vo, s

“They arc a serics of vivid pictures which will not casily fade from the
minds of the young people for whom they are written.”—Guardian.
¢ An admirable schoorbuok. We know of no elementary history that com-
bines, in an equal degree, accurate knowledge with the skilful presentation
of it.”—British Quarterly Review.
“ Instead of dry details we have living pictures, aithful, vivid, andgtriking.”
—Nonconformist.

EARLY EGYPTIAN HISTORY for the Young. With Descriptions
of the Tombs and Monuments. New Fdition, with Frontispigce.
Feap. 8vo. 5.

“ Artistic appreciation of the picturesque, lively humour, unusual aptitude for
handling the childish intellect, a pleasant style, and sufficient learning,
altogether free from pedantic parade, are among the good qualities of this
volume, which we cordially recommend to the parents & inquiring and
hook-loving boys and girls.”—Atkcneum. .

““This is one of the most perfect books for the young that we have ever seen.
The author has hit the best possible way of interesting angone, young or
old.”—Literary Churchman.

HISTORICAL SELECTIONS. Readings from the hest Authorities
on English and European History, Selected and Arranged by
L. M. SEwkLL and«C. M. YONGE. Crown 8vo. 6s.

“ Geperal histories are apt to be dry and meagre: but particular periods or
subjects have been treated brilliantly and attractively by different authors.
If these could be made to tell, by well-selected extracts, a continuous, or
nearly i tale, the ad ge would obviously be great. This is
what Miss Stwell and Miss Yonge have attempted in the volume before us.
‘T'he extracts are well chosen, the volume is exceedingly interesting, and
the superiority. both in the communicagion of permanent knowledge, and
in the discipline of taste, which it possésses over all ordinary school his-
tories, is enormous. We know of scarcely anything which is so likely to
raise to a higher level the average standard of English education.”—7%e
Guardian. .

HOLE.—A (iEl{EALOGICAL STEMMA of the KINGS of ENG-
~ LAND and FRANCE, By the Rev. C.erE. On Sheet. Is.

— A BRIEF BIOGRAPHICAL DICTIONARY. Compiled and
Arranged by CHaRLES IIoLE, M. A., Trinity College, Cambridge.
Second Edition, 18mo., neatly and strongly bound in cloth, 4s. 6d.

The most comprehensive Biographical Dictionary in English,—containin,
morc than 18,000 names of persons of all countrics, with dates of birth an
doath, and what they were distinguished for.

# An invaluable addition to our Is of refe , and from its moderate
priqq, it caunat fail to become as popular as it is useful."—7imes.
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HOUSEHOLD (A) BOOK OF ENGLISH POETRY. Selectec
and arranged, with Notes, by R. C. TRDNCH,!D .D., Archbnshop of
Dublin. Extra feap. 8vo. 55 6.

““The Archbishop has conferred in thls delightful volumc an important gift
on the whole English- spcakmg population of the world."—anll Mall
Gasette.

** Remarkable for the number of fine poems it conhms that are not found in
other collections,”—Kxpress.

“The selection is made with the most reﬁned taste, and with excellent

. Judgment."—Birminghan: Gazctte,

FEPHSON.—SHAKESPEARI’S TEMPEST. With Glossary and

E?:]mmtory Notgs By the Rev. J. M. JEPusoN. 18mo. Is. 6d.

OPPEN.—FRENCH READER. For the use of Colleges and
Schools. Containing % Graduated Selection from Modern Authors
¢ in Prose and Verse; and copious Notes, chiefly Etymological.

+ By EpwWARD A. OrpEN.  Fcap. 8vo. cloth, 4s. 6d.

A SHILLING BOOK of GOLDEN DEEDS. A Reading-Book for
Schoolscand General Readers. By the Author of ““The Heir of
Redclyffe.”  18mo. cloth.

“To collect in a small handy, volume some of thc most couspicuous of these
(cxﬁnplcs told in a graphic and spirited style, was a happy idea, and the
result 15 a little book that we are surc will be in almost constant d:.m'md in
the parochial libraries and schools for whlch it is avowedly intended.”—
Educational Times.

A SHILLING BOOK of WORDS from ¢he POETS. ByC. M.'
VAUGHAN, 18mo, cloth,

THRING.—Works by Edward Thring, M. A., Head Moster of
Uppingham :—
- THE ELEMENTS of GRAMMAR taug‘m in ENGLISH.
With Questions. Fourth Edition. 18mo. 2.

— THE CHILD'S GRAMMAR. Being the substance of ‘The
Elements of Grammar taught in English,” adapted for the use of
Juniop Classes. A New Edition.  18mo. Is.

The author'’s cffort in these two books has been to point out the broad,
beaten, every-day F‘\th, carefully avoiding dxgressmnt into the bye-ways
and eccentricities of language. This work took its rise from questionings
in National Schools, and the whole of the first part is mercly the writin,
out in order the answers to questions which have been used already with
success. Its success, not only in National Schools, from practical work
in which it took its rise, but also in classical schools, is full of encourage-
ment,

-~ SCHOOL SONGS. A “collection of Songs for Schools. With

the Music arranged for Four Voices. Edited by the Rev. E.
*TuriNe and H. Riccrvs,  Folio. 7. 6d.



DIVINITY. « -« 21

DIVINITY.

EASTI’OOD.—THE BIBLE WORD BOOK. A Glossary of Old
English Bible Words. By J. Eastwoop, M.A., of St. John’s
College, and W. ALbis WRIGHT, M.A., Trinity College; Cam-
bridge. _ 18mo. 5. 64.

TARDWICK.~—A HISTORY of the CHRISTIAN CHURCH.
1DDLE AGE.  From Gregory the Great to the Excommunication
of Luther: By ARcuDEACON HarDpWIcK. Edited by Francs
Procrer, MLA,  With Four Maps constructed for this work by,

A. KEITH JonnsToN. Second Edition. Crown 8vo. 105, 6d.

— A HISTORY of the CHRISTIAN CHURCH “during the
REFORMATION. By ArcubEACON IHHARDWICK. Revised by
FRraNcis PROCTER, M.A. Second Edition. Crown &9, 10s. 64.

IIACLEAR.—Works by hc Rev. G, F. Macleaf, B.D., Head
¢ Master of King’s'Col_lege School, and Preacher at the Temple
Church :—

— A CLA3S-BOOK of OLD TESTAMENT HISTORY. Fourth
Edftion, with Four Maps. 18mo. cloth, 4s. 64.
“ A work whichYor fulness and accuracy of information may be confidently

recommended to teachers as onc of the best text-hooks of Scripture History
which can be put into a pupil's hands."—%ducational Fimes.

A CLASS-BOOK of NEW TESTAMENT HISTORY : in-
cluding the Connection of the Old and New Testament. With
Four Maps. Second Edition. 18mo, cloth. 5. 64, '

# Mr. Maclear has produced in this handy little volume a singularly clear

and orderly arrangement of the Sacred Story. .. . His work is solidly and
letely done."—A ¢

P

A SHILLING BOOK of OLD TESTAMENT HISTORY,
for National and Elementary Schools. With Map. 18mo. cloth.

A SHILLING BOOK of NEW TESTAMENT HISTORY,
for National and Elementary Schools, With Map. 18mo. cloth.
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MACLEAR.—Works by Rev. G. F. Maclealt, B.D.— Continued.

— CLASS BOOK of the CATECHISM. f the CHURCH c
ENGLAND. Second Ldition. 18mo, cloh, 2s 6.

““Ittis indeed the work of a scholar and divine, and as such though Axtremel
simple it is also extremely instructive. The.'e are few dergy who woul
not find it useful in preparing candidates for confirmaticn ; and there ar
not a few who would find it uscful to themselves as well"O-Literar
Churchman. '

— A FIRST CLASS-BOOK of the CATECHISM of the CHURCI
* of ENGLAND, with Scripture Proofs, for Junior Classes an
Sghools,  18mo. 6d. [y

— THE ORDEK OF CONFIRMATION. A Sequel to th
Crass-Book ofF Ti[E CHURCH CATECHISM, comprising—Th
Service of Confirmation, Explanation, Nates, Texts, and suitabl
Devotions. 18mo. 3d.

‘PROCTER.—A TIISTORY of the BOOK of COMMON PRAYER
with a Rationale of its Offices, By FRrRANCIS PROCTER, M.A
Seventh Ldition, revised and enlarged. Crown 8vo. 10s. 6d.

In the course of the last twenty years the whole question of Liturgical know
ledge has been reopened with great learning and accurate research, and i
isgreainly with the view of epitomizing their extensive publications, an
correcting by their help the errors and misconceptions which had obtaine:
currency, that the present volume hag been put together.

PROCTER and MACLEAR —AN EI,_ET\‘IENTARY INTRODUC
TION to the BOOK of COMMON PRAYER. Third Editiod
re-arranged and supplemented by an Explanation of the Mornin;
and Kvening Prayer and the Litany. By the Rev. . ProcrEi
and the Rev. G. F. MACLEAR. 18mo. 25 64.

PSALMS of DAVID Chronologically Arranged. - By FOUurR FRIENDS
An amended version, with Historical Introduction and Explanator;
Notes. Crown 8vo.,e10s. 6d.

It is a work of choice scholarship and rare dclicacy of touch and feeling.
—DBritish Quarterly.

RAMSAY.—THE CATECHISER’S MANUAL; or, the Churcl
Catechism illustrated and explained, for thg use of Clergymen
Schoolmasters, and Teachers. By ARTHUR Ramsay, M.A
Second Edition. 18mo. 1s. 6d. )

SIMPSON,—AN EPITOME of the IITSTORY of the CHRIST
IAN CHURCH. By WiLLiam SimpsoN, M.A.  Fourtt
Edition. Fcap. 8vo, 3s 6d. .

SWAINSON.—A HAND-BOOK to BUTLER'S ANALOGY.
By C. A. SwainsoN, D.D., Norrisian Professor of Divinity al
Cambridge. Crown 8vo. 1s. 64.

o
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WESTCOTT.—A d ‘FNERAL SURVEY of the HISTORY of the
CANON of the NEW TESTAMENT during the First Four
Ccnturiesi By B lookr Foss Wesrtcorr, B.D., Assistant Master
at Harrow., Sed nd Edition, revised. Crown 8vo. 10s, 64,

'H?.A( or has endgavourcd to connect the history of the Ne# Testagent
Canon Yith the vth and consolidation f the Church, and to poin out
,3|e relalion existing betwceeri the amount of cvidence for the authenticity

f its component parts and the whole mass of Christian literature.  Such a
method of inquiry will convey both the trucst notion of the connexion of
the written Word with the living Body of Christ, and the surcst conviction

- of its divine authority. .

“Mr. Westcott's ‘ Introduction to the Study of the Gospels,” and his * History
of the Canon’ are two of the best works of the kind to be foundgin any
literature, and exhibit the solidity of English®udgment in confination
with a fulness of learning which is often assumed to be a monopoly of the

» Germans.”—Daily News. .

- INTRODUCTION to the STUDY of the FOUR GOSPELS.
By Brookk Foss Westcorr, B.D. Third Editio, Crown
8vo. 10s. 6d.

“I'his book is intended to be an Introduction to the Stndy of the Gospels. - In
a subject which involves so vast a litcrature much must he¢ been over-
looked ; but the author has made it a point at least to study the researches
of the g'n.::lt writers, and consciously to neglect none.

. -»
- A GENERAL VIEW of the HISTORY of the ENGLISH
BIBLLE. By BrookE §ogs WestcorT, B.D. Crosvn 8vo. 10s. 64.

*¢"The first trustworthy aoount we have had of that unique and marvellous
monument of the piagy of our ancestors,”—Daily News.

- THE BIBLE in the CHURCH. A Topular Account of the.
Collection and Reception of the Holy Scriptures in the Christian
Churches. Secoftd Edition, By Brookk I'oss WesrtcorT, B.D.®
18mo. cloth, 4s."6d.

TIIE GOSPEL of the RESURRE®TION. Thoughts on its
Relation to Reason and IHistory. By Brooxkk Foss WEesTcoTT,
B.D. New ldition. Fcap. 8vo. 4s. 64.

7ILSON,—AN ENGLISH HEBREW and CHALDER LEXI-
CON and CONCORDANCE to the more Correct Understanding
of the English translation of the Old Testament, by reference to
the Original Hebrew. By WiLriam WiLsoN, D.D., Canon of
Winchester, late Fellow of Queen’s College, Oxford. Second
Edition, carefully Revised. 4to. cloth, 25s.
The aim of this work 15, that it should be useful to Clergymen and all per-
sons engaged in the study of the Bible, even when they do not possess a

knowledge of Hebrew ; while able Hebrew scholars have borne testimony
to the help that they themselves have found in it.
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BOOKS ON EDUCAT’ON';--

AFNOLR.—A FRENCH ETON; or, Mlddle-Ch!scq,,‘ wsgtion a
the State. By MATTHEW ARNOLD: Fenp. 8vo. ‘%ﬂt‘ 25, 6d.,

‘A very interesting dissertation on the system of secondary instruction
France, and on the advisability of copying the system i England,’
Saturday Review.

— GCHg}OI .S and UNIVERSITIES on the CONTINENT. 8v
. I’\"

BL/IAF—A VI%IT to some AMERICAN SCHOOLS and Cc,
LEGES. By SorHm Jex BLAKE. Crown 8vo. cloth, 6.

‘“ Miss Blake gives a hvmg picture of the schools and colleges themselves |
whu.h that education is carried on. "-—Pall Mall Gazette.

ESSAYS ON A LIBERAL EDUCATION. By CHARLES STUAI
PARK¥R, M.A., HENRY SipewIcK, M.A., Lorp HouGHTO:
JoHN SEELEY, M. A., Rev. F. W, FARRAR, M. A, F.R.S., &
E. hBOWEN,MA F.R.A.S., J. W. HALES, MA J
WiLseti, M. A., F.C. S F.R.A. S W. JornsoN, M. A.. Ldm
by the Rev. F. Ww. I‘ARRAR, M.A,, F.R. S., late Fellow of Trini
College, Cumbridge ; Fellow of ngc College, London ; Assis
ant Master at Harrow ; Author of \Chaptem on L'mguage '
&c.  Second Edition,  8vo. cloth, 10s:6d.

FARRAR.—ON SOME DEFECvTS' ﬁIN PUBLIC SCHOO
EDUCATION. A Lecture delivered at the Royal Institutio
With Notes and Appendices. Crown 8vo. .

THRING.—EDUCATION AND SCHOOL. By the Rev. Enwar
THRING, M.A., Ilead Master of Uppingham. Second Editicy
Crown 8vo. cloth, 6s. o

YOUMANS. —MODERN CULTURE: its True Aims and Requir
ments. A Series of Addresses and Arguments on the Claims
Scientific Education. Edited by EDwARD L. Youmans. M.1
Crown 8vo. 8s. 6d.

HIATUS: THE VOID in MODERN EDUCATION, its CAUS
and ANTIDOTE. By OUTIs. 8vo. Br- 6d.
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