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PREFACE TO THE SIXTH EDITION.

A consipErABLE number of illustrations have been
added to this editiop ; and several of .them have
been taken, not from the I-Iuman sub]ect but from
the Rabbit, the Shelp, the Dog, and the Frog, in
order to aid those, who,ein accordance with the
recommendation contained in the Preface té the
Second Edition, attempt to make their knowledge
real, by acquiring some practical |scquaintance w1th
‘the facts of Anatomy and Physiology.

My thanks are again due to my fnend Dr. Foster,
F.R.9, for many valuable suggestions, and, more
especially, for the trouble he has taken in super-
intending the execution of the new woodcuts.

LoNvoN, September 1872,






*PREFACE TO THE SECOND EDITION.

‘Tuk present edition of the “ Lessons in Elementary
Physiology,” has been very carefully revised. A few
woodcuts have been added; others have been re-
placed by better ones, as in the case of «the figures
of the retina, which émbody the results of Schultze’s
latest researches. . . ¢

Some additions (but as J’ew as possible, lest the
book shoul 1 insensibly lose its elethefitary charakter)
have beecn made ; among the most important I count
the very useful “Table of Anatomical and Phy51-
dlogical Constants” drawn up for me by, Dr. Michaef
- Foster, for whose friendly aid I am again glad to
express my thanks.

It will be well for those who attempt to stydy
Elementary Physiology, to bear in mind the impor-
tantg truth that the knowledge of science which i
attainable by mere reading, though infinitely detter
,than ignorance, is knoyledge of a very differerft kind
from that which arises from direct contact yith fact ;



viii FREFACE TO SECOND EDITION.

anG that the worth of the pursuit of science as an
intellectual discipline is almost lost by those who
seek it only in books.

As the majority of the readers of these Il.essons
will assuredly have no opportunity of studying ana-
tomy or physiology upon the human subject, these
remarks may seem discouraging. But they are ot
so in reality. For the purpose of acquiring a prac-
tical, though elementary, acquaintance with physi-
olagical ar.atomy 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
correspouding parts of = sheep ; while the phenomena
of the circulation, and many of the most important
properties of liviag tissues, are better shown by the
common frog than by aiy of the higher animals.

Under these circumstances there really is no reason
why the teaching of elementary physiology should not
be made perfectly sound and thorough. But it should
be remembered that, unless the learner has previously
acquired a knowledge of the elements of Physics and
of Chemistry, his path will be beset with difficulties
and delays. .

T. H. H.

"LONDON, Fuly 1868,



PREFACE TO THE FIRST EDITION.

THE following “Lessons in Elementary Physiology ”
are primarily intended to serve the purpose of a
text-hook for teachers and learners in boys’ and girls’
schools.

My object in writinfy them *has been to set down,

in plain and concise language, that which any person
who desires to become adquainted with the prin-
ciples of Human Physiology may dcarn, with agfair
prospect of having but little to uplearn as our know-
ledge widens. .
« It is only by inadvertence, or from an ertor in*
Judgment, therefore, that the book cbntains any
statemgnt, or doctrine, which cannot be regarded as
the common property of all physiologists. I have
endeavoured simply to play the part of a sieve, aild
to separate t.he well-established and essential from
the doubtful and the unimportant portions of the
vast mass of knowledge and opinion we call Hiiman
Yhysiology.



PREFACE 70 F/IRST LEDITION.

The originals 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.

m; RoyaL S¢HOOL OF MINES, LOND(N,
Oclober 1866.
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LESSONS

IN

ELEMENTARY PHYSIOL®OGY.

LESSON I

A GENERAL VIEW OF THE STRUCTURE s1ND
FUNCTIONS OFf THE HUMAN BODY.
- L °

1. THE body of a livin§ man performs a great diversity
of actions, some of which are quite obvious ; others re-
quire more or less careful observation ; and.yetothers gan
be detected only by the employment of the most delicate
appliances of science. -

Thus, some part of the hody of a living man is plainly
always in motion. Even in sleep, when the limbs, head,
anfl cyelids may be still, the incessant rise angl fall of the
chest continue to remind us that we are viewing slumber
and not death.

More dareful observation, however, is needed to detect
the motion of the heart ; or the pulsation of the arteries
or the changes in the size of the pupil of the eye with vary-
ing light ; or to ascertain that the air which is breathed out '
of the lsody is hatter and damper than the air which is taken °
in by breathing, o

. And lagtly, when we try to ascertain what happens in
the eye when that organ is adjusted to different distances :
B
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c .
or what in a ncrve when it is excited : or of what materials
flesh gn blood are made : orin virtye 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 and chemistry ; and all
the delicacies of the ait of experiment.

2. The sum of the facts dnd generalizations at which we
arrive by these various modes of inquiry, be they simple,
i be they refined, concerning the actions of the body and
the manner in which those actions are brought about, con-
stitutes the science of Human Physiology. An clementary
outline of this science, and of so much anatomy as is inci-
dentally necessary, is the subject of the following Lessons ;
of which I shall devote the prescnt’to an account of so

.much of the %tructure and such of the actions (or, as they

are technically called, “functions”) of the body, as can be
ascertained by easy observation ; or might be so ascer-
tained if the bodies of men werc as easily procured, exa-
mined, and subjected to experiment, as thgsc 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 wcighed a healthy living mam with gieat
care, let pim walk upfand down the chamber for an hour.
;In doing this he will obvipusly exercise a great amount of

jmechanical force ; as much, at least, as would be required
todift his weight us high and as often as he has raised him-,
selt at every step. But, in addition, a certain quantity of cl.c
ice will be melted, or converted into water ; showing that
the man has giver. off heat in abundance. Furthermore, if
the air which enters the chamber be made to pass through
lime-water,cit will cause no cloudy white precipitate of
carbonate of lime, because the quantity of carbonic acid
in ordinary air is so small as to be inappreciable in this
way. But if the air which passes out is made to take the
same course, the lime-water will soon becothe milky, from
the precipitation of carbonate of lime, showing the pre-
sence of carbonic acid, which, like the heat, is given off by
the man, ' N

Aqgain, even if the air be quite dry as it enters the cham. -
ber {and the chamber be lined with some material so as to
shut out all vapour from the ntelting ice walls), that which



1.] WORK AN WASTE. 3

is bieathed out of the man, and that which is given off
from his skin, will exbibit clouds of vapour; whicll vepour,
therefore, is derived from the body. .

After the expiration of the hour during which the expe-*
riment has lasted, let the man be released and weigited
once more. Ile will be found to have lost weight. o .

Thus a living, active, man constantly exerts mechanical!
force, gives off heat, evolves carbonic acid and water, an.d'
undergoes a loss of substance.

4. Plainly, this state of things could not continue for
an wlimited period, or the man would dwindle to nothing.
But long before the effects of this gradual diminution of
substance become apparent to a bystander, they are felt
Dy the subject of the cxpcriment in the form of ne twé
imperious scnsations called hunger and thifst. ¢'To silll ¢

- these cravings, to restore the weight of the body to its
former amount, to cnable it to continue giving out heat,
water and carbonic acid, at the same rate, for an indefinite
period, it is absolutcly necessary that the hody should be
supplicd with cach of three things, and with three only.
“These are, firstly, fresh air ; secondly, drink—consisting
- of water in some shape or other, hawever much # hay be
‘adulterated ; thirdly, food. That® compound known to
chemists as profeid matigr, and whieh containe carbon,
hydrogen, oxygen, and nitrogen,.must forfi a part of this
food, if 1t is to sustain life indefinitely ; and fatty, starchy,
or saccharine matters ought to be contaled in the foé,
if it is to sustain life cqnveniently.

5. A certain proportion of the matter taken in as food
cither cannot be, or at any rate is not, msed ; and lcaves
the body, as cxcremesititious matter, having simply passed
theough the alimentary canal without undergoing much
change, and’ without ever being incorporated with the
actual sypstance of the body. But, under healthy con-
ditions, and when only so much food as-is necessary is
taken, no important proportion of either proteid matter,s
or fat, or starchy or saccharine food, passes out of the

ody as such. Almost all real food leaves the body in
he forh either &f water, or of carbonic acid, or of a third
substance called #rea, or of certain sa/ine compoundse

Chemisgs have determined that these products whicheare
thown out of the body and %are called excretions, contain,

P B 2
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if taken altogether, far more oxygen than the food and
water ¢aken into the body. Now, the only possible source
whence the body can obtain oxygen, except from food and
‘water, is the ai¢ which surrounds it.! And careful inves-
tigation of the air which leaves the chamber in the imagi-
nary experiment described above would show, not onlv
that it has gained carbonic acid from the man, but that it
has lost oxyger in equal or rather greater amount /o him.
* 6. Thus, if a man is nejther gaining nor losing weight,
the sum of the weights of-all the substances abovg cnume-
rated which leave the body ought to be cxactly equél to
the weight 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.

¢ ‘Henée it Tol'ows that a man in health, and “neither
gaining nor losing flesh,” is 7ncessantly oxidating and
wasting away, and periodically making good the loss.
So that if, in his average condition, he could be confined
in the scale-pan of a delicate spring balance, like that
used for weighing letters, the scale-pan would descend at
every meal, and ascend in the intervals, oscillating to
cqual ®distances on each side of the average position,
which would never be ‘maintained for longer. than a few
minutes.e There is? therefore, @0 such thing as a sta-
tionary conditién of the weight of the body, and what we
call such is simply a condition of variation within narrow
lithits—a conditbon in which the gains and losses of the
numerous daily transactions of the economy balance one
another,

- 7. Suppose tifs diurnally-balanced phvsiological state
to be reached, it can be maintained only so long as 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
swould have undergone without that eXertion will be
immediately increased by a definite amount, which
cannot be made good unless a proportionate amount of

v

t Fresh country air contains in every 100 parts' nearly a1 of oxygen and
79 of nitrogen gas, together with a small fraction of & part of garbonic acid,
a minute uncertain p-oportion of ammogia, and a variable quantity of watery
vapour. (See Lesson LV. § 11.)
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extia food be supplied to him. Let the température ofe
the air fall, and thg same result will occur, if hig body
remains as warm as before.

On the other hand, diminish his excrtiop and loWer his
production of heat, and either he will gain weight,eor
some of his food will remain unused.

Thus, in a properly nourished man, a stream of Yood is
constantly entcring the body in the shape of complex
compounds conlaining comparatively little oxygen; #s
constantly, the elements of tht food (whether before or
afteg 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
dmpounds which enter the body are definitely propor-
tioned to the amount of force the body exerss, witthersin,
the shape of hcat or otherwise ; just in the same way as
the amount of work to be got out of a steam-engine, and
the amount of hcat it and 1ts furnace give off, bear a strict,
proportion to its consumption of fuel. -

8. From these gencral considerations regarding the
nature of life, considered as physiological work, we
may turn for the purpose of taking a like braadesurvey
of the apparatus which toes the work. We have seen
the general performance of the engpe, we may,now look
at its build. ¢ .

The human. body is obviodsly separable into Aead,
trunk, and limbs. In the head, the bmain;case or skw//
is distinguishable from the face. The trunk is naturffly
divided into the chest or 7iorax, and the belly or aéddo-
men. Of the limbs there are two pajgs—the upper, or
arms, and the lower, or /egs; and legs and arms again
art subdivided by their joints into parts whigh obviously
exhibit a rough correspondence—#iigk and upper armi,
leg and _fore-arm, ankle and wrist, fingers and 1oes,
plainly 2hswering to one another. And the two last, in
fact, are so similar that they receive the same hame of
digits; while the several joints of the fingers and toes
have the common denomination of pkalanges.

Theewhole bady thus composed (without the viscera) is
scen to be bilaterally symmetrical ; that is to say,gf it
were spljt lengthways by a great knife, which should be
made to pass along the middle line of both the dorsal and
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v ventral (or back and front) aspects, the two halves would
almost exactly resemble one another,

9. One-half of the body, divided in the manner de-
‘scribed (Fig..1, A), would exhibit, in the trunk, the
cw: faces of thirty-three bones, joined together by a
very strong and tough substance into a long column,
which hes much nearer the dorsal (or back) than the
wentral (or front) aspect of the body. The bones thus
¢at through are called thg bodies of the vertebre. They
separace a long, narrow canal, called the spinal canal,
which is placed upon their dorsal side, from the spadious
chamber of the chest and abdomen, which lies upon their
ventral side. There is no direct communication between
the dgorsal canal and the ventral cavity.

« ‘The $pina 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 d/a-
phragm (Fig.4, D), which is concave towards the abdo-

_men, and Copvex towards the thorax. The alimentary
canak(¥ig. 1, AL) trayerses these cavities frum one end to
the other, pigr‘c‘ing the diaphragin. So does a long double

- series of Jlistin® masses of neryous substance, which are

“called ganglia, arc conngcted together by nervous cords,
and constitute the sqvcalled sympathetic (Fig. 1,.5y.). The
abdomen contaius, in addiion to these parts, the two
kxfz’my:, one placed against each side of the vertebral
-columng*the liwer, the pancreas or “ sweetbread,” and the
Spleen. <The thorax encloses, besides its segment of the
alimentary canal and.of the sympathetic, the Aears and
the two /uxgs. The lattér are placed one on each sidc of
the heart, which lies nearly in the middle of the thorax.

Where the body is succeeded by the head, the upper-
most of the thirty-three vertebral bodies ig followed by a
«ontinuous mass of bone, which extends through the whole
length of the head, and, like the spinal column, separat.s
a dorsal chamber from a ventral one. The dorsal cham-

- ber, or cavity of the skull, opens iito the vpinal catial. It
congains a mass of nervous matter called tge brain, which
is continuous with the spinal cord, the brain and ¢he spinal
cord tegether constituting what is termed the cerebro-spinal
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A. Adiagrammatic section of th€ human body taken vertically through the
median plane. C.S. the cerebro-spinal nervous system ; &, the cavity of the
nose ; /8, that of thg mouth ; A/ A/ the ali y canal r d as ae
slmpllg straight tube ; &, the heart ; D, the diaphragm ; Sy. the sy mpathetic
ganglia. - .

B." A tragsverse vertical section of the head taken along the line 2 5 ; Jetters

~

before,
”t. A transverse section taken nloglg the line ¢ d; letters as before.
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v axis (Fig. 1, C.5., C.S.). The ventral chamber, or cavity
of the face, is almost entirely occupied by the month and
pharynx, into which last the upper end of the alimentary
«canal Ycalled gullet or asopiagus) opens.

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

Transversc sections, taken perpendicularly to the axis
of the vertebral column, or to that of the skull, show still
more chiarly that this is the fundamental structure of the
himan body, and that the great apparent difference be-
tween the head and the trunk is due to the different size
of the dorsal cavity rclatively to the ventral. In the head
the former cavity is very large in proportion to the sizc of
the (ter- (Fig. 1, B) ; inthe thorax, or abdomen, 1t is very
sm ig. 1, C). -

\.Thénplzglbs, contain ;no such chambers as are found in
the body and the head ¢ but, with the exception of certain
branching tubes filled .with fluid, which are called dlood-
wessels and Iyaphatics, arg solid ‘or semi-solid, throughout.

11, Sich being the general character and arrangement
ofethe parts of the human body, it will next be well to con-
sider into what constituents it may be separated by the
‘aid of no better means of discrimination than the eye and
the anatomist’s keife.

With no more elaborate aids than these, it becomes
ealy to separatc that tough membrane which invests the
whole body, and is called the skin, or éntegument, from the
parts which lie beneath it. Furthermore, it is readily
enough ascer.ained that this integument consists of two
portions : a superficial layer, which is cBnstantly being
shed in the form of powder or scales, composed of minutce
prticles of horny matter, and is called the epidermis;
and the deeper.part, the dermis, which is dense and4ibrous
(Fig. 32). The epidermis, if wounded, neither gives rise
to pain nor bleeds. The dermis, under likg circum-
stances, is very tender, and ‘blecds freely. A practieal

P
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distinction is drawn betwcen the two in shaving, ¥ .the,
course of which ogeration the razor ought ta cut®bdnly
epidermic structures ; for if it go a shade deeper, 1t gives
risc to pain and-blecding. . . .

The skin can be readily enough removed from all garts
of the exterior, but at the margins of the apertures of the
boly it seems to stop, and to be replaced by a layér which
is much redder, morc sensitive, bleeds more readily, and
which keeps itself continually moist by giving out a mere
or less tenacious fluid, calle® mucus. Hence, at these*
apertures, the skin is said to stop, and to be replaced by
mucous menbrane, which lines all those interior cavities,
such as the alimentary canal, into which the apertures,
open.  But, in truth, the skin does not really come to an
end at these points, but is dircctly contimuedeinto oth
mucous membrane, which last is simply an intefumeng v
greater dclicacy, but consisting fundamentally of the same
two layers,—a deep, fibrous layer, containing blood-vessels
and nerves, and a superficial, insensible, and blogdless
one, now called the epithelium. Thus every part ofthey
body might be said to be contained between “the walls of ¢
a double bag, formed by the epidgrmis, which jngests thes
outside of the body, andthe epishelium, its continuation,,
which lines the internal cavities. o,

12, The dermnis, and the deep, sanguing’Jayer, which-
answers to it in the mucous mémbranes, ate chieﬂ'y made
up of a filamentous substance, whicl yjelds abundant
gelatine on being boiled, and is the matter which4ans .
when hide is made into leather. This is called aredlar,
Jibrous, or, better, connective tissue.! The last nameis the
best, because this tissuc is the great connectipg medium ,
by which the different parts of the body are feld together.
Thus it passes from the ¢ermis 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 t horoughly
does the connective tissue permeate almost all parts of
the body, that if every other tissue coald be dissected
away®a complcte model of all the organs would be lefy
composed of this tissue. Connective tissue varieg, very

t Every such conatituent of the body, as epidermis, cartilage, or thuscl
# calied a * tissue " (See Lewon®X115 T o -
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much in character ; sometimes being very soft and tender,
at others—as in the tendons and ligaments, which are
almost wholly composed of it—attaining great strength
and dénsity. .

23. Among the most important of the tissucs imbedded
in and ensheathed by the connective tissue, arc some the
presence and action of which can be readily determined
during life.

& If the upper arm of a man whose anm is stretched out
he tightly grasped by another person, the latter, as the
former bends up his forc-arm, will feel a great soft miass
which lies at the fore part of the upper arm, swell, harden,
and become. prominent.  As the arm is extended again,
the swelling and hardness vanish.

On rémoving the skin, the body which thus changesits
configuration is found to be a mass of red flesh, sheathed
in connective tissue. The sheath is continued at cach end
into a_tenden, by which the muscle is attached, on the
one hahd, to the shoulder-bone, and, on the other, to one
of the bones of the fore-arm. This mass of flesh is'the
muscle’ called diceps, and it has the peculiar property of |
changieg its dimensions—shortcning and becoming thick |
in proportion to its decrease in‘length—when influenced
by the wjll as wellias by some other causes,' and of
retarning to its original, form when let alone. This
temporary change in thc dimensions of a muscle, this
shertening ar;(l kecoming thick, is spoken of as its con-
Yaghtion. It™fs by rcason of this property that muscular |

becomes the great motor agent of the body ; the
muscles being 46 disposed between the systems of levers
which support the body, that their contraction necesgi-
tates the mqtion of one lever upon another. ’

14. These levers form part of the system of hard
tissues which constitute the skelefon.  The less hard of
these are the cartilages, composed of a dgnse, firm sub-

tance, ordinarily known as * gristle.” The harder are the

ones, which arc masses either of cartilage, or of connec-
tive tissue, hardened by being impregnated with plhosphate
cand carbonate of lime. They are anima? tissues ‘which
have, become, in a manter, naturally petrified ; and when
the galts of lime are extracted, as they may be, by the

. * % Such causes are chllcd stimuli. ¢
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action of acids, a model of the bone in soft and flexible
animal matter remains. )

More than 200 separate bones arc ordinarily reckoned
in the human body, though the actual number of distinct-
bones varies at different periods of hife, many bones whwsh
aic separate in youth Lecoming united together in old age.
Thus there are originally, as we have scen, thirty-three
separate bodics of vertebrae in the spinal column, and the
upper twenty-four of these cgmmonly remain distin®
throughout life. But the twenty-fifth, twenty-sixth, twenty-
scvéth, twenty-eighth, and twenty-ninth early unite into
one gieat bone, called the sacrum,; and the four remain-
igg vertebree often run into ore bony mass- called tlhe
coccyr.  In early adult life, the skull contains twenty-two
paturally scparate bones, but in youth the” nyfiber 1s «
much greater, and in old age far less.  Twenty-four ribs
bound the chest laterally, twelve on cach side, and most
of them are connected by cartilages with the breast-bone.
In the girdle wlich supports the shoulder, two bones are
always distinguishable as the scapula and the clavigle.
The pelvis, to which the legs are attached, consists of two
separate bones called the ossa Znnominata in, (he adult ;
but cach os innominatum®is scpafable into threé (called
pubis, ischium, and ilinm) in the youhg. There are thirty
bones in each of the arms, and the same gfumber in each
of the legs, counting the patella, or knee pan. «

All these bones are fastened mgethcr”by.iljgaments, or
by .cartilages ; and where they play freely over o@»
another, a coat of cartilage furnishes the surfaces whicle
come into contact. The cartilages whieh thus form part
of a joint are called s ticular cartilages, and their frce
surfaces, by which they rub against cach other, arc lined
by a dehicate synovial membrane, which ‘secretes a lubri-
cating flgid— the synovia.

15. Though the bones of the skelcton are all strongly
enough connected together by ligaments and cartilages,.
the joints play so freely, and the centre of gravity of the
body, when crect, is so high up, that it is impossible to
make % skelet¢h or a dead body support itself in the *
upright position. That position, easy as it seems, isathe
result of ¢he contraction of a multitude of muscles which
oppose and balance one another. Thus, the foot affording
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. the surface of support, the muscles of the calf (Fig. 2, I)
must, cantract, or the legs and bod:y would fall forward.

)

1" 2.—A DIAGRAM ILLUSTRATING THE ATTACHMENTS OF SOME OF THE
MOST IMPORIANT MUSCLES WHICH KEEP THE BODY IN THE ERECT
PosTURE.

I. The muscles of the calf. II. Those of the bagk of the tikgh. III.
Those ot the spine.  These tend to keep the body from falling forward,

1. (The muscles of the front of the leg. 2. Those of the front of the thigh.
a. Those of th

e front of the abdomen. 4, 5. Those of the frong of the neck.
hese tend to keep the bodv from faliing “backwards i

¢ X The arrows indigate
the direction of action of the muscles, the foot being fixed. .
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But this action tends to bend the leg; and to neatralize
this and keep the - straight, the great muscles inwfront
of the thigh (Fig. 2, 2) must come into play. But these,
by the same action, tend to bend the body forward 3n the
legs ; and if the body is to be kept straight, they must e
neutralized by the action of the muscles of the buftocks
and of the back (Fig. 2, 111\

The erect position, then, which we assume so easily and
without thinking about it, is the result of the combined&
and accurately propoition~d action of a vast numb:r of
musdtles. What is it that makes them work together in’
this way?

o16. Let any person in the crect position receive a
violent blow on the head, and you know what occurs. On
the instant he drops prostratc, in a heap, wifh hi§ limBs
relaxed and powerless. What has happencd to him?
The blow may have been so inflicted as not to touch a
single muscle of the body ; it may not cause thq"_i’o;s of
u drop of blood : and, indeed, if the “bconcussibmFas it
is called, has not been 100 scvere, the sufferer, aftefd few
moments of unconsciousness, will come to himself, and
be as well as ever again, Clearly, therefores no per-
manent injury has been donc to hny part of the body,
least of all to the muscles, but an“influence bas been
cxerted upon a something whigch govers the muscles.
And this influcnce may be the cffect of wery. subtle
causes. A strong mental emotion, and*even-#&xery bud
:la)rlnell. will, in some people, produce the same effégt as a*

ow, T '

These ohservations might lead to the eonclusion that it
is ghe mind which directly governs the musclef, 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 stand-
ing upright as much as before, though their minds may,
have remained perfectly clear. And not only have they
lost the power of standing upright under these circumn-
stances, but th®y no longer retain any power of cither
feeling what is going on in their legs, or, by an aet of
their voltion, causing motion in them. -
‘17. And yet, though the mind is thus cut off from the
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fower limbs, a controlling and governing power over them
still remains in the body. For, if thc soles of the
disaBled fect be tickled, though no scnsation will reach
the body, the legs will be jerked up, just as would be the
case in an uninjured person. Again, if a serics of galvanic
shocks be sent along the spinal cord, the legs will per-
form ‘movements cven more powerful than those which
the will could produce in an uninjured person. And, finally,
Jf the injury is of such a nature that the cord is crushed
or profoundly disorganiztd, all these phenomena ceasc ;
Aickling the soles, or sending galvanic shocks along the
spine, will produce no effect upon the legs.

By examinations of this kind carried still further, we
arrive at the rcmarkable result that the brain is the
scat of all censation and mental action, and the primary
source bf all voluntary muscular contractions ; whilc the
spinal cord is capable of recciving an impression from
the exterior, and converting it not only into a simple
muscular contraction, but into a combination of such
actions.

Thus,.in general tcrms, we may say of the cercbro-
spinal nervous centres, that they have the power, when
they receive certain iimpressions from without, of giving
rise to simple or combined muscular contractions.

18. Bt you will further nofe that these impressions
from without are of very different characters. Any part
of the surfacé Qf the body may be so affected as to give
rise to the sehsations of contact, or of heat or cold ; and
any orsevery-substance is able, under certain circum-
stances, to prodgce these  sensations. But only vaiy few
and comparatively small portions of the bodily frame-
work are competent to be affected, in such a manner as to
cause the Sensations of taste or of smell, of sight or of
hearing : and only a few substances, or paryfcular kinds
of vibrations, are able so to affect those regeons. Thesc
very limited parts of the body, which put us in relation
“with particular kinds of substances, or forms of forcc,
are what are termed sensory organs. Theie are two such
organs for sight, two for hearing, two fowsmcll, afld one,
or more strictly speaking two, for taste. '

1% And now that we have taken this brief vigw of the
structure of the body, of the organs which support st,
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of the organs which move it, and of the organs which ,
put it in relatich with the surrounding world, or, in other
words, enable it to miove in harmony 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 scen, implies waste. The work
of the nervous system and that of the muscles, theYefore,
implies consumption either of their own substance, or of
something else. And as the organism can make nothing,
1t must possess the means of obtaining from without that
whigh it wants, and of throwing off from itself that whieh
it wastes ; and we have secn that, in the gross, it does
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 about. The organm whish
convert food into nutriment are the organs of alimdhtation;
those which distribute nutriment all over the body are
organs of circulation; those which get rid of the waste
products are organs of excretion.

20, The organs of alimentation are the mouth, pharynx,
gullet, stomach, and intestines, with their appendages.
What they do is, first to receive and grind the, food.
They then act upon it with chemical agents, of which
they posscss a store which is reneayed as fast as it is
wasted ; and in this way $cparate it into a fluid®contain-
ing nutritious matters in solutich or suspengion, and in-
nutritious dregs or feccs.- ” »

21. A system of minute tubes, with very thin walMs,
termed capillaries, is distributed through the whole or-.
ganism except the epidermis and its products, the epithe-
lium, the cartilages, and the substance ot the teeth. On
allesides, these tubes pass into others, which, are called
arleries and weins; while thesc, becoming larger and
larger, at length open into the /ear?, an organ which, as
we havee seen, is placed in the thorax. During life,
these tubes and the chambers of the heart, with which
they are connected, are all full of liquid, which is, for
the most part, that red fluid with which we are all familiar
as blood .

The walls of the heart are muscular, and contract
rhythmically, or at regular intervals, By means of these
cogtractiohs the blood which its cavities contain is driven
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ix;‘ jets out of these cavities into the artegies, and thence
mto ﬁ{xe capillaries, whence it returns by the veins back
into the heart.

. This is the ¢ireulation of the blood.

.22. Now the fluid containing the dissolved or suspended.
nutritive matters which are the result of the process of
digestion, traverses the very thin layer of soft and per-
meable tissue which separates the cavity of the alimentary
qanal from the cavities of the innumerable capillary vessels
which lic in the walls of that canal, and so enters the
blood, with which those capillaries arc filled. Whirled
away by the torrent of the circulation, the blood, thus
charged with nutritive matter, enteis 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 thtm it takes their waste products, and, finally, re-
tyrns by the veins, loaded with useless and injurious ex-

‘cretions, which sooncr or later take the form of water,
carbonic acid, and urea.

23. These excretionary matters are separated from the
blood by the excrefory organs, of which there are three—

| the skix, the lun{.r, and the £idneys.

Different as these organs may be in appearance, they
are constructed upor one and the same principle. IEach,
in ultimate analysis, consists of‘a very thin sheet of tissue,
like so much delicate blofting-paper, the one face of which
iscfree, or lines.a cavity in communication with the ex-
tetior of the body, while the other is in contact with the

*blood which has to be purificd. .

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

Each of these organs is especially concerned in the
elimination of onc of the chief waste products—water,
carbonic acid, and urea--though it may atthe same time
be a means of escape for the others. Thus the lungs are
especially busied in getting rid of carbonic acid, but at
the same time they give off a good deal of water. The

. duty of the kidneys is to excrete urea (together with other

saline matters), but at the same time they pass away a

larﬁg quantity of water and a trifling amount of_carbonic
H

acid ; while the skin gives off much water, some amount
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of carbonic acid, and a certain quantity of saline mauer, ,
among which urea is, at all events, sometimes presgnt.

24. Finally, the ll(ngs play a double part, being not
merely climinators_of waste, or cxcretionary, preducts,
but importers into the economy of a subStance whiclyis
not cmactly cither food or drink, but something as im-
portant as either,—to wit, oxygen. It is oxygen which is
the great sweceper of the"économy. Introduced by the
blood, into which it is absorbed, into all corners of tb
organism, it seizes upon thos® organic molecules which
arevlisposable, lays hold of their elements, and combines
with them into the new and simpler forms, carbonic acid, -
watcr, and urea.

* The oxidation, or, in other words, the burning of these
matters, gives rnise to an amount of heat whigh iseas effi-
cient as a fire to raise the blood to a temperature®f about *
100° ; and this hot fluid, incessantly renewed in all parts
of the economy by the torrent of the circulation, warms
the body, as a housc is warmed by a hot-water apparatus.

25. But these alimentary,-distributive or circulatory, ex-
cretory, and combustive processes would be worse than
uscless if they were not kept in strict proportign jone to
another. 1f the state of physiolegical balance is to be
maintained, not only must the quanity of aliment taken
be at least equivalent to the quantity of matter xcreted ;
but that alimepi must be distributed with due rapidity to
tlie seat of cach local waste. The cirqulatory system, is
the commissariat of the physiological army. .

Agnain, if the body is to be maintained at a tolerably
even temperature, while that of the air ig constantly vary-
ing, the condition of the hot-water apparatus must be
most carefully regulated.

In other words, a combining organ must fe added to
the organs alrcady mentioned, and this is found in the
nervous system, which not only possesses the function al-
ready described of enabling us to move our bodies’and tq
know what is guing on in the external world ; but makes
us aware of the need of fcod, enables us to discriminate
nutritbus fron» innutritious matters, and to exert the,
muscular actions needful for seizing, killing, and cookjng ;
guides tlje hand to the mouth, and governs all the move-
wrents of the jaws and of the alimentary canal. By it,

C .
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the working of the heart is properly adjusted and the
calibres of the distributing pipes are regulated, so as in-
directly to govern the excretory and combustive processcs.
And thesc are more directly affected by other actions of
the nervous system.

' 26, The various functions which have been thussbriefly
indicated constitute the greater part of what are called
the vital actions of the human body, and, so long as they

re performed, the body is said to possess /zfe. The ces-
sation of the performante of these functions is what is
ordinarily called death. «

But there are really several kinds of decath, which may,
in the first place, be distinguished from one another under
the two heads of Jocal/ and of general death, ‘

« 27. Local deatk is going on at cvery moment, and in
most, if not in all, parts of the living body. Individual
cells of the epidermis and of the epithelium are inces-
santly dying and being cast off, to be replaced by others
which are, as constantly, coming into separate existence.
Thelike is true of blood-corpuscles, and probably of many
other clements of the tissues.

» This form of local death is insensible to oursclves, and
is essential to the dus maintcnance of life. But, occa-
sionally, local death occurs on a larger scale, as the re-
sult of iftjury, or as the conseqfience of disease. A burn,
for example, may suddenily kill more or less of the skin ;
ogpar,t of the tigsues of the skin may die, as in the casc
oft the slougfi -which lics in the midst of a boil; or a
whole 1imb may die, and exhibit the strange phcnomena
of .mortification,

The local death of some tissues is followed by their
re.encration. Not only all the forms of epidermis 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 isgsaid' not to be
restored.

28. General death is of two kinds, death of the body as
a whole, and death of the tissues. By the former term is
implicd the absolute cessation of the finctionsvof the
brain, of the circulatory, and of the respiratory organs ;
by the latter, the entire disappearance of the vifal actions
“of ‘the ultimate structural constituents of the body.

<
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When death takes place, the 'body, as a whole, dies ﬁr!t, N
the death of the tissues sometimes not occurringb until
after a considerable tterval.

Hence it is that, for some little time after what is ordi-
narily called death, the muscles of an exetuted criminal
may he made to contract by thc application of proper
stimuli. The muscles are not dead, though the man is.

29. The modes 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 endless forms of di-
easg ; of violent death by starvation, or by the innumer-
able vaieties of injury, or poison. But, in reality, the
immediate cause of death is always the stoppage of the
tunctions of one of three organs ; the cerebro-spinal ner-
vous centre, the lungs, or the heart. Thug a man may
be instantly killed by such an injury to a part of the brain®
which is called the meduila oblongata (see Lesson X1.)
as may be produced by hanging, or breaking the neck.

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

Or, finally, death cnsues at once when the heart ceases
to propel blood. These three Jrgans—the brdin, the
lungs, and the hcart-—have been fancifully termed the
tripod of life. . * . ¢

In ultimate analysis, howeve#, life has but two rgs to
stand upon, the lungs and the heart, fpr death throygh
the brain is always the effect of the secorfdary actiom of
the injury to that organ upon the lungs or the heart, The
functions of the brain cease, when either respiration or
circulation is at an end. But if circufition and respira-
tian are kept up artificially, the brain may be removed
without causing death. On the other hand,3f the blood
be not adrated, its circulation by the heart cannot pre-
scrve 1fe; 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 iworganic gorld no longer remain the servants of the,
bodily frame, as they were during life, but ,become its
masters. Oxygen, the sweeper of the living orgafiism,
liecome? the lord of the dead body. Atom by atort, the

Cc2
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complex‘molecules of the tissues are taken to pieces and
reducged to simpler and more oxidized substances, until
the soft paits are dissipated chicfly in the form of car-
bonic «acid, ammonia, water, and soluble salts, and the
bones and tecth alone remain. But not even these dense
and earthy structures are competent to offer a permanent
resistance to water and air. Sooner or later the animal
basis which holds togcther the earthy salts decomposes
and dissolves—the solid structures become friable, and
break down into powder. - Finally, they dissolve and arc
diffused among the waters of the surface of the globe,
just as the gascous products of decomposition are dissi-
pated through its atmosphere.

It is impossible to follow, with any degree of certainty,
vanderings .more varied and more extensive than those

JimagineQ by the ancient sages who held the doctrine of
transmigration ; but the chances are, that sooner or later,
some, if not all, of the scattered atoms will be gathered
into new forms of lifc,

The. sun’s rays, acting through the vegetable world,
build up some of the wandcring molecules of carbonic
acid, of water, of ammonia, and of salts, into the fabric
of plants. The plants cre devoured by animals, animals
devour one another,man devours both plants and other
animals ; and kence it is very possible that atoms which
once formed an integral “part of the busy brain of Julius
Casar may now enter into the composition of Casar the
negro in Alabama, and of C:esar the house-dog in an
English homestead.

* And thus there,is sober truth in the words which Shake-
speare puts into the mouth of Hamlet—

‘¢ pmperial Cacsar, dead and turned to clay,
Might stop a hole to keep the cold away :
Oh that that earth, which kept the world in awe,
Should patch a wnil,, t' expel the winter's §aw 1”



1HE CAPILLARIES.

LESSOR II

THE VASCULAR SYSTEM AND THE CIRCULATION.

.
.

1. AtMosT all parts of the body arc vas®/asy thafis
to say, they are traversed by minute and very close-set
canals, which open into one another so as to constitute a
small-meshed nctwork, and confer upon these parts a
spongy texture. The canals, or rather tubes, are pro-
vided with distinct but very delicate walls, composed “of
a structureless membrane (Fig. 3 A, a), in which at inter-
vals small oval bodies (Fig 3 A, ), termed mucdes (see
Lesson X1 § 2), are imBedded. ®

These tubes are the capillaries.  They vary inydiameter
from ;gygth to 1slpth of an igpch; they are sometimes
disposed 1n loops, sometimes in long, sometimes in wide,
sometimes in narrow meshes : and the diaeters of these
meshes, or, in other words, the interspaces between the
capillaries, are sometimes hardly wider than the diametey
of a capillary, sometimes many times asavide (see Figs. 16,
20, 32, 33, and 37). These interspaces are occupied by
the substance of the tissue which the capillaries per-
mcate (Fig. 3 A, ¢), so that the ultimate anatomical
compongnts of every part of the body are, strictly speak-
ing, 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. Thesc are the epidermis and epithelium, the
nails zhd hairsgthe substance of the tceth, and the car-
tilages ; which may and do attain a very considemable
thicknesg or length, and yet contain no vessels. How-
ever, as we have seen that all the tissues are really extra-
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‘vascular, thesc differ only in degree from the 1est. The
circunsstance that all the tissues are outside the vessels
by no means interferes with then being bithed by the
flurd which 15 n.side the vesscls  In fact, the walls of the

A Diagrammatic représentation of a capillary seen from above and n
section @, the wall of the capillary with J, the nuclel ¢, nucler belonging
to the connective tissuain which the capillary 1s supposed to be Iymg d, the
mnBal ?‘f the capillary

gt atic rep! of the structure of a small artery. «
epithelium , 4,%he <o called basement membrane ¢ the urcular non stnated

muscular fibres each with nucleus @, ¢, thc coat of fibrous tissue with
nucle1 / '

- L
capillaries are so exceedingly thin that then flid contents
‘readily exude through the delicatc membrane of which
{.hey are composed, and 1rngate the tissues in which they
1e. .

2. Of the capillary tubes thus descrlbetoi, one hind con-
tails, during hife, the red fluid, é/ood, while the others are
filldd with a pale, watery, or milky flud, termed Zymgh,

or chyle. The capillaries, which contain blood, aic con-
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tinued on different sides into somewhat larger tubes, with e
thicker walls, which gre the smallest arferies and vesns.

The mere fact that the walls of these vesscls are thicker
than those of the capillaries constitutesaan impbrtant
difference between the capillaries and the small arteries
and veins ; for the walls of the latter are thus rendered
far less permeable to fluids, and that thorough irrigation
of the tissues, which is effected Dby the capillaries, cannot
be performed by them. N .

The most important difference betwcen these vessels
and&he capillaries, however, lies in the circumstance that
their walls arc not only thicker, but also more complex,
being composed of several coats, onc, at least, of which
is muscular. The number, arrangement, and even fature
of thesc coats differ according to the size of®theessel,
and are not the same in the veins as in the arteries, though
the smallest veins and arteries tend to rescmble each
other. .

If we take onc of the smallest arteries, we find, first,
«a very delicate Uning of cells constituting a sort of epi-
thelium (Fig. 3 B, @). Outside this (separated from it by
a structureless membrane, Fig. 3 B, ¢) comes ¢he mus-
cular coat of the kind calléd plaii‘or non-striated muscle
(see Lesson XII.), made up of flattened spindle-shape
bands or fibres which are wrgpped roend the vessel
(Iig. 3 B, ¢).

Outside the muscular coat is a shedth.of fibrous or
connective tissue (Fig. 3 B, /). o

In the smallest arteries there is but a single layer of
these muscular fibres encircling the vessel like a series of
rings ; but in the larger‘arteries there are several layers
of circular muscular fibres variously bound together with -
fibrous and elastic tissue, though as the vessels get larger
}he quanfity of muscular tissue in them gets relatively
ess.

Now these plain muscular fibres posscss that sames
power of contraction, or shortening in the long, and
broadening in the narrow, directions which, as was stated.
in the freceding®Lesson, is the special property of mus-
cular tissue. And when they exercise this power, they,
of coursg, nmarrow the calibre of the vessel, justeas
squeezing it in any other way would do; and this con-
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traction' may go so far as, in some cases, to reduce the
cavity of the vessel almost to nothing, and to render it
practically impervious.

‘The state og contraction of these muscles of the small
agteries and veins is regulated, like that of other muscles,
by their nerves; or, in other words, the nerves supplied
to the vessels determine whether the passage through these
tubes should be wide and frce, or narrow and obstructed.
"Thus while the small artqries and veins lose the function,
which the capillaries possess, of directly irrigating the
tissues by transudation, they gain that of regulating the
supply of fluid to the irrigators, or capillaries themselves.
The contraction, or dilatation, of the arteries which supply
a setof capillarics, comes to the same result as lowering

, Ot raisiig the sluice-gates of a system of irrigation-canals.

3. THe smaller arteries and vcins severally unite into,
or are branches of| larger arterial or venous trunks, whici
again spring from or unite into still larger oncs, and these,
at length, communicate by a few principal arterial and
venous trunks with the heart. .

The smallest arteries and veins, as we have seen, are
similag in structure, byt the larger arteries and veins diff r
widely ; for the larger arteries have walls so thick and
stout that they do mot sink together when empty ; and
this thickness and stoutngss arises from the circumstance
that not only 1s the*muscular coat very thick, but that,
in addition, and snore especially, several layers of a highly
eldstic, strong, fibrous substance become mixed up with

the muscular layers. 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 wins,.on the other hand, contain but little
of. either elastic or muscular tissuc. Hence, their walls
are thin, and they collapse when empty. .

This is one great difference betwcen th® larger arteries
and the veins; the-other is the presence of what are
termed valves in a'great many of the veins, especially in
those which lie in muscular parts of the body. They are
_absent in the largest trunks, and in the sntallest brinchcs,
and, in all the divisions of the portal, pulmonary, and
cerebral veins, .

4. These valves are pouch-like folds of the inner wall
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of the vein. The bottom of the pouch is turned towards -
those capillaries from which the vein springs. Tbe free
edge of the pouch is directed the other way, or towards
the heart. The action of these pouches is, to impéde the
passage of any fluid from the heart towards the capillaries,
while they do not interfere with Huid passing in the oppo-
site direction {Fig. 4). The working of some of these
valves may be very casily demonstrated in the living body.
When the arm is bared, blue vgins may be seen running
from the hand, under the skin, to the upper arm. The
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
npper arin, is uninterrupted.

Cz-:[_;‘é;;?ﬂ s -

° )
FiG. 4—DIAGRAMMATIC S'Ec‘rlons.ov VERINS wTH VALVES.

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

-

But if a finger be pressed upon the €pper part of one
of ghese veins, and then passed downwards along it, so as
to drive the blood which it contains backwirds, sundry
swellings, like little knots, will suddenly make their ap-
pearancgat scveral points in the length of the vein, where
nothing of the kind was visible before. These swellings
are simply dilatations of the wall of the vein, caused bys
the pressure of the blood on that wall, above a valve
which gpposes its backward progress. The moment the
backward impufse ceases the blood flows on again ; the
valve, swinging back towards the wall of the vein, afferds
no obstacle to its progress, and the distension caused
bylits pressure disappears (Fig. 4!
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The orily arteries which possess valves are the primary
trunhg —the aorta and pulmonary artery—which spring
from the heart, and they will be best

'R considered with the latter organ,

wa

5. Besides the capillary network and
the trunks connccted with it, which
constitute the blood-vascular system,
all parts of the body which possess
blood  capillarics -—except the brain
and spinal cord, the eyeball, the
gristles, tendons, and perhaps ‘the
-, bones—also contain another sct of
17 what arc termed lymphatic capilla-

rics, mixed up with those-of the blood-

g vascular system, but not directly com-

municating with them, and, in addi-
tion, differing from the blood capilla-
ries in beiag 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.

& Thesc trunks further resemble the

sru:lllf veins in being abundantly pro-
vided with valves which freely allow

* of the passage of liquid from the lym-
phatic capillaries, but obstruct the
FiG. 5.—Tur Lvmena- flow of anything the other way. But
1Tics oF THa FRoATOF the lymphatic trunks differ from the
£ Lymphatic ‘an;is o Yeins, in that they do not rapidly unjte
ganghin, a,&,hey-a,e into larger and larger trunks, which
sometimescalled. These present a continually increasing cali-
£1nglia are rot to be fyre and allow of a flow withqut inter-

¢ mfounded with ner- .

vous ganglia. ruption to the heart.

" On the contrary, femaining nearly
of the saime size, they, at intervals, enter and ramify in
rounded bodies called Zymphatic glands, whence new
lymphatic trunks arise {(Fig. 5). In titse glas the

1 Tis probable that these exceptions are apparent rather thn rél, but
the question is not yet satisfactorily decided. . ®
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Fi1G. 6 —The THogacic Ducr.

The Thoracic Duct occupies the middle of the figure. Tt lies upon the
spinal colmn, at thesides of which are <een portions of the nbs ( 1). -
a, the receptacle of the chyle; &, the trunk of the thoracic duct, opening

at ¢ into the junction of the left jugular (/) and subclavian () veing as

they unitg into the left innominate vein, which has been cut across to

«gow the thoracic duct running behind it ; 4, lymphatic glands placdti in

the -lumbar regions-; 4, the superior vena cava formed by the junction of

the right an' left innominate veins.
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lymphatic capillarics and passages are closely interlaced
with.blood capillaries. i

Sooner or later, however, the great majority of the
smaller lymplhatic trunks pour their contents into a tube,
which is about as large as a crow-quill, lics in front of the
fackbone, and is called the #koracic duct. 'T'his opens at
<he 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. 6). The remaining lym-
phatics are connected by a common canal with the corre-
sponding vein on the right side. “

Where the principal trunks of the lymphatic system
open, into the veins, valves are placed, which allow of the

assage of fluid only from the lymphatic to the vein.

hus tge lymphatic vessels are, as it werc, a part of the
.venous system, though, by rcason of thesc valves, the
fluid which is contained in the veins cannot get into the
lymphatics. On the other hand, every facility 1s afforded
for the passage into the veins of the fluid contained in the
lymphatics. Jndeed, in conscquence of thc numerous
valves in the lymphatics, every pressure on, and contrac-
tion of, their walls, hqt being able to send the fluid back-
ward, must drive it more or less forward, towards the
veins. &

6. The lower part of the thoracic duct is dilated, and
is termed the receplacle, or cistern, of the chyle (a, Fig. 6).
In fact, it receives the lymphatics of the intestines, which,
_though they differ in no essential respect from other lym-
phatics, are called Zacfeals, because, after a meal con-
taining much fagty matter, they are filled with a milky
fluid, which is termed the cAyle. The Jacteals, or lym-

hatics of éhe small intestine, not only form networks in
its walls, but send blind prolongations into the little
velvety processes termed wi//Z, with whic® the mueous
membrane of that intestinc is beset (sce Lesson V1.). The
trunks which open into the network lie in the mesentery
(or membrane which suspends the small intestinc to
the back wall of the abdomen), and the glands through
which these trunks lead are hence termed the melenteric
“glazds.

7. It will now be desirable to take a general view of the
arrangement of all these diffcrent vessels, and of thtir
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relations to the great central organ of the vascular system _
---the heart (Fig. 7). | )

All the veins of every part of the body, except the lungs,
the heart itself, and certain viscera of the gbdomer, join
together into larger veins, which, sooner or later, opep
mto one of two great trunks (Fig. 7, V.C.S. V.C.1)
tcrmed the superior and the inferzor wena 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, except the
lungs, are more or less remote branches of one gredt
trunk—the aorta (Fig. 7, Ao.), which springs from the
lower division of the left half of the hcart. &£ o

'The arterics of the lungs are branches of a grest tfunk

(Fig. 7, P.A.) springing from the lower divisiongbf the
right side of the heart. ‘The vcins of the lungs, on the
contrary, open by four trunks into the upper part of the
left side of the heart (Fig. 7, 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 right half ; those of the lungs into that of the
left half : while the arterial trunks spring from the lower
moieties of cach half of the heartethat for the body in
general from the lcft side, and that forthe 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 oppdsite
sides of the heart ;.and the great artery of the lungs an
the great veins of the lungs also with opposite sides of
that organ. On the other hand, the ve'ns of the body!
open into the same side of the heart as the artgry of the
lungs, and the veins of the lungs open into the same side
of the-heart as the artery of the body.

The artgries which open into the capillaries of the sub-
stance 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 wvein, which is formed by the union of the small
veins which aris¢” from the capillaries of the heart, does -,
not open into-either of the vena cava, but pours the
blood whigh it contains directly into the division' of the
heatt into which these cavae open—that is to say, into the .
right upper division (Fig. 14 8).
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¥1G. 3.—Di1AGRAM OF THE HEART AND Vessris, witH THE COURSE or
THE Clu(g)uumov, VIEWED FROM BFHIND SO THAT THE P!

PER LEFT

OF THE OBSERVER CORRESPONDS WITH THE LEFT SIDE OF THE HEART
M THE DiAGRAM.

LA, lek auricle; L.V left ventricle ; Ao. aorta ; A?. arteriés to the upper

part of the body : 42. arteries to the lower part of the bady : & A hépatic

.,irul:y, which supplics the livgr with part of its blood , ¥t veinsof the upper
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‘The abdominal viscera referred to above, the veins of ¢
which do not take the usual course, are the stomagh, the
intestines, the spleer, and the pancreas. These veins all
combine into a single trunk, which is teymed tht vena
porte (Fig. 7, V.P.), but this trunk does not open into the
wena cava iferior.  On the contrary, having reached the
liver, it enters the substance of that organ, and breaks up
mto an immense multitude of capillaries, which ramify
+hrough the liver, and become connected with those ingo
which the atery of the liver, ca]lefi the fepatic artery
(Fig. 7, £ -1.), branches. From this common capillary
mesh-work veins arise, and unite, at length, into a single
tumk, the lepatc wvein (Fig. 7, H.V.), \yluch emerges
from the liver, and opens into the inferior vena cava.
"The portal vein is the only great vein in the bo? whieh |,
branches out and becomes continuous with the clpillaries
ot an organ, like an artery. .

8, The heart (Figs. 8 and 10), to which all the vessels
in the body have now been directly or indirectly traced,
1s an organ, the sizc 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 broag end turned, upwards
and backwards, and ratlter to the right side, called its
base : and a pointed end which is called its ap¢z, turned
downwards and forwards, and to the left side, so as to lie
opposite the interval between the fifth and sixth ribs,

It is lodged between the lungs, ncarcr ¢hefront that the
back wall of the chest, and is enclosed in_a sort of do
bag —the pericardium_ (Fig. 9, 4). One-half of the
double bag is closely adhcrent to the haart itself, fo
athin coat upon its outer surface. At the base of the heart;
ths half of the bag passes on to the great vessels which
spring from, or open into, that organ ; and becomes con-4
tinuous with the other half, which loosely envelopes the
heart an8l the adherent half of the bag. Between the two

+

part of the body: P2 veins of the lower part of the body: V.P. vehat
pote, A V. hepatic vein, I7.C /. nferior vena cava: V.C’S. superior vena
cava; R, right auricle ; R V. right ven ricle ; 7.A. pulmonary arterv ;
Lg lung: P V. omonary vein; Lct lacteals; Ly lymphatics; T4 D.»
thoracic duct; A/. alimentary canal; Lr. iver. The arrows indi the
~ourse of the blood, lymph, and chyls. The vescels which contain afterial
nlond have dark contours, while those which carry venous blood luv!lighs
Luistours.
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Fic 8 —HFART OF SHKE} AS SFEN AFTER RFMoval 1ROM THr Boby

LYING UPON THE Two TiNce  THE PrRICARRILM HAS BEIN cUT
AWAY, BtT NO OTHER DISSFCTION MADR

N M.4 Auncul rappendage of right auricle L A aur cular appendage of
leftiauncle R ' nght ventnicle V left ventricle $ ¥ 7 superior vena
tcawva, 7 ¥ C inferiof vena cava P A pulmonary rtery Ao aorta ,\‘A 'S
no ninate branch from aorta dividing into subclavian and carotid artenes,
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layers of the pericardium, conse uently, there isea com-
pletely closed, narrow cavity, lined by an epithelium, and
secreting into its interior a small quantity of clear thia.!
The outer layer of the pericardium is firmly connected
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 issue from or enter it—and for the most part pass

F1G. 9.—TRANSVERSE SRCTION OF THE CHEST, WITH THE HEART AND
I.unGs IN PLAcE. (A little diagrammatic.) .
D. V. dorsal vertebra, or joint of the backbone; 4o. A2, aorta, the top of
its arch being cut away in this section; S.C. superior vena cava;
P.Ae pul’m_unary artery, divided into a branch for each lung o Z.P. R.P.
left and right pulmonary veins; B». Bronchi; R.L. L right and
left lungs ; (E. the gullet or cesophagus; g, outer bag of pericardium;
2!, the two layers of pleura; v, azygos vein. . .

L. lung ; Tr. trachea. 1, solid cord often present, the remnant of a once open

communication between the pulmonary artery and aorta. 2, masses of fat an

the bases of the ventricle hiding from view the greater part of the auricles..

;a.lme of fat marking the division Letween the two ventricles. 4, mass of
t covering end of trachga.

! This fluid, like that ined in the peri pleura, and other shut

sacs of a similar character to the pericardium, is sometimes called serum ;
;vhence the membranes forming the walls of these sacs are frequeu**ad
erous, 5.

D
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upwards from its base—Help to suspend and keep it in
ace.
P Thus the heart is coated, outside, by onc layer of the
Bericardium. Inside, it contains two great cavities or
divisions,” as they have becn termed above, completely
separated by a fixed partition which extends from the base
to the apex of the heart ; and, consequently, having no
direct communication with one another. Each of these
two great ¢éavities is further subdivided, not longitudinally

'"l‘vﬁ»,,?—‘rnn HEART, GREAT VESSELS, AND Lunes. (Frowr View.)

R.V. ght ventrigle ; L.V, lefc ventricle; R.A. r’i"ht auricle ; L.A. left

- auricle; do. ; P.A. pulmonary artery; P.V. pulmonarys veins;

« R.Lright lung; L.L. left lung; VS. vena cava superior; J5.C. sub-

7 ok Is; C. carotids; R.J.V. and L.J V. right and left jugular
ing 4. 7.;yena cava inferior ; 7. trachea ; 8. bronchi.

. T ﬂlt}w great vessels but those of the lungs s chit.

Mt transversely, by a moveable partition. The cavity
‘above the transverse partition, on each side, is called the
@uriéle ; the cavity below, the ventricle—right or left as
}!}g ¢ase may be,

. Each of the four cavities has the same capacity, and is
capiiilof. containing from 4 to 6 cubic incg%s of water.
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Fic 11 Ricutr Sior ok 1HE HFART oF A SHFLP

& 1 cavity of right auncle S 7 ( superior veni cava, 1Y ¢ infenor
vena cavi a style his been piwsed through each of these ) 4, a style
passed fiom the auricle to the ventricle through the WO vientnen
onfice & MBtyle passed mnto the coronary vein

R I car ty of 1ght ventricle , %, #, two flaps of the titcuspid valve the

third 1s dimly seen behind them the style @ passing between the three

Betueen the two flaps, ind attached to them by ckorde tendinee, 1s seen a

paslllary muscle, gp, cut away frim 1ts attachment to that portion of the

wall of the ventiicle which has been removed  Above, the ventricle ter
minatc s sbmewhat hi® a funnel 1n the pulmonary artery 2 4  One of the
pockets of the semilunar valve, 57, 15 seen in 1ts entirety another partial

the wall of the ventricle cut across . the position of the aurictloss

ventricular reig 3, the wall of theaur le 4 masses of fat lodged between

the@micle and pulmenry artery

~
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The wails 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
djffertnce is perceptible between the two auricles (Figs.
14 and 12, I and 3).

9. In fact, as we shall sec, the ventricles have more
work to do than the auricles, and the left ventriclec more
to do than the right. Hence the ventricles have more
rauscular substance than the auricles, and the left ventricle
than the right ; and it is this excess of muscular substance
which gives rise to the cxcess of thickness observed in the
left ventricle,

The muscular fibres of the heart are not smooth, nu-
cleated bands, like those of the.vessels, but are bundles
of trasvefscly-striped fibres, and resemble those of the
thief muscles of the body, except that they have no sheath,
or sarcolemma, such as we shall find to exist in the latter.

Almost the whole mass of the hcart is made up of

these muscular fibres, which have a very remarkable and
complex arrangement. There is, however, an internal
membranous and epithelial lining, called the exzdocar: .
dium; .and at the junctior between the auricles and
ventricles, the apertures of communication between their
cavities, called the auriculo-ventriculars apertures, are
Strengthened by fidrous rings. ‘To these rings the move-
able partitions, ‘or wvalves, betwecn the auricles and
-ventricles, the arrangement of which must next be con-
sidered, ate attached.
.. 10, There are three of these partitions attached to the
*gircumference ¢f the right auriculo-ventricular aperture,
‘and.two'to thag of the left (Figs. 11, 12, 13, 14, 22, m v).
Y#ach is @ broad, thin, but very tough and strong trian-
- galar®fold" of the endocardium, attached by its base, which
:40ins ontogits fellow, to the auriculo-veﬂricuéar fibrous
_Iing ; and hinging with its point downwards into the ven-
l‘i‘fo;uﬁr gavity. On the right side there are, therefore,
se :pf these broad, pointed membranes, whence the
' _”appal;atus is called the #ricuspid walve. On the
14t side, thére are but two, which, when detached from
; Meﬁ' cdnnexions but the auriculo-ventricular ring, look
Wﬂgg like a bishep’s mitre, and hence bear the name
S the mitral valve. ; c
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b¥1G 12 —LFFT Sipk of ruF HFARI OF A SHREP (LAID OPRN).

2 V' pulmosary veins opening into the left auricle by foug opepings, as shawn
by the styles a, a tyle passed from aunicle mto g i~ le through t e
auniculo ventricular onhce & 1style passcd mnto the cord ary vein, which,
though 1t has no connection with the left aundle, 15, from 1its positiond
neccssanly cut across i thus Liying open the aundle

M V the two flaps of the mitral valve (drawn somewhat diagrammatically)
28, papillary muscles belonging as before to the part of the ventricle cut
away, ¢, a style pised from ventricle in 4o aorta Aot _branch of aorta
(see Fig 8, A0o) P A pulmonaryartery § }7( supcridr vena caya

1, wall of ventncle cut across, 2, wall of auricle cut awav around auricuty

tricular onfice 3, other portions of auricular wall cut across § ¢Pmas
of fat around base of ve itricle (see Fig 8, 2)
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The edges and apices of the valves are not completely
free znd loose. On the contrary, a number of fine, but
strong, tendinous cords, called chorde fendinece, connect
them with some column-like elevations of the fleshy sub-
stance of the walls of the ventricle, which are termed
papillary mustles (Figs. 11 and 12, gp); similar column-
like elevations of the walls of the ventricles, but having
no chorde tendinee attached to them, are called columne
aurnee. v

1t follows, from this arrangement, that the valves
opposc no obstacle to the passage of fluid frome the
auricles to the ventricles; but if amy should be forced
the other way, it will at once get between the valve and
the wall of the heart, and drive the valve backwards and
upwaris. -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 formationi of a complete transverse partition be-
ceen the ventricle and the auricle, through which no fluid

n pass. -
the'?)'l?r" the aorta opens into the left ventricle and where
anothedmonary artery opens "into the right ventricle,
case og'tvalvular apparatus is placed, consisting in cach
valyes | __threes pouch-like valves, called the semilunar
simila#Fig- 11, s.7.; Figs. 13 and 14, 4o. P.A4.), which are
‘o thyr to those of the veins. But as they arc placed
pletely'same level and meet in the middle line, they com-
the arteStop the passage when any fluid is forced along
valves ffy towards the heart. On the other hand, these
hea ap back and allow any fluid to pass from, the

T %o;he artery, with the utmost readiness.
dem-n‘% action of the auriculo-ventricular valves may be
th_,.‘ddnstrated with great ease on a sheep’s Reart, in which
,¥ie’ aorta and pulmonary artery have been tied and the
vgreater part of the auricles cut away, by pouring water
into the ventricles through the auriculo-ventricular aper-
ture. The tricuspid and mitral valves then usually
bécome closed by the upward pressute 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
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base of the aorta, or pulmonary artery, be cut out of the
heart, so as not to injure the semilunar valves, water’
poured into the upper ends of the vessel will cause its
valves o close tightly, and allow nothing to flow out*after
the first moment. .

Thus the arrangement of the auriculo-ventricular valves
is such, that any fluid contained in the chambers of the
heart can be made to pass through the auriculo-ventricular
apertures in only one direction : that is to say, from the

A

P -

e S

RAV

T16. 13 —VIEW OF THE ORIFICES OF THE HEART FROM BELOW, THE WHOLR
OF THE VENTRICLES HAVING BEEN CUT AWAY.

R.A.V. right auriculo-ventricular_orifice surrounded by the three ﬂ‘aﬁs,
4.1, £.9. 2, £.. 3, of the tricuspid valve ; these are stretched by weights
attached to the ¢/ tendinec. .

L.A.V. left auriculo-ventricular orifice surrounded in same way by the two
flaps, m.9. 1, m.9. 2, of mitral valve ; P.A. the orifice of pulmonary artfry,
the semilunar valves having met and closed together ; Ao. the orifice of¢he
aoga with its semilunar valves. The shiaded portion, leading from R.AV.
to P.A., represents the funnel seen in Fig. 1.
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tauriclessto the ventricles  On the other hand, the arrange-

ment of the semilunar valves 15 such that the flud con-
tents of the ventricles pass easily into the aorta and
pulmonary artery, while none can be made to travel the
other way from the arterial trunks to the ventricles

Ftc 14 —THE ORIFICES OF THE HFART SFEN FROM AROVE, THE AURICLES
AND GRRAT VESSEI S BLING CUT AWAY

PA Bulmonary arte-y, with 1ts semilunar valves , 40 aorta, do

RA night aunculo ventricular onfice with the three flaps (% 1, 3, 3) of
tncuspid valve .

L A V leftcuriculo ventricular orifice, with m v 1 and 2, flips of mtral
valve 3, st{le passed into coronary vein  On the left part of L A V7, the
section of the auricle 1s carned through the auncular aggendage , hence
the toothed appearance due to the portions in relief cut acrogs

e 11 Like all other muscular tissues, the substance of the
heart 1s contractile, but, unlike most muscles, the heart
contains with n itself a something which causes its
different parts to contract 1n a definit¢ succession and

( at vegular intervals

If the heait of a living animal be removed from the
body, it will go*on pulsating for a longer or shorter tane,
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much as it did while in the body. And careful®attentions
to these pulsations wjill show that they consist uof :-2 (1) A
simultaneous contraction of the walls of both auricles.
(2) Immediately following this, a simultaneous contrac-
tion of the walls of both ventricles. (3) Then comes a
pause, or state of rcst; after which the auricles and
ventricles contract again in the same order as before, and
their contractions arc followed b# the same pause as
before. » - .

If the auricular contraction be represented by A", the
verfricular by V*, and the pauses by —, the series’ of
actions will bc as follows : A*V* —; A"V*—; A"V~
—; &c. Thus, the contraction of the heart is vkythmical,
two short contractions of its upper and lower halves
respectively being followed by a pause of thf whdle,
which occupies about as much time as the two con-
tractions.

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

12, Having now acquired a notion of the arrangement
of the different pipes and reserveirs of the eirculatory
system, of the position of the:valves, and of the rhyth-.
mical contractiops of the heart, it will be easy to com-
prchend 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 each auricle tends to squeeze the ffhid
which it contains oyt of itself in two directions—the one
towards the great veins, the other towar#s the yentricles ;
anﬁl the direction which the blood, as a whole, will take,
will depend upon the relative resistance offewed 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 resist-
ance worth mentioning, inasmuch as the valves are openy
the walls of the ventricles, in their uncontracted state,
are flaccid and easily distended, and the entire pressure
of the arterial Hlood is taken off by the semilunar valves, *
which are necessarily closed. .

Therefere, when the auricles contract, only a very little
of® the fluid which they contain will flow back into the

-
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‘veins, and the great proportion will {)ass into and distend
the vefitricles.  As the ventricles filb and begin to resist
further,distension, the blood, getting behind the auriculo-
ventricular valves, will push them tewards one another,
antl 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,

g‘But the moment the awticular systole is over, the ven-
triular systole begins. The walls of each ventgicle
contract vigorously, and the first effect of that contraction
is to shut the auriculo-ventricular valves completely and
to stop all egress towards the auricle. The pressurc upon
the valyes bgcomes very considerable, and they might

“even beedriven upwards, if it were not for the chorde
tendineee which hold down their edges.

As the contraction continues and the capacities of the
ventricles become .diminished, the points of the wall of
the heart to which the chorde tendinee are attached ap-
proach the edges of the valves ; and thus there is a ten-
dency to allow of a slackening of these cords, which, if

- it really tSok place, might permit the edges of the valves
‘to flap back and so destroy their utility. This tendency,
however, ds counteracted by the chorde fendinee being
connected, not directly to the walls of the heart, but to
those muscilar pjllars, the papillary muscles, which stand
out from its substance. These muscular pillars shorten

" at the-game time as the substance of the heart contracts ;

-and thds, just so far as the contractiomof the walls of the

. ventricles brings the papillary muscles nearer the valves,

", do they, by their own contraction, pull the ckorde ten-

- dine as tight as before.

By the means which have now been describgg, the fluid
in the ventricle is debarred from passing back €nto the
auricle ; the whole force of the contraction of the ventri-
cular walls is therefore expended in overcoming the resist-
ance presented by the semilunar 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 reaction of the distended elastic walls of .
“the preat arteries, and partly, of the friction ard inerja:
of the blood containedp in the vessels.
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It now becomes obvious why the ventricles have ?? ‘
much more to do than the auricles, and why valves af¢
needed between the auricles and venftricles, while none
are wanted between the auricles and the veins.

All that the auricles have to do is to fill the ventriclds,
+which offer no active resistance to that process. Hence
, the thinness of the walls of the auricles, and hence the
needlessness of any augiculo-venous valve, the resistance
on the side of the ventricle being su insignificant that ft
gives ‘way, at once, before the pressure of the blood in.the
veind,

On the other hand, the ventricles have to overcome a
great resistance in order to force fluid into elastic tubes
which are already full ; and if therc were o agriculg-
ventricular valves, the fluid in the ventricles woud meet
with less obstacle in pushing 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 thick-
ness and strength of the walls of the ventricles. And
since the aorta, systemic arteries, capillaries, and veins:
form a much larger system of tubes, tontaining more fluid
and offering more resistance than the pulmonary arteries,
capillaries, and weins, it follows that the left ventricle,
needs a thicker muscular wall than the right.

13. Thus, at every systole of the auriclgs, the ventricles
are filled and the auricles emptied, the latter*being slowdy
refilled by the pressure of the fluid in the great #eins,
which is amply sufficient to overcome the passive resist-
ance of the relaxed auricular walls. And? at every systole
of the ventricles, the arterial systems of the ‘body and
lungs receive the contents of these ventricle®, and the
necarly emptied ventricles remain ready to be -refilled by
the auriclgs.

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 instanta-
neously throughout the fluid, becoming fainter and.-fairfter
in proportibn to the increase of the mass of the blood®in
the tapillaries, until it finally ceases to be discermble.
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. If the'vesscls were tubes of a rigid material, like gas-
pipes; the fluid which the arteries contain would be trans-
ported 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 arterics open into the capillaries,
the capillaries into the vcins, and thesc into the heart, a
quantity of fluid exactly equal to that driven out of the
ventricles would be returned to the auricles, almost at the
same moment that the ventricles contract.

.However, the vessels arc not rigid, but, on the contrary,
very yielding tubes ; and the great artcries, as we shave
seen, have especially clastic walls, What happens, then,
when the ventricular systole takes place, is—firstly, the
produgtion of the general slight and sudden shock already
mentigned ; and, secondly, the dilatation of the great
arteries by the pressurc of the increased quantity of blood
forced into them.

But, when the systole is over, the force stored up in the
dilated arterial walls, iri the shape of elastic tension, comes
into play and exerts a pressure on the fluid—the first effect
of which is to shut the semilunar valves ; the sccond, to
drive a certain quantity of the fluid from the-Jarger arte-
ries along the smaller ones, These it dilates in the same
fashion« The fluid at length passing into the capillarics,
the ejection of a corresponding quantity of fluid from
them into the yeins, and finally from the veins into the
heart, is the‘ultimate result of the ventricular systole.

. 14# Several of the_practical results of the working of
the heart and arteries just, described now become intel-
ligible. For example, betsregn the fifth and sixth ribs, on
the left side, a certain gi)ovemént is perceptible by thc
finger anti 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 peticardium, and th™®ugh 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
dispo: its apex bends upwards shatply; and, in the
setond place, its front face is thrown a little downwards
atid fo¥wards, in consequence of the stretching and elon-
gation of the aorta by the blood which is thrown intodt.
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The result of one or othe:', or both of hesg actions
combined, is the upward and forward blow of the apex of
the heart which we feel. )

15. Secondly, if the ear be applied over the heawt, cer-
tan 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 another pause ; and so on. There are many
different opinions as to the cawse of the first sound, arfd
perl}aps physiologists are not yet at the bottom of the
matler ; though the more probable view is, that part ef it
1s 2 muscular sound caused by the contraction of the mus-
cular fibres of the ventricle, and part is due to the ten-
sion of the auriculo-ventricular valves ; but,the second
sound is, without doubt, caused by the suddenwclosure
of the semilunar valves when the ventricular systole ends.
That such is the case has been proved experimentally, by
hooking back the semnlunar 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 1s termed the pu/ise will be
felt ; that 1s to say, the elastic arter§ dilates somewhat, at
regular intervals, which answer to the beatings of the
heart. The pulse which is felt by the finger,however,
does not coirespond precisely with the beat of the heart,
but takes place a little after it, and the ipterval is lor%f:
the greater the distance of the artery from tHe heart.
beat in the artery on the inner side of the anklegfor ex-
ample, is a little later tha& ¢ beat_of She artery in the
temple.

Tgle reason of this is that i sense of touch by finger
is only delicate enough to distinguish the dilatftion of the
artery by the wave of blood, which is driven along it by
the elastie reaction of the aorta, and is not competent to
perceive the first shock caused by the systole. But if,
instead of the fingers, sufficiently delicate levers were
made to rest upon any two arteries, it would be found
that the pulsc replly beﬁins at the same time in both, the
shock of the systole making itself felt all over the yascular
system at once ; and that i is only the actual ggﬁta jor
of the arferial walls, which, travelling in the r OF a



46 TLEMLVIARY PIYSIOIOGY |11

wave from the larger to the smuller artetics, takes longer
to reach and distend the moie distant branch
17 Fourthly, when an artery 15 cut, the outflow of the
fluid which 1t contains 1s 1ncreased by yez4s, the intervals
of which correspond with the intervals of the beats of the
heart  The cause of this 1s plunly the same as that of
the pulse, the force which would be employed 1n dis
tending the walls of the artery, weie the latter cntug,’1s
spent 1n jerking the fluid out when the artery 15 cut
18 Fifthly, under ordm ug circumst inces, the pulse 15
ng longer to be detected 1n the capillaries, or 1n the veins
"1 his arises from several circumstances Onc of them 1s
that the capacity of the branches of an artery 1s greater
han the capacity of its trunk, and the capacity of the
apillajies, 35 a whole, 1s greater than that of all the small
arteriesc put together Hence, supposing the capiuty of
the trunk to be 10, that of 1ts branches 50, and that of
the capillaries 1nto which thesc open 100, 1t 1s clear that
a quantity of flud thrown into the trunk, sufficient to
dilate 1t by one-tenth, and to produce a veiy considerable
and obvious effect, could not distend each branch by motc
than p‘cth, and each capillaty by y§5th of 1ts volume, an
effect'which might be quite impet ceptible
19, But this1s not all Ihid the pulse merely become
idssting nshable on account of its division and dispcrsion
arhong so many capillaiies, 1t ought to be felt again when
the blood 1s once more gathered up into a few large venous
trynks. But it is not  Thespulsc 15 definitely lost at the
capilaries. There 1s, und ordinaty circumstances, no
pulse whatever 1n the veins, excépt sometimes 4 backward
pulse from the heart along the great venous tiunks , but
this 18 quite another matter.
This actaal loss, or rather téansformatipn of the pulse,
is effected by means of the elasticity of the artérial walls,
“in the following manner
In the first place it must be borne in mind that, owing
*to the minute size of the ca.{ullmes and small arteries, the
amount of friction taking place in their channels when the
blood 1s passing through them 1s very great, in other
words, they offer a very great regsistance to the passage
of the blood.
The consequence of thigis, that the blood tannot get
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through the cagillarics, in spite of the fact that their tothl
area is so much greater than that of the aorta; into the
veins so fast as it is thrown into the arteries by the-heart.
The whole arterial system, therefore, becomes over dis-
tended with blood.

Now we know by experiment that under such conditions
as these, an elastic tube has the power, if long enough
and elastic enough, to change a jerked impulse intma
continuous flow. If a syringe (or one of the elastic
bottles now so frequently.in usa) be fastened to one end
of a long glass tube, and water be pumped through the
tubey it will flow from the far end in jerks, corresponding
to the jerks of the syringe. This will be the case whether
the tube be quite open at the far end, or drawn out to a
fine point so as to offer great resistance to the outflow of
the water. The glass tube is a rigid tube, and thefe is 1o
elasticity to be brought into play. If now a long india-
rubber tubé be substituted for the glass tube, it will be
found to act differently, according as the opening at the
far end is wide or narrow. s

If it is wide, the watéy flows out in jerks, nearly as dis-
tinct as those from the’ gldss tube, There is little resistance
to the flow, little distension of the india-rubber tubg littlc.
elasticity brought into play. °

If, however, the opening be narrowed,.as by fastening
to it a stopcock or a glass tube drawn toa point, or if a
piece of sponge be thrust into the end of the tube; if, in
fact, in any way resistance Re, offered to the sutflow of the
water, the tube becomes distgnded, its elasticity is brought
into play, and the water: s out from the end, not in
Jerks but in a stream, whigh.is more andsmore completcly
continuous the longer andiggore elastic the tube.

Substitute for the syrifige the heart, for the stopcock
or sponge the ¢gpillaries and small arteries, for the india-.
rubber tﬁbe the whole arterial’ system, and you have
exactly the same result in, the living body. Through the
action of the elastic artegjal walls the' separate jets
from the heart are blended into one’ continuous stream.
The whole force of each blow of the heart is not at once
spent in driving% quantity of blood out of the capillaries ;
a part only is thus spent, the rest goes to distendethe
clastic arteries. But during Qe interval between that beat
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and the next the distended-irteries are narrowing again,
by virtue of their elasticity, and so are pressing the blood
on into the capillaries with as much force as they were
themsglves distended by the heart. Then comes another
beat, and the same process is repeated. At each stroke
the elastic arteries shelter the capillaries from part of the
sudden blow, and then quietly and steadily pass on that
part of the blow to the capillaries during the interval
between the¢ strokes.

<The larger the amount of eclastic arterial wall thus
brought into play, Z e. the greater the distance from the
heart, the greater is the fraction of each heart’s sfroke
which is thus converted into a steady elastic pressure
between the beats. Thus the pulse becomes less and
less marked the farther you go from the heart ; any given
Iéngth of the art system, so to speak, being sheltered
by the lengths between it and the heart.

Every inch of the arterial system may, in fact, be con-
sidered as converting a small fraction of the heart’s jerk
into a steady pressure, and when all these fractions are
summed up tqgetherfn the total length of the arterial
system no trace of the jerk is Jaft,

" Asthe effect of each systole becomes diminished in
the smaller vessels by the causes above mentioned, that
of this <onstant pressure becomes more obvious, and
gives rise to a steady passage of the fluid from the ar-
teries towards the veins. In this way, in fact, the arteries
perform the sanie functions as the air-reservoir of a fire-
engine, which converts the- jerking impulge given by the
pumps into the steady flow of the delivery hose.

¢ +20, Such is ti general result of the méchanical condi-
tions of the organs of the circulation combined with,the
thythmica? activity of the heart, This activity drives the
fluid contained in these organs out of thegheart into the
arteries, thence to the capillaries, and from theg through
the veins back-to the heart. And in the course of these
operations it gives rise, incidentally, to the beating of the
heart, the sounds of the heart, and the pulse.

It has been found, by experiment, that in the horse it

dbout half 1 minufe for any substance, as for in-
stacé a chemical body, whose presence in the blood can
@asily be recognized, to comulete the circuit. ez:e7. to pass
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from the jugular vein down through the right side of the
heart, the lungs, the left side of the heart, up through the
arteries of the head afid neck, and so back to the jugular
vein,

By far the greater portion of this half minute is taken
up by the passage through the capillarics, where the
b})ood moves, it is estimated, at the rate only of about one
and a half inches in a minute, whereas through the carotid
artery of a dog it flies along at the rate of about ten
inches in a second.

Ofecourse to complete the circuit of the circulation,a
blood-corpuscle need not have to go through so much
as half o?an inch of capillaries in either the lungs or any
of the tissues of the body. L

Inasmuch the force which drives’tie biood Jon i3
(putting the othcr comparatively slig‘ht helps on one
side) the beat of the heart and that alone; however much
it may be modified, as we have seen, in character it is
obvious that the vclocity with which the blood moves
must be greatest'in the aorta and giminish towards the
capillaries. '

For with each branching™of the arteries the tctal-area
of the arterial system is increased, the total width of the
capillary tubes iﬂ they were all Eut together side, by side
being very much greater than that of the aorta. Hence
the blood, or a corpuscle, for instance, of the blood being
driven by the same force, viz. the heart’s’ beat, over the
whole body, must pass much more rapidly through tlie
, aorta than through the capillary system or any part of
that system. .

It 1s not that the greater friction in any capillary
causts the- blood to flow more slowly there and there
only. The resistance caused by the friction in the
capillaries is thrown _back upon the aorta, which
indeed fetls the resistance of the whole vascular
system ; and it is this total resistance which has to
be overcomec by the heart before the blood can meove
onatall. '

The blood driven everywhere by the same force simply
moves more and more slowly as it passes into wider and
wider chanpels, When it is in the capillaries it is slowest;
afteg escaping from the capillsties, as the veins unite inio
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larger and larger trunks, and hence as the total venous
area is getting less and less, the blood moves again faster
and faster for just the same reason: that in the atteries it
moved slower and slower.

.. A very similar case is that of a river widening out in a
plain intoalake and then contracting into a narrow stream
again. The water is driven by one force throughout (that
of gravity). The current is much slower in the lake than
in the narrower river either before or behind.

21, It is now nccessary to trace the exact course of

e circulation as a whole. And we may converiently
‘commence with the portion of the blood contained at any
.moment in the right auricle. :The contraction of the right
auricle drivesghat fluid into the right ventricle ; the ven-
ricles ther contracts and forces it into the pulmonary
artery; from hence it passes into the capillaries of the
,I,ungs.“Leaving thése, it returns by the four pulmona
'veins to the left auricte; and the contraction of the left
wauricle drives it intg the left ventricle.

The systolesof 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; and from the
capillaries of all these parts, except from those of the
intestines and cgrtain other Miscera in the abdomen,
it  is donveyed, by vessels which gradually unite into
Jarger and larger trunks, into either the superior or
the inferior wexa cava, which carry it to the right auricle
ence more. .

But the blood brought to the capillaries of the stomach
"and intestines, gpleen and pancreas, is gathered into veins
which unite into a single trunk—the vena porte. The
vena porge distributes its blood to the liver, mingling
with that supplied to the ca]l:!illaries of the same organ by
the hepatic artery, From these capillarid®it is conveyed
by small veins, which unite into a large trunk—the

atic vein, which opens into the inferior vena cava.
The flow of the blood from the' abdominal viscera,
through the liver, to the hepatic vein, is called the porta/

; cérculation. & 3
The heart itself is supplied with blood ‘b{' the two

«

to}an ry arteries which spring from the root of the aorta

just above two of the semilunar valves. The blood from
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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 coronagy vein is protected by a valve, so
as to prevent the right auricle from driving the venous
blood which i. contains back into the vessels of the
heart. o

22. Thus, the skortest possible course which any particle
of the blood can take in order to pass from one side of
the heart.to the other, is to leave the aorta by one of the
coronary arteries, and return toethe right auricle by the
coronary vein. And in order to pass through the greatest
possiole number of capillaries and return to the point from
which it started, a particle of blood must leave the heart
by the aorta and traverse the arteries which- supply the
alimentary canal, spleen, and paiicreas. *It then enters,,
1stly, the capillaries of these organs ; 2pdly, the capillaries
of the liver ; and, 3rdly, after pasging 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 beer¥said, respecting the
lymphatic system, it follows that any pagticle of matter
which enters a lacteal of t}fe intestine, will reach the right
auricle by the superior cava, after.?assing thrdugh the
lymph capillarics and gchannels of sundry lymphatic
glands ; while anything which enters the adjacemt blood
capillary in the wall of the intestine will reach the right
auricle by the inferior cava, after passing through the
blood capillaries of the liver. . T T o
. 23. It has been shown abd¥e (§ 2) that the small
arteries may be directly affected by the nervous system,
which controls the state of contraction d¥ their muscular
walls, and so regulates their calibre. The effect of this
power of the nervous system is to give if’a certain
.control’ over the circulation in particular spots, and to
produce such a state of affairs that, although the forcé of
the heart and the general condition of the vessels remain
the same, the state of the circulation may be very dif-
ferent in different localities. :

Blushing is 3 gurely local madification of the circu-
lation of this kind, and it will be instructive to consider
how a blush is brought about. An emotion—scometifthes
pl&‘o.surabte, sometimes painful —takes ‘possessimi“'of “the

E 2 s
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'
mind : thereupon a hot flush 1s felt, the skin grows red,
and according to the intensity of the cmotion these
changés are confined to the cheeks.only, or eatend to the
*raots of the hair,” or * all over.”

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

On the other hand, in many people, extreme terror
causes the skin to grow'cold, and the face to appear pale
and pinched. Under these circumstances, in fact, the
supplyeof blood to the skin is greatly diminished, in con-
sequence of an excessive stimulation of the netves of the
small arteries, which gcauses them to contract and so to
cut off the supply #f blood more or less completely.

24, That this is the real state of the case may be proved
ex%erimemally uFon rabbits. Thesc animals may be made
to blush artificially. If, in a rabbit, the sympathetic nerve
which stnds branchég 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 once blushes. That 15 to say, the vessels
dilate, fill with blood, and the ear becomes red and hot.
‘The reason df this is, that when the sympathetic is cut,
the nervous stimulus which is ordinarily sent along its
branches is interrupted, and the muscles of the small

: %&, which were slightly contracted, become altogether
L]

d'noW it 1s quite #ossibl: to produce pallor and cold
in the rabbit’s ear. To do this ir is only®necessary to.
irritate the cut end of the sympathetic whicl» remains
connected with'the vessels. The nerve then becomes
excited, so that the muscular fibres of the vessels are
thrown into a violent “state of contraction, which di-
minishes their calibfe so much that the plood can hardly
make its way through them, Conscquently, the ear
bedames pale and cold. oo

25. The practical unportance of this locdl conjrol
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exerted by the nervous system is immense. When cx-
posure to cold gives @ man catarrh, or inflammation of
the lungs, or diarrhea, or some still more serious affection
of the abdominal viscera, the disease is brought about
through the nervous system. The impression made Yy
the cold on the skin is conveyed to the ncrvous centres,
and so” intluences the waso-motor nerves (as the nerves
which govern the walls of the vessels are called) of the
organ affected as to cause their partial paralysis, and pro-
duce that state of congestion (or undue distension of tHe
vessels) which so commonly ends in inflammation. (See
Lesson XI. § 15.) - ,

26. Is the heart, in likc manngr, undcr the control of
the central nervous system ? ° o

As we all know, it is not under the direct influnce of
the will, but everyone is no less familiar with the fact
that the actions of the heart are’ wonderfully affected by
all forms of cmotion. Men and womén often faint, and
have sometimes been killed by sudden and violent joy or
sorrow ; and when 3\ey faint or die in this way, they do
so because, the perturbatioh of the brain gives rise to @
something which arrests the heart 38 dead as yol stop a
stop-watch with a spring  On the other liand, other emo-
tions cause thatextreme rapidity and’violence of action
which we call palpitation. * K

Now there are three sets of nerves in she hcart : one.
sct are supplied by ganglia, or masses of ntrve-cells, in
its substance; another set come from the sympathetic
nerve ; a third set are branches of a remarkable nerve,
which proceeds straight from the brain, &nd is called the
prenanogastric nerve.  There is every reason tp believe
that the rcgular rhythmical succession of the ordinary
contractions of the heart depends upon thé ganglia lodged
in its suhstance. At any rate, it is certain that these
movements depend neither on the. sympathetic, nor on
the pneumogastric, since they go on as well when the
heart is removed from the body.,

In the next place, there is much rcason to believe that
the influence which increases the rapidity of the heartls
action is exerted through the sympathetic. T e

And -lastly, it is quite certain that th cinfluence which
arrests the heart’s action is supplied by the pneumo-
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gastric. 'This may be demonstrated 1n animals, such a.
frogs, with great ease. *
27. If a frog be pithed, or 1ts brain destroyed, so as to

Fie 15.—Portion of the web of a frog's foot seen under a low magnifying

wer, !gc'blood-veuels only being _represented exgpt in the corner of the

1d, where in the portion marked off the pigment spots are also drawn.

@asmall arteries; v small veins : the minute tubes joining the arteries of the
veins are the capillanies  The arrows denote the direction of thecircu a-
fion. The larger artery runmng straight up in the mddle line ks up
into capillaries at points higher up than can be shown in the drawing
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obliterate all sensibility, the ‘animal will continue to live,
and its circulation will go on perfectly well for an inde-
finite period.  The "body may be laid open without
causing pain or other disturbance, and then the heart
will be obscrved beating with great rcgularity., It is
possible to make the heart move a long index backwards
and forwards ; and if frog and index are covered with a
glass shade, the air under which is kept moist, the index
will vibrate with great stcadinessefor a couple of days. °

It is casy to adjust to the frog thus prepared a contri-
vance® by which electrical shocks may be sent through
the pneumogastric nerves, so as to irritate them. The
moment this is done the index stqps dead, and the heart
will be found quiescent, with relaxed and distended gvalls.,
After a little time the influence of the pnéimogastric
passes off, the heart recommences its work as vigorously
as before, and the indk vibrates through the same arc as
formerly. With careful management, this experiment
may be repeated 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 mam, al-
though perfectly conclusive, is almdst all indirect. The
most important pbdints in the evidence aie as follows :—

In the first place, the disposition and structure of the
organs of circulation, and more especially the arrange-
ment of the various valves, will not, as was shown by
Harvey, permit the blood to flow in any other direction
than in the one described above. Moreover, we can
easily with a syringe inject a fluid from tlee vena cava, for
instance, through the right side of the heart, the lyngs,
the left side of the heart, the arteries, and capillafies, back
to the vena cava; but not the other way. In the
second place, we know that in the livirig body the blood is
continually flowing in the arteries towards the capillaries,
because when an artery is tied, in a living body, it swells
up and pulsates on the side of the ligature nearest the
heart, whereas on the other side it becomes cmpty, and
the tissues suppMed by the artery become pale from the
want of a supply of blood to their capillaries. -And when
we cut an artery the blood is pumped out in jerks frof
the cut end nearest the heart, whereas litt'e or no blood
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. ht"xG ~—Very smal| portion of Fig 15 very highly magmfied

Alls of capillanies, f e . between the® capillaries
C cells of eprdermw covering* web ( %Yy shown in the right? hand
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comes from the other end. When, however, we tic a vein
the state of things is reversed, the swelling taking place
on the side farthest from the heart, &c. &c., showing that
in the veins the blood flows from the capillaries sto the
heart.

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
arterics into the capillarics, and from the capillaries into
the veins, so long as the animfl is alive and its heart is
at work. The animal in which the circulation can be
most conyeniently 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 blogd, when the,
toes are fastened out, and the intervening web is examined
under even a low magnifying power (Figs. 15 and 16). -

and lower part of the field ; in the air parts of the field the focusof the

microscope lies below the epidermis nuclei of these epidermic cells; £.
Eigment cells contracted, not expanded as in Fig. 15;

lood-corpuscle (oval in the frog). passingy along capillary—nucleus not
visiblg ; G. another corpuscle squeezing its way through a capillary, the
canal of which is smaller than its ewn tranSverse diameter ;® Z/®another
bending as it slides round a corner ; X. corpdscle in capillary scen through
the epidermis ; /. white blood-corpuscle.
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LESSON IIL ,

THE BLOOD AND THE LYMPFPH.

© * 1. Iy 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 instrument, a hand lens,
and some slips of thick and thin glass, the student will be
enabled to follow the present Lesson.

The most conveniengfinode of obtaining small quantities
of blapd.for examingtién is to twist a, piece of string,
pretty tightly, round the middle of the last 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 vgigs caused by the ligatuse. When
in®this condition, if 1t be slightly pricked with a shar,
clean needle (an. operatioiwhich causes hardly any paing:
a good-sized drop of blood will at once exude. Let it be
deposited on one of the slips of thick glass; and covared
lightly*an® gently'with a piece of the thin glass, so as to
spread it out evenly into a thin layer. Let a®econd slide
receive another , and, to keep it from drying,let it be

ut under an in¥grted watch-glass or wine-glass, with a

it of wet blottiffg-paper inside. Let a third drop be
dealt with in the same way, a few granules of common
s%t beinghﬁrsu«m‘lded to the drop. .

2, J‘oﬂt e naked eye the layer of blood” upon the first
slide:will appear of a pale reddish colour. and quite clear
andehWnogeneous. But on viewing it with even % pocket
lesig jiapparent homogeneity will disappear, and it Will
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look like a mixture of excessively fine yellowish-ted par-
ticies, like sand, or dust, with a watery, almost colourless,
fluid. Immediately after the tIiﬁ/ood 1s drawn, the particles
will appear to be scattered velly evenly through thefluid,
but by degrees they aggregate into minute patches, and
the layer of blood becomes more or less spotty.

The “particles” arc 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 secm to
have undergone no change. But if the shde 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 maysbe rginoved, .
with the point of a penknife, as a gelatinous mass. The
mass is quite soft and moist, so that this setting, or coagu-
lation, of a drop of blood is something very ditferent from
its drying. p

On the third slide, this'»ﬁipcess of coagulation will be

found not to have taken ce,?ne blood remaining as
fluid as it was when it left the body. The salt, thercfore,
has prevented.the coagulation of the blood. *Thus this
very simple investightion teaches that blood is gomposed
of a ncarly colourless plasma, in which many coloured
corpuscles are suspended ; that it has a remarkable power
of coagulating; and that this coagulafion may be pre-
vented by artificial means, such asthe addition of sak.
+ 3. If, instead of using the hénd lens, the drop of blood
on the first slide be placed under the microscope, the par-
tieles, or corpuscles, of the blood will be found to be
bodies with very dcfinite characters, and of-twi kinds,
called respectively the red corpuscles and the. colouriess
corpusoles, The former are much more numerous than:
the latter,”and have a yellowish-redftinge ; while the
latter, somewhat larger than the “corpuscles, are, as
their name implies; pale and devoid of coloration.

4. The corpyscles differ also in other ang more important
respects. Thered corpuscles (Fig. 17) are flattengd circtilas
disks, on an average yggyth of an inch in diaMefgryand
hgving’about one-fourth,of that thickness. It f s thag-
rather more than 10,000,000 of them will lie onig gpac
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one inch square, and that the volume of -each corpusclc
does not exceed 13ggogooengoth of a cubic inch.

The broad faces of u&e disks are not flat, but somewhat
concave, as if they were pushed in towards one another.
Hence the corpuscle is thinner in the middle than at thc

'\

%

&3
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FiG, 17.—~RED AND WHITE CORPUSCIES OF THE Bf 00D MAGNIFIND.

{?‘54. Mads.ately magnified. The red corpuscles are seen lying in rouleaux :

. ... at @ and 2 are seen two white corpuscles. -

Y48, Red corpuscles much more highly magnified, seenin face ; C. ditto, seen-

& 'in profile ; D. ditto, in rouleaux, rather more highly magnifiedy £. a red
corpuscle swollen into a sphere by imbibition of water. -

“FA white corpuscle magnified same as B.; C. ditto, throwing out some

blunt, esses ; K. ditto, treated with acetic acid, and showing nucleus
magnified same as D.

H. Ked cor es puekered or crenate all over.

/. Ditto, at the-edge only. .

™ . )

edges,"arid when viewed under the microscope, by trans-
-mittedz¥ight, looks clear in the middle and darker at
the edges, or dark in the, middle and clear at the
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cdges, according to circumstances. When, on thie other
hand, the disks roll over and present their edges to the
cye, they look like rolts, All thesc varieties of appear-
ance 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 theirsown diameters, and im-
mediately resume their proper shapes (Fig. 16, G.4.), The
exterior of each corpuscle is denser than its interigr,
which contains a semi-fluid, or quite fluid matter, of a ved
colour, called Akemoglobin. By proper processes this may
be resolved into an albumineus substance sometimes
called globulin, and a peculiar colouring mattet, which is”
called /wmatin. The interior substance presents no
distinct 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 alfering the density of the plasma. Thus, if
it be made denser by dissolving saline substanges? or
sugar, in it, water is drawn from the tontents of the cor-
puscle to the dende plasmn, and the corpuscle bgcomes
still more flattened and very often much wrinkled. On
the other hand, if the plasma be diluted with water, the
latter forces itself into and dilutes the c8ntents of the,
«corpuscle, causing the latter to swell out, and even be-
come spherical ; and, by adding dense and weak solutions
alternately, the corpuscles may be made t€ become suc:
cessively spheroidal and discoidal. Exposure to carbonic
acid ghs seems to cause the corpuscles to swell But ;
oxygen gas, on the contrary, appears to flatten them. |

5. The colourless-corpuscles (Fig. 17, a a, F. G. K.) are
larger than the red corpuscles, their average diameter being
235gth of aninch. They are further seen, at a glance,
to differ from the red corpuscles by the extreme irregularity*
of their form, and by their tendency to attach themselvess
to the glass slide, while the red corpuscles float about and -
tumble freely over one another. L.

A still mgre remarkable feature of the colousss?
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corpuscles than the irregularity of .their form is the
uncéasing variation of shape which they exhibit. The
form, of a red corpuscle is changded only by influences
from without, such as pressure, or the like ; that of the
eolourless corpuscle is undergoing constant alteration, as
the result of changes taking place in its own substance.
To see these changes well, a microscope with a magni-
fying 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 minate or
“two. This is what has been done with the corpuscle
represented in Fig. 18, in which  rcpresents the form of
the corpuscle when first observed ; 4. its form a minute
<afterWards ; ¢, that at the end of the second ; @, that at
the end of the third; and ¢, that at the end of the fifth
minute.

.
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¥ F16.« 18c—~Successivd Forms Assumsp BY CoLOURLESS CORPUSCLES OF
Huyman Brooo. (Magnified about 6oo diameters )

“The interval betdeen the forms a,b,c,d, was a minute : between 4 and ¢ two
minutes ; sq thiit-the whole series of changes from a to ¢ took five minutes.

Careful watching of a colourless corpuscle, in fact,
shows that every part of its surface is constantly chang-
inf-—undergoing active contraction, or being passively

, dilat>d hy the contraction of other parts. It éhibits
combractrledy. in its lowest and most primitiwe form.
- '6.“While they are thus living and active, no correct
‘nofion can be formed of the structure of the colourless
- éorpuscles. By diluting the blood with water, or, still
- .bettér, with water acidulateds with acetic acid, the cor-
“’puscles are killed, and become distended, so that their
* real nature is shown. They are then seen to be sphe-
roidal bags, or sacs, with'very thin walls ; and to contain
«in their interior a fluid which is either cleay or granular,
together with a spheroidal vesicular body, which is,called
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the nuclens (Fig. 17, K). It sometimes, thoygh very
1arely, happens that the nucleus has a red tint.

‘The sac-like coloutless corpuscle, with its nucleus, is
what is called a nucleated cell. 1t will be observed that
it lives in a free state in the plasma of the blood, and
that it exhibits an independent contractility. In fact,
cxcept that it is dependent for the conditions of its exist-
ence upon the plasma, it might be compared to onc of
those simple organisms which gre met with in stagnant
water, and are called dmabe.

7. olhat the red corpuscles are in some way or otlrer
derived from the colourless corpuscles 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 eorpuscle is,
simply the nucleus of the co'ourless corpuscle sofewhat
cnlarged ; flattcned from side to side ; changed, by de-
velopment within its interior of a red colouring matter ;
and set free by the bursting of the sic or wall of the
colourless corpuscle. In other words, the red corpuscle is
a frec nucleus. '

The origin of the colourless corpuscles themsgelyes is
not certainly determined ; but it ise highly probable that
they are constitdent cclls of particular,parts of the solid
substance of the body which have been detached and
carricd into the blood, and that this pracess is chiefly
effected in what are called the «nctless ghands (Lesson V.,
§ 27), from whence the detached cells pass, as Zyhph-
corpuscles, directly or indirectly, into the-hleod.

The following facts are of importancedén their bearing
on the relation between the different kinds of~ cor-
puscfes :— « & .

(@) The invertebrate animals,! which have true blood-
corpuscles, possess only such as resemble the colourless
corpuscle8 of man. .

(4) The lowest vertebtate animal, the Lancelet (A mspki-

" oxus), possesses only colqurless corpuscles ; and the very
young embryos? of all vertebrate animals have on!
colourless and nuclevted corpuscles. '

imals are animals devoid of backbones, such as insacts,

snails, se &c Verteb | fish ibi )
Dirde ed ones c are fishes, amphibia, reptijes,

* An embryo is the rudimentary unborn young of any creatura

¥ Invertel
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(¢) All the vertcbrated animals, the young of which are
born from eggs,! have two kinds of corpuscles—colourless
corpuscles, like those of man, and large red-coloured
corpuscles, which are generally oval, and further differ
from those of man in presenting a nucleus. In fact, they
are simply the colourless corpuscles enlarged and
coloured. .

d) 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 ellip-
tical. And it is worthy of remark that, in these animals,
the nuct®i of the colourless corpuscles become elliptical.

, (¢) The eolourless corpuscles differ much less from one
anothet in size and form, in ‘the vertebrate series, than the
coloured. The latter are smallest in the littlec Musk Deer,
in which animal they are about a quarter as large as those
of a man. On the other hand, the red corpuscles are
largest in the Amphibia (or Frogs and Salamanders), in
sume of which animals they are ten times as long as in
‘mang

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

The ¢olaurless corpuscles lose their contractility, but
otherwise undergo little alteration. They tend to cohere
neither with one.andther, nor with the red corpuscles, but
athére to the glass plate on which they are placed.

It is quite.ntherwise with the »ed corpuscles, which at
first, as has begn said, float about and roll, or slide, over
cach other quite freely. Aft.e%a short time (the length of
. whith varjes in different ns, but uspally amoutfts to
.two or three minutes), they seem, as it were, to become

" sticky,.and tend to cohere; and this tendeMty increases

“until, at length, the “ffreat majority of themn become
;Fplied face to face, sé+as.to form long series, like rolls
of coir.’” The end of one roll, cohering with the sides
of another, a netwgrlt of yajious degrees of closeness is
produced (Fig. 17,4, wg™-™ - <

The. corpuscles' remaide thus coherent for a certain
lepgth;of timg, but eventually separate and float freely

+3 These are fishes, amphibia, reptiles, and birds.
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agamn. The addition of a little water, or dilute acids or
saline solutions, will at once cause the rolls to break up.

It is from this runnipg of the corpuscles together into
patches of network that the change noted above in the
appearances 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 raicly, if ever, all run together into
rolls, some always remaming frfe in the meshes of the
net. In contact with air, or if subjected to pressure, many
of th@r.d corpuscles become covered with little knobs, so
as to leok hke minute mulbeiries—an appearance which
has been mistaken for a breaking up, or spontanedis div1-
sion, of the corpuscles (Fig. 17, H. H.), e o

9. There is a still more remarkable change whieh «the
red blood-corpuscles occasionally undergo. Under certain
circumstances, the peculiag red substance which forms the
chief mass of their contents, and which has beén called
haemoglobin (from its readily breaking up into globulin
and hematin, § 6), separates in a crystalline form. In
man, these crystals have the shape of prisms; ip gther
animals they take other forms, Human %lood crystallizes
with difficulty, but that of the guineaspig, rat, or d
much more easily: The best way to see these® blood-
crystals is to take a httle rat'’s blood, from which the
fibrin has been removed, shake it up"Uith a Jittle ether,
and let it stand in the cold for some Kours, A sedinfenf
will form at the bottom, whicn, when exawjned with the
microscope. will be found to consist of long narrow
crystals, Crystallization is much assisted by adding
after the ether a small quantitg*of alcohol. o« &

10. When the layer of blood has been drawn ten or
fifteen minutes, the plasma will bgh:een to be no longer
clear, It then exhibits multitudeswof extremely delicate
filaments of-a substance called,Fzér¢n, which have been
deposited from it, and which traverse it in all directions,
uniting with one another ind with the, corpuscles; and
binding the whole jpto a semi¢olid mass:

It is this deposition of fibriighwidth is the cause of
the apparent solidification, or , latlorl, of tHe drop
upon the setond slide ; butﬁthe phenomena of cotigula-
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tion, which aie of veiy great impoitance, cannot be
properly understood until the bchaviour of the blood,
when drawn 1n larger quantity than a drop, has been
studied. .

« 11, When, by the ordinaty process of opening a ven
with a lancet, a quantity ot bf:)od 15 collected 1nto a basin,
1t 15 at first petfecily fluid . but in a very few minutes it
becomes, through, coagulation, a jelly-like mass, so sohd
that the basin may be twined upside down without any of
the blood Being spilt. At fust the clot 1s a uniform 1ed
jelly, but very soon diops of a cliar yellowish watery-
looking fluid mike then appeaiance on the suiface of the
clot, and on the sides of the basin  These diops nciease
in numbel, and run together, and after a while 1t has
heconie apparent that the originally uniform jelly has
separdted 1nto two very different constituents—the onc a
clear, yellowish ligui ; the other a 1ed, scmi-sohd mass,
which lies in the liquid, and et the surface 1s paler m
colourfnd firmer than 1n its deeper part.

The hquid 1s called the sezumz,; the semi-solid mass the
clot, or crassamentum. Now the clot obviously contains
the corpuscles of the blo bound together by some
other substance ; and this if a small part of the clot
be examined micioscopically, will be found to be that
fibrous-logking matter, 47, which has been seen form
ing 1n the thin layer of blood. Thus the clot 1s equiva-
lent to the gorpuscles A/us the fibrin of the plasma, while
the serum 1s the plasma wunus the fibrinous elements
which 1t contri.ed,

12. The cokpuscles of the blood are shightly heavier
than the plasma, and therefqre, when the blood 1s drawn,
they znk; very slowly t s the bottom. Hence the
upper part of the clot contains fewer corpuscles, and 1s
lighter in colour, tha# the lower part—%herc being fewer

corpuscles left in the ypper of plasina for the
fibrin to catch when it*$ets. there are some con-
ditions of the blood gﬁl{iﬁl the corpuscles run together
much more rapidly denser masses than usual
Hence they more me the resistance of the

to their f: j s feathers stuck together in
masses fall mukh m idly throdgh the air than the

same fedthers when looseds When this is the case, the
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upper stratum of plasma is quite free from red cocpuscles
before the fibrin forms in it; and, conscquently, the
uppermost layer of the clot is nearly white : it receives
the name of the dufly coat.

After the clot is formed, the fibrin shrinks and squcezes
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 wayFof its shrinking, Hence,
when the buffy coat is formed, it usually cofitracts so much
as to give the clot a cup-like upper surface. |

ThAs the buffy coat is fibrin naturally separated from
the red corpuscles ; the same scparation 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 thejtwigse
and a red fluid will be left behind, 'c#ﬁgtin'gof the setum
plus the red corpuscles, and many 6F the colourless ones.

13. The coagulation of the blood ig*hastened, retarded,
or temporarily prevented by many circumstances, ’

(@) Temperature.—-A high temperature accelerates the
coagulation of the blood; a low one retards it very
greatly ; and some experimjgnters .have stated that, when
kept at a sufficicntly low temperature, it does.not coagu-
late at all. . et * .

(6) The addition of soluble matter to the blood,—Many
saline substances, and more especially .sulphaté of soda
and common salt, dissolved in the blobd in suffigieng
quantity, prevent its cdagulation ; but coagulation sets
in when water is added, so as to dilute thé“$®ine solution.

(c) Contact with living oy not living #tter.—Contact
with got living matter prouafeg-the coagulation of she
blood. Thus, blood drawn {0 a basin begins ®o ®agu-
late first where it is in contact with the sides of the
basin ; and g wire introduced- &6 a living vein will
become coatg& with \v,ip, altheiigh perfectly fluid blood -
surrounds it. ', .

On the other hand, direct'fho'mg; with living matter
retards, or altogegler preventg. the coagulation of the
blood. Thus bldo rl;em:in el thefg long time I,
a portion of a veifywhich is tied 4 .

F‘,l‘he heart of ‘:Q?drtle re%nﬁ]ive for’ a lepgthenedl
period (many hours or gvetr-ddy’s) after it is extracted from &

F2
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the body ; and, so long as it remains alive, the blood con-
taincd 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.

o 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 fiprin acts somewhat like living
matter, coagulable blood remaining fluid for a long time
1 tubes coated with such fibrin.

14. The coagulition of thc blood is an altogether
physico-chemical process, dependent upon the properties
of certain-of the constituents of the plasma, apart from
the vitalityof that fluid. This is proved by the fact that
if Llood-plasma be prevented from coagulating by cold,
and greatly diluted, a current of carbonic acid passed
through 1t will throw down a white powdery substance.
If this white substance 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
truecpure fibrin, It.would be absurd to suppose that a
substance which has been precipitated from its solution,
and redisso]ved, still remains nlive,

There are reasons for believing that this white sub-
stance consists of two constituents of very similir com-
position, which exist separately in hiving blood, and the
union of which is the cause of the act of coagulation.
These reasozz may be briefly stated thus:—The per-
cardium and otherigerdus cavities in the body contain a
clear fluid, which h&s exyded from the blood-vessels, and
conthns (the elements of the blood .without the Blood-
corpuscles.  This fluid sometimes 4goagulates spon-
taneously, as tlie blood plasma would do, but very often
shows no disposition to spontaneous coagulation. “When
this is the case, it may nevertheless be made to coagulatc,
and yield a true fibrinous clot, by addjng to it a little
serum of blood. ’

Now, if serum of blood be largely liluted with water
"and a ¢turrent of carbonic acid be gas passed through it

a white powdery substahce will be thrown down ; this,
redissolved in a dilute saline, or extremely dilute alkeline,
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solution will, when added to the pericardial fluid,sproduce
even as good -a clot as that obtained with the original
serum. °

This white substance has been called globuiin. <1t
exists not only in serum, but also, though in smaller
quantities, in connective tissue, in the cornea, in the
humours of the eye, and in some other fluids of the body.

It possesses the same general chemical properties as
the albuminous substance which enters so largely into the
composition of the red corpuscles § 4), and {ence, at
presemt, bears the same name. But when treated with
chemical reagents, even with such as 7o not produce any
appreciable effect on its chemical composition, it very
speedily loses its peculiar power of causing sgrous, fluids
to coagulate. For instance, this power is destroyed bx at
excess of alkali, or by the presence of acids.

Hence, though there is great reagon to believe that the
fibrino-plastic globulin (as it has becn called) which exists
in serum does really come from the red corpuscles, the
globulin which is obtainel ir. large quantities from these
bodies, by the use of powerful reagents, has no coagu-
lating effect at all 0. pericardial or other serous flaids.

Though globulin is so susceptiblé of change when in
solution, it may be dried at a low tempetature ang kept in
the form of powder for many months, without losing its
coagulating power. .

Thus globulin, added, under proper conditions, to sgzous
effusion, is a coagulator of that effusion, ju/ing rise to the
development of fibrin in it e Sl

It does so by its interaction with afgubance contained
in the serous effusion, which caff-be extracted by jtaelf,
and then plays just the same part téwards a solufion of
globulin, as globulin does .towards its solution. This.
substance 1has been called fibrinogen. It is exceedingly
like globulin, and. may be thrown down from serous
cxudation by carbonic ‘acid,:just as globulin may be
precipitated’fmg the serumy ¢f’the blood. When redis-
solved in an ine solution, and added to any fluid con-
taining globulin, it acts as a’coagulator of that fluid,-and
gives rise to the development of a clot of fibrin in it. *In
accordanceswith what has just been stated, serumof blodd
which has completely coagulated may be kept in one
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vessel, and pericardial fluid in another, for an indefinite
period, if spontaneous decomposition be prevented, with-
out the coagulation of cither. 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 intcraction of two substances (or two modifications
of the same substance), globulin or fibrinoplastin and
fibrinogen, the former ok which may be obtained from the
serum of the blood, and from some tissues of the body ;
while.the latter is known, at present, only in thc 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
ditcraliy trfie, as the blood is not only “ thickened ” by the
corpufcles, of which it has been calculated that no fewer
than 70,000,000,000 (eighty times the number of the human
gopulation of the globe) are contained in a cubic inch,

ut is rendered slightly viscid by the solid matters dis-
solved in the plasma, The blood js thus rendered heavier
than water, its specific gravity being about 1055. In other
words,<wenty cubia inches ‘of blood have about the samc
weight as twenty-oné cubic inches of watcr.

The corpusclesvarc heavier than the plasma, and their
volume is usually somewhat less than that of the plasma.
Of colourless corpuscles therc are usually not more than

* thrge or four for every thousand of red corpuscles; but

e number varies very much, incrcasing shortly after
food is’ takeydnd diminishing in the intervals betwcen
meals, * @,

‘The blood is hot, its temperature being about, 100°
Fahiaheit. o

_ *.16. Considered chefnically, the blood is an alkaline
. fluid, consisting of water, of solid and of gasesps matters.
: proportions of these several constitutents vary
according to age, sex, and condition, but the following
* statement holds good on the average :—
. In-every 100 parts of the blood there are 79 parts of
swater 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 proportionas the nitrogen and the oxygen
“of the air, Roughly speaking, one quarter of the blood



[18] GASES OF THE BLOOD. 7t

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 (6°7 parts = #ths)
albumin (a substance like white of egg, coagulating by
heat), and one-third (= }th of the whole solid matter)=a
mixture of saline, fatty, and saccharine matters, sundry
products of the waste of the body, and fibrin. The
quantity of the latter constituent is remarkably small in
rclation to the conspicuous parg it plays in the act of
coagulation. Healthy blood, in fact, yields in coagulating
not rgore than from two to four parts in a thousand of ils
weight of fibrin,

‘The total quantity of gaseous matter contained in the
blood is equal to rather less than half the welume of the

blood ; that is to say, 100 cubic inches of blood wiﬁ con? -

tain rather less than 5o 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
whercas air contains nearly three-fourths nitrogen, one-
fourth oxygen, and a mere trace of carbonic acid, the
average composition of the blood gases is neardy 4wo-
thirds carbonic acid, rather less thin one-third oxygen,
and not one-tenth nitrogen. 4 o ’

It is importanf to observe that blood contains much
more oxygen gas than could be held in solution by ‘pure
water at the same temperature and pessure. Lhig
power of holding oxygen appears in some way to~ depend
upon the corpuscles, firstly, because mer®=s®rum has no
grcater power of absorbing oxygen than fAire water has ;
and secondly, because red corpuscles suspended in water
insted of serum absorb oxygen very readily. The cKygen
thus held by the red corpuscles 1s readily given up by
them fcr purposes of oxidation, and indeed can be
removed ‘rom them by means of a mercurial gas paip.
It would appear that the connection between the oxygen
and the red corpuscles is of a peculiar nature, being a sort
of loosc chemical combination with one of their ton-
stituents, that cofstituent being the hamoglobin; for
solutions of hemoglobin behave towards oxygen exacﬂ;/
as blood dges.

The corpuscles differ chemically from the plasma, in
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containing a large proportion of the fats and phosphates,
all the iron, and almost all the potash, of the blood ;
while the plasma, on the other hahd, contains by far the
greater part of the chlorine 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 of sex is
hardly at all exhibited by persons of flabby, or what is
called lymphatic, constisation.

,Animal diet tends to increase the quantity of the red
corpuscles ; a vegetable digt and abstinence to dimiinish
them, Bleeding exercises the same influence in a still
more marked degree, the quantity of red corpuscles being
diminjshed, thereby in a much greater proportion than
that of; the other solid constituents of the blood.

18. The total quantity of blood contained in the body
varies at different times, and the precise ascertainment of
its amount is very difficult. It may probably be csti-
mated, on the average, at not less than one-thirteenth of
the weight of the body. '

19. The function of the blvod is to supply nourishment
to, &nd take away waste matters from, all parts of the
body. It is absolutly essential to the lifc of every part
of the Rody that # should be in such relation with a cur-
rent of blood, that matters can pass freely from the blood
to it, and from it to the blood, by transudation through
theawalls of the vessels in which the blood is contained.
And this vivifying influence depends upon the corpuscles
of the blood™The proof of these statements lies in the
following expeMments :—1f the vessels of a limb of a
liviog animal be tied in sich a manner as to cut qff the
suppl¥ ofeblood 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 if¥.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 set in,
if the ligatures be removed, and the blood be allowed to
flow into the limb, the stiffening speedily ceases, the tem-
petature of the part rises, the sensibility of the skin re-
tidrns, the will regains power over the musdles, and, in
short, the part returns to its normal condition. .
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If, instead of simply allowing the blood of the animal
operated upon to flow again, such blood, deprived of its
fibrin by whipping, biit containing its corpuscles, be arti-
ficially passed through the vessels, it will be found as
effectual a restorative as entire blood ; while, on the other
hand, the serum (which is equivalent to whipped blood
without its corpuscles) has no such effect

It is not necessary that the blood t! as artificially in-
jected should be that of the swhject of the experiment.
Men, or dogs, bled to apparent death, may be at once and
effe&ually revived by filling their veins with blood taken
from another man, or dog ; an operation which is known
by the name of Zransfusion.

Nor is it absolutely nccessary for the success of. this
operation that the blood used in transfusion sHould’beloryg .
to an animal of the same species. The blood of *a 210rse
will permanently revive an ass, and, speaking generally,
the blood of one animal may be replaced without injurious
effects by that of another closely-allicd species; while
that of a very different animal will be more or less in-
jurious, and may cven cause immediate death.

20. The Lymphk, which fills the dymphatic vesscls, is,
like the blood, an alkaline fluid, cbnsisting of a plasma
and corpuscles, and coa%ulates by the separation of fibrin
from the plasma. The lymph differs from the blood in
its corpuscles being all of the colourless kind, and in the
very small proportion of its solid cofistituents, whigh
amount to only about § per cent. of its weight. Lymph
may, in fact, be regarded as blood #2:.3 its red cor-
puscles, and diluted with water, so as to Be somewhat less
denge than the .serum of blood, which contains ahgut 8
per cent. of solid matters. - 7

A quantity of fluid equal to that of the blood is pro-
bably poured into the blood, daily, from the lymphatic
system. This fluid is in great measure the mere overflow
of the blood itself—plasma which has exuded from the
capillaries into the tissues, and which has not been taken
up again into the venous current ; the rest is due to the
absorption of chyle from the alimentary canal,
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LFSSON 1V.

RESPIRATION.

« 1. FHE *blood, the general nature and propertics of
whieh ‘have been described in the preceding Lesson, is
the highly complex product, not of any onc organ or con-
stituent of the body, but of all. Many of its features are
doubtless given to it by its intrinsic and proper structural
clements, the corpuscles ; but the general character of
the blood is also profoundly affected by the circumstance
that evary other part of tKe body takes somcthing from
the blood and pours Something into it. The blood may
be compared to a river, the nature of the contents of
which is largely determined by that of the head waters,
and by that of the animals which swim in it ; but which
ds also very, mtch affected by the soil over which it

WS, by the water-weeds which cover its banks, and

,by afflients #resh distant regions; by irrigation works
which are supplied from it, and by drain-pipes which
flow,into it. . ’ .

2. Owe of the most remarkable and important of the
changes effected in the blood is that which ggsults, in
most parts of the body, from its simply passing through
capillaries, or, in other wotds, through vessels the walls
of which are thin enough to permit a free exchange be-
tween the blood and the fluids which permeate the adja-
cent tissues (Lesson II. § 1).

Thus, if blood be taken from the artefy which supplics
a limb, it wilk be found to have a bright scarlet colour ;
while blood drawn, at the same time, from the vein of the
limb, will be of a purplish hue, so dark that it is c8mn-
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monly 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 veins), the scarlet blood
is commonly known as arferial, and the black blood as
venous. . .

This conversion of arterial into venous blood takes
place in most parts of the body, while life persists. Thus,
if a limb be cut off and scarlet blood be forced into its
arteries by a syringe, it will issuesfrom the veins as black
blood.

3. #Vhen specimens of wenous and of arterial blood are
subjected to chemical examination, the differences pre-
scnted hy theirsolid and fluid ebnstituents are found to be
very small and inconstant, As a rule, therc is rather
more water in arterial blood, and rather morc fatty rnatter .,
But the gaseous contents of the two kinds of blood éiffer
widely in the proportion which the carbonic acid gas
bears to the oxygen ; there being a smaller quantity sof .-
oxygen and a greater quantity of carbonic acid, in vertous
than in arterial blood.

And it may be experimentally demonstrated that this
difference in their gaseous contents 4s the only essential
difference between venous and artérial blood. For-if
venous blood he shaken up with oxyger, or even with air,
it gains oxygen, loses carbonic acid, and takes on the
colour and properties of arterial blood. Similarly, if
arterial blooJ’ be treated with carbonic atid -so as.;gly"‘
rhoroughly saturated with that gas, it gains carbonic acid,
Inses oxygen, and acquires the true propeities of venous
blood ; though, for a reason to be mentPned below, the
chinge 'is not so complete in this case as in the forper.
Che same result is attained, though more sloevlySf the
blood, in either case, be reccived into a bladder, and ther
placed in the carbonic acid, or oxygen gas; the thin
moist animal membrane allowing the change to be effected
with perfect case, 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
converted into arterial blood, or the reverse; in the cases

. mentioned mbove, are not thoroughly understood, and ate
probably somewhat complex.



76 ELEMENTARY PHYSIOLOGY. [LESS.

It is known () that gases, mechanically held by a fluid
in a given Froportion, tend to diffuse into any atmosphere
to which they are exposed, until they occupy that atmo-
sphere in corresponding proportions; and () that gascs
szparated by a dry porous partition, or simply in contact,
diffusc into ene another with a rapidity which is inversely
Eroportioned to the square roots of their densities. A

nowledge of these physical principles does, in a rough
way, lead us to see howtthe gases contained in the blood
may effect an exchange with those in the air, whether the
blood be freely exposed, or enclosed in a membrane$

But the application of these principles gives no more
than this sort of general insight. For, in the first place,
when arterialization takes place through the walls of a
*oladdgr, or any other thin animal membrane, the matter
is cémplicated by the circumstance that moisture dissolves
carbonic acid far more freely than it will oxygen ; hence
a wet bladder has a very differcnt action upon carbonic
acid from that which it has upon oxygen. A moist .
bladder, partially filled with oxygen, and suspended in
carbonic acid gas, becomes rapidly distended, in con-
seqiente of the caibonic acid gas passing into it with
much greater rapidity than the oxygen passes out.
Secondly, the gdses 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.

* 8 1A), 'and <hefe is reason to think thata grcat part, at
east, of the carbonic acid, is chemically connected, in a

. similarly lods¢”way, with certain salinc constituents of
the serum. Mence the arterialization of blood in the
lungs seems to be a very mixed process, partly physical,

. and '?gt,'&o a certain extent chemical, and consequently
very difficult to analyse. : "

The same may also be said of the change from arterial
to vegous blood in the tissues. Owing to the peculiar
relation of oxygen to the red blood-corpuscles, the process
which takes place in the tissues is not a simple inter-
change by diffusion of the oxygen of the blood for the :
‘carbonic. acid of the tissues ; on the cdhtrary, the oxygen -
_isgiven up for purposes of oxidation, the demand being

, determined by the supply of oxidizable materials in the
* tissue, while the blood, poor in carbonic acid, takes up,
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apparently by an independent action, a quantity of that
gas from the tissues rich in it. :

Hence venous blood is characterized not only by the
large amount of carbonic acid present, but also by the
fact that the red corpuscles have given up a good deal of
( their oxygen for the purposes of oxidation, or, as the
' chemists would say, have become reduced. This is the
reason why arterial blood is not so easily converted into
venous blood by exposure to -cgrbonic acid as venous
blood into arteridl by cxposure to oxygen. There is, in
the former casc, a want of some oxidizable substance to
carry off the oxygen from and so to reduce the red corpus-
cles. When such an oxidizable' substance is added (as,
for instance, a salt of iron), the blood at once and imme-
diately becomes complctely venous. . .

Practically we may say that the most importantvdiffer-
ence between venous and arterial blood is not so much
the relative quantities of carbonic acid as that the red cor-
puscles of venous blood have lost a good deal of oxygen,
are reduced, and rcady at once to take up any oxygen
offered to them. -

5. The cause of the change of colgur of the bigad—ot
its darkening when exposed to casbonic acid, and its
brightening when under the influence of oxygen—is not
thoroughly understbod. There is reason to thirk, how-
ever, that the red corpuscles are rendered somewhat
flatter by oxygen gas, while they are distended by the
action of carbonic acid (Lesson IIL § 4). Und&fthé
former circumstances they may, not improkably, teflect
the light more stronzly, so as to give 3 more distinct .
coloration to the blood ; while, under the latter, they may *
reflect less light, and, in that way, allow the, blest to
appear darker and duller. *

his, however, is not the whole of the matter; for
solutions bf hazmoglobin or of blood-crystals (Lesson III.
§ 9), even when perfectly free from actual blobd-cor-
puscles, change in colour from scarlet to purple, accord-
g as they gain or lose oxygen. It has already been
stated (Lesson HIL § 16) that.oxygen most probably
exists in the blood in loose combination with hzmo-
globin. But, further, there is evidence to show that.a
solytion of hzemoglobin, when thus loosely combined withy
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oxygen, has a scarlet colour, while a solution of hamo-
globin, deprived of oxygen, has a purplish hue. Hence
arterial blood, in which the hamoglobin is richly pro-
vided with oxygen, would naturally be scarlet, while

enous blood, which not only contains an excess of car-
i‘;onic acid, but whose hamoglobin also has lost a great
deal of its oxygen, would be purple,

6. Whatever may be theig 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 carbonic acid thandtself,
and also carrying certain oxidizable materials, becomes
venous ; and (2) that venous blood, separated by only a
thin membrane from oxygen, or a fluid containing a
greater proportion of free oxygen than itself, becomes
arterid.,

In these 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 cxcess, to-
gether .with highly ,oxidizable matters. On the other
hand, if we scek for-the explanation of the conversion of
the dark blood in the veins into thc scarlet blood of
the arteties, we find, 1st, that the blood remains dark in
the right auricle, the right ventricle, and the pulmonary
( artery ; 2nd, thut it is scarlet not only in the aorta, but in
tue’Tcit ventricle, the left auricle, and the pulmonary veins.

Obviouslyy. then, the change from venous to arterial

’ takescglace in the pulmonary capillaries, for these are the
sole channels of communication between the pulmgnary
artéfieg apd 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 closely set,
50 as to form a network with very small meshes, which is
contained in the substance of an extremely thin mem-
brane. This figmbrane is in contact with the air, so that
the-blood in each capillary of the lungus separated from
the air by only a delicate pelligle formed by its own wall
acd the lung membrane. Henc&an exchange very readily
takes place bétween the blood and the air; the lutter
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tgaining moisture and carbonic acid, and losing oxygen
" (Lesson L. §§ 23, 24).1

‘This is the essentiak step in respiration : that it really
takes place may be demonstrated very readily, by the
experiment described in the first Lesson (§ 3), in which
air cxpired was proved to differ from air inspired, by con-
taining morc heat, morc water, more carbonic acid, and
less oxygen ; or, on the othér hand, by putting a ligature
on the windpipe of a living aninal so as to prevent air
from passing into, or out of, the lungs, and then examin-
ing the contents of the heart and great vessels. The
blood on both sides of the heart, and in the pulmonary
veins and aorta, will be found to be as completely venous
as in the venx cavie and pulmonary artery.

But though the passage of carbonic acid gas and howe«
watery vapour out of the blood and of oxygen %o it
is the cssence of the respiratory process—and thus a
membrane with blood on one side, and air on the other,
is all that is absolutely necessary to effect the purification
of the blood—yet the accumulation of carbonic acid is so
rapid, and the need for oxygen so incessant, in all parts
of the human body, that the former ¢ould not beethmred
away, nor the latter supplied, witlt adequate rapidity,
without the aid of extcnsive and complicated agcessory
machinery—the arrangement and working of which must
next be carefully studied.

8. The back of the mouth or pharynf communicateg ¢
by two channels with the external air (see Fig. 40). One
of these is formed by the nasal passagesy which cannot
be closed by any muscular apparatus of @heir own ; the
other is presented by the mouth, which can be shyt or
opened at will. T

Immediately behinl the tongue, at the lower and front
part of the pharynx, is an aperture-—the glottis (Fig.
19, G/.)—capable of being closed by a sort of lid—the
epiglvttis—or by the shutting together of its side bound-
aries, formed by the so-called voca/ ckords, ‘The glottis

I The student must gyasd himself against the idea that arterial blood von-
tains no carbonic acid, alid venous blood no oxygen. In passing through the
lungs venous blood loses only a of its wgom'c acid ; and arterial blawd,
in passing through the tissues, lofés only a part of its oxygen. In bloog,
however venouf, there is in health always some oxygen; and in even the
brightest arterial blood there is actually more carbonic acid than oxygen.
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opens into a chamber with cartilaginous walls — the
larynx; and leading from the larynx downwards along
the front part of the throat, where it may be very readily
felt, is the #rackea, or windpipe (Fig. 19, 77.).

b iy y”l})}”
Wl 4

4

e .
! 19.—BAck ViEw oF THE NECK AND THORAX oF A HUMAN SupjecT
FROM WHICH THE, VERTEBRAL COLUMN AND WHOLE PosTErRiOR WALL
oF TRE CHEST ARE SUPPOSED TO B KEMOVED.

M mouth; G glottis; 7. trachea; L.L. left lung: R.L. right lung ; Br.
brbuchus; P.A. pulmonary artery; P.J. pulmonary veins; Ao. aorta;
D. diafthrigm ; A heart: ¥.C.J. vena cava inferior.

If the trachea be handled through the skin, it will be
found to be firm and resisting. Its walls are, in fact,’
strengthened; by a series of cartilaginous hoops, which
hoops are incomplete behind, their ends being united
only by muscle and membrane, wherg the trachea comes
into contact with the gullet, or @sophaywus. The trachea
passes into the thorax, and there divides into two branches,
a‘right and a left, which are termed the droncii (Fig.
19, Br.). Each bronchus enters the lung of its own side,
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and then breaks up into a great number of .smaller
branches, which are called the éronchial tubes. As these
diminish in size, the &artilages, 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 muscular or mem-
bLranous. Thus while the trachea and bronchi are kept
permanently open and pervious to air by their cartilages,
the smaller bronchial tubes may M almost closed by the
contraction of their muscular waéls.

Thé finer bronchial tubes end at length in elongated
dilatations, about Jsthof an inch in diamcter on the average
(Fig. 20,A). Each of these dilatations is beset with, or
perhaps rather is made up of| little sacs, which open irre-
gularly into the cavity of the dilatati~n. These sags are®
the arr-cells.  The very thin walls (Fig. 20, B) which
separatc these air-cells are supported by much delicate
and highly elastic tissue, and carry the wide and close-set
capillarics into which the ultimate ramifications of the
pulmonary artery pour its blood (Fig. 20, D). Thus, the
blood contained in these capillaries is exposed on both
sides to the air—being separated from the air-eff on
cither hand only by the very delicate ellicle which forms
the wall of the capillary, and the lining 8f the air-gac.

9. Hence no conditions can be more favourable to-a
ready exchange between the gaseous contents of the blood
and thosc of the air in the air-cclls, than the arrangemepts,
which obtain in the pulmonary capillaries ; and, thus far,
the structure of the lung fully enables us*to®understand
how it is that the large quantity of blood fbured through
the pylmonary circulation becomes exposed in very thin
streams, over a large surface, to the air. But e only
result of this arrangement would be, that the pulmonary
air would yery specdily lose all its ox;:igcn and become
completely saturated with carbonic aci ,_iiv;special pro--
vision were not made for its being incessantfirenewed.

10. If an adult man, breathing calmly in the sittin;
position, be watched, the respiratory act will be observed
to be rcpeated thfrteen t@ fifteen times every minute,
fach act consists of certain components which succe&d
one anothee in a regular rhythmical order, First, the
breath is drawn in, or snspived,; immediately afterwards
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it is driven out, or cupired; and these successive acts of
inspiration and expiration arc followed by a brief pause.
Thus, just as in the rhythm of fhe heart the auricular
systole, the ventricular systole, and then a pause follow in

T, 20,

A. Two :lir~celkh(b) with the ultimite bronchial tubs {a) which opens into

) them. (Magnified 20 diameters.) «

B. Diagramnmaiic view of an air-cell of A seen in section: a, epithelium ;
4, partition between two adjucent cells, in the thickness of which the

v capillaries run ; ¢, fibres of elastic tissue.

C+Portion of injected lung magnified : @, the capillaries spreadsover the walls
of two adjacent air-cells; 4, small branches of arteries and veins, o

D. Portion still more highly magnified. *
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regular order ; so in the chest, the inspiration,the expi-
ration, and then a pause succeed onc another. At each
inspiration of an adult well-grown man about thirty cubic
inches of air are inspired ; and at cach cxpiration the
same, or a slightly smaller, volume (allowing for the im-
crease 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 :— e

(¢) Whatever the temperature of the external air is, that
expited is nearly as hot as the blood, or has a tempcratiire
between 98” and 100°.

(6) However dry the cxternal air may be, that cxpired is
quite, or nearly, saturated with watery vapour.

(¢) Though ordinary air contains nearly 2,100 parts o
oxygen, and 7,900 of nitrogen, with not more than $parts
of carbonic acid, in 10,000 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 centsof oxygen, e

The cxpired air contains, in addftion, a greater or less
quantity of animal matter of a highly decopposable
character.

(@) Very close analysis of the expired air shows, firstly,
that the quantity of oxygen which disabpears is al
slightly in excess of the quantity of carbonic acid sup-
plicd ; and secondly, that the nitrogen <s variable—the
expired nitrogen being sometimes slighfy in excess of,
somgtimes slightly less than that inspired, and somgfimes
remaining stationary. w—

12, From thrce hundred and fifty to four hundred cubic
feet of aig are thus passcd through the lungs of an adult
man taking little or no exercise, in the course of twenty-
four hours; and arc charged with carbonic acid, and
deprived of oxygen, to the extent of nearly five per cent.
This amounts to apout eighteen cubic fect of the one gas
taken in, and of fhe 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
hawe passed through his lungs in twenty-four hours, and

G 2 .
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a fourth of the oxygen it contained will be replaced by
carbonic acid. . :

The quantity of carbon eliminated in the twenty-four
hours is pretty ncarly represented by a piece of pure char-
coal weighing cight ounces.

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

13. The mechanical arrangements by which the respi-
ratory 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

“ih—(a),the elasticity of the lungs ; (4) 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 coni-
cal box, with the small end turned upwards, the back of
the box being formed by the spinal column, the sides by
the ribs, the front by the breast-bone, the bottom by the
diglpﬁrigm, and the top by the root of the neck (Fig. 19).

he two lungs ¢ccupy almost all the cavity of this box
which ismot taken up by the heart. Each is enclosed in
its serous membrane, the plewra, a double bag (very simi-
lar to the pericaydium, the chief difference being that the
fesitae-tag of each pleura is, over the greater part of its ex-
tent, quite firmly adherent to the walls of the chest and
* the diaphragm (5ee Fig. 9), while the outer bag of the peri-
cardium is for the most part loose), the inner bag closely
covewipg the lung and the outer forming a lining to the
cavity oi"the chest. So long as the walls of ﬂe thorax
are entire, the cavity of each pleura is practically oblite-
rated, 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 betwsgn the two layers
of the pleura. If a pipe be now fitted into the bronchus,
"air blown through it, the lung is very readily dis-
tended to its full size ; but, on being left to it3elf, it gol-
lapses, the air being driven out again with some force.
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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 removed, this elasticity comes into play and drives the
greater part of the air out again. e
The lungs arc kept distended in the dead subject, so
long as the walls of the chest are entire, by the pressure

FiG®21.—View oF Four Riss oF THE DOG WITH THE lmstnu.
MuscLEs.

a. The bony rib; 4, the cartilage ; ¢, the junction of bone and cartilage ;

d, unossified, ¢, ossified, portions of the stemum. 4 :JE}te_rnnl intercostal

muscle. 3, Internal intercostal 1 p e
external i 1 has been d to show the internal intercostal
beneath it.

of the atmosphere, For though the elastic tissue is all.
the while pulling,'fs it were, at the layer of pleura which
covers the lung, and attempting to separate it from shat
which lines the chest, it cannot produce such a separatibn
without developing a vacuum between these two layers,
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To effect this, the clastic tissue must pull with a force
greater than that of the external air (or fifteen pounds to
the square inch), an effort far beyond its powers, which
do not equal more than one-fourth of a pound on the
syuarc inch. But the moment a hole is made in the
pleura, the air cnters into its cavity, the atmospheric pres-
sure inside the lung is equalized by that outside it, and
the clastic tissue, freed from its opponent, cxerts its full
power on the lung.

14. The lungs are elastic, whether alive or dcad. During
lifc the air which they contain may he further affccted by
the contractility of the muscular walls of the bronchial
tubes. 1f water is poured into the lungs of a recently-
killed animal, and a series of electric shocks is then sent

*through the bronchial tubes, the latter contract, and the
wateY1s forced out. Lastly, during life a further source
of motion in the bronchial tubes is provided by the cilia
—minute filaments attached to the epithelium of the tubcs,
which incessantly vibrate backwards and forwards, and
work in such a manner as to sweep liquid and solid matters
outwards, or towards thc trachea.

1§~The ribs arc attached to the sping, so as to be frecly
moveable upon it ; Bt when left to themselves they take
a positipn which®is inclined obhiquely downwards and
forwards.! ‘I'wo sets of muscles, called Zntercostals, pass
between the successive pairs of ribs on cach side. The

«pyer set, calledexternal intercostals (Fig. 21, A), run from
the rib above, obliquely downwards and forwards, to the
rib below. 'r'he other sct, Znternal intercostals (Fig. 21, B),
cross these in direction, passing from the rib above, down-
wargg and backwards, to the rib below.

Thess.ion of these muscles is somewhat puzzling at
first, but is readily understood if the fact t®at wsicr a
muscle contracts, it tends to malke the distance petween its
two ends as short as possible, be borne in mind. Let a
and 4 in Fig. 22, A, be two parallel bars, moveable by
their ends upon the upright ¢, which may be regarded as
at the back of the apparatus, then a}_ine directed from x

-

I purposely ncglect the consideration of the cartilages of the ribs, and
£bme other points, in order not to li the questi arily. 1
may, however, be stated that thosc fibres of the internal ifitercostals which
are situate between the cartilages act like the external, and raise the 1ibs.
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to v will be inclined downwards and forwards, and one
from e to = will be dirccted downwards and backwards.
Now it is obvious that there is one position of the rods,
and one only, in which the points » and y are at the
shortest possible distance, and on¢ position only in whicla
the points w and 7 arc at the shortest possible distance ;
and these are, for x and y the position B, and for @ and z

*4
FiG. 22.—DIAGRAM OF MODELS ILLUSTRATING oTHE ACTION OF THE
ExTrRNaAL AND INTERNAL INTERCOSTAL MUSCLES.®
B, mspiratory elevation ; C, expiratory depression.

the position C. These positions are respectively sl.LEg_
that the points 2, y, and @, z, arc at the ends of straight
lincs perpendicular to both rods. Lot

Thus, to bring  and y into this positi8n, the parallel
rods ig A must move upwards ; and to bring w and ginto
1, they must move in the opposite way. it

If the simple apparatus just described be made of wood,
hooks being placed at the points 1, y, and w, 5, and an
clastic band, as long when left to itsclf as the sLortest dis-
tance between these points, be provided with eyes which
can be readily put on to or taken off these hooks : it will be
found that when thg bars are in the horizontal position,
A, the clasticity ofthe band, when hooked on to x and ¥,
will bring them up into the position shown in Fig. 22, B;
while, if hooked on to w and 3, it will force them dowfl
into the position shown in Fig. 22, C.
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Substitute the contractility of the external and internal
intercostal muscles for the elasticity of the band, and the
latter will precisely exemplify their action ; and it is thus
proved that the external intcrcostals must raise, and the
Jnternal intercostals must depress, the bony ribs.

FIG. %5 *THR DIAPHRAGM oF A DOG VIEWED FROM g Lower ok
ABnoMINAL Sipr.

V.C.I, the vena cava inferior; O. the cesophagus; Ao.,the aorta: the
broad white tendinous middle (B) is easily distinguished e radiati
muscular fibres (4) which pass down to the ribs and into the pillars (C D) in
front of the vertebrz.

16. The diaphragm is a great partition situated between
the thorax and the abdomen, and dw-ays concave to the
lagter and convex to the former (Fig. 1, D). From its
middle, which is tendinous, muscular fibres extend down-
wards and outwards to the ribs, and two, espgcially
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strong masses, which are called the gillars of the dia-
phragm, to the spinal column (Fig. 23). When these
muscular fibres contrict, therefore, they tend to make the
diaphragm flatter, and to increasc the capacity of the
thorax at the expense of that of the abdomen, by pulling
down the bottom of the thoracic box (Fig. 24, 4).

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 diaplfragm alone should begin
to contiact at regular intervals.

When it contracts it increases the vertical dimensidns
of the thoracic cavity, and tends to pull away the lining of
the bottom of the thoracic box from that which covers the
bases of the lungs ; but the air ithmediately rushing in at
the trachea, proportionately increascs the distension ¢
the lungs, antr prevents the formation of any vaclm be-
tween the two pleurz of either lung in this region. When
the diaphragm ceascs 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 air taken in is
driven out again. We have, in short, an /uspiration and
an Kxpiration. - . omals

Suppose on the eother hand that,”the diaphragm being
uiescent, the external intercostal muséles contrgct. The
ribs will be raised from their oblique position, the antero-
posterior dimensions of the thoracic cavity will be in-
creased, and the lungs will be distended «as before tg.
balance the enlargement.  If now the cxternal intercoStals
relax, the action of gravity upon the ribsg tht elasticity of
the cartilages and more especially that 8f the lungs, will
«long suffice to bring back the ribs to their previou, posi-
tions and to drive out the extra air ; but thisszpiratory
action may be greatly aided by the contraction of the in-
ternal intgrcostals.

18. Thus it appears that we may have either diap}zm{{-
matic respiration, 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 diaphragm
taking place at té same time with that of the external
intercostals, and its relaxation with the contraction ofethe
internal intercostals—- but sundry other accessory agencles
come into play. Thus, the muscles: which connect ‘the.



G0 LELEMENTARY PHYSIOLOGY. [LEss.

ribs with parts of the spinc above them, and with the
shoulder, may, more or less extensively, assist inspiration ;
while those which connect the rib% and breastbone with
the pclvis, and form the front and side walls of the abdo-
wen, are powerful aids to expiration. In fact they assist
expiration in two ways : first, directly, by pulling down the
ribs ; and next, indircctly, by pressing the viscera of the
abdomen upwards against the under surface of the dia-
phragm, and so driving ¢he floor of the thorax upwards.

It is for this reason that, whencver a violent expiratory
cffort is made, the walls of the abdomen arc obviously
flattened and driven towards the spine, the body being at
the same time bent forwards,

In taking a decp inspiration, on the other hand, the

~valls of the abdomen are relaxed and become convex, the
viscord 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 advantage to all the muscles which
can elevate the ribs.

19. It is a remarkable circumstance that the mechanism
of respixation is somewhat different in the two sexcs. In
men, the diaphragm takes the larger share in the process,
the upper ribs moving comparatively little ; in women, the
reverse 15 the case, the respiratory act being more largely
the result of the movement of the ribs.

Sighing isa deep and prolonged inspiration. “ Swiffing”
15 « more rapid inspiratory act, in which the mouth is kept
*shut, and the ai* made to pass through the nose.

Coughing is @ violent expiratory act. A deep inspira-
tion being first taken, the glottis is closed and then burst
operbythe violent compression of the air con;ained in
the lungs by the contraction of the expiratory muscles,
the diaphragm being relaxed and the air drivea through
the mouth. In szeezing, 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 appearsthat the thorax,%he lungs, and 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 effeet of
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the respiratory movements is just the same as that of
the approximation and separation of the handles of the
bellows, which drive ot and draw in the air through
the pipe. There is, however, one difference between the
bellows and the respiratory apparatus, of great im-,
portance in the theory of respiration, though frequently

“ Ve \ ‘\'\.’?\l
L
\ L
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Fi6. 24.—DIAGRAMMATIC SECTIONS OF THE Bopv & ™

A inspiration; B. expiration. 7. trachea; S¢ sternum; D. diaphragm
Aé. abdomif.al walls. The shading roughly indicates the stationary air
overlooked ; and that is, that the sides of the bellows can
be brought closc together so as to force out all, or ncarly
all, the air which they contain ; while the walls of the
chest, when approw&nated as much as possible, still enclose
a very considerable cavity (Fig. 24, B); so that, even
after the most violent expiratory effort, a very lafge
quagtity of air is left in the lungs.
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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. N

About as much more in addition to this remains in
the chest after an ordinary cxpiration, and is called

“Supplemental air.

In ordinary breathing, 20 to 30 cubic inches of what is
conveniently called 77da/ air pass in and out. It follows
that, after an ordinary,jnspiration, 100 4 100 4 30 = 230
cubic inches, may be contained in the lungs. By taking
the deepest possible inspiration, another 100 cubic jnches,
called Complemental air, may be added.

21. It results from these data that the lungs, after an
ordinary inspiration, contain about 230 cubic inches of
air, and that only about one-seventh to one-eighth of this

"amgunt is breathed 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 bronchi, if the
lungs were mere bags fixed to the cnds of the bronchi, the
inspired air would descend so far only as to occupy that
ong;fourteenth to gne-sixtecnth part of each bag which
was néarest to the bronchi, whence it would be driven out
again at the next expiration. But as the bronchi branch
out into a prodigious number of bronchial tubes, the
inspired air can only penctrate for a certain distance
along these, apd can never reach the air-cells at all.

mw Thus thé residual ard supplemental air taken together
are, under ordinary circumstances, sfafionary—that is to
*say, the air ¢omprehended under these names merely
shifts its outer limit in the bronchial tubes, as the chest
dilates and contracts, without leaving the lungs; the sida/
air, alRe, being that which leaves the lungs and is re-
newed in ordinary respiration.

It is obvious, therefore, that the business of*respiration
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 fongxygen, and oxygen
for carbonic acid. .
< “Now there is nothing interposed between the fresh tidal
air and the stationary air; they are aériform fluids, in
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complete contact and continuity, and hence the exchange
between them must take place according to the ordinary
laws of gaseous diffusion.

22. Thus, the stationary air in the air-cells gives up
oxygen to the blood, and takes carbonic acid from it,.
though the exact mode in which the change is effccted is
not thoroughly understood. By this process it becomes
loaded with carbonic acid, and deficient in oxygen,
though to what precise extent is got known. But there
must be a very much greater excess of the one, and
deficievcy of the other, than is exhibited by inspired air,
seeing 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 accordance with these facts, it is found that the air
expired during the first half of an expiration comsins
less carbonic acid than that expired during the second
half. Further, when the frequency of respiration is in-
crcased without altering the volume of each inspiration,
though the percentage of carbonic acid in each inspiration
is diminished, it is not diminished in the same ratio as
that in which the number of inspiraticas increases .sad
hence more carbonic acid is got rid of in a given time.

Thus, if the number of inspirations pcr minute is in-
creased from fifteen to thirty, the percentage of carbonic
acid evolved in the second case. remains more than half
of what it was in the first case, and heunce, the total
cvolution is greater. ‘ -

23. Of the various mechanical aids to tke vespirato.y
prozess, the nature and workings of which kave now been
described, one, the elasticity of the lungs, is of the nature
of a déad, constant force. = The action of the restcf*the
apparatus is under the control of the nervous system, and
varies from gime 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 completely
under the control of the nervous system—the smallest
Irritation about the#inucous membranc in its neighbour-
hood being conveyed, by its nerves, to that part of thz
cerebro-spinal axis which is called the medulla oblongata”
(see Lesson XI § 16). The medulla oblongata, thus
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stimulated, gives risc, 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 expiratory
muscles, producing a cough (see § 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 completc control
of the nerves whicln supply the muscles, and which
are brought-into action in consequence of impressions
conveyed to that part of the brain which 1¥' called
the medulla oblongata, by the pncumogastric and other
nerves.

24 From what has been said, it is obvious that therc
are many analogies between the circuiatory and the
resyratory apparatus. Each consists, essentially, of a
kind of pump which distributes a fluid (aériform in the
onc 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 contents of which is greater
than that of the tubes,

«laneach, 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 muscular fibres
contained in the walls of the distributing tubes. But,
while the rhythmic movement of the heart chicfly depends
upon a nervous apparatus placed within itself, that of the
réspiratory apparatus results mainly from the operation ot
a nervous tentre lodged in the medulla oblongata,

25. As theft are certain secondary phenomena which
accompany, and are explained by, the action of the heart,
so thwxo are secondary phenomena which arcesimilarly
related to the working of the respiratory apparatus.
These are—(a) the respiratory sounds, and (") the effect
of the inspiratory and cxpiratory movements upon the
circulation. .

26, The respiratory sounds or murmurs are audible
when the ear is applied to any part of the chest which
covgrs one or other of the lungs.™ They accompany
iis#ration' and expiration, and very much resemble the
‘sounds produced by breathing through the mouth, when
“the lips are so applicd together as to lcave a tsmall
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interval. Over the bronchi the sounds are louder than
over the general surface. It would appear that these
sounds are produced by the motion of the air along the
air-passages.

27. In conscquence of the elasticity of the lungs, @
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 stretch-
ing a piece of india-rubber, mowe force is required to
stretch it a good deal than is needed to stretch 1t only a
little. » Hence, when inspiration 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.

For the pressure of the air contained in the lungs is-
exactly the same as that exerted by the atmospheré®ipon
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 lungs is counterbalanced by the
elasticity of the distcnded lungs. Say that in a given
condition of inspiration a pound pressure on the square
inch is nceded to overcome this elasticity, then the..will
be only fourleen pounds pressure on every square inch
of the heart and great vessels. And hence the pressure
on the blnod in these vessels will be one pound per square
inch less than that on the veins and arteries on the rest of
the body. If there were no aortic, or puliflonary, valves.
and if the composition of the vessels, and the pressure
upon the blood in them, were everywheresthe same, the
result of this excess of pressurc on the sufface would be,
to drive all the blood from the arteries and veins of the
rest of the body into the heart and great vessels c~=:ained
in the thorax. And thus the diminution of the pressure
upon the thpracic blood cavitics produced 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 tw# effects would balance one another.

As a matter of fact, however, we know— )

. (1.) That the blood in the great arteries is constantly’
undeg a very considerable pressure, exerted by their
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elastic walls; while that of the veins is under little
pressure,

(2.) That the walls of the arteries are strong and re-
sisting, while those of the vecins are weak and flabby.

(3.) That the veins have valves opening towards the
heact ; and that, during the diastole, there is no resistance
of any moment to the free passage of blood into the heart;
while, on the other hand, the cavity of the arterics is shut
off from that of the vertricle during the diastole, by the
closure of the semilunar valves,

'Hence it follows that equal pressures applicd to the
surface of the veins and to that of the arteries must pro-
duce very different effects. In the veins the pressure is
something which did not exist beforc ; and, partly from
the presence. of valves, partly from the absence of re-
sistaffZ in the heart, partly from the prescnce 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
g:;essure is only a fractional addition to that which existed

fore ; so that, during the systole, it only makes a com-
paratively small addition to the resistance which has to
be vveveome by the wentricle ; and during the diastole, it
superadds itself to the elasticity of the arterial walls in
driving the blood onwards towards the capillaries, inas-
much as all progress in the opposite direction is stopped
by the semilunar valves.

. It is, thercfore, clcar that the inspiratory movement, on
the& whole, helps the heart, inasmuch as its general result
1s to drive the klood the way that the heart propels it.

'28. In expiracdon, the difference between the pressure of
the atmosphere on the surface, and that which it exerts
on the «~atents of the thorax through the lungs, pecomes
less and less in proportion to the completeness of the cx-
piration, 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 exerted on the grcat vessels,
the veins, owing to the thinness of their walls, are es-
pecally affected, and a check is given to the flow of blood
mn them, which may become visible a\2a venous pulse in
the great vessels of the neck. In its effect on the arterial

" trunks, expiration, like inspiration, is, on the whole, favour-
able to the circulation; the increascd resistance tq the
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opening of the valves during the ventricular systole being
more than balanced by the advantage gained in the addi-
tion of the expiratory pressure to the elastic reaction of
the arterial walls during the diastole.

When the skull of a living animal is laid open and thee
brain exposed, the cerebral substance is scen to rise and
fall synchronously with the respiratory movements; the
rise corresponding with expiration, and being caused by
the obstruction thereby offered to the flow of the blood in
the veins of the head and nceck.

29. Mitherto, I have supposed the air-passages to bé
frecly open during the inspiratory and expiratory move-
ments. But if, the lungs being digtended, the mouth and
nose arc closed, and a strong expiratory effort is then
made, the heart’s action may be stopped altogether.! And
the same result occurs if, the lungs being partially empYed,
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 causc of the arrest of the heart’s
action; but in the former, the reason of the stoppage is
not very clear, . . o o-

30. The activity of the respiratory process is greatly
modified by the circumstances in which tht body is placed.
Thus, cold greatly increases the quantity of air which is
breathed, the quantity of oxygen absorbed, and of carbonic
acid expelled : excrcise and the taking of fo8d have a cor-
responding effect. -

In proportion to the weight of the body, ¢he‘activity of
the res;ﬁiratory process is far greatest in ®hildren, and
dininishes gradually with age. o

The excretion of carbonic acid is greatest du:lng the
day, and gradually sinks at night, attaining its minimum
about midnight, or a littlc after.

Recent observations appear to show that the rule that
the quantity of oxygen taken in by respiration is, approxi-
mately, cqu:al to that given out by expiration, only holds
good for the total result of twenty-four hours’ respiration.
Much more oxygen®ppears to ge given out during the
day-time (in combination with carbon as carbonic acid
than is absorbed; while, at night, much more oxygen is

* There is danger in attempting this experiment.
H
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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 thé waking hours, which is
thus produced, is one cause of the sense of fatigue which
comes on at that time. This difference between day and
night is, however, not constant, and appears to depend a
good deal on the tiine when food is taken.

‘The quantity of oxygen which disappears in proportion
to the carbonic acid ghven out, is grcatest in carnivorous,
least in herbivorous animals —greater in a man living on
a flesh dict, than when the same man is fceding dn vege-
table matters.

31. When a man is strangled, drowned. or choked, or
is, in any other way, prevented from inspiring or expiring
sufficiently pure atmosPhcric air, what is called asphyxia
coniés on. He grows “black in the face;” the veins be-
come turgid ; insensibility, not unfrequently accompanied
by convulsive movements, sets in, and he is dead in a few
minutes.

But, in this asphyxiating process, two deadly influences
of a distinct nature are co-operating ; one is the depriva-
timrof oxygen, theother is the excessive accumulatioy of
carbonic actd in the blood. Oxygen starvation and car-
bonic acid poisoning, cach of which may be fatal in itself,
are at work together,

The effects of oxygen starvation may be studied scpa-

_rately, by placing a small animal under the recciver 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 accumulaton of carbonic acid is permitted, but, on
the, other hand, the supply of oxygen soon hecomes
insufficent, and the animal quickly dies. WAnd if the
experiment be made in another way, by placing a small
mammal, or bird, in"air from which the carlibnic acid is
removed as soon as it is formed, the animal will never-
theless die as soon as the amount of oxygen is reduced to
10 per cent. or thereabouts.

The directly poisonous effect f carbonic acid, on
.the other hand, has been very m%x!h cxaggerated. A
very large quantity of pure carbonic acid (10 to 1§ or

“ 20 $er cent.) may be contained in air, without producing
.any very serious immediate effect, if the quantity of
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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 occupicd by oxygen. If this be the case,
carbonic acid is a negative rather than a positive poison. ®

Whichever may be the more potent agency, the effect
of the two, as combined in asphyxia, is to produce an
obstruction, firstly, in the pulmonary circulition, and,
secondly, in the vcins of the body generally. The lungs .
and the right side of the heart, consequently, become
gorged with blood, while the arterics and left side of the
heart gradually empty themsclves of the small supply of
dark and unaérated blood which they receive. The hceart
becomes paralysed, partly by reason of the distension of
its right side, but chiefly from being supplied with vgnous™
blood ; and all the organs of the body gradually cease
to act.

32. Sulphurctted hydrogen, so well known by its offen-
sive smcll, has long had the rcpute of being a positive
poison. But its evil effects appear to arise chiefly, if not
wholly, from the circumstance that its hydrogen combijnes
with the oxygen carried by the blood-2orpuscles, afd 'tlEus
gives rise, indirectly, to a form of oxygen starvation,

Carbonic oxide gas has a much more scrious eéfect, as
it turns out the oxygen from the blood-corpuscles, and
forms a combination of its own with thg hamoglobin.
The compound thus formed is only very gradutilly decom
poscd by fresh oxygen, so that if any large proportion of
the blood-corpuscles be thus rendered uselgss, the animal
dics before restoration can he effected.

Badly made common gas sometimes contains 20 to 30
per cent. of carbonic oaide; and, under these circum-
stances, a leakage of the pipes in @ house may be ex-
tremely pesous to life.

33. Itis not nccessary, however, absolutely to strangle,
or drown, a man, in ordcr to asphyxiate him. As, other
things being alike, the rapidity of diffusion between two
gascous mixtures depends on the difference of the pro-
portions in which tReir constituents are mixed, it follows
that the morc ncarly the composition of the tidal alr
approaches that of the stationary air, the slower will be
the diffusion of carbonic acid outwards and of oxygen

™ o~
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inwards,. and the more charged with carbonic acid and
defective in oxygen will the air in the air-cells become.
And, on diminishing the proportion of oxygen or increasing
the proportion of carbonic acid in the tidal air, a poin.
will at length be reached when the change effected in
the stationary air is too slight to cnable it to relicve the
pulmonary blood of its carbonic acid, and to supply it
with oxygen to thc 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 gencrally,
being venous, all the symptoms of insensibility, less ot
muscular powecr, and thce hke, which have been enume-
rated above as the results of supplying the brain and
muscles with venous blood, will follow, and a stage ot
‘suffocation, or asphyxia, will supervene.

34. Asphyxia takes place whenever the proportion of
carbonic acid in tidal air reaches 10 per cent. (the oxygen
being diminished in like proportion). And it makes no
difference whether this condition of the tidal air is brought
about by shutting out fresh air, or by augmenting the
number of persons who are consuming the same air; or
by suffering combuscion, in any shape, to carry off oxygen
from the air.

But the deprivation of oxygen, and the accumulation of
carbonic acid, cause injury, long before the asphyxiating

oint is reachqd. Uneasiness and headache arise when
less than one per cent. of the oxygen of the air is replaced
by other matters ; while thc persistent breathing of such
air tends to lower all kinds of vital encrgy, and predis-
poses to disca%se.

Hence the necessity of sufficient air and of vengilation
for every’ human being. To be supplied with sespiratory
air in a fair state of purity, every man ought to have at
least 800 cubic fect ofP space! to himself, anagthat space
ought to be freely accessible, by direct or indirect chan-
nels, to the atmospherc.

I A cubical room ninc feet high, wide and long, contains only 729 cubic
feet of hir.
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LESSON V.

THE SOURCES OF 1.OSS AND OF GAIN TO THE BLOOD.

-

1. THE blood which has been aérated, or artermlized,
by the process described in the preceding Lesson, is
carried from the lungs by the pulmonary veins to the left
auricle, and is then forced by the auricle into the ven-
tricle, and by the ventricle into the aorta. As that great
vesscl traverses the thorax, it gives off several large
arteries, by mecans of which blood ds distributed testhe
head, the arms, and the walls of the body. Passing
through the diaphragm (Fig. 23), the avrtic trunk enters
the cavity of the abdomen, and becomes what s called
the abdominal aorta, from which vessels are given off to
the viscera of the abdomen. Finally, tife pain stream
of blood flows into the #/ac arteries, whence the viscera
of the pelvis and the legs are supplied. ,

Having traversed the ultimate ramifscations of the
arterics, the blood, as we have secn, enters the capillaries.
Here®the products of the waste of the tissues constantly
pour into it ; and, as the blood is everywhere full of cor-
puscles, whtich, like all other living things, decay and die,
the results of their decomposition everywhere accumu-
late 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, v

2. Three distinct sets of organs are cspecially charged
with this office of continually excreting carbonic acid,
watgr, and urea. They are the Lungs, the Kidneys, and



roz2 ELEMENTARY PHYSIOLOGY. [rEss.

the S4Zn (see Lesson L. § 23). ‘Thesc three great organs
may therefore be regarded as so many drains from the
blood—as so many channels by which it is constantly
losing substance.

« Further, the blood, as it passcs through the capillaries,
is constantly losing matter by exudation into the sur-
rounding tissues.

Another kind of loss takes place from the surface of
the body generally, and from the intcrior of the air-
passages and lungs. [Ilcat is constantly being given off
from the former by radiation, evaporation, and conduc-
tion : from the latter, chiefly by evaporation.

3. The blood which enters the liver is constantly losing
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 elsewhcre.

Again, the loss of matter by the lungs in cxpiration is
partially made good by the no less constant gain which
results from the quantity of oxygen absorbed at each in-
spiration : while the combustion which is carried on in
theeiissues, by means of this oxygen, is the source not
only of the heat which is given off through the lungs, but
also of that which'is carried away from the general surface
of the bddy. And the loss by cxudation from the capil-
laries is, in some degree, compensated by the gain from

the lymphatics and ductless glands.

4. In the instances just mentioned the loss and gain
are constant, and go on while life and health last. But
there are certait. other operations which 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 \pbstances
from the blood at recurrent periods, in the intervals of
which they are quiescent.

On the side of gain are the contractions of the muscles,
which, during their activity, cause a great quantity of
waste materials to appear in the bloo%; and the opera-
tiors of the alimentary canal, which, for a certain period

a¥ter food has been taken, pour new mategials into the
blood. . .
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Under some circumstances, the skin, by absorbing
fluids, may become a source of gain,

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

A. INCESSANTLY ACTIVE SOURCES OF LOSS OR
GAIN TO THE BLoob.!

a. Sources of loss.

1. Loss of matler.

1. The lungs (carbonic acid, water), ‘
. The kidneys (urea, water, salines).
. The skin (water, carbonic acid).
. The liver (bile, glycqgen).
. The tissues generally (constructive material).
11. Loss of keat.

1. The free surfaces of the body.

v D

4. Sources of gain.

L. Gain of matter.
. The lungs (oxygen).
. The hver (sugar, &c.).
. The lymphatics (corpuscles, lymph).
. The tissues generally (waste matters).
. The spleen and other ductless glands.
11. Gain of heat.

1. The blood itself uud the tissues genetally.

BN -

B. INTERMITTENTLY ACTIVE SOURCES®OF LOSS OR
GAIN TO THE BLOOD.

L]
a. Source of loss.
I M}ny secreting glands (secrctions).

4. Sources of gain.
1. The muscles (waste matters). .
2. The alimentary canal (food some constituents of
the bile). o .
3. The skin fabsorption of liquids occasionally).
* The learncr must be careful not to confound the losses and gains of tfle
blood with the losses and gawns of the dody as a whole. The two differ in

much the same way as the internal commerce of a country differs from its
export and import trade.
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6. In the preceding Lesson I have described the ope-
ration by which the lungs withdraw from the blood much
carbonic acid and water, and supply oxygen to the blood ;
1 now proceed to the second source of continual loss, the

KIDNEYS,

Of these organs, there are two, placed at the back of the
abdominal cavity, one on each sidc of the lumbar region
of the spine. Each, though somcwhat larger than the
kidney of a sheep, has v similar shape. The depressed, or
concave, side of the kidney is turned inwards, or towards
the spine; and its convex side is directed outwards (Fig.
25). From the middlc of the concave side (called the
hilus) of each kidney, a long tube with a small bore, the
Ureter (Ur.), procecds to the Bladder (B/).

F16G. z5.

«The kidneys (K); ureters (Ur.); with the aorta (40), and vena cava

Sinferior (V.C.7 ); and the renal arteries and veins. B/ is the bladder, the
top of which is cut off so as to show the openings of the urcters (1, 1) and
that of the urcthra (2). . .
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The latter, situated in the pelvis, 1s an oval bag, the
walls of whicll contain abundant unstriped muscular fibre,
while it is lined, internally, by mucous membrane, and
coated externaily by a layer of the peritoneum, or double
bag of serous membrane which has exaetly the same rela-
tions to the cavity of abdomen and the viscera contained
in them as the pleure have to the thoracic cavity and the
lungs. The ureters open side by side, but at some little
distance from one anothcr, on fhe posterior and inferior
wall of the bladder (Fig. 25, 1, 1). In front of them is a
single aperture which leads into the canal called the Ore-
thra (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 cnter the walls of the bladder
obliquely, so that it is much more casy for the fluid to
pass from the urcters into the bladder than for if to get
the other way, from the bladder into the ureters.

Mechanically speaking, there is little obstacle to the
free flow of fluid from the ureters into the bladder, and
from the bladder into the urcthra, and so outwards; but
certain muscular fibres arranged circularly around the
part called the “neck ” of the blad@er, where it johts the
urcthra, constitute what is termed a spkincter, 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 contracting, while
its sphincter relaxcs, its contents, the w¥ire, are dis-
charged. But, though the expulsion of the secretion of
the kidneys from the body is thus intermittent, the excre-
tion itsclf is constant, and the urinary fluid flows, drop by
drop, fr(yl the opening of the ureters into the bladder.

“Here it"accumulates, until its quantity is sufficient to
give rise to the uneasy,sensations which compel its ex-
pulsion. .

7. The rcnal excretion has naturally an acid reaction,
and consists chigfly of #rea with some wric acid, sundry,
other animal products of less importance, including certain
colouring rhatters, and saline and gaseous substances,all
held in solution by a large quantity of water.

he quantity and composition of the urine vary greatly -
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according to the time of day; the temperature and mois-
ture 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 ounccs, or 24,000 grkins of water a day. In this are
dissolved 500 grains of urca, but not more than 10 to 12
grains of uric acid.

The amount of other animal matters, and of saline sub-
stances, varies from one-third as much to necarly the same
amount as the urea. The saline matters consist chicfly of
common salt, phosphates and sulphates of potash, soda,
lime, akd magnesia. The gases arc the same as those in
the blood,—-namely, carbonic acid, oxygen, and nitrogen.
But the quantity is, proportionally, less than one-third as
great; and the carbonic acid is in very large, while the
oxygen is in very small, amount.

The average specific gravity does not differ very widely
from=that of blood serum, being 1°020.

8. The excretion of nitrogcnous waste and water, with
a little carbonic acld, by the kidneys, is thus strictly com-
parable tb that of carbonic acid and water, by the lungs,
in the air-cclls of which carbonic acid and watery vapours
are incessantly Accumulating, to be periodically expelled
by the act of expiration. But the operation of the renal
apparatus differs from that of the respiratory organs, in the
far longer interwls between the expulsory acts; and still
more in the circumstance that, while the substance which
the lungs take into the body is as important ¥s those
which they give out, the kidneys take in nothing.

9. It will be observed that all the chief conshtuents of
the urine are already contained in the blood, and indecd,
it might almost be said to be the blood devoid of its cor-
puscles, fibrin, and albumin. Speaking broadly, it is such
a fluid as might be scparated from the blood by the help
of any kind of filter which had the proberty of rctaining
thesz 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. «
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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 (), which is calléd the pelwis of
th kidney. Into this, sundry conical elevations, called

Fi1G. 26.—LoONGITUDINAL SECTION oF THE HumaNne KiDNEY.

C¢, the cortical substance ; 37, the medullary substances: P, the pelvis
of the kidney ; U, the ureter; RA, the reﬁ.al artery.

the pyramids (Py) project; and their summits present
multitiides of minute openings-—the final terminations ot
the Zubuli, of which the thickness of the kidney is chiefly
made up, Mf the tubules bc traced from their openings
towards the outer surface, they are found, at first, to lie
parallel with onc another in bundles, which radiate to-
wards the surface, and subdivide as they go; but at length
they spread about irregularly, and become interlaced.
From this circumscance, the middle, or medullary, part
(marrow, medulla) of the kidney looks different from the .
superficial, or cortical, part (bark, cortex); but, in additionf}
the Gortical part is more abundantly supplied with vessels
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than the medullary, and hence has a darker aspect.  The
great majority of the tubules after a very devious course
ultimately terminate in dilatations (Fig. 28), which are
called Malpighiarn capsules. Into the summmit of cach
capsule, a small vessel (Figs. 28 and 29, 2.a), one of the ulti-

mate branches of the renal artery (Fig. 26, RA), enters
(driving the thin wall of the capsule before it), and imme-

PE
f(ﬁ\
i JI )
RN

|

=

(e
)

V|
Fia. 27.—Diacramma1ic ViRw Of THE Coursk or Tur TumsuLus
N THE KIDNEY. -

#, cortical portion answering to C# Fig. 26, £ being close t't; the surface
of the kidneys; g, #, medullary portion, # reachmg to the summit of
the pyramid. A

I.X, opening of tubule on the pyramid, VZ/I, VI, V1, thé straight por-

tion of the tubules ; ¥~ //, the twisted portion of the tubules ; 7 the Mal-
pighian capsule. !
diately breaks up into a bunch of looped capillaries, called
a glomerulus (Fig. 28, g./), which nearly fills the cavity of
the capsule. The blood is carried away from this glosmze-
rwlus by a small vein (v.¢), which docs not, at once, join
with other veins into a larger venous trunk, but opens into
the network of capillaries (Fig. 29) which surrounds the
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tubule, thus repeating the portal circulation on.a small
scale.

F1G. 28 —~A MALPIGHIAN CAPSULE HIGHLY MAGNIFIED.

@a, small branch of renal artcry entering the capsule, breaking up into the
glomerulus, g/, and finally joining again to form:the vein, v.e.

¢, the tubule; @, the epithelium over the glomerulus ;5, the epithelium
lining the capsule.

vy oar

Fic. :9..—Cmcm.n|on N rH¥ KIDNEY.

«at, small branch of renal artery giving off the branch wae, which enters
glomerulus, issues as e, and then breaks up into capillaries, which &ter
surrounding the tubule find their way by v into »7, branch of the rei
vein ; mz, capillaries areund tubules in parts of the cortical substance where
thete are no glomeruli.
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The tubule has an epithelial lining (Fig. 28, ¢, and Fig.
30, a), continuous with that of the pelvis of the kidney,
and the urinary passages generally. The epithelium is
thick and plain enough in the tubule, but it becomes very
dclicate, or even disappears, in the capsule and on the
glomerulus (Fig. 28, , 6)

10. It is obvious from this description, that the surface
of the glomerulus is, practically, frce, or in direct commu-
nication with the cxteilor 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 thc cavity of
the tubule by the very delicate
membrane of which the wall ot
the vessel is composed. The
Malpighian capsule may, in fact,
- ) be regarded as a funnel, and the

FiG. 3o.—TrANSVERSE SECcTION membranous walls of the glome-
oF Two TuBULES. - .
2.0 Canalsof tubules surrounded rulus- as a picce _of very glchcate
by their epithelium. filtering-paper, into which the
6. A Ulood-vessel cut across. blood is pourcd.

11. The blood which supplics the kidneys is brought
directly from the aorta by the renal arterics, so that it has
but shortly left the heart. The venous blood which enters
the heart, and js propelled to the lungs, charged with the

, nitrogenous, as well as with the other, products of waste,
loses only an inappreciable quantity of the former in its
cours: through the lungs ; so that the arterial blood which
fills the aorta i$ pure only as regards carbonaceous wastc,
while it is impure as regards urea and uric acid.e -

In the healthy condition, the walls of the mii ute renal
arteries and veins are relaxed, so that the pasrage of the
blood is very free ; and but little waste, arising from mus-
cular contraction in the walls of these vessels, is thrown
into the renal blood. And as the urine which is separated
from the renal blood contains proportionately less oxyger
and more carbonic acid than the blopd itsclf, any gain
of carbonic acid from this source is probably at once

otinterbalanced. Hence, so long as the kidney is per-

orming its functions properly, the blood which leaves the
organ by the renal vein is as bright scarlet as that wiich
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enters it by the renal artery. Strictly speaking, it is the
purest blood in the body, careful analysis having shown
that it contains a seneibly smaller quantity of urea and of
water than that of the left side of thc heart. This differ-
ence is, of course, a necessary result of the excretion of
the urinary fluid from the blood as it travels through the
kidney. :

As {hc renal veins pour their contents directly into the
inferior vena cava (sce Fig. 25),4t follows that the blood
in the upper part of this vein is so much the less impure,
or venous, than that contained in the inferior vena cdva,
below the renal yeins.

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 rendering the renal
blood dark and venous. The first effect would appear to
be explicable by the diminution of the pressure exerted
upon the blood in the Malpighian tufts, in consequence
of the diminution in the size of the channels—the small
arterics -by which the blood rcaches them. And the
second effect is probably, in part, a sccondary result of
the first-—the excrgtion of carbonie acid hy the Trine
ceasing with the suppression of that fluid ; while, to a
large extent, it is also the result of a pouting in of carbonic
acid into the renal blood, in consequence of the work of
the muscles of thce small vessels, and the waste which
results therefrom. 4 .

13. That the s47z is a source of continual losseée the
blood may be proved in various ways. [Pthe whole body
of a man, or onc of his limbs, be enclosed 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 tif air which is inspired into the lungs. That is
to say, the air loses oxygen and gains carbonic acid ; it
also 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.

Under ordinaryecircumstances no liquid water appears
upon the surface of the integument, and the whole proce
receives the name of the insensible perspiration. But,
whep violent exercise is taken, or under some kinds of
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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 scatiered drops upon the
surface.

c14. The quantity of sweat, or sensible perspiration, and
also the total amount of both sensible and insensible per-
spiration, vary immensely, according to the temperature
and other conditions of the air, and according to the state
of the blood and of the .ervous system. It is estimated
that, as a general rule, the quantity of water excreted by
thé skin is about double that given out by the lungs in the
same time. The quantity of carbonic acid is not above
Jsth or Zgth of that excreted by the lungs; and it is
not certain that in health any appreciable quantity of urea
is given oft.

In its normal state the sweat is acid, and contains fatty
matters, even when obtained free from the fatty products
of the sebaceons glands. Ordinarily, perspiration, as it
collects upon the skin, is mixed with the fatty secretion
of these glands ; and, in addition, contains scales of the
externial layers of the epidermis, which are constantly
beirtg- shed.

15. In analysing the process by which the perspiration
is eliminated from the body, it must be recollected, in the
first place, that the skin, cven if there were no glandular
structures connected with it, would be in the position of a
moderately thick, permeable membrane, interposed be-
tween a hot fluid, the blood, and the atmosphere. Even
in het climates .the air is, usually, far from being com-
pletely saturated with watery vapour, and in temperate
climates it ceases to he so saturated the momeny, it 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 hy
evaporation. Now, in its relation to the blood, the skin
is such a bladder full of hot fluid.

Thus, perspiration to a certain amourtt must always be
going on through the substance of the integument; but
what the amount of this perspiration may be cannot be
accurately ascertained, because a second and very impor-

»
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tant source of the perspiration is to be found in what arc
called the sweat-glands.

16. All over the body the intcgument presents minute
apertures, the ends of channels excavated in the epidennis
or scarf-skin, and each continuing the direction of
minute tube, usually about gdsth of an inch in diameter,
and a quarter of an inch long, which is imbedded in thc

Fie. 31

A. Section of the skin showing the sweat-glands. a, the epidermis, 4, its
deeper Luyes, the rete Malpehii ; eyd, the dermis or tiue sken ; f, fat cells ;
&, the coifed end of a sweat-gland ; 4, 1its duct ; 2, its ofening on the"™¥face
of the eprdermis 4
+ A section of the shin showing the roots of the haiis and the sebaceous
glands.e &, muscle of ¢, the hair sheath, on the left hand. -

dermis.  Each tube is lined with an cpithelium conti
nuous with the epidermis (Fig. 32, ¢). The tubc 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. 31, A g, and Fig. 33).
The blood in these capillaries is 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, coustitute but a very
thin pellicle ; and the arrangement, though different in
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detail, is similar in principle to that which obtains in the
kidney. In the latter, the vessel makes a coil within the
Malpighian capsule, which cnds a tubule. Here the
perspiratory tubule coils about, and among, the vessels.
In both cases the same result is arrived at—namely, thes
exposure of the blood to a large, relatively free, surface,
on to which certain of its contents transude.

r'n
X
A

N

K16, 33

Coiled eng of a sweat-gland (Fig. 31, £), epithelium not shown. a, the coi
4, the duct; ¢, network of capillaries, inside which the duct gland lies.

The number of these glands varies in different parts of
the body. They are fewest in the back and neck, where
their number is not much more than 400 to a square inch.
They are more numcrous on the skin of the palm and
sole, where their apertures follow the ridges visible on the
skin, and amount t8 between two and threc thousand on
the square inch, At a rough estimate, the whole intega-
ment probably possesses not fewer than from two millions
and g quarter to two millions and a half of these tubules,

12
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which iherefore must possess a very great aggregate
sccreting power.

17. The sweat-glands are greatly under the influence of-
the necrvous system. This is proved, not merely by the
well-known effects of mental emotion in sometimes sup-
pressing the perspiration and somctimes causing it to be
poured forth in immense abundance, but has been made
a matter of direct expgriment. 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, and its temperature rises (sce Lesson II. § 24);
and, simultaneously, swcat is poured out abundantly over
the whole surface thus aﬂ‘ectec?. On irritating that end of
the cut nerve which is in connection with the vessels, the
muscular walls of the latter, to which the ncrve is distri-
buted, contract, the congestion ceascs, and with it the
perspiration.

18. The amount of matter which may be lost by per-
spiration, under certain circumstances, is very remarkable,
Heat and severe labour, combined, may reduce the weight
of 2 man two or three pounds in an hour, by means of the
cutaneous perspiration alone ; and, as therc is some rea-
son to belicve that the quantity of solid matter carried off
from the blood does not diminish with the increase of the
amount of the perspiration, the total amount of solids
which are ‘eliminated by profuse sweating may be con-
siderable. ,

Tuc difference between blood which is coming from,
and that which is going to, the skin, can only be con-
cluded from the nature of the substances give® ou* in the
perspiration ; but arterial 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
(§ 23), the three great organs—Ilungs, kidneys, and skin
-—which have been described.

In ultimate anatomical analysis, each of these organs:
consists of a moist animal membrane separating the blood
from the atmosphere.

‘Water, carbonic acid, and solid matter pass out from
the blood through the animal membrane in each organ,
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and constitute its secrction or excretion ; but the threc
organs differ in the absolute and relative amounfs of the
constituents the escapa of which they permit.

Taken by weight, water is the predominant excretion in
ali three : most solid matter is given off by the kidneys
most gaseous matter by the lungs, .

The skin partakes of the nature of both lungs and
kidneys, seeing that it absorbs oxygen and exhales car-
bonic acid and water, like the fermer, while it excretcs
organic 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 free action of the skin is inter-
rupted, its work is usually thrown upon the kidneys, and
vice wersd. In hot weather, when the excretion by the
skin increascs, that of the kidneys diminishes, and the
reverse is obscrved in cold weather.

"This power of mutual substitution, however, only gocs
a little way ; for if the'kidneys be extirpated, or their
functions much interfered with, death ensues, however
active the skin may be. And, on the other hand, if the
skin be covered with an impenetrable varnish, the tem-
perature of the body rapidly falls, and death takes plage,
though the lungs and kidneys remain active.

20. The Jfwer is a constant source both of loss, and, in
a sense, of gain, to the blood which passcs throught it. It
gives rise to loss, because it separates a peculiar fluid, the
bile, from the blood, and throws that fluid®intp the intes-
tine. It is also in another way a source of loss because
it claborates from the blood passing through it a substance
called glycogen, which is stored up somggimes in*Torge,
sometimes in small, quantities in the cells of the liver.
This 18tter loss, however, is only temporary, and may
be sooner or later converted into a gain, for this glycogen
very readily passes into sugar, and either in that form or
in some other way is carried off by the blood. In this
respect, therefore, therc is a gain to the blood of kind or
quality though not of quantity of material. Finally, it
1s very probable that the liver is one source of the
colourless corpuscles of the blood.

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

F1G. 34 —THE LIVER TURNED UP AND VIEWED FROM BEerow.

vena cava; 4, vena port2; £, bile duct, &, hepatic artery, / gall-
bhﬁder. The termination of the hepatic vein in the vena cava is not seen,
being covered by the piece of the vena cava.

The liver is invested by a coat of peritoneum, which,
keeps it in places It is flattened from above downwards,
and cofivex and smooth above, where it fits into the con-
cavity of the lower surface of the diaphragm. Flat and
irregular belotv (Fig. 34), it is thick bchind, but ends in a
thin edge in front. :

Viewed from below, as in Fig. 34, the énferior vena cava,
a, 18 seen to t*averse a notch in the hinder edge of the
liver as it passes from the abdomen to the thorax. At é
the trunk of the vena porte is observed dividing into the
chief branches which enter into, and ramify through, the
substance of the organ. At d, the kepatic artery, coming
almost directly from the aorta, similarly divides, enters
the liver, and ramifies through it ; while at ¢ is the single
trunk of the duct. called the Aepatic duct, which conveys
away th'qlbile brought to it by its right and left branches
from the'liver. ~ Opening into the hepatic duct is seen the
duct of a large oval sac, /, the gall-bladder., 'The duct is

*smaller than the artery, and the artery than the portal
vein.

“
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If the branches of the artery, the portal vein, and the
bile duct be traced into the substance of thesliver, they
will be found to accompany one another, and to branch
out and subdivide, becoming smaller and smaller. At

/AN

Fio 35

A sectlon of gart of the liver to show /. /., a branch of the hepatic vein,

with L., the lobules or acini of the liver, seated upon its walls, and sending
their intralobular veins into it.

length the portal vein and hepatic artery (Fig. 37, V.2.)
will be found to end in the capillaries, which traverse, like
a network, the substance of the smallest obvious subdivi-
sions of the liver substance—polygonal masses of one-
tenth of an inch tn diameter, or less, which are termed
the Jobules. FEvery lobule is seated by its base upon one¢
of the ramifications of a great vein—the kepatic vein—
ardethe blood of the capillaries of the lobule is poured
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into that vein by a minute veinlet, called 7ntralobular
(Fig. 37, £ V.), which traverses the centre of the lobule,
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 capillaries of
each lobule, and are carried oft by its intralobular vein-
let, which pours 1ts contents into one of the ramifications
of the hepatic vein,  These ramifications, joining together,
form larger and larger trunks, which at length rcach the
hinder margin of the liver, and finally open into the vena
cava inferior, where it passes upwards in contact with
that part of the organ.

Thus the blood with which the liver is supplicd is a
mixture of arterial and venous blood ; the former brought

¢ Fic ;6.
@&, ultimate branches of the hepatic duet ; &, liver cdls. «

by the hepatic artery directly from the aorta, the latter
by the portal vein from the capillarics 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 main
duct, and thence with that of the intestines, 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 : buf recent investigations
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tend to show that they communicate with minute passages
left betweemthe hepatic cells, and traversing the lobule in
the intervals left by the capillarics (Fig. 37, B.). How-
ever this may be, any fluid separated from the blood by
the lobules must really find its way into them.

In the lobules themselves all the meshes of the blood-
vessels are occupied by the hiver cells.  These arc many-
sided, minute bodics, cach about ggzth of an inch in
diamcter, possessing A nucleus in its interior, and
frequently having larger and smaller granules of fatty
matter distributed through its substance (Fig. 37, @). It
is in the liver cells that the active powers of the liver arc
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 character of that fluid, the bile, which in-
cessantly flows down the biliary duct, and which, if
digestion is not going on, and the passage into the in-
testine is closed, flows back into and fills the gall-bladder.

4. The difference between the blood which enters the
liver and that whichrleaves it.

22. a. The total quantity of bile secreted in the twenty-
four hoyrs varies, but probably amounts to not less than
from two to three pounds. It is a golden yellow, slightly
alkaline, fluid, of cxtremcly bitter taste, consisting of watet
with from ¥7 per cent. to half that quantity, of solid
matter in solution, The solids consist in the first piace
of agzsmewhat gomplex substance which may be scparated
by crystallizatibn, and has been called &2/in. 1t is in
reality a mixture of two acids, in combinationgwith soda,
one called glycockolic, and consisting of carbon, hydrogen,
nitrogen, and oxygen, the other Zaurockolic, and containing
in addition to the other clements a considerable quantity
of sulphur. Besides the taurocholate and glycocholate
of soda, or bile salts as they are sometimes called, the bile
contains a remarkable crystalline substance, very fatty-

outline of the liver cells are seen as a fine network of lines throughout the

whole lobule.

. Portion of lobule very highly magnified. a, liver ccll with , nucleus (two

are often present); &, capillaries cut across; ¢, minute biliary passages
een the cells, injected with colouring matter “
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looking, but not really of a fatty nature, called ckolesterin,
one or more peculiar colouring matters probably related
to the hacmatin of the® blood, and certain saline matters.
6. Of thesc constituents of the bilc the water, the choles-
terin, and the saline matters, alone, are discoverable #n
the blood ; and, though doubtless some difference obtains
between the blood which enters the liver and that which
leaves it, in respect of the proportional quantity of these
constituents, great practical difficultics lie in the way of
the precise ascertainment of the amount of that difference.
The blood of the hepatic vein, however, is certainly poorer
in water than that of the portal vein.
23. As the essential constituents of bile, the bile acids
. and the colouring matter, are not discoverable in the blood
which enters theliver; they must be formed at the expense
of the tissue of that organ itsclf, or of some constituent of
the blood passing through it.

24. We must next consider the chief sources of constant
gain to the blood ; and, in the first place, #he sources of
gain of matter. o ‘e

The lungs and skin are, as has been scen, two of the
principal channcls by which the body loses liquid and
gascous matter, but they arc also the sole means by which
one of the most important of all substances for the main-
tenance of life, oxygen, is introduced int® the blood. It
has already been pointed out that the volume of the oxygen
takem into the blood by the lungs is rather greater t
that of the carbonic acid given out. Th&absolut we’i‘m
of oxygen thus absorbed may be estimated at 10,000 grains
(see I8sson VI, § 2). :

How much is taken in by the skin of man is not cer-
tainly known, but in some ‘of the lower animals, such as
the frog, the skin plays a very important part in the per-
formance of the respiratory function.

25. The blood leaving the liver by the hepatic vein not
onlx contains propbrtionally less water and fibrin, but pro-
portionally more corpuscles, cspecially colourless dor;
puscles, and, what is still morc important, under certain
Circamstances at least, a larger quantity of liver-sugar, or
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glucose, than that brought to it by the portal veins and
hepatic artery.

That the blood leaving the liver should contain propor-
tionally less water and more corpuscles than that entering
ity is no more than might be expected from the fact that
the formation of the bile, which is scparated from this
blood, nccessarily involves a loss of water and of some
solid matters, while it docs not abstract any of the cor-
puscles. ‘ .

We do not know why less fibrin separates from the blood
of the hepatic vein than from the %lood brought to the
liver. But the reason why there may be more sugar in
the blood leaving the liver than in that entering it; and
why, in fact, there may be 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 becn made out
by careful and ingenious experimental research.

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,
move: than the merest trace.  Nevertheless, plenty may 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 hcpatic vein, as far as the heart.
Secondly, if, from an animal so fed, the liver be ex-
tracted, and a clrrent of cold water forced into the wewa
* porte, it will flow out by the hepatic vein, carrying with it
all thghlood of the organ, and will, after a time, comé out
colourless, andudevoid of sugar. Nevertheless, if the
-organ be left to itsclf at a moderate temperature, sugar
will soon again become abundant in it. e

Thirdly, from the liver, washed as above described, a
substance may be extracted, by appropriate methods, which
resembles starch or dextrine, in chemical composition,

. consisting as it does of carbon united with hydrogen and
oxygen, the latter being in the same proportions as in
water. This “amyloid ” substance is the g/ycogen spoken
of in §20, It may be dried and kept for long periods
without undergoing any change.
¢ But, like the vegetable starch and dextrine, this animal
amyloid, which must be formed in the liver, sincc it is«cer-
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tainly not contained cither in the blood of the pertal vein,
or in that of the hepatic artery, is very readily changed by
contact with certain matters, which act as ferments, into
sugar.

Ii:‘ourthly, it may be demonstrated that a ferment, corh-
Pctcnt to change the “ amyloid” glycogen into saccharine
‘glucose,” cxists under ordinary circumstances in thc
liver.

Putting all these circumstances together, the following
explanation 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 easjly formed, exists
in the blood brought to the liver, appears to have much
probability ; though it may possibly requirc modification,
in some respects, hereafter. -

The liver forms glycogen out of the blood with which it
is supplicd. 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 intralobular vein to the hepatic vein, and thenge to
the vena cava. ‘ ¢

‘Though after death a very considerablg quantity of sugar
accumulates in the hepatic vein, the amount which, a? any
given moment, can be detected during life is extremely
small. This has led some physiologists tossuppose that, in
health, glycogen is not converted into sugar, bfit undergoes
somg other change. A very small quantity of sugar how-
cver, so small as to almost escape dcteotion, throweinto
the hepatic vein every instant, would amouflt to a consider-
able quantity in the twenty-four hours.

This formation of glycogen in the liver goes on in the
total absence of starch or sugar from the food. It must,
thercfore, in such cases be formed at the expense of proteid
material (see Lesson VI.). It appears, however, that the
presence of starch or sugar in the food, though not essen-
}ial, is very favourable to the production of glycogen in the
1ver.

27. The lymphatic system has been already mentiofed
as a feeder of the blood with a fluid which, in general, ap-
pears to be merely the superfluous drainage, as it were, of
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the blood-vessels ; though at intervals, as we shall see, the
lactcals make substantial additions of new matter. It is
very probable that the multitudinous Zlymphatic glands
may effect some change in the fluid which traverses them,
or may add to the number of corpuscles in the lymph.

Nothing certain is known of the functions of certain
bodies which are sometimes called ductless glands, but
have quite a different structure from ordinary secrcting
glands ; and indced do not rcsemble cach other in struc-
ture. Thesc are, the #iyroid ‘gland, which lies in the part
of ‘the throat below the larynx, and is that organ which,
when enlarged by disease, givcs rise to “ Derbyshire neck ”
or “goitre ; 7 the Zaymus gland, situated at the base of the
heart, largest in infants, and gradually disappearing in
adult, or old, persons ; and the szpra-renal capsules, which
lie above the kidueys.

28. We are as much in the dark respecting the office of
the large viscus called the sp/een, which lics upon the left
side of the stomach in the abdominal cavity (Fig. 38). It
is an clongated flattened red body, abundantly supplicd
with blood by an artery called the splenic arfery, which
precceds almost directly from the aorta.  The blood which
has traversed the spleen 1s collected by the splenic wein,
f.nd is carried by it to the wena porte, and so to the
iver.

A section of the spleen shows a dark red spongy mass
dotted over wvith minute whitish spots. Each of these last
is the section of one of the spheroidal bodics called cor-
. pusclgr.of ine spleen, which are scattered through its” sub-

stance, and condgist of a solid aggregation of minute bodics,

like the white corpuscles of the blood, traversed by a ca-

pillary network, which is fod by a small twig of the splenic

artery. The dark red part of the spleen, in which these

corpuscles are embeddced, is composed of fibrous and clastic
.| tissue supporting a very spongy vascular nctwork.

The elasticity of the splenic tissuc allows the organ ‘o
be readily distended, and cnables it to return to its former
size after distension. It-gppears to change its dimensions
with the state of the abdominal viscera, attaining its
largest size about six hours after a full meal, and falling
to its minimum bulk six or seyen hours later, if no further
_supply of food be taken. o

»
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The blood of the splenic vein is found to contain pro-
portionally fewer red corpuscles, but more colourless cor-
puscles and more fibriny, than that in the splenic artery ;
and it has been supposed that the spleen is one of those
parts of the economy in which the colourless corpuscles
of the blood are especially produced.

Fr. 33 4

The spleen (Sp/) with the spienic artery (Sp4.). Belo’v this is seen the
splenic vein runming to help to form the vena porta (V.F.). do. the aorta ;
D apillar of the diaphragm : £.D. the pancreatic duct exposed by dissection
in the substance of the pancreas: Dm. the duodenum ; B.D ‘the biliary

duct WMiting with the pancreatic duct into the commop duct, & iguesthe
intestinal vessels. D) N

29. 1t has Dbeen secn that /eat 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 surface of the dody is much more exposed to cold than
its interior. Necvertheless, the temperature of the body
is maintained very evenly, at all timcs and in all parts,
within the range of two degrees on either side of o9°
Fahrenheit. *

This is the result of three conditions :—The first, thit,
heat is constantly being generated in the body; the
second, that it is as constantly being distributed through
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the body; the third, that it is.subject to incessant
rcgulation.

Heat is generated whenever oxidation takes place ; and
hence, whenever proteid substances (see Lesson VI, § 4)
or fats, or amyloidal matters, are being converted into the
more highly oxidated waste products,—urea, carbonic acid,
and water,—hcat is necessarily evolved. But these pro-
cesses are taking placp in all parts of the body by which
vital activity is manitested ; and hence every capillary
vessel and every extravascular islet of tissue is really a
small fireplace in which heat is being cvolved, in propor-
tion 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, arc very
different ; and as some parts of the body arc so situated
as to lose thecir heat by radiation and conduction much
more easily than others, the temperature of the body
‘would be very uncqual in its different parts, and at different
times, were it not for the arrangements by which the heat
is_distributed and regulated.

“Whatever oxidation occurs in any part, raises the tem-
perature of the blood which is in that part at the time to
a propertional extent. But this blood is swiftly hurried
away 1nto other regions of the body, and rapidly gives up
its increased temperaturc to them. On the other hand,
the blood which by being carried to the vessels in the skin
on the surface of the body begins to have its tempgrature
low¥€d by evaporation, &c., is hurried away before'it has
time to get thoroughly cooled into the deeper organs ; and
in them it becomes warm by contact, as weall as by the
oxidating processes in which it takes a part. Thus the
-blood-vessels and their contents might be comparcd 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 ot
minute gas jets, disposed beneath the pipes, not cvenly, but
more here and fewer there. It is obvious that, however
much greater might be the heat applied to one part of the
system of pipes than to another, the general temperature
of the water would be even throughout, if it were kept
moving with sufficient quickness by the pump.
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31. If such a system were entirely composcd of closcd
pipcs, 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 cvaporate freely—as, for cxample, by
wripping them in wet cloths. And the greater the quantity
of water thus cvaporated, the lower would be the tem-
perature of the whole apparatus.

Now, the regulation of the temperature of the human
body is effected on this principle. The vesscls are closed
pipes, but a greater 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 freely exposed to
the air. It is the evaporatipn from these which excrcises
a more important influence than any other condition upon
the regulation of the temperature of the blood, and, conse-
quently, of the body.

But, as a further nicety of adjustment, the wetness of
the regulator is itself determined by the state of the small
vessels, inasmuch as exudation from these takes place
more readily when the walls of the vens and arteries’fre
relaxed, 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 3 manner as to
give rise to contraction of the small vessels, while mode-
rate warmth has the reverse effect. .

"TMs the supply of blood to the surfaccsis leSscnedpand
loss of heat is therchby checked, when the® external tem-
peraturg 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 per-
spires freely, and the air-passages are abundantly moist, a
man may remain with mimpunity, for a considerable time,
in an oven in which meat is being cooked. The hcat of
the air is expended in converting this superabundant per-,
spiration into vapour, and the temperature of the man’s
bloodeis hardly raised.

\
K .
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, Fic. 39.—A DIAGRAM TO ILLUSTRATE THE STRUCTURE OF GLANDS.

A. Typical structure of the mucous membrane. , an upper, and 3, a lower,
Jayer of epithelinm cells; c, the dermis with ¢, a blood-vessel, and f; con-
nective tissue corpuscles. .
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32. The chicf Znutermitlently active sources of lass to the
blood are found among the glands proper, all of which are,
in principle, narrow pouches of the mucous membranes, or
of the intcgument of the body, lined by a continuation of
the cpithelium, or of the epidermis. In the glands of Lis
berkichn, which exist in immense numbers 1n the walls of
the small intcstines, cach 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
cnd on the inner surface of the intestine (Fig. 39, 1). The
sweat-glands of the skin, as we have alrcady secen, are
equally simple, blind, tube-like involutions of the integu-
ment, the ends of which become coiled up. The sebaceous
glands, usually connected with the hair sacs, are shorter,
and their blind ends arc somewhat subdivided, so that the
gland is divided into a narrow neck and a more dilated
and sacculated end (Fig. 39, 5). The neck by which the
gland communicates with the free surface is called its
Juct. 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, each of which ends in a dilatation (Fig. 39, 6). Thesc
dilatations, attached to their branched ducts, somcwhat
reseinble a bunch of grapes. Glands'of this kind are
called racemose. The salivary glands and the pancreas
are such glands. .

Now, many of these glands, such as the salivary, and
the pancreas (with the perspiratory, or sudoriparous glands,
whi®® it has been convenicent to consider glready), are only
active when certain impressions on the fervous system
give rigp to a particular condition of the gland, or of its
vessels, or of both.

Thus the sight or smell, or cven the thought of food,
will cause a flow of saliva into the mouth ; the previously

B. The same, with only one layer of cells, @ and 4, the so-called bascment
membrane between the epithelium, @, and deimis, ¢

A simple tubular gland.

A tubular gland bifid at its base. In this and succceding figures the
blood-vessels are omitted,

. A simple saccular gland.

. A divided saccular gland, with a duct, d.

. A simlar gland still mo- e divided.

. A gcemose gland, part only Leing drawn.

K 2

N o~

aw

own



132 TLEMENTARY PIYSIOLOGY. [Lss.

quicscent 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 glandsecan be made to secrete
abundantly, by irritating a nerve which supplies the gland
and its vessels. How far this cfiect is the result of the
mechanical influence of the nerve on the state of the circu-
lation, by widening the small arteries (sce p. 51) and so
supplying the gland with more blood, and how far it is the
result of a morc dircct fhfluence of the nerve vpon the state
of the tissue of the gland itsclf, making the cells secrete,
just as a nerve when stimulated makes a muscle contract,
is not at present finally determined.

The liquids pourcd out by the intermittent glands arc
always very poor in solid constituents, and consist chiefly
of water, Thosc poured on to the surface of the body arc
lost, but those which are reccived by the alimentary canal
are doubtless in a great measure ve-absorbed.

33. The great inlermittent sources of gain of wasle pro-
ducts to the blood are the muscles, every contraction of
which is accompanied by a pouring of certain products
into the blood. That nfuch of this waste is carbonic acid
is=certain from the facts (a) that the blood which leaves a
contracting muscle is always highly venous, far more so
than that which’lcaves a quicscent muscle ; (4) that mus
cular exertion at once immensely increases the quantity of
carhonic acid jexpired; but whether the amount of nitro-
genous waste 15 increased under these circumstances, or

#il0t, is a point yet under discussion,
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LIESSON VI.
THE FUNCTION OF ALIMENTATION.

1. Tne great source of gain to the blood, and, except
the lungs, the only channel by which altogether new
material is introduced into that fluid, putting aside the
altogether exceptional case of absorption by the skin, is
the alimentary canal, the totality of the operations of
which constitutes the function of alimentation. It»-wili
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 thereby intro-
duces into his alimentary canal, a certain quantity of solid
and liquid food, in the shape of meat, brea&l, butter, water,
and the like. The amount of chemically dry, solid matter,
whieh must thus be taken into the body, ¥ agnan of
average size and activity is neither to fcee, nor to gain,
in weight, has been found to be about 8,000 grains, In
additich 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
alimentary canal dors not, on the average, amount to
more than one-tenth of that which is taken into it, or
800 grains. Now the alimentary canal is the only chanael
by which any appreciable amount of solid matter leaves
the pody in an undissolved condition. It follows, there-
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fore, that in addition to the 10,000 gr.':ins of oxygen,
7,200 grains of dry, solid, matter must pass out of the
body by the lungs, skin, or kidneys; either in the form of
gas, or dissolved in the liquid cxcretions of these organs.
Further, as the general composition of the body remains
constant, it follows cither that the clementary constituents
of the solids taken into the body must be identical with
those of the body itsclf: or that, in the coursc of the
vital proccsses, 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 sub-
stance, 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 Profeils, or they are [ats,
or they are Amyloids, or they are Mincrals.

Proteids aré composed of the four clements --carbon,
hydrogen, oxygen, and nitrogen, sometimes united with
sulphur and phosphorus.

Yhder this head come the Gluten of flour ; the_4/lbu-
meen of white of cgg, and blood Serum ; the 767z of the

lood; the Syntonin, which is the chicf constituent of
muscle and flesh, and Caseir, onc of the chief constituents
of cheese, and many other Similar but less common bodies ;
while Gelatint, which is obtained by boiling from connce-
tive tissuC, and Chordrin, which may be produced in the
same wpy ffom Cartilage, may be considered to hefout-
lying members f the same group. *

Lats_are composed of carbon, hydrogen, and ,oxygen
_only, and contain more hydrogen than'is cnoug® to form
water if united with the oxygen which they possess.

All vegetable and animal fatiy matters and oils come
under this division. :

, Ampyloids are substances which also consist of carbon,
! hydfo;,ymr“, and oxygen only. But they contain no more
ihydrogen than is just sufficicnt to producc watcr with
their oxygen. The-c arc the matters known as Starch,
L Dextrine, Sugar, and ‘Gum.
* It is the peculiarity of the thrcc groups of food-stuffs
just mentioned that they can only be obtained (ateany
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L]
rate, at present) by the activity of living beings, whether
animals or plants, so that they may be convVeniently
termed wital food-stufy.

Food-stuffs of the fourth class, on the other hand, or
Minerals, are to be procured as well from the not-Nving,
as the living world. They are water, and salts of sundry
alkalies, carths, and metals. To these, in strictness,
oxygen ought to be added, though, as it is not taken in
by the alimentary canal, it hardlyscomes within the ordi-
nary acceptation of the word food.

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

Morc than this, no substance can serve permanently
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 protcid matter in the shape
of albumin, fibrin, syntonin, casein, &c,, while, on the other
hand, any substance*which contains protcid matter in a
readily assimilable shape, is compctent sto act as a per-
manent vital food-stuft. - ¢

The human body, as we have seen, contains a large
quantity of proteid matter in one or othér qf the forms
which have been enumcrated; and, therefore, it turns
outeyg be an indispensable condition, that sevcry sub-
stance which is to scrve permanently” @s food, must
contain a sufficient quantity of the miost important and
complef component of the body ready made, It must
also contain a sufficicnt quantity of the mineral ingre-
dicnts which are required. Whether it contains either
fats or amyloids, or both, its essential power of supporting
the lifc and maintaining the weight and composition of
the body remains unchanged.

6. The necessity of constantly rencwing the supply of'
proteid matter arises from the circumstance that the
secretion of urca from the body (and consequently the
. loss of nitrogen) goes on continually, whether the body*

is fcd or not: while there is only onc form in which
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nitrogen (at any rate, in any considerable quantity) can
be taken irffo the blood, and that is in the form of a
solution of protcid matter. If proteid matter be not sup-
plicd, therefore, the body must nceds waste, because there
\s nothing in the food competent to make good the loss of
nitrogen.

On the other hand, if proteid matter be supplied, there
can be no absolute necessity for any other but the mineral
food-stuffs, because préteid matler contains carbon and
hydrogen in abundance, and hence is competent to give
origin to the other grcat products of waste, carbonic acid
and water.

In fact, the final results of the oxidation of proteid
matters arc carbonic acid, water, and ammonia; and these,
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 intel-
ligible that, whether an animal be herbivorous or carni-
vorous, it begins to starve from the moment its vital
food-stuffs consist of pure amyloids, or fats, or any mixture
of them. It suffers from what may be called witrogen
starvation, and, sooner or later, will dic.

In this case, and still more in that of an animal de-
prived of vital food altogether, the organism, so long as it
continue$ to live, feeds upon itself. In the former case,
those excretions which contain nitrogen, in the latter, all
its waste pradutts, are nccessarily formed at the expense
of its own body; whence it has been rightly cnough
observed tirat a starving sheep is as much a carrfiore
as a lion, o

8. But though protcid matter is the essential element
of food, and under certain circumstances may seffice, by
itself, to maintain the body, it is a very disadvantageous
and uneconomical food.

Albumen, which may be taken as the type of the pro-
teids, contains about 53 parts of carbon-and 15 of nitrogen
in 100 parts. If a man werc to be fed on white of egg,
therefore, he would take in, speaking roughly, 34 parts of
carbon for every part of nitrogen.

But it is proved expcrimentally, that a healthy, full-
grown man, keeping up his weight and heat, and taking
a fair amount of ecxercise, eliminates 4,000 graing of



V1] ADVANTAGE OF MIXED DIET. 137

carbon to only 300 grains of nitrogen, or, roughly, only
nceds once-thirteenth as much nitrogen as catbon. How-
cver, if he is to get fis 4,000 grams of carbon out of
albumen, he must cat 7,547 grains of that substance.
But 7,547 grains of albumen contain 1,132 grains cf
nitrogen, or ncarly four times as much as he wants.

To put the casc in another way, it takes about four
pounds of fatless meat (which generally contains about
one-fourth its weight of dry solid *proteids) to yield 4,000
grains of carbon, whereas onc pound will furnish 3
grains of nitrogen. *

Thus a man confined to a purely proteid dict, must eat
a prodigious quantity of it. This not only involves a great
amount of physiological labour in comminuting the food,
and a great eapenditure of power and time in dissolving
and absorbing it; but throws a grcat quantity of wholly
profitless labour upon those excrctory organs, which have
to get rid of the nitrogenous matter, three-fourths of which,
as we have scen, is superfluous.

Unproductive labour is as much to be avoided in phy-
siological, as in political, economy; and it is quite possible
that an animal fed with perfectly nutritious, proteid mateer
should die of starvation: thc loss of power in various
operations required for its assimilation Overbalancing the
gain ; or the time occupied in their performance being too
great to check waste with sufficient rapidijy. The body,
under thesc circumstances, falls into the coadition of a
merchant who has abundant assets, but who cannot get
in debts in time to meet his creditors ' e

9. These considerations lead us to the physiological
justification of the universal practice of mankind in adopt-
ing a mixed diet, in which proteids ate mixed either with
fats, or with amyloids, or with both.

Fats may be taken to contain about 8o per cent. of
carbon, and amyloids about 40 per cent. Now it has
been scen that there is cnough 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 deficit of 3,000 grains of carbon.
Rather more than half a pound of fat, or a poundeof
-sugar, will supply this quantity of carbon. The former,’
if properly subdivided, the latter, by reason of its
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solubility, passes with great easc into the economy, the
digestive' labour of which 1s conscquently reduced to a
minimum. .

10. Several apparently simple articles of food con-
stitute a mixed dict in themsclves.  Thus butcher’s meat
commonly contains from 30 to 50 per cent. of fat. Bread,
on the other hand, contains the proteid, gluten, and the
amyloids, starch and sugar, with minute quantities of fat.
But, from the proportiou in which these proteid and other
constituents exist in these substances, they are neither,
taken alone, such physiologically cconomical foods as they
are when combinced 1n the proportion of about 200 to 75 ;
or two pounds of bread to threc-quarters of a pound of
meat per diem.

11, ltis quite certain that ninc-tenths of the dry, solid
food which is taken into the body sooncer or later leaves
it in the shape of carbonic acid, water, and urea (or uric
acid) ; and it is also certain that the compounds which
leave the body not only are morc highly oxidized than
those which enter it, but in themn is carried away out of
the body all thc oxygen taken into the blood by the
lupgs. .

'Igﬁe intermediate stages of this conversion are, how-
ever, by no memas so clear. It is highly probable that
the amjloids and fats are very frequently oxidized in
the blood, without, propcrly speaking, cver forming an
integral part ot the substance of the body ; but whether
she proteids may undergo the same changes in the blood,
or whethcr it is nccessary for them first to be incorpofured
with the living ¢issuc, is not positively known.

So, again, it is_certain that, in_becoming oxidized, the
elements of the food must give off heat, and it is probable
that this heat is sufficient to account for all that is given
off by the body ; but it is possible, and indecd probable,
that therc may be other minor sources of heat.

12. Food-stuffs have been divided into keat-producers
and Z#ssue-formers—the amyloids and fats constituting the
former division, the proteids the latter. But this is a very
misleading classification, inasmuch as it implies, on the
ong hand, that the oxidation of the proteids does not
slevelop heat ; and, on the other, that the amyloids and
fats, as they oxidize, subserve only the production of heat,
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Proteids are #ssue-forners, inasmuch as no tissue can
be produced without them; but they arc also /Aecaz-
producers, not only djrectly, but because, as we have
scen (Lesson V. §§ 25, 26), that they are competent to
give rise to amyloids by chemical metamorphosis within,
the body.

If it is worth while to make a special classification of
the vital food-stuffs at all, it appears desirable to dis-
tinguish the essential food-stuffs,2or proteids, from the
accessory food-stuffs, or fats and amyloids—the former
along being, in the nature of things, nccessary to life,
while the latter, however important, are not absolutely
necessary.

13. All food-stuffs being thus proteids, fats, amyloids,
or mincral matters, pure or mixed up with other sub-
stances, the whole purporc of the alimentary apparatus is
to scparate these prcteids, &c. from the innutritious
residue, if there be any ; and to reduce them into a con-
dition either of solution or of excessively fine subdivision,
in order that they may make thcir way through the
delicate structures which form the walls of the vessels ot
the alimentary canal. To these ends, food is taken inso
the mouth and masticated, is mixed with saliva, is
swallowed, undergoes gastric digestion,® passes into the
intestine, and is subjected to the action of the sétretions
of the glands attached to that viscus ; and, finally, after
the morc or less complete extraction of thé nytritive con-
stituents, the residue, mixed up with certain secrctions of
thedwmtestines, leaves the body as the fieces, -+

The cavity of the mouth is a chamber %ih a fixed roof,,
formed by the hard palate (Fig. 40, ), and with a move-
able flodr, constituted by the lower jaw, and the tongue (%),
which fills up the space between the two branches of the
jaw. Arching round the margins of the upper and the
lower jaws are the thirty-two teeth, sixtcen above and
sixtecn below, and, external to these, the closure of the
cavity of the mouth is complcted by the cheeks at the
. sides, and, by the lips, in front.

When the mouth is shut, the back of the tonguc comes
into close contact with the palate ; and, where the hagd
palate ends, thc communication between the mouth and®
the Rack of the throat is still further impeded by a sort of
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fleshy curtain-—the soft palate or welum--the middle of
which is produced into a prolongation, the wwvula (f),
while its sides, skirting the sides of the passage, or faxces,

A SecTioN orF THE MouTH AND NOSE TAKEN VERTICALLY, A LITTLE
TO THE LEFT OF THE MIDDLE LINE

a, the vertchial column ; &, the gullet; ¢, the windpipe ; @, the thyroid
cartilage of the larynx ; e, the cpiglonis: /, the uvula; g, the apening of
the left Eustachian tube; %, the opening of the left lachrymal duct; 7, the
hyoid bone ; 4, the tongue; /, the hard palate; e, », the base of the
skull; o, 8, ¢, the superior, middle, and inferior turbinal bones, The letters
&/, ¢ are placed in the pharynx.

form double muscular pillars, which are termed the
pillars of the fauces. Between these the fonsils are
situated, one on cach side, -
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The velum with its uvula comes into contact below with
the upper part of the back of the tongue, and with a sort
of gristly, lid-like prgcess connected with its basc, the
epiglottis (e).

Bchind the partition thus formed lies the cavity of the
fharynx, which may be described as a funncl-shaped bag
with muscular walls, the upper margins of the slanting,
wide end of which are attached to the base of the skull,
while the lateral margins arc codtinuous with the sides,
and the lower with the floor, of the mouth.  The narrow
end of the pharyngeal bag passes into the gullet *or
asophagus (6), a muscular tube, which affords a passage
into the stomach. '

There arc no fewer than six distinct 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 nasal cavitics; and at the sides,
close to these, the apertures of the Kustachian tubes ().
The two single apertures are, the hinder opening of the
mouth between the soft palate and the cpiglottis ; and,
behind the cpiglottis, the upper aperturc of the respira-
tory passage, or the gloftis. . ‘o

14. ‘The mucous mémbrane which lines the mouth and
the pharynx is beset with minute glands, the bwccal
Llowds ; but the great glands from which the éavity of
the mouth reccives its chief secretion are ghe three pairs
whicly, as has been alrcady mentioned, are’called parofid,
submaxillary, sublingial, and which secrete the principal
paremyf the saliva (Fig, 41). ) e

Each parotid gland is placed just infeont of the car,
and its duct passes forwards along the cheek, until it
opens ifi the interior of the mouth, opposite the second
upper grinding tooth.

The submaxillary and sublingual glands lie between the
lower jaw and the floor of the mouth, the submaxillary
being situated further back than the sublingual. Their
ducts open in the floor of the mouth below the tip of the
tongue. The sccretion of these salivary glands, mixed
with that of the small glands of the mouth, constitutes
the sa/iva—a fluid which, though thin and watery, con-
tains a small quantity of animal matter. called Ptyalin,
which has certain very peculiar properties. It docs not
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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

¢

Fii. 41.

A dissection of the fight side of the face, showing a, the sublingual ; 3,
the submai.illary glands, with their ducts opening beside the tongue in the
floor of the mouti at d; c, the parotid gland and its duct, which opens on
the side of the cheek ate.

starch is insoluble, and therefore, as such, useless as
nutrimgent, ‘while sugar is highly soluble, and rfadily
oxidizable. - *

15. Each of the thirty-two tecth which have been
mentioned consists of a crown which projects®above the
gum, and of one or more d/zmgs, which are embedded in
sockets, or what arc called a/eeoli, in the jaws.

The eight teeth on oppositc 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.

sThe two teeth in cach ecight which are ncarest the
“middle line in the front of the jaw, have widc but sharp
and chisel-like edges. Hence they are called #ncisors,
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or cutting tecth, The tooth which comes next is a
tooth with a more conical and pointed crown. Itanswers
to the great tearing and holding tooth of the dog, and is
called the canine or eye-tooth. ‘The next two tecth have
broader crowns, with two cusps, or points, on cach crowrm;
one on the inside and one on the outside, whence they
are termed dicuspid teeth, and sometimes false grinders.
All these tecth have usually one fang each, except the
bicuspid, the fangs of which may be more or less com-
pletely divided into two. The remaining teetb have two
or three fangs each, and their crowns are much broader.
As they crush and grind the matters which pass between
them they are called molars, or true grinders. In the
upper jaw their crowns present four points at the four
corners, and a diagonal ridge connccting 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 have been described
have such a disposition that the lower jaw can be de-
pressed, so as to open the mouth and separate the teeth ;
or raised, in such a manner as to bring the teeth together ;
or move obliquely from side to side; so as to cause tfte
facc of the grinding teeth and the edges of the cutting
teeth to slide over one another. And tlie muscles which
perform the clevating and sliding movements are of great
strength, and confer a corresponding farce upon the
grinding and cutting actions of the teeth. In correspond-
ence with the pressure they have to resist, the superficial
sub®Mnce of the crown of the teeth is of great hardness,
being formed of enamel, which is the harflest substance
in the bpdy, so densc and hard, indced, that it will strike
fire with stcel (sece Lesson XII.). But notwithstanding
its extreme hardness, it becomes worn down in old
persons, and, at an carlier age, in savages who live on
coarse food.

¥6. 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 cheeks
and lips; while those which escape on the inner side ate
thrust back by the tongue, until the whole is thoroughly
rubbed down,
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While. mastication is proceeding, the salivary glands
pour out their secrction in grcat abundance, and the
saliva mixes with the food, whieh thus becomes in-
terpenctrated 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 collected,
cnveloped, 1 saliva, into a mass or bolus, 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 holus can travel
over the opening of the air-passage without any risk of
tumbling into it. While the epiglottis directs the course
of the mase 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
backwards towards the lower part of the muscular pha-
ryngcal funnel. By this the bolus is immediately scized
atd tightly held, and the muscular fibres contracting
above it, while they are comparatively lax below, it is
‘rapidly ,thrust into the wsophagus. By the muscular
walls of this tube it is grasped and propelled onwards, in
a similar fashien, until it reaches the stomach.

17. Drink is taken in exactly the same way. It does
pot fall down the pharynx and gullet, but cach gulp is
graspee and passed down. Hence it is that jugglef§ are
able to drink standing upon their heads, and that a horse,
or ox, drinks with its throat lower than its stomagch, feats
which would be impossible if fluid simply fell d8wn the
gullet into the gastric cavity.

During thesc processes of mastication, insalivation, and
deglutition, what happens to the food is, first, that it is
reduced to a coarser or finer pulp ; sccondly, that any
matters it carries in solution are still more-diluted by the
water of the saliva ; thirdly, that any starch it may con-
tain begins to be changed into sugar by the peculiar con-

, sfituent (ptyalin) of thc saliva,

18. The stomach, like the gullet, consists of a tube

with muscular walls compesad of smooth muscular fibres,
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aud lined by an epithelium ; but it differs from the gullet
in several circumstances. In the first place,.its cavity is
greatly larger, and its Igft end is produced into an enlarge-
ment which, because it is on the heart side of the body,
is called the cardiac dilatation (Fig. 42, 4). The opening,
of the gulletinto the stomach, termed the cardiac aperture,
is consequently nearly in the middle of the whole length of
the organ, which presents a long, convex, grealer curva-
ture, along its front or under edgé¢, and a short concave,
lesser curvalure, on its back or upper contour. Towards
its right extremity the stomach narrows, and, where it
passcs into the intestine, the muscular fibres are so dis-
posed as to form a sort of sphincter around the aperture
of (c;;nnmunication. This is called the pylorus (Fig.
2, d).
4 The mucous membrance lining the wall of the stomach
is very delicate, and multitudes of small glands open upon
its surface. Somc of these are simple, but others (Fig.
43) possess a somewhat more complicated structure,
their blind ends being subdivided. It is these glands,
and more espcciaily the more conrplicated ones, the so-
called peptic glands, which, when faod passes into the
stomach, throw out a thin acid fluid, the gastric juice.
When the stomach is empty, its mucbus membranc is
pale and hardly more than moist. Its small artdtics are
then in a state of contraction, and comparatively little
blood is sent through it. On the entrafce, of food a
nervous action is set up, which causes these small arterics
to d¥'¢tc ; the mucous membrane consequently receives a
much larger quantity of blood, it becomdssvery red, little
drops of fluid gather at the mouth of the glands, and
finally fin down as gastric juice. The process is very
similar to the combined blushing and sweating which
takes place when the sympathetic in the neck is divided.
Pure gastric juice appears to consist of little more than
water, containing a few saline matters in solution, and its
acidity is due to the presence of free hydrochloric acid ;
it possesscs, however, in addition a small quantity of a
peculiar substance called pepsin, which seems to be not
altogether dissimilar in chemical composition to, theugh
very different in its effects from, povalin (§ 14). ‘
Thps, when the food passes into the stomach, the con<
. L -
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tractions of that organ roll it about and mix it thoroughty
with the gastric juice. '

19. It is easy to ascertain the praperties 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,

FiG. 42—THE STOMACH LAID OPEN BEBIND.

To»
a, the a-_sq-hagus: &, the cardiac dilatation ; c, the lesser curvature %, the
pylorus; ¢, the klifry duct; £, the gall-bladder; {. the pancreatic duct,
opening in common with the cystic duct opposite 4; 4, , the duodenum.

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, if not in too
great quantity, has become dissolved ; while all that
remains of the meat is a pulp, consisting chiefly of the
connective tissue and fatty matters which it contained.
This is arlt{ia'al digestion, and it has been proved by ex-
periment that precisely the same operation takes place
vwhen food underioes natural digestion within the stomach
al .

of a living anim .
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The proteid solution thus effected is called a,peptore,
and has pretty much the same characters, whatever the
nature of the proteid which has been digested.

Peptone differs from all other’proteids in its cxtreme
solubility, and in the readiness with which it passes
through animal membranes. Many proteids, as fibrin,

L oo gl
810 1ol

hy i

FI1G. 43.

Onc of the glands which secrete the gastric juice, magnified about
350 diameters.

are naturally insolublc in water, and others, such as white

of egg, though apparently soluble, are not completely so,

and can be rendered quite solid or coagulated by being

simply heated, as when an egg is boiled. A solution of pep-

toneshowever is perfectly fluid, does not become solid, and
L2
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15 not at all coagulated by boiling. Again, if a quantity
of white of egg be tied up in a bladder, and the bladder
wnmersed in water, very little of~the proteid will pass
through the bladder into the water, provided that there
are no holes. If, however, peptone be used instead of
albumin, a very large quantity will speedily pass through
into the water, and a quantity of water will pass from the
outside into the bladder, causing it to swell up. This
process is called osmosts, and is evidently of greatimport-
ance in the cconomy ; and the purpose of the conversion
of the various proteids by digestion into peptone seems
to be, in part at least, to enable this class of food-stuff to
pass readily into the blood through the thin partition
formed by the walls of the mucous membrane of the intes-
tine and the coat® of the capillaries.

Similarly, starch, even when boiled, and so partially
dissolved, will not pass through membranes, whereas sugar
does so with the greatest easc. Hence the rcason of
the conversion of starch, by digestion, into sugar.

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

As faf as we khow gastric juice has no direct action on
fats ; by breaking up, however, the proteid framework in
which animal, and vegetable fats are imbedded, it sets
these free, and so helps their digestion by exposing them
40 the action of other agents. It appears, too, that gastric
juice hgs no dirget action on amyloids ; on the cotrary,
the conversiof’ of the starch into Sugar begun in the
mouth appears to bc wholly or partially arrcstegd by the
acidity of the contents of the stomach, ptyalth being
active only in an alkalinc or neutral mixture.

20. By continual rolling about, with constant additions
of gastric juice, the food becomes reduced to the con-
sistence of pea-soup, and is called chyme. In this state
it is, in part, allowed to esrane through the pylorus and
to enter thesduodenum ; but a great deal of the fluid
(eonsistin% of peptonc together with any saccharine fluids

. résulting from the partial conversion of starch, or other-
wise) is at once absorbed, making its way, by imbibition,
sthrough the walls of the dclicate and numerous wessels of
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ABDOMIYAL VISCERA.

F1G. 44.—THE VISCERA OF A RABBIT AS SKKN UPON SIMPLY OPENING &#HK
CAVITIRS OF THE THORAX AND ABDOMEN WITHOUT ANY FURTHK®
DissectioN.

4. davi& of the thorax, pleural cavity of either side; B. Diaphragm ;
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the stomach into the current of the blood; which is rush-
ing though the gastric veins to the vena porte.

21. The intestines form one long tube, with mucous and
muscular coats, like the stomach ; and, like it, they are
enveloped in peritoncum. They are divided into two por-
tions—the small intestines and the large intestines; the
latter having a much greater diameter than the former.
The small intestines again are subdivided into the
duodenwm, the jejunum, and the #ewm, but there is no
natural linc of demarcation between these. The duodenum,
however, is distinguishable as that part of the small
intestine which immediately succeeds the stomach, and
is bent upon itsclf and fastcned by the peritoneum against
the back wall of the abdomen, in the loop shown in Fig.
42. Itis in this loop that the head of the pancreas lics
(Fig. 38). . .

The ilcum (Fig. 45, @) is no wider than the jejunum or
duodenum, so that the transition from the small intestine
to the large (¢) is quite sudden. The opening of the
small intestine into the large is provided with prominent
lips which project into the cavity of the latter, and oppose
the passage of matttrs from it into the small intestine,
while they readily,allow of a passage the other way. This
is the #lep-ceeca/ valve (Fig. 45, d).

The large intestine forms a blind dilatation beyond the
ileo-caecal valve,, which is called the cecum,; and from
this an elongated, blind process is given off, which, from

s shape, is called the wermiform appendix of the cxqum
(Fig. 45¢%°5). . r

The czecum Ifes 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

C, ventricles of the heart ; D, auricles ; Z, pulmonary artery ; F, aorta ;
G, lungs, collapsed, and occupying only back part of chest; X, lateral

rtions of pleural membranes; 7, tartihg;ﬂ at the end of sternum
ensiform cartilage); K, portion of the Il of body left bLetween
thorax and abdomen; @, cut ends of the yibs; L, the liver, in this
¢ase lying more to the left than the right of the body; A7, the stomach,
a rlge part of the {eater curvature being shown; N, duodenum; O,
small” i ine ; P the , 50 largely developed in this and other
h :rbivorous animals ; Q, the large intestine.
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transverse colon in this part of its course; and next,
suddenly bending backwards along the left side of the

Fi1G. 45.
The termination of the ileum, , in the ca and the inuation of the*
latter into the colon, ¢; d, the ileo-cacal valve ; e, the aperture of the
appenar v vermformis (6) into the cecum,

2

FiG. 46.—Semi-p1aGrRAMMATIC ViEWw OF Two VILLI OF THE SMALL
INTESTINES. (Magnified about so diameters.)

@, subsance of the villus; &, its cpithelium, of which some cells are sqen
detached at 41; ¢ d, the artery and vein, with their connecting capillary ¢
network, which envelopes and hides e, the lacteal radicle which occupies
the b(:entre of the villus and ‘opens into a network of lacteal vessels at
its base.
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abdomen, it becomes the descending colon. This reaches
the middleline and becomes the zecZum, which is that
part of the large intestinc which opens externally.

22, The mucous membrane of the wholc intestine is
sprovided with numerous small and simple glands
(named after Licberkihn), which pour into it a sccretion,
the intestinal juice, the precise functions of which arc
unknown, though it appears in some creatures at least to
possess the power of converting starch into sugar, and
proteids into peptone. At the commencement of the
duodenum are certain raccmosc glands, called the glands
of Brunner, whose function is wholly unknown.

Structures peculiar to the small intestine are the
valvule conniventes, transverse folds of the mucous
membrane, which increase the surface; and the wil/i,
which are minute thread-like processes of the mucous
membrane on the valvule conniventes and elsewherc, set
side by side, like the pile of veclvet. Each villus is coated
by epithelium, and contains in its interior the radicle,
or commencement, of a lacteal vesscl (Lessen II. § 6),
between which and the cpithelium lics a capillary net-
work with its afferent artery and efferent vein.

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

The fibres of the muscular coat of the intestines (which
lies between the mucous membrane and the serous, or
‘peritoneal, investment) are disposed longitudinally and
circulanly ; the Igngitudinal coat being much thinn€;,*and
placed outside®the circular coat. Now the circular fibres
of any part contract, successively, in such a magner that
the lower fibres, or those on the side of the anus, contract
after the upper ones, or those on the side of the pylorus.
It follows from this so-called peristaltic contraction, that

e contents of the intestines are constantly being pro-
pelled, by successive and progressive narrowing of their
calibre, from their upper towards their lower parts.

The large intestinc presents noteworthy peculiaritics
in the arrangement of the longitudinal muscular 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 dispositien of
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muscular fibres around the termination of the rectum into
a ring-like sphincter muscle, which keeps the aperture
firmly closed, cxcept when defaecation takes place.

23. The only secretions, besides those of the proper
intestinal glands, which enter the intestine, are those of
the liver and the pancrcas—the dile and the pancreatic
juice.  The ducts of these organs have a commen
opening in the middle of the bend of the 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 pancreatic juice into the duodenum (Figs. 36, 38, 42).

Pancreatic juice is an alkaline fluid not unlike saliva in
many respects ; it differs, however, in containing a con-
siderable quantity of proteid material. Bile we have
already studied.

After gastric digestion has been going on some time,
and the scmi-digested food begins to pass on into the
duodenum, the pancreas comes into activity, its blood-"
vessels dilate, it becomes red and full of blood, its cells
secrete rapidly, and @ copious flow of pancreatic juice
takes place along its duct into the intestine,

The sccretion of bile by the liver is much more con-
tinuous than that of the pancreas, and is not so markedly
increased by the presence of food in the stomach.
There is, however, a store of bile laid 'up in the
gal-bladder; and as the acidgchyme passes into the
dwodknum, and flows over the common apertur: of the
gall and pancreatic ducts, a quantity o1 bile from this
reservoir in the gall-bladder is ¢jected into the intestine.
The bile and pancreatic juice together here mix with the
chyme and convert it into what is called cZy/e.

24. Chyle differs from chyme in two rEspects. In the
first place, the alkali of the bile neutralizes 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 fats into very minute separate
particles. The chyme, in fact, which results from ¢he,
digestion of fatty food, is a mere mixture of watery
fluid with oily matters, which are ready to separate from it
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and unije with one another. In the chyle, on the other
hand, the fatty matters are suspended in the fluid, just as
oil may be evenly diftused throwgh water by gradually
rubbing it up with white of cgg into what is termed an
«mulsion; or as the fat (that is, the butter) of milk is
naturally held suspended in the watery basis of milk.

The chyle, with thesc suspended particles, looks white
and milky, for the sagic rcason 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 acidity of the
chyme, is resumed as soon as the latter is neutralized, the
pancreatic and intestinal juices operating powerfully in
this direction.

Recent observations moreover have shown that pan-
creatic juice has a powerful effect on proteid matters, con-
verting them into peptones differing little, if at all, from
the peptones rcsulting from gastric digestion. It would
appear too that fats are not only minutely divided or
cenulsionized by the bile and pancreatic juice, Z.e. acted
upon mechanically, but also to a small extent converted
by a chgmical change into soaps, and thus rendered more
soluble.

Hence it appears that, while in the mouth amyloids only,
and in the+stomach proteids only, are digested, in the
‘intestine all three kindg of food-stuffs, proteids, fats and
amyloids are cjther completely dissolved or mihutely
subdivided, anfl so prepared for thcir passage into the
vessels. *

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, in the
ordinary way, by osmosis into the vessels of the villi,
The minute particles of fatty matter, on the other hand,
which, not being dissolved, are incapable of osmosis, pass
bodily through the soft substance of the epithelium into
that of the villi, and so into the beginning of the lacteal.

‘The exact manner in which this is cffected is at present
a matter of dispute. The contents of the intestine are
undoubtedly subject to pressure from the peristaltic ‘con-
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tractions of the muscular walls; and this may help to
squceze the fat into the villiy just as mercury may be
squeezed through the pores of a piece of wash leather.
'[('Le process, however, is probably not one of mere
pressurc only.

As the network of capillaries lies outside the lacteal
radicle in each villus, it would appcar probable that
the blood-vessels must carry oft the greater part of
the more soluble mattcrs of the chyle. It is possible,
however, that some of these pass by simple diffusion into
the lactcals as well as into the blood-vessels. We are
not, in fact, in possession of exact knowledge as to which
constituents of the chyle pass into the lactcals, and which
into the blood-vessels (or which into both), except on
onc point ; and that is, that the minutely divided fat passes
not into the blood-vesscls, but into the lactcals, fills them,
and only enters the blood after a roundabout passage
through the mesenteric lymphatics and the thoracic duct.
(Lesson II. §§ 5, 6.)

25. The digested matters, as they are driven along the
small intestines, gradually become dcprived of their
peptones, fats, and® soluble amyloids, and arc forced
through the ileo-ciccal valve into the czecum and large
intestine. Here they acquire an acid reaction and the
characteristic feecal odour and colour, which become
morc and more marked as they approach the rectum. It
has been supposcd that a sort of second digestion occurs
in the upper part of the large infestine.
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LESSON VIL
MOTION AND LOCOMOIION.

1. IN the preceding Lessons the manner in which
the incomings of the human body are converted into its
outgoings has been cxplained. It has been scen that new
mattcr, in the form of vital and mineral foods, is constantly
@({)ropriatcd by tlfe body, to make up for the loss of
old matter, in the shape, chiefly, of carbonic acid, urea,
and water, which is as constantly going on. *

The vital foods are derived dircctly, or indircctly, from
the vegetable world : and the products of waste cither are
-such compounds as abound in the mincral world, or
immediately decompose into them. Conscquently,, the
humanebody is,the centre of a stream of matter®which
sets incessanfly from the vegctable and mineral worlds
into the mincral world again. It may be compsuscd to an
eddy in a river, which may rctain 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 cddy,
that a large portion of the particles of matter which flow
into it have 4 much morc complex composition than the
particles which flow out of it. To spcak in what is not

. altogcther a metaphor, the atoms which enter the body
are, for the most part, piled up in large heaps, and tumble
down into small heaps before they leave it.  The force
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t
which they set free in thus tumbling down, is the source
of the active powers of the organism. )

2. These active powers are chicfly manifested in the
form of motion- --movement, that is, either of part of the
body, or of the body as a wholc, which last is termed,
locomation.

The organs which producc total or partial movements
of the human body are of three kinds : cells exhibiting
amaboid movements, cilia and muslles.

The amaboid movements of the white corpuscles of the
blood have been already described, and it is probable that
similar movements arc performed by many other simple
cells of the body in various regions.

The amount of movement which each eell is thus
capable of giving risc to may appear perfectly insignificant ;
nevertheless, there are reasons for thinking that thesc
ameeboid movements are of great importance to the
economy, and may undcr certain circumstances be followed
by very notable conscquences.

3. Cilia are filaments of extremcly small size, attached
Dy their bases to, and indeed growing out from, the free
surfaces of cpithelial cells (sce Lessop X11.) ; there being
in most instances very many (thirty for instance), but, in
some cases, only a few cilia on each cell.* ‘In some of the
lower animals, cells may be found possessing only* single
cilium, They are in incessant waving motion, so long as
life persists in them. Their most common form of move-
ment is that each cilium is suddenly bent upon itself,
becamgs sickle-shaped instead of straight, and thgn more
slowly straightcns again, both movementd, rowever, being
extremely rapid and repeated about ten times cvery second.
These two movements are of course antagonistic ; the
bending drives the water or fluid in which the cilium is
placed in one direction, while the straightening drives
it back again. Inasmuch, however, as the bending is
much more rapid than the straightcning, the force ex-
pended on the water in the former movement is greater
than in the latter. The total effect of the double move-
ment therefore is to drive the fluid in the direction towards
which the cilium is bent ; that is, of course, if the cell an
which the cilia are placed is fixed. If the cell be floating '
free, the effect is to drive or row the cell backwards ; for
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their movements may continue even for some time after
the epithelial cell, with which they are connected, is
detached from the body. And not only do the move-
ments of the cilia, thus go on independently of the rest of
the body, but they cannot be controlled by the action of the
nervous system, Each cilium scems to be composed of
contractile substance, and the causc of its movement would
appear to be the alternate contraction and rclaxation of its
opposite sides along its whole length or at its base only ;
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 onc another, yet their action
is directed towards a common end-—the cilia, which cover
extensive surfaces, 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 devcloped upon the
epithelial cells, which line the greater part of the nasal
cavitics and the trachea, with its ramifications, tend to
drive the mucus in which they work, outwards.

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

I4. Muscles (Lesson 1. § 13) are accumulations of fibres,
“each fibre having a definite structure whichis different in
the strjated and unstriated kinds (sce Lesson §IIIL).
These fibres care bound up by fibrous (or conncctive)
tisswe with blood-vessels, &c. into small bundjes; and
these bundles are again similarly bound up together in
various ways so as to form muscles of various shapes and
-gizes. Every fibre has the power, under certain condi-
tions, of shortening in length, while it increases its other
dimensions, so that the absolute volume of the fibre
remains ‘unchanged.  This power is called wzuscular
contractility ; and whenever, in virtue of this power, a
musculas fibre confracts, it tends to bring its two ends,
with whatever may be fastened to them, together.

The condition which ordinarily determines the con-
traction of a muscular fibre is a change of statevin’ a
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nerve fibre, which is in close anatomical connection with
the muscular fibre. The nerve fibre is thence called a
molor fibre, because, Ry its influence on a muscle, it
becomg; the indircct means of producing motion (Lesson
XL §6.). '

M?J.SC]C is a highly elastic substance. It contains a
large amount of water (about as much as the blood),
and during life has a clcar and semi-transparent aspect.

When subjected to pressure in th® perfectly fresh state,
and after due precautions have been taken to remove all
the contained blood, s¢réated muscle (Lesson XII § 15)
yiclds a fluid which undergoes spontancous coagulation at
ordinary temperatures. At a longer or shorter time after
death this coagulation takes place within the muscles
themselves, 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 decath found them, and the body passes
into the condition of what is termed the *‘death-stiffening,”
or rigor mortis.

After the lapse of a tertain time the scoagulated: mattén
liquefics, and the muscles pass into a loose and flaccid
condition, which marks the commencement®of putrefaction.

It has been observed that the sooner #igor morfis sets
in, the sooner it is over ; and the later it compmences, the
longer it lasts. The greater the amount of. muscular
exertion and consequent  exhaustion before death, the
SOONCT gigor mortis sets m. -

Rigor mortis evidently presents some arfalgics with the
coagulation of the blood, and the substance which thus
coagulates within the fibre (wzyosiiz or muscle-clot as it is
sometimes called) is in many respects not unlike fibrin.
It forms at least the greater part of the substance which
may be extracted from muscle by dilute acids, and is
called syntonin (sece Lesson VI. § 4). Besides myosin,
muscle contains other varieties of proteid material about
which we at present know little ; a variable quantity of
fat; certain inorganic saline matters, phosphates and
potash being, as is the case in the red blood-corpusclesy
n excess ; and a large number of substances existing in
small quantities, and often classed together as “ extrac-
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tives.” Somec of these extractives contain nitrogen ; the
most important of this class is &reatin, a ctystalline body
which is supposed to be the chief foym in which nitrogenous
waste matter leaves the muscle on its way to become urea.

The other class of extractives contains bodies frec from
nitrogen. Perhaps the most important of these is Jectic
acid, which scems always to be formed when a muscle
contracts or when it enters into rigor mortis. For it is
a curious fact that a muscle when at rcst has a neutral or
alkaline reaction as shown by testing it with litmus, but
becomes acid when it has been contracting for some time
or become rigid by death.

Most muscles are of a deep, red colour: this is due in
part to thesblood remaining in their vesscls ; but only in
part, for each fibre (into which no capillary enters) has
a reddish colour of its own, like a "blood-corpuscle but
fainter. And this colour is probably duc to the fibre
possessing a small quantity of that same hiemoglobin in
which the blood-corpuscles are so rich.

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

5. Muscles not attached to solid levers—Under this
head cume the muscles which are appropriately called
kollow muscles, inasmuch as they enclose a cavity or
surround a space; and their contraction lessens the
capacity of that cavity, or the cxtent of that space.

The muscular fibres of the heart, of the blood-resscls,
of the lymphetiv vessels, of the alimentary canal, of the
urinary bladder, of the ducts of the glands, of ¢he 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 exccedingly complex. The cavities
which they cnclose are thosc of the auricles and ventricles ;
and, as we have seen, the 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 unstriated kind (sce Lesson XII.), and they
are disposed in two scts : one set radiating from the edges
of the hole to the circumference of the curtain ; and the
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other set arranged in circles, concentrically with the aper-
ture. The muscular fibres of each set contract suddenly
and together, the radiating fibres necessarily enlarging the
hole, the circular fibres diminishing it.

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

As has been stated above (Lesson V1. § 22), the contrag-
tion of these muscular fibres is successive ; that is to say,
all the muscular fibres, in a given length of the intestines,
do not contract at once, but those at one cnd contract first,
and the others follow them until the whole %eries 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 seen,
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. In these cases the contraction of
cach Abre is less sudden and lasts donger than in the
case of the heart.

6. Muscles attached to definite levers—The great ma-
jority of the muscles in the body are attached to distinct
levers, formed by the bones, the minute strugture of which
is explained in Lesson XIIL § 11, In such *bones as
are ordinarily employed as levers, the osseous tissue is
arrangegl in the form of a shaf? (Fig. 47,6), formad of a
very dense and compact osseous matter, but 8ften contain-
Ing a great central cavity (4) 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 thins out, and is replaced by a much
thicker but looser spongc-work of bony plates and fibres,
which is termed the cancellons tissue of the bone. The
surface even of this part, however, is still formed by a thin
shect of denser bone. .

. Atleast one end of each of these bony levers is fashioned

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
M
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which it is said to be articulated (see § 11), or, contrariwise,

allows that other bone to move upon it.
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1t is one or other of these extremitics which plays the
part of fulcrum when the bone is in use as a Jever.

Thus, in the accompanying figurc (Fig. 48) of the borles
of the upper extremity, with the attachments of the éiceps
muscle to the shoulder-blade and to onc of the two hones
of the fore-arm called the radius, P indicates the point of
“C(tlion of the power (the contracting muscle) upon the
radius.

K16, ¢8.—TuE BoNks OF THUE Urprk EXTREMITY WiTH Tiig Bicers
TUSCLE,

The two tendons by which this muscle is attached to the scapula arc seen
at o P indicates the attachment of the muscle to the raglins, and henee
t' point of action of the power: ¥, the fulcrum, the lower end of the
lumerus on which the upper end of the radius (together with the ulna)
moveg s W, the werght (of the hand).

But to understand the action of the bones, as levers,
properlys it is nccessary to possess a knowledge of the
Aifferent kinds of levers, and be able to refer the various
~ombinations of the bones to their appropriate lever-
classes.

A lever is a rigid bar, one part of which is absolutely or
relatively fixed, while the rest is frcc to move. Some onc
point of the moveable part of the lever is sct in motion
by a force, in order to communicate more or less of that
motion to another point of the moveable part, which pre-
sents a resistance to motion in the shape of a weight or'
otheg obstacle.

M2
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Three kinds of levers are enumerated by mechanicians,
the definition of each kind depending upon the rclative
positions of the point of support, orefulcrum,; of the point
which bears the reséstance, weight, or other obstacle to be
overcome by the force; and of the point to which the
force, or power employed to overcome the obstacle, is
applied.

If the fulcrum be placed between the power and the
weight, so that, when the power sets the lever in motion,
the weight and the power describe arcs, the concavitics of
which arc turned towards one another, the lever is said to
be of the first order. (kig. 49, 1.)

=
N .1 .
Ao

1L 111
Fia 49.

© 'The upper three figures represent the three kinds of levers : the lowea
the foot, when it takes the character of each kind.—W, weight or resis:
ance; F, f-lcrum; P, power.

If the fulcrum be at onc end, and the weight be betweer
it and the power, so that weight and power des€ribe con-
centric_arcs, the weight moving through the less space
when the lever moves, the lever is said to be of the secora
order. (Fig. 49, I1.)

And if, the fulcrum being still at one end, the power De
between the weight and it, so that, as in the former case,
the power and weight describe concentric arcs, but the
power moves through the less space, the lever is of the

Lhird order. (Fig. 49, 111)
7. In the human body, the following parts present ex-

amples of levers of the first order.
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(@) 'T'he skull in its movements upon the atlas, as fu/-
crum.

(¢) The pelvis in it movements upon the heads of the
thigh-bones, as_fulcrum,

(¢) The foot, when it is raised, and the toc tapped on the
ground, the ankle-joint being fulerum.  (Fig. 49, 1)

The positions of the weight and of power arc not given
in either of these cases, because they are reversed accord-
my to circumstances. Thus, when the face is being
depressed, the power is applied in front, and the wcight
to the back part, of the skull ; but when the face is being
rased, the power 1s behind and the weight in front.  The
like is true of the pelvis, according as the Hody 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.
I3ut, when the toes are raised to repeat the act, the power
is in front, and the weight, or resistance, is at the heel,
being, 1n fact, the inertia and elasticity of the muscles and
other parts of the back of the leg.

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

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

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

Forg in this case, the fulcrum is at the lpp-joitk. The
power (which may be assumed to be furnished by the thick
muscle® of the front of the thigh) acts upon the knee-cap;
and the position of the wcight 1s represented by that of the
centre of gravity of the thigh and leg, which will lie some-
where between the end of the knee and the hip.

(6) A rib when dcpressed by the 7ecfus muscle? of the
abdomen, in expiration,

Here the fulcrum lies where the rib is articulated with

t This muscle, called rectus, is attached above to the haunch-bone and
below to the knee-cap (Fig. 2, 2, p. 12). The latter bone is connected Ly
strong ligament with the #ééa.

_ 4 'T'his muscle lies in the front abdominal wall on each side of the rddle
line. 1t is attached to the sternum above and to the front of the pelvis
helow (ig. 2, 3).
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the spine ; the power is at the sternum-— virtually the
opposite cad of the rib; and the resistance to be over-
come lies between the two. .

(¢) The raising of the body upon the toes, in standing
n tiptoe, and in the first stage of making a step forwards,
(Fig. 49, L)

Here the fulcrum is the ground on which the tocs rest ;
the power is applied by the muscles of the calf to the
hecl (Fig 2, L.); 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 between the heel and the toes.

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

(¢) The spine, head, and pelvis, considered as a rigid
bar, which has to be kept ercct upon the hip-joints.

Fig, 2.)

Here the fulcrum lics in the hip-joints ; the weight is at
the centre of gravity of the head and trunk, high above the
fulcrum ; the power is supplied by the extensor, or flexor,
muscles of the thigh, and acts upon points comparatively
close to the fulcrum. (Figs. 2, 2, and IL.)

, (&) Flexion of the forearm upon the arm by the dicegs
muscle, when a weight is held in the hand.

In this case, the weight being in the hand and the fuls
crum authe elbow-joint, the power 1s applied at the point of
attachment of the tendon of the biceps, close to the latter.
(Fig. 48.) -

(¢) Extension of the leg on the thigh at the knce-joint.

Here the fulcrum is the knee-joint ; the weight is at the
centre €f gravity of the leg and foot, somewhere ketween
the knee and the foot; the power is applied by the muscles
in front of the thigh (Fig. 2, 2) through the §gament of
the knee-cap, or patella, to the tibia, closc to the knee-
joint,

. lo. 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 kinds of levers,
according to circumstances. Thus it has been seen that
the foot may, under some circumstances, represent a lever
of the first, in others, of the sccond order. But it may

ecome 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 fulcrum is at the' ankle-
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joint, the weight is at the toes, and the power is furnished
by the extensor muscles at the front of the leg (Fig. 2, 1),
which are inserted bewween the fulcrum and the weight.
(Fig. 49, I1L)

11. It is very important that the levers of the body
should not slip, or work unevenly, when their movements
are extensive, and to this end they arc connected together
in such a manner as to form stgng and definitely ar-
ranged joints or articulations. =

Joints may be classified into imperfect and perfect.

(@) Imperfect joints are those in which the conjoined
Ievers (bones or cartilages) present no smooth surfaces,
capable of rotatory motion,-to onc another, but are con-
nected by continuous cartilages, or ligamenfs, and have
only so much mobility as is permitted by the flexibility of
the joining substance.

Examples of such joints as thesc are to be met with in
the vertebral column—the flat surfaces of the bodies of
the vertcbrae, being connected together by thick platces of
very clastic fibro-cartilage, which confer upon the whole
column considerable play and springincss, and yet prevent
any great amount of motion between the several vertehree,
In the pelvis (sce Plate, Fig. V1.),the pubic bones are united
to cach other in front, and the iliac bores to the, sacrum
behind, by fibrous or cartilaginous tissue, which allows of
only a slight play, and so gives the pelvis a little more
elasticity than it would have if it were all one bone.

(4) In all perfect joints, the opposcd bony surfaces which
movesupon one another are covered with cartilage, and
between them is placed a sort of sac, which lines these
cartilagas, and, to a certain extent, forms the side walls
of the joint ; and which, secreting a small quantity of
viscid, lubricating fluid—the synovia—is called a syno-
vial membrane. )

12. The opposed surfaces of these articular cartilages,
as they are called, may be ‘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 independeft ,
plates of cartilage, which are termed inter-articular. The
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opposite faces of these inter-articular cartilages are fitted
to receive the faces of the proper articular cartilages.
While these co-adapted surfaczs and synovial mem-
branes provide for the free mobility of the bones entering
into a joint, the nature and extent of their motion is

Fi16. s0.—A SecTion oF Tae Hip JOINT TAKEN THROUGH THE ACETA-
HULUM OR ARTICULAR CUP OF THE PrLVIS AND THE MpDLE OF THE
HEeAD AND NEck OF THE THIGH-HONE,

L.7. Ligamentum teres, or round ligament. The spaces marked with an
wterrupted line (- - --) represent the articular cartilages. The cavity
of the synovial membrane is indicated b{ the dark line between these, and
as is shown, extends along the neck of the femur beyond the limits of the
cartilage.  The peculiar shape of the pelvis causes the section to have the
remarkable outline shown in the cut. This will be intelligible if compared
with Fig. VL. in the Plate.

"defined, partly by the forms of the articular surfaces, and
partly by the disposition of the Zgaments, or firm, fibrous
cords which pass from one bone to the other.

13. As respects the nature of the articular suffaces,
joints may be what are called éall and socket joints, when



vir) Fi7i0GE SOINTS. 169

the spheroidal surface furnished Ly onc bone plays m a
cup furnished by another. In this case the motion of the
former bone may takegplace in any direction, but the extent
of the motion 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 cxample OF a ball
and socket joint with a shallow cup ; the hip of such a
joint with a deep cup (Fig. 50).

F1G. 51.—~LONGITUDINAL AND VERTICAL SECTION THROUGH THE
ELBOW-JOINT.

H humerus; Ul ulna; T the triceps muscle which extends the arm ;
Bi. the biveps muscle which flexes it.

14. Hinge-joints arc 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 in the direction of a plane
perpendicular to the axis of the cylinder, justas a door can
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only be made to move round an axis passing through its
hinges. T'he elbow is the best example of this joint in
the human body, but the movement here is limited, because
the olecranon, or part of the ulna which rises up behind
the humerus, prevents the arm being carried back behind
the straight line ; the arm can thus be bent to, or straight-
encd, but not bent back (Fig. 51). The knee and ankle
present less perfect specimens of a single hinge-joint.

A double hinge-joint is one in which the articular surface
of each bone is concave in one dircction, and convex in
another, at right angles to the former. A man seated in
a saddle is “ articulated ” with the saddle by such a joint,
For the saddle is concave from before backwards, and
convex fron side to side, while the man presents to it the
concavity of his legs astride, from side to side, and the
convexity of his scat, from beforc backwards.

The metacarpal bone of the thumb is articulated with
the bone of the wrist, called #rapesium, by a double hinge-
joint,

15. A prvot-joint is one in which one bone furnishes
an axis, or pivot, on which another tyrns ; or itsclf turns
un its own axis, resting on another bone. A remarkable
example of the former arrangement is afforded by the af/as
and axis, or two uppermost vertebize of the neck (Fig. 52).
The axis possesses a vertical peg, the so-called odontoia
process (8), and at the base of the peg are two, obliquely
placed, articular surfaces (a.) The atlasis a ring-likc bone,
with a massive thickening on each side. The inner side
of the f-ont of the ring plays round the neck of th¢ odon-
toid peg, and the under surfaces of the lateral masses glide
over the articular faces on each side of the basef 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 (Fig. 52, 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. 52, A, a) into which the two convex,
occipital condyles of the skull fit, and in which they play
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upward and downward. *Thus the nodding of the head
is cffected by the movement of the skull upon the atlas;
while, in turning the hgad from side to side, the skull docs
not move upon the atlas, but the atlas slides round the
odontoid peg of the axis vertchra,

Fia. s2.

A The Atlas viewed from above: @ a, upper articular surfaces of its
lateral masses for the condyles of the skull; &, the peg of the axis vertebra.
1. Side view of the axis vertebra: «, articular surface for the lateral mass
of the atlas; 4, peg or odontoid process.

The second kind of pivot-joint is scen in the forearm.
If the elbow and fotearm, as far as the wrist, are made fo
rest upon a table, and the elbow is kept firmly fixed, the
hand can nevertheless be frecly rotated.so that either the
palm, or the back, is turned directly upwards. When the
palm is turned upwards, the attitude is called supination
(Fig. 53, A) ; when the back, pronation (Fig.,53, B).

The forcarm is composed of two bones ; one, the #/na,
which articuldtes with the Aumerus at the elbow by the
hinge-joint already described, in such a manner that it can
move only in flexion and cxtension (see § 17), and has nc
power of rotation. Hence, when the elbow and wrist arc
rested on a table, this bone remains unmoved.

But the other bone of the forcarm, the radius, has its
small upper end shaped like a very shallow cup with thick
edges. The hollow of the cup articulates with a sphe-
roidal surface furnished by the humerus; the lip of the
cup, with a concave depression on the side of the ulna.

The large lower end of the radius bears the hand, and
has, on the side next the ulna, a concave surface, which
articulates with the convex side of the small lower end ot
that bone.
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Thus the upper end of the radius turns on the double
surface, furnjshed to it by the pivot-like ball of the humerus,
and the partial cup of the ulna : whjle the lower end of the
radius can rotate round the surface furnished to it by the
lower end of the ulna.

In supinalion,the radius lies parallel with the ulna, with
its lower end to the outer side of the ulna (Fig. 53, A). In

Fro 51

The bones of the right forearm i supination (A) and pronation (B).
VA humcrus; R radius; U. ulna.

pronation, it is made to turn on its own axis above, and
round the ulna below, until its lower half crosses the ulna,
and its lower end lies on the inner side of the ulna (Fig.
» B).
16. The ligaments which keep the mobile surfaces of
bones together are, in the case of ball and socket joints
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strong fibrous capsules wlich surround the foint on all
sides. In hinge-joints, on the other hand, the ligamentous
tissue is chiefly accumulated, in the form of Jwleral liga-
ments, at the sidcs of the joints. In some cascs ligaments
are placed within the jomnts, as in the knee, where the
bundles of fibres which cross obliquely between the femur
and the tibia are called crucial higaments ; or, as in the
hip, wherc the round ligament passes from the bottom of
the socket or acctabulum of the pel¥is to the ball furnished
by the head of the femur (Fig. 50).

Again, two ligaments pass from the apex of the odom-
toid peg to cither side of the margins of the occipital
foramen, Z.e. the large hole in the base of the skull, through
which the spinal cord passes to join the brain 4 these, from
their function in helping to stop excessive rotation of the
skully are called check ligaments (Vig. 54, a).

The vertebral column in the upper part of the neck laid open, to show
-a, the check ligaments of the axis; 4, the broad ligament which extends

from the front margin of the occipital foramen along the hinder faces of

the bodies of the vertebrz; it is cut through, and the cut ends turned

liack to show, ¢, the special ligament which connects the point of the “ odon-

lln,irl:1 peg with the front margin of the occipital foramen; /. the atlas;
. the axis.

In one joint of the body, the hip, the socket or acela;
bulum (Fig. 50) fits so closely to the head of the femur, and
the capsular ligament so completely closes its cavity on
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all sides, that the pressurc of 'the air must be reckoned
among the causes which prevent dislocation. This has
“een proved cxperimentally by boging a hole through the
‘oor of the acetabulum, so as to admit air into its cavity,
when the thigh-bone at once falls as far as the round and
capsular ligaments will permit it to do, showing that it
was previously pushed close up by the pressure of the
external air.

17. The different kinds of movement which the levers
thus connected are capable of performing, are called
Héxvion and cxtension,; abduction and adduction ; rolation
and cércumduction.

A limb is flexed, when it is bent ; extended, when it is
straightencc out. 1t is abducted, when it is drawn away
from the middle line ; adducted, when it is brought to the
middle line, It is 7ofated, when it is made to turn on its
own axis ; circumducted, when it is made to describe a
conical surface by rotation round an imaginary axis.

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

18. Any two boncs united by a joint may be moved
one upon anothér in, at fewest, two different directions.
In the dasc of a pure hinge-joint, these dircctions must be
_opposite and in the same planc ; but, in all other joints,
the movements may be in several directions and in
various planes.

In the case of a pure hinge-joint, the two practicable
movements—yiz' flexion and extension-—may be effected
by means of two muscles, one for cither movement, and
running from one bone to the other, but on oppositc sides
of the joint. When either of these muscles contracts, it
will pullits 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 is attached, at
one end, to the shoulder blade, while, at the other end,
its tendon passes in front of the elbow-joint to the radius
(Figs. 48 and 51) : when this muscle contracts, therefore, it
tends, or flexes, the forcarm on the arm. At the back of
the joint there is the triceps (77 Fig. 51) ; when this con-
tracts, it straightens, or extends, the forcarm on the arm.
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In the other extreme form of articulation—the pall and
socket joint-—movement in any number of planes may be
ctfected, 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. Circumduction will be effected by the combined
and successive contraction of these muscles.

19. It usually happens that the Qone to which one end
of a muscle is attached is absolutely or rclatively sta-
tionary, while that to which the other is fixed is movcable.
In this case, the attachment to the stationary bone is
termed the orZgén, that to the moveable bone the Zusertion,
of the muscle.

The fibres of muscles are sometimes fixed 8irectly into
the parts which serve as their origins and insertions : but,
more commonly, strong cords or bands of fibrous tissue,
called fendons, are interposed betwecen the muscle proper
and its place of origin or insertion. When the tendons
play over hard surfaces, it is usual for them to be scparated
from thesc surfaces by sacs containing fluid, which are
called burse; or evento be invested by synovial sheaths,
Ze. quite covered for some distancesby a synovial bag
forming a double sheath very much in the same way that
the bag of the pleura covers the lung and the chgst wall.

Usually, the direction of the axis of a muscle is that of
a straight line joining its origin and its insertion. 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 dircction before rgaching is inser-
tion. (See Lesson 1X.) *

Again, ¢here are muscles which are fleshy at each end,
and have a tendon in the middle. Such muscles are called
digastric, or two-bellied. In the curious muscle which
pulls down 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 downwards and forwards from the skull to this
pulley, after traversing it, runs upwards and forwards, to
the lower jaw (Fig. 55). '

20, We may now pass from the consideration of th&"
mechanism of mere motion to that of locomotion.

Wlhen a man who is standing erect on both feet pro-
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ceeds 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 thc meanwhile, the left heel is raised, but the toes of
the left foot have not left the ground when the right foot
has ‘reached it, so that there is.no moment at which both

FiG s5.--Tur CoURSE OF 1HE IIGASTRIC MUSCLE.

o, 1ts posterior helly; Dy its anterior belly ; between the two is the tendon
passing through its pulley with /y, the hyoid bone.

feet arc off 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 mercly dragged
away ffom itg first position, but the muscles of the calf,
having come into play, act upon the foot as a lgver of the
second order, and thrust the body, the weight of which’
rests largely on the left astragalus, 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, and
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 muscular exértion,
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the left foot swings forward'like a pendulum, and is carried
by its own momentum beyond the right foot, to the
position in which it comppletes the sccond step.

When the intervals of the steps are so timed that cach
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 oncs),—it follows that, on the average, the natufal
step of short-legged people is quicker than that of long-
legged ones.

In running, therc is a period when both lege are off the
ground. The legs are advanced by muscular contraction,
and the lever action of each foot is swift and violent.
Indced, the action of each leg resembles, in violent
running, that which, when both legs act together, consti-
stute a jump, the sudden extension of the legs adding
to the impctus, which, in slow walking, is given only by
the fect.

21. Perhaps the most singular motor apparatus in the
body is the ZJarynx, by the agency of which woice is
produced.

The essential conditions of the production of the human
voice are :-—

a. The existence of the so-called vocal chords.

0. The paraliclism of the edges of these chords, without
which they will not vibrate in such a manner as to give
out soffnd. ° 9 *

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

d. The passage of a current of air between the parallel
cdges of the vocal chords of sufficient power to set the
chords vibrating.

22. The larynx is a short tubular box opening above
into the bottom of the pharynx and below into the top of
the trachea. Its framework is supplied by certain carti-
lages more or less moveable on each other, and these atga
connected together by joints, membranes and muscles.
Acrogs the middle of the larynx is a transverse partition,

N
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formed by two folds of the fining mucous membrane,
stretching from either side, but not quite meeting in the
middle line. They thus leave, in the middle line, a chink
or slit, running from the front to the back, called the
glottis, The two edges of this slit are not round and
flabby, but sharp and, so to speak, clcan cut; they are
aleo strengthened by a quantity of elastic tissue, the fibres
of which are disposed lengthways in them. These sharp

. Fic 36.
Diagram of the ]‘arypx, the thyicid cartilage (74.) being supposed to be

paren, an ing the right arytenoid cartilage (A7), vocs) chords
(V.) and thyré-ary¢ :ndid muscle f T%A.), the upper part of the cricoid carti-
lage (Cr), and the attachment pigl

the right crico-thyroid muscle; 7' the trachea;

of the ), to be seen. C.zA.
h }ly.Pﬁ,ne hyoid, bone.

free edges of the glottis are the so-called Mcal chords or
vocal {{gammts.

23. The tkyroid cartilage (Fig. 56, Th.) is a broad plate

of gristle bent upon itself into a V shape, and so disposed

_ that thé point of the V is turned forwards, and constitutes

what is commonly called “ Adam’s apple.” Above, the

__thyrqid cartilage is attached by ligament and membrane

Y6 theé Ayoid bone (Fig. d56, Hy.). Below and behind, its

broad .sides are produced into little elongations or horns,

which aje articulated by ligaments with the outside of a
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great ring of cartilage, the wicoid (Fig. 56, (¥.), which
forms, as it were, the top of the windpipe, ~

The ¢ricoid ring is’much higher behind than in front,
and a gap, filled up by membrane only, is left between its

Fi6 57 —A VERTICAL AND TRANSVFRSF SIECTION 1HROUGH THE LARYNX,
THR HINDLR llary o WHICH IS RI!M()VF.D..

¢ Fpiglottis, 7%. thyroid cartilage , a, cavities called the ¢ frucles of
lary®x above the vocal ligaments (V'). x the rlght thyyo-arytcnoid
uuscle cut across; Cr. the cricoid cartilage.

upper cdge and the lower edge of the fiont part of the
thyroid, when the latter is horizontal. Consequently, the
thyroid cartilage, turning upon the articulations of its
horns with the hinder part of the cricoid, as upon hinges,
can be moved up and down through the space occupied by
this membrane. When it moves downwards, the distance
between the front part of the thyroid cartilage and the
back of the cricoid is neccssarily increased ; and when it
moves back again to the horizontal position, diminished®

here is, on each side, a large muscle, the crico-thyroid,
whieh passes from the outer side of the cricoid cartilage

N 2
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obliquely, upwards and backwards to the thyroid, and
pulls the latter down (Fig. 56, C.2k).

24. Perched side by side, upon the upper edge of the
back part of the cricoid cartilage are two small irregularly-
shaped but, roughly spcaking, pyramidal cartilages, the
arytenoid cartilages (Fig. 58, Ary.). Each of these is
articulated by its base with the cricoid cartilage by means
of a shallow joint whichypermits of very varicd movements,

Fi1G. 58.—THE PARTS SURROUNDING THE GLOTTIS PARTIALLY DISSEC1ED
. AND VIEWED FROM ABOVE

7% The ti'roid cartilage; Cr. the cricoid cartilage ; V. the edget’ of the
vocal ligaments Qouliding the glottis; A»y. the a?tenoid cartilages ,

Th.A. thyro-arytenoid; C.a.l. lateral crico-arytenoid ; C.z . posterior
-

crico-arytenoid ; A».p. posterior arytenoid muscles.

. .
and especiallyallows the front portions of the two arytenoid
cartilages to approach, or to recede from, each other.

Itis to the fore part of one of these arytenoid cartilages
that the hinder end of each of the two vocal ligaments is
fastened ; and they stretch from these points horizontally
across the cavity of the larynx, to be attached, close to-

_ gether, in the re-entering angle of the thyroid cartilage

"Yather lower than half-way between its top and bottom,

Now when the arytenoid cartilages diverge, as they do
when the larynx is in a state of rest, it is evident that the
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aperture of the glottis will be V-shaped, the point of the V
being forwards, and the base behind. .

For, in front, or in the angle of the thyroid, the two
vocal ligaments arc fastened permanently close together,
whercas, behind, their extremitics will be separated as far
as the arytenoids, to which they are attached, are separated

A

Fic s0.

I View of the human larynx from above as actually seen by the aid of the
instrument called the laryngoscopc: A, in the condition when voice is
being produced ; B, at rest, when no voice is produced.

e. Egi!ottis (foreshortened).

c.v. The vocal chords. .

c.ws. The so-called false vocal chords, folds of mucous membrane lying
above thg real vocal chords.

a. Elevation caused by the arytenoid cartilages. 3

s.2. Elevations caused by small cartilages connected with the arytenoids.

. Root of the tongue.

II. Diagram of the same.  *

from each other. Under these circumstances a current
of air passing through the glottis produces no sound, the

arallelism of the vocal chords being wanting ; wherce it
is that, ordinarily, expiration and inspiration take place
quietly. Passing from one arytenoid cartilage to i€
other, at their posterior surfaces are certain muscles
called the posterior arytenoid (Fig. 58, Ar.p.). There are
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a'so two scts of muscles connecting cach arytenoid with
the cricoid, and called from their positions respectively
e posterior and lateral crico-arytenoid (Fig. 58, C.ap.,
Cal). By the more or less separate or combined action
of these muscles, the arytenoid cartilages and, conse-
quently, the hinder ends of the vocal chords attached to
them, may be made to approach or recede from cach other,
and thus the vocal chords rendered parallel or the reverse.

We have seen that the crico-thyroid muscle pulls the
thyroid cartilage down, and thus increases the distance
between the front of the thyroid and the back of the
cricoid, on which the arytenoids are scated. This move-
ment, the arytenoids being fixed, must tend to pull out the
vacal chords lengthways, or in other words to tighten thein.

Running from the re-entering angle in the front part
of the thyroid, backward, to the arytenoids, alongside the
vocal chords (and indeed imbedded in the transverse folds,
of which the chords are the free edgces) are two strong
muscles, one on each side (Fig. §8, Z%.A.), called tayro-
arytenoid. The effect of the contraction of these muscles
is to pull up the thyroid cartilage after it has becn de-
pressed by the crico-thyroid muscles, and consequently to
slacken the vocal chords.

Thus the parallelism (8) of the vocal chords is dcter-
mined cHiefly by the relative distance from cach other of
the arytenoid cartilages ; thetension (¢) of the vocal cords
is determined chicfly by the upward or downward move-
ment of the thyroid cartilage ; and both these conditions
are depepdent on the action of certain muscles.

The currenteof* air (¢) whose passage sets the cnords
vibrating is supplicd by the movements of expiration,
which, when the chords are sufficicntly parallelahd tense,
produce that musical note which constitutes the voice, but
otherwise give rise to no audible sqund at all.

25. Other things being alike, the musical note will be
low or high, according as the vocal chords are relaxed or
tightened ; and this again depends upon the relative pre-
dominance of the contraction of the crico-thyroid and
-thyro-arytenoid muscles. For when the thyro-arytenoid

“tnuscles are fully contracted, the thyroid cartilage will he
pulled up as far as it can go, and the vocal chords will be
rendered relatively lax; while, when the crico-thyroid
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muscles are fully contracfed, 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 difference of
tension which can be given to the vocal chords, in these
two positions of the thyroid cartilage. Accuracy of
singing depends upon the precision with which the singer
can voluntarily adjust the contractions of the thyro-
arytenoid and ‘crico-thyroid muscles—so as to give his

Fic. 6o. .

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
cartilages, while the rod (¢), moving on a pivot at ¢, takes ghe placc of the
thyroid cartilage; @ & is an elastic band representing the vocal igament.
Parallel with this runs a cord fastened at one end to the rod & ¢, and, at the
other, gassing over a pulley to the weight B, This representg the thyro-
arytendid muscle. A cord attached to the middle o6 4 gy and plssing over a
second pulley to the weight A, represents the crico-thyroid muscle. It is
obvious thag when the bar (4 ¢) is pulled down to the position ¢ d, the elastic
band (s &) is put on the stretch.

vocal chords the exact tension at which their vibration
will yield the notes required. -

The guality of a voice—treble, bass, tenor, &c.—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
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longer—whence, though equally elastic, they vibrate less
swiftly. -

26. ySﬁeeclz is voicc modulated by the throat,tongue, and
lips. Thus, voice may cxist without speech; and it is
commonly said that speech may exist without voice, as in
whispcering, This is only true, however, if the title of voice
be restricted to the sound produced by the vibration of the
vocal chords ; for, in whispering, therc 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 specch is effected by
changing the form of the cavity of the mouth and nose,
by the actign of the muscles which move the walls of
those parts.

Thus, if the pure vowel sounds—

E (as in Ae), A (as in hay), A’ (as in ak),
O (as in o7), O (as in of), 0O (as in cool),

are pronounced successively, it will be found that they
may be all formed out of the sound produced by a con-
tinuous expiration, the mouth becing kept open. but the
form of its aperture, and the extent to which the lips are
thrust qut or drawn in so as to lengthen or shorten the
distance of the orifice from the larynx, being changed for
cach vowel. It will be narrowcst, with the lips most
drawn back, in %, widest in A4’, and roundest, with the
lips most protruded, in OO.

Certain consonants also may be pronounced ¥.ithout
interrupting tYe current of expirced air, by modification of
the form of the throat and mouth. r

Thus the aspirate, H, is the result of a litde extra ex-
piratory force—a sort of incipient cough. § and Z, S4
and ¥ (as in jugular = G 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 modified by the tongue and lips.

27. All the vocal sounds hitherto noted so far resemble
one another, that their production does not involve the

oppage of the current of air which traverses either of the
modulating passages.
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But the sounds of A and AV can only be formed by
blocking the current of air which passes .through the
mouth, while free pasgage is left through the nose. For
M, the mouth is shut by the lips ; for 2V, by the application
of the tongue to the palate.

28, The other consonantal sounds of the English
language arc produced by shutting the passage through
both nose and mouth ; and, as it were, forcing the expira-
tory vocal current through the obstacle furnished by the
latfer, the character of which obstacle gives each consonant
its peculiarity. Thus, in producing the consonants® &
and 7, the mouth is shut by the lips, which are then forced
apen in this explosive manner. In 7 and D, the mouth
passage is suddenly barred by the applicationeof the point
of the tongue to the teeth, orto the front part of the palate ;
while in & and G (hard, as in go) the middle and back
of the tonguc are similarly forced against the back part of
the palate.

20, An artificial larynx may be constructed by properly
adjusting elastic bands, which take the place of the vocal
chords ; and, when a current of air is forced through these,
due regulation of the tension of the bands will give rise te
all the notes of the human voice. As cach vowel and
consonantal sound is produced by the modification of the
length and form of the cavities, which lie over thd natural
larynx, so, by placing over the artificial larynx chambers
to which any requisite shape can be given, the various
letters may be sounded. It is by attcnging to these facts
and p!%nc_iplcs that various speaking machines hgve been
constrlcted. : ° o ’

_30. Although the tongue is credited with the respon-
sibility of spcech, as the “unruly member,” and undoubtedly
takes a very important share in its production, it is not
absolutely indispensable. Hence, the apparently fabulous
storics of people who have becn® enabled to speak, after

, their tongues had been cut out by the cruelty of a tyrant,
or persecutor, may be quitc true,

Some years ago I had the opportunity of examining a
person, whom I will call Mr. R., whose tongue had been
removed as completely as a skilful surgeon could perfornt
the opcration.  When the mouth was widely opened, the
truncated face of the stump of the tongue, apparently
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covered with new mucous mémbrane, was to be seen,
occupying a position as far back as the level of the an-
terior pillars of the fauces. The dorsum of the tongue
was visible with difficulty ; but I believe I could discern
some of the circumvallate papillie upon it. None of these
were visible upon the amputated part of the tonguc, 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
hd 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 words-as think, the, cow, kéll, were well and clearly
pronounced. But tin became fin; tack, fack or pack;
toll, pool; dog, thog, dine, vine,; dew, thew; cat, calf;
wmad, madf; goose, gooth; big, pig, bick, pich, with a
guttural cA.

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 &’s, into /s, p’s, ¥’s, ot
th’s. Th was fairly given in all cases; s and s%, / and 7,
with mdre or less of a lisp. Initial g’s and s were good ;
but final g’s were all more or less guttural. In the former
case, the imperfect stoppage of the current of air by the
root of the tongue was of no moment, as the sound ran on
into tha} of the following vowel ; while, when thf letter
was terminalythe defect at once became apparent.
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LESSON VIIL

SENSATIONS AND SKENSORY ORGANS.

.

1. THE agent by which all the motor organs (except the
ciha) described in the preceding Lesson are set at work,
is muscular fibre. But, in the living body, muscular
fibre is made to contract only by a change which takes
place in the motor or efferent nerve, which is distributed to
it.  This change again is effected only by the activity of
the central nervous organ, with which the motor nerve is
connected. ‘The central organ is thrown into activitys
immediately, or ultimately, only by the influcnce of
changes which take place in the molecular condition of
nerves, called sensory or afferent, which are connelted, on
the one hand, with the central ofgan, and, on the other
hand, with some other part of the body. Finally, the
altcration of the afferent nerve is itself produced only by
changgs in the condition of the part of the bqdy with
which it is connected ; which changes uSua#ly result from
external gnpressions.

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 stimulus or grritation)
applied directly, or indirectly, to the ends of aferent
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 molegular
activity of the afferent nerve communicates itself to the
central organ, and is then transmitted along the mrofo.~
nerves, which pass from the central organ to the muscles
affected. And, when the disturbance in the molecular
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condition of the efferent nerves reaches their extremities,
it is cOmmunicated to the muscular fibres, and causes
their particles to take up a new pgsition, so that each fibre
shortens and becomes thicker.

3. Such a series of molecular changes as that just
described is called a »eflex action--the disturbance
caused by the irritation being as it were reflected back,
along the motor nerves, to the muscles.

A reflex action, strictly so called, takes place without
our knowing anything about it, and hundreds of such
attions are going on continually m our bodies without our
being aware of them. DBut it very frequently happens that
we learn that something is going on, when a stimulus
affects our afferent nerves, by having what we call a
feeling or sensalion. We class sensations along with
emotions, and wolitions, and thoughts, under the common
head of states of consciousness, But what consciousness
is, we know not ; and how it is that anything so remark-
able as a state of consciousness comes about as the result
of irritating nervous tissue, is just as unaccountable as any
other ultimate fact of nature.

4. Sensations are of very various degrces of definiteness.
Some arise within ourselves, we know not how or where,
and remain vague and undefinable. Such are the sensa-
tions of uncomfortableness, or faintness, of fatigue, or of
vestlessness. We cannot assign any particular place to
these sensations, which are very probably the result of
affections of the afferent nerves in general brought about
by the state of the blood, or that of the tissues in which
they art distsibuted. And however rcal these sensations
may be, and however largely they enter-into the sum of
our pleasurcs and pains, they tell us absolutgly nothing of
the external world. They are not only diffiese, but they are
also sudjective sensations. .

5. What is termed the muscular sense is less vaguely
localized than the preceding, though its place is still inca-
pable 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
hody, or of any part of it; and it is something
quite different from the feeling of contact or even of
pressure.
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Lay onc hand flat on its back upon a table, and rest a
disc of cardboard a couple of inches in diameter upon the
ends of the outstretched, fingers ; the only result will be a
sensation of contaci—the pressure of so light a body being
mappreciable.  But put a two-pound weight upon the card-
board, and the sensation of contact will be accompanicd,
or even obscured, by the very different feeling of pressure.
Up to this moment the fingers and grm 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 existence
with the excrtion of the muscles which raise the arm, and
is the consciousness of that exertion given to us by the
muscular sense, .

Anyone who raises or carrics a weight, knows well
enough that he has this sensation ; but he may be greatly
puzzled to say where he has it. Nevertheless, the sense
itself is very delicate, and cnables us to form tolerably
accurate judgments of the relative intensity of resistances.
Persons who deal in articles sold by weight, are constantly
enabled to form very precise estimatcs. of the weight of
such articles by balancing them in their hands ; and ins
this case, they depend in a great measure upon the mus-
cular sense.

*6. In a third group of sensations, cach fecling, 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 are competent to act as
stimuligare very various in character. Sueh are thg sensa-
tions ot Zfowch, which is restricted to “th® intcgument
covering the surface, and to some portions of the mem-
branes lining the internal cavities of the body ; and of
taste and smell, which are similarly confined to certain
regions of the mucous membrane of the mouth and nasal
cavities,

Any portion of the body to which a sensation is thus
restricted is called a sensory organ. .

And lastly, in a fourth group of sensations, each fcelin
requires for its production the application of a single kin
of stimulus to a very specially modified part of the integu-~
ment. The latter serves as an intermediator between the
physieal agent of the scnsation and the sensory nerve,
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which is to convey to the brain the impulse necessary to
awake in it that state of consciousness which we call the
sensation. Such are the scnsatiops of sighs and Jearing.
The physical agents which can alone awaken these sensa-
tions (under natural circumstances) are light and sound.
The modified parts of the integument, which alone are
compctent to intermediate between these agents and the
nerves of sight and hgaring, are the ¢ye and the ear.

7. In every sensory organ it is necessary to distinguish
the terminal expansion of the afferent or sensory nerve,
and the structures which intermediate between this ex-
pansion and the physical agent which gives rise to the
sensation.

And in tach group of special sensations there are cer-
tain phenomena which arisc 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
rthe free surface eof the body, and by the walls of the
mouth and nasal passages.

Whatever part possesses this sense consists of a mem-
brane (integumentary or mucous) composed of a deep
layer made up of fibrous tissue, containing a capillary
Jnetwork and the ultimate terminations of the scnsory
nerves; and of a superficial layer consisting of epi-
thelial or epidermic cells, among which are no vegsels.

Wherever®thé sense of touch is delicate, the deep layer
is not a mere flat expansion, but is raised up jnto multi-
tudes of small, close-set, conical elevations &e? Fig. 32),
which are called papille. 1In the skin, the coat of epi-
thelial or epidermic cells does not follow the contour of
these papilla, but dips down between them and forms a
tolerably even coat over them. Thus, the points of the
papille are much nearer the surface than the general
plane of the deep layer whence these papille proceed.

Loops of vesscls enter the papille, and the fine ultimate
'terminations of the sensory nerve-fibres distributed to
the skin terminate in them, but in what way has not
been thoroughly made out. .



vIIL] TOUCH. 191

.

In certain cases, the delicate fibrous sheath, oy #exri-
lemma, of the nerve which enters the papilla, enlarges
in the papilla into an oval swelling, which is called
a tactile corpuscle (sce Lesson XIL). These corpuscles
are found in the papillie of those localities which are
endowed with a very delicate sense ot touch, as in the
tips of the fingers, the point of the tongue, &c.

9. It is obvious, from what hag been said, that no
dircct contact takes place between a body which is
touched and the sensory nerve,—a thicker or thinner laygr
of epithclium, or cpidermis, 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 scnse of p&in, not to
one of touch properly so called. Thus, in touch, it
is the epidermis, or epithelium, which is the intermediator
between the ncrve and the physical agent, the external
pressure heing transmitted through the horny cells to
the subjacent ends of the nerves, 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 papilla. .

10. Certain very curious phenomena appertaining to
the sense of touch, are probably due to these yarying
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 ac-
counted for by the different thickness of the epidermic
layer—gut the power of distinguishing doublg simul-
tancous impressions is very different. Thu#, if the ends
of a pair pf compasscs (which should be blunted with
pointed pieces of cork) are separated by only one-tenth
or one-twelfth of an inch, 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 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-
fourtl? of an inch apart; by the tips of the fingers if
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one-twelfth of an inch distant; while they may be one
inch distant on the cheek, and cven three inches on
the back, and still give rise to only, one sensation.

11. The feeling of warmth, or cold, is the result of
an cxcitation of sensory nerves distributed to the skin,
which are probably distinct from those which give rise
to the sense of touch. And it would appear that the
heat must be transmitted through the epidermic or epithe-
lial layer, to give rise to this sensation ; for, just as touch-
ing a naked nerve, or the trunk of a ncrve, gives rise
oily to pain, so heating or cooling an exposed nerve, or
the trunk of a nerve, gives rise riot to a sensation of hcat
or cold, but simply to pain.

Again, the scnsation of heat, or cold, is relative rather
than absolute. Suppose three basins be prcpared, one
filled with ice-cold water, onc 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 fecl
. warm., .

Like the sensc of touch, the sense of warmth varies
in delicacy in different parts of thc body.

The theeks are very sensitive, more so than the lips;
the palms of the hands are more sensitive to heat than
their backs. Hence a washerwoman holds her flat-iron
*to her check to test the temperature, and one who is

cold spreads the palms of his hands to the fire.

12. The c.gaa of the sense of TASTE is the mnucous
membrane which covers the tongue, especially its back
part, and the hinder part of the palate. Li# that of
the skin, the deep, or vascular, layer of the mucous
membrane of the tongue is raised up into papillee, but
these are large, separate, and have separate coats of
epithelium, Towards the tip of the tongue they are
for the most part elongated and pointed, and are called
fliform; over the rest of the surface of the tongue,
these are mixed with other larger papille, with broad

- ends and narrow bases, called fungzform,; but towards its
root there are a number of large papille, arranged in the
figure of a V with its point backwards, each of which
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is like a fungiform papilla surrounded by a wall.« These
are the circumvallate papilla: (Fig. 61, C2.). * The larger
of these papilla have subordinate small ones upon their
surfaces. They are very vascular, and they receive
nervous filaments from two sources, the one the nerve

F1G. 61.—THE MouTH WIDELY OPENED TO sHow THE TONGUE AND
ALATE.

Uv. the uvula ; 7. the tonsil between the anterior and posterior pillars of
the fauces; C.p. circumvallate papillz: ; F.4. fungiform papillae, The mi-
nute filiform papilla 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, ¥//1.

called glossopharyngeal, the other the gustatory, which is.

a branch of the ff#4 nerve. (See Lesson XI. § ;8.) The

latter chiefly supplies the front of the tongue, the former

its back and the adjacent part of the palate : and there
(]
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is reason to believe that it is the latter region which
is more especially the seat of the sense of taste.

The great majority of the sensations we call taste, how-
ever, are in reality complex sensations, into which smell
and even touch largely enter. When the sense of smell
is interfered with, as when the nose is held tightly pinched,
it is very difficult to distinguish the taste of various ob-
jects. An onion, for instance, the eyes being shut, may *
then casily be confounded with an apple.

13. The organ of the sense of SMELL is the delicate
mucous membrane which lines a part of the nasal cavitics,
and is distinguished from the rest of the mucous mem-
brane of these cavitics—firstly, by possessing no cilia ;
secondly, by receiving its nervous supply from the olfac-
tory, or first, pair of cerebral nerves, and not, like the rest
of the mucous membrane, from the fifth pair.

Each nostril leads into a spacious nasal chamber, sepa-
rated, in the middle line, from its fellow of the other side,
by a partition, or s¢pfum, formed partly by cartilage and
partly by bone, and continuous with that partition which
scparates the two nostrils one from the other. Below, each

rnasal chamber is separated from the cavity of the mauth by
a floor, the bony palate (Figs. 62 and 63) ; and when this
bony palate comes to an end, the partition is continued
down to the root of the tongue by a fleshy curtain, the
soft palate, which has been already described. The soft

. palate and‘the root of the tongue together, constitutc, under
ordinary circumstances, a movcable partition between the
mouth ¢nd the pharynx, and it will be observed that the
opening of tht larynx, the g/o#fis, lies behind the partition ;
so that when the root of the tonguc is applicd aose to the
soft palate no passage of air can take place between the
mouth and the pharynx. But in the upper part of the
pharynx above the partition arc the two hinder openings
of the nasal cavities (which are called the posterior nares)
separated by the termination of the septum ; and through

. these wide openings the air passes, with great rcadiness,
from the nostrils along thelower part of each nasal chamber
to the glottis, or in the opposite direction. 1t is by means
of the passages thus freely open to the air that we breathe,
as we ordinarily do, with the mouth shut. :

Each nasal chamber rises, as a high vault, far above the.
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F16. 62.—VERTICAL LONGITUDINAL SECTIONS OF 1HE NAsaL Caviry.

The upper figure n:grcsentq the outer wall of the left nasal cavity; the
lower figure the right side of the middle partition, or septum (S52.), of the
nose, which forms the inncr wall of the right nasal cavity. 7, the olfactory
nerve and its branches; ¥, branches of the fifth nerve ; Pe. the palate,
which scgar.ues the nasal cavity from that of the mouth; S.7\ the supcrior
turbinal bone ;' 7. 7. the mi+die turbinal; /.7. the inferior turbinal. ‘I'he
letter / is Yluced in the cerebral cavity ; and the paitition on which the
olfctory lobe rests, and through which the filaments of the olfactory nc vcs
pass, is the cribriform plate. - .

02
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level of the arch of the posterior nares—in fact, about as
high as tlie depression of the root of the nose. The upper-
most and front part of its roof, betwgen the eyes, is formed
by a declicate horizontal plate of bone, perforated like a
sieve by a great many small holes, and thencc called the
cribriform plate (Fig. 63, (7.). It is this plate (with the
membranous structures which line its two faccs) alone
which, in this region, scparates the cavity of the nosc from
that which contains the'brain, The olfactory lobes which
are directly connected with, and form indced a part of, the
brain, enlarge at their ends, and their broad cxtremitics
rest upon the upper side of the cribriform plate ; sending
immense numbers of delicate filaments,thc olfactory nerves,
through it tothe olfactory mucous membrane (Fig. 62).

On each wall of the septum this mucous membrane
forms a flat expansion, but on the side walls of each nasal
cavity it follows the clevations 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 cavities
separated from each other by very delicate partitions only,
apd communicating with the nasal cavities. Hence the
bones, though massive-looking, are really exceedingly
light and delicate, and fully descrve the appellation of
spongy (Fig. 63). )

Therc is a third light scroll-like bone distinct from these
two, and attached to the maxillary bone, which is called
he #nferior turbinal, as it lies lower than the other two,
and imperfectly scparatcs the air passages from the pyoper
olfactory chamb.erFig. 62). Itjs covered by the ordinary
ciliated mucous membrane of the nasal passgge, and
receives no filaments from the olfactory nerve (Fig. 62).

14. From the arrangements which have been described,
it is clear that, under ordinary circumstances, the gentlc
inspiratory and expiratory currents will flow along the
comparatively wide, direct passages afforded by so much
of the nasal chamber as lies below the middle turbinal ;
and that they will hardly move the air enclosed in the
ndrrow interspace between the septum and the upper

. and middle spongy bones, which is the proper olfactory

chamber. C

1f the air currents are laden with particles of odorous
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matter, they can only reach the olfactory membrane by
diffusing themsclves into this narrow interspace ; and, if
there be but few of thesc 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 odorifcrous air, Hence it is that, when we wish to

C.:

F16. 63.—A TRANSVERSE AND ViRTICAL SECTION OF THE OssEbus WaLLs
OF THE NAsAL CAVI1Y TAKEN NEARLY 1HROUGH THE LiiTER 7 IN
THE FOREGOING FIGURE.

.

Cr. the cribriform plate ; . 7., M. 7. the chambered superior and middle tur-
binal bones on which and on the septum (8.) the filaments of the oltactory
nerve are distributed ; /. 7 the inferior turbinal bone; /%, the galate; A
the A®Zrum or chamber which oceupies the greater pagt of the maxillary
bone and opens into the nasal cavity.

perceive 2 faint odour more distinctly, we sniff, or snuff
up the air, Each sniff is a sudden inspiration, the cffect
of which must reach the air in the olfactory chambef at
the same time as, or cven before, it affects that at the nos-
trils ; and thus must tend to draw a little air out of that
chamber from bchind. 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, and replace that thus drawn out,

The loss of smell which takes place in the course of a
sevcse cold may, in part, be due to the swollen state of
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the mucous membrane which covers the inferior turbinal
bones, which thus imgecdcs the passage of odoriferous air
to the olfactory chamber. '

15. The EAR, or organ of the sensc of Hearing, is very
much more complex than either of the scnsory organs yet
described. It will be useful to distinguish the essential
parts of thiscomplicated apparatus from certain otherparts,
which, though of great assistance to thc sense, are not
absolutely necessary, and therefore may be called aceessory.

Fhe essential parts, on either side of the head, consist,
substantially, of two peculiarly formed membranous bags,
called, respectively, the membranous labyrinth and the
scale media of the cochlea. Both these bags are lodged
in cavities which they do not completely fill, situated in
the midst of a dense and solid mass of bone (from its
hardness called pefrosal), which forms a part of the
temporal bone, and enters into the base of the skull.

[Zach bag is filled with a fluid, and is also supported in
a fluid which fills the cavity in which it is lodged. In the
interior of each bag, certain small; mobile, hard bodies
are contained ; and the ultimate filaments of the auditory
fierves 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 set 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-operatipn of the solid particles. ¢

In bathing 1n a tolerably smooth sea, on a rocky shore,
the movement of the little waves as they runshackwards
and forwards is hardly felt by anyone lying down; but
in bathing on a sandy and gravelly beach, the pelting of
the showers of little stones and sand, which are raised
and let fall by cach wavelet, makes a very definite impres-
sion 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, are readily
perceived when they raise and let fall hard particles.

i Both these membranous bags arc lined by an epithe-
ium, - L
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The auditory nerve aftér passing through the dense
bone of the skull is distributed to certain regions of each
bag, where its ultimatc filaments come into pcculiar con-
nection with the epithélial lining. The epithelium itself
too at these spots becomes specially modified. In certain
parts of the membranous labyrinth, for instance, the epi-
thelium connected with the terminations of the auditory
nerve is produced.into long, stiff, Slender, hair-like pro-

FIG. 64.—DIAGRAM TO ILLUSTRATE THE TERMINATION OF THE AUDI-
TORY NERVE IN AN AMPULLA.

I. The xizhelium of the ampulla. II. The membranous wnllol‘ the am-
pulla & which the epithelium rests. e »

a, a filament of the auditory nerve runnin% through the wall of the am-
pulla and bgeaking up into a fine network (4) in the epithelium ; ¢, epithe-
ium cell with long stiff hair-like filament, & (this cell is supposed by
some to be directly continuous with the nerve network%l: e, cells, not bear-
mﬁ filaments, placed by the side of, and supporting the ﬁlament-beanng
cells; /, a deeper Igyer of smalier cells.

cesses (Fig. 64, ), which project into the fluid filling the
bag, and which therefore are readily affected by any vibra-
tion of that fluid, and communicate the impulse to the ends
of the nerve. In certain other parts of the same labyrinth
these hairs are scanty or absent, but their place is supplied
by minute angular particles of calcareous sand &alled
otoconéa or ololithes), lying free in the fluid of the bag.
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These, driven by the vibrations of that fluid, strike the
epithelium and so affect the auditory nerve.

In the scala medfa of the cochlca, minute, rod-like
bodies, called the fibres of Corti, and which are peculiarly
modified cells of the epithelial lining of the scala, appear
to serve the same object.

16. For simplicity’s sake, the membranous labyrinth
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. 65 and 66.)

Fi1G. 65.—THE MEMBRANOUS LLABYRINTH, TWICE THE NATURAL Si1zE.

« .

Ut. the Utriculus, or part of the vestibular sac, into which the semicircular
canals open; A, A, A, the ampullze ; /°.4. anterior vertical semicircular
canal; 2. V. posterior vertical semicircular canal; /. horizontal semicir-
cular cahal. "The sacculus is not seen, as in the position in which the
labyrinth is drawn the sacculus lies behind the utriculus. The white
circles on the ampull of the posterior vertical and horizontal canals indi-
cate the cut ends of the branches of the auditory nerve ending in those

llze ; the b hes to the lla of the anterior vertical canal are
seen in the space embraced by the canal, as is also the branch to thg
utriculug,, Py
.

This form is also followed to a certain exignt by the
bony casing of the cavity in which cach is lodged. Thus
the membranous labyrinth is surrounded by a éony laby-
rinth, and the scala media is only a part of an intricate
structure called the cocklea. The bony labyrinth and
cochlca with all the parts inside each constitute together
what is called the infernal ear.

. The membranous labyrintk (Fig. 65) has the figure
of an oval vestibular sac, consisting of two parts, the one’
called wtriculus, the other sacculus hemisphericus. The
hoop-like semicircular tanals open into the utriculus. They
are three in number, and, two being vertical, are called the
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anterior (P.A.) and posterior (P.V.) vertical semicircular
cwnals; while the third, lying outside, and horizontally, is
termed the external porisontal semicircular canal (H).
One end of each of these canals is dilated into what is
called an ampulla (A). ’

It is upon the walls of these ampulle and those of the
vestibular sac that the branches ofP the auditory ncrve are
distributed. .

In each ampulla the nervous filaments may be traced
to a transverse ridge caused by a thickening of the cgn-
nective tissue which forms the walls of the canal (as well
as of all other parts of the membranous labyrinth), and also
by a thickening of the epithelium, Some of the epithelium
cells are here prolonged into. the fine hair-like processes
described above. It is probable that these cells are
specially connected with the terminations of the nerve
filaments.

In the vestibule arc similar but less marked ridges, or
patches; here, however, the hair-hike prolongations of the
cpithelium cells are absent or scanty, but, instead, otolithes
are found in the fluid.

The fluid which fills the cavities«of the semicirculars
canals and utriculus is termed endolymph. ‘That which
separates these delicate structures from the bony cgéu'nbers
in which they are contained is the perilymph. Each of.
these fluids is little more than water.

17. In the scala media® of the cochlea tht primitive
bag is drawn out into a long tube, which is coiled two and
a half.timcs on itsclf into a conical spiral, and dies in a
much ‘wider chamber of corresponding f8rm® excavated in
the petrqus bone in such a way as to leave a central
column of bony matter called the modiolus. The scala
media has a triangular transverse section (Fig. 66), being
bounded above and below by the membranous walls which
converge internally and diverge externally. At their con-
vergence, the walls are fastened to the edge of a thin
plate of bone, the lamina spiralis (I.S. Fig. 66), which
winds round the modiolus. At their divergence they are

1 T employ this term as the equivalent of canalis cacklearis. The true
nature and’ connections of these parts have only recentlzebeen proper]
worked out, and the account now given will be found to be somewhat dif-

ferent from that in the first edition of this work. Sce particularly the
explanfitjon of Fig. 67. :
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fixed to the wall of the containing bony chamber, which
thus becomes divided into two passages, communicating
at the summit of the spire, but elsewhere separate. These
two passages are called respectively the scala lympani
and scala vestibuli, and are filled with perilymph.

The scala media, which thus lies between the other two
scalza, opens below, or at the broad end of the cochlea, by
a narrow duct into the sacculus hemisphericus, but at its
opposite end terminates blindly. (Fig. 70.)

F1G. 66.—A SECTION THROUGH THE AXIS 0¥ THE COCHLEA, MAGNIFIED
¢ THREE DIAMETERS.

Sc.M. scala media ; Sc.V. scala vestibuli ; Sc. 7. scala tympani ; L.S. lamina
spiralis ;. Md. bony axis, or modiolus, round which the scale are wound ;
C.N. cochlear nerve.

+ That branch of the auditory nerve which goes to supply
the cochlea, enters the broad base of the central column
or modiolus, and there divides into branches, which,
spreading ous in a spiral fashion in channels excavated
in the bony tissue, are distributed to the lamima spiralis
throughout its whole length. They do not end here ; but
in any section of the lamina spiralis (Fig. 66, L.5.) they
may be found running outwards from the central column
across the lamina towards the angle of the scala media,
in which indeed they become finally lost.

The upper wall of the scala media, that which scparates
it from the scala vestibuli, is called the membrane of
Reissner. The opposite or lower wall, which scparates it
from the scala tympani, is the dasilar membrane. The
latter is very elastic, and on it rest the fibres of Corti
(C C, Fig. 67), each of which is composed of two filaments
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FiG 67.—A SkCTION THROUGH THAT WALL OF THE *‘ SCALA MEDIA "
OF THE COCHLEA WHICH LIES NEXT TO THE SCALA Tympani,

@, That end of the lamina spiralis which passes into theinner wall, pillar, or
modiolus of the bony cochlea; ¢, the outer wall of the bony cochlea ; Sea. 7'
the cavity of the scala tympani ; Sca. M. the cavity of the scala media ; ,
the elastic basilar membrane which separates the scala media from the scala
tympgni ; V. a vessel which lies in this, cut through; ¢, the so-called mem-
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joined at anangle. Animmense number of these filaments
are set side by side, with great regulanty, throughout the
whole length of the scala media, so that this organ pre-
sents almost the appearance of a key-board, if viewed from
cither the scala vestibuli or the scala tympani. These
fibres of Ccrti lie among a number of epithclium cells
forming the lining of the scala media at this part, and
those cells which arc, close to the fibres of Corti have a
peculiarly modified form. The ends of the nerves have
not yet been distinctly traced, but they probably come into
close relation either with these fibres or with the modified
cpithelium cells lying close to them, which are capable of
being agitated by the slightest impulse.

18. These essential parts of the organ of hearing are,
we have secn, lodged in chambers of the petrous part of
the temporal bone. Thus the membranous labyrinth is
contained in a dony labyrinth of corresponding form, of
which that part which lodges the sac is termed the wes-
{ibule, and those portions which contain the semicircular
canals, the bony semicircular canals. And the scala
media is contained in a spirally-coiled chamber, the
cochlea, which it divides into two passages. Of these,
one, the scale westibuli, is so called because at the
broad_ end or base of the cochlea it opens directly by a
wide aperture into the vestibule; by this opening th
perilymph which fills the vestibule and bony semicircula
* canals and surrounds thc membranous labyrinth, is put in

free communication with the perilymph which fills the
scala vgstibuli of the cochlea, and, by means of the com-
munication hich ecxists between the two scale "at the
summit of the spire, with that of the scala tymphni' also.
In the fresh state, this collection of chambers in the
petrous bone is perfectly closed ; but in the dry skull
there are two wide openings, termed fenestre, or windows,
on its outer wall; Ze on the side nearest the outside
of the skull. Of these fenestr®, one, termed ovalis (the

Dbrane of Corti ; C C’, the fibres of Corti: ¥//. the filaments of the auditory
nerve. It is doubtful whether the membrane of Corti really has the exteut
and connections given to it in this figure, which must not be taken for more
than a general representation of the dispoition of the parts. The membrane

of Reissner, which separates the scala media from the scala vestibuli, is not
represcated. . <
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oval window), is situated in thc wall of the vestibular
cavity ; the other, 7ofunda (the round -vindow), behind
and below this, is thc sopen end of the scala tympani at
the basc of the spire of the cochlea. In the fresh state,
cach of these windows or fenestrae is closed By a fibrous
membrane, continuous with the periosteum of the bone.

FiG. 68.—TRANSVERSE SECTION THROUGH THF Sipe WaLLs oF Tyr Skuta
[ ] TO SHOW THE PARTS OF EAR. o ®

Co. Concha or external ear ; E.M. external auditory meatus; 7y.M. gm-
panic membfane ; Juc.Mall. incus and malleus; 4.5.C, P.S.C., £.S.C.
anterior, posterior, and external semicircular canals; Coc. cochlea; En.
FEustachian tube; /.47 internal auditory meatus, through which the audi-
tory nerve passes to the organ of hearing. .

The fenestra rotunda is closed only by membrane ; but
fastened to the centre of the membrane of the femestra
ovalis, so as to leave only a narrow margin, is an oval
plate of bone, part of one of the little bones to be
described shortly.

19. The outer wall of the internal ear is still far away
from the exterior of the skull. Between it and the visible
openingof the ear, in fact, are placed in a straight line,
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first, the drum of the ear, or Zympanum,; secondly, the
long external passage, or meatus (Fig. 68),

The drum of the ear and the external meatus, which
together constitute the middle ear, would form onc cavity,
were it not that a delicate membrane, the tympanic mem-
brane (7y.M. Fig. 68), is tightly strctched in an oblique
direction across the passage, so as to divide the compara-
tively small cavity of the drum from the meatus.

o ey e

FiG. 6.~ THE MEMBRANE -OF THE DRUM OF THE EAR SEEN FROM THL
INNER SIDE, WITHI THE SMALL BONES OF THE EAR; AND THE WALLS
OF THE TYMPANUM, WITH THE AIR-CELLS IN THE MasToID PART or
THE TeMPORAL BoNE.

M.C. mastoid cells: Mall. malleus; /xc. incus ; S¢ stapes; a &, lines drawn
through the horizontal axis on which the malleusl and incus turn.

The menibrahe of the tympanum thus prevents ahy
communication by means of the meatus, betweeh the drum
and the external air, but such a communication is pro-
vided, though in a roundabout way, by the Eustachian
tube (Ez. Fig. 68), which leads directly from the fore part
of the drum inwards to the roof of the pharynx, where it
opens

pgo. Three small bones, the auditory ossicles, lie in the
cavity of thc tympanum. One of these is the sfapes, a
small bone shaped like a stirrup, It is the foot-plate ot
this bone which, as already mentioned, is firmly fastened
to the membrane of the fewestra ovalis, while its hoop
projects outwards into the tympanic cavity (Fig..69).
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Another of these bones is the mallens (Mall. Figs. 68,
69, 70), or hammer-bone, a long process of which is simi-
larly fastened to the inner side of the tympanic membrane
(Fig. 70), and a very much smaller process, the slender
process, is fastened, as is also the body of the malleus,
to the bony wall of the tympanum by ligaments. ‘The
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FIG. 72.—~A DIAGRAM ILLUSTRATIVE OF THE RFLATIVE POSITIONS OF THE
VARIOUS PARTS oF THE EAR. R

L.M. external auditory meatus; 7.J/ tympanic membrane ; 7y. tym-
panum ; A%/l malleus : Jnc. incus; S¢f stapes; F.o. fenestra ovalis ;
#.7 fenestra rotunda; XA». Eustachian tube; #.L. membranous laby-
rinth, only one semicircular canal with its ampulla being repr d;
Sca. lII,:i Sca.T.. Sca.M., the scalz: of the cochlea, which is supposed to be

. unrolled.

rounded gurface of the head of thc malleus fits into a cor-
responding pit in the end of a third bone, the Zncus or
anvil bone, which has two processes—one, horizontal,
which rests upon a support agorded to it by the walls of
the tympanum ; while the other, vertical, descends almost
parallel with the long process of the malleus, and articu-
lates ¥ith the stapes, or rather unites with a little bone,
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the os orbiculare, which articulates with the stapes (Figs.
69 and 70)."

The three bones thus form a chain betwcen the fenestra
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 general dircction of this axis is represented by the
line a 4 in Fig. 69, or by a linc perpendicular to the plane
of the paper, passing through the head of the malleus in
Fig. 70. It follows, thercfore, that whatever causes the
membrane of the drum to vibrate backwards and for-
wards, 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 the stapes backwards and forwards. And, as
this is fastened to the membrane of the fenestra ovalis,
which s in contact with the perilymph, it must set this fluid
vibrating throughout its whole cxtent, the thrustings in of
the membrane of the fenestra ovalis being compensated
by corresponding thrustings out of the membrane of the
fencstra rotunda, ahd vice versd.

The vibrations of the perilymph thus produced will
affect the endolymph, and this the otolithes, hairs, or
fibres; by which, finally, the auditory nerves will be
excited.

21. The membrane of the fenestra ovalis and the tym-
panic membrane will necessarily vibrate the more freely
the loos.r they are, and the reverse. But there rre tyo
muscles-—one, called the sfapedins, which passes from the
floor of the tympanum to the orbicular bone, an?the other,
the Zensor lympani, from the front wall of the drum to the
malleus. Each of the muscles when it contracts tightens
the membranes in question, and restricts their vibrations
or, in other words, tends to check the effect of any cause
which sets these membranes vibrating .

. 22. The outer extremity of the external meatus is sur-
rounded by the concha or external ear (Co. Fig. 68), a
broad, peculiarly-shaped, and for the most part cartila-
ginous plate, the general plane of which is at right angles
with that of the axis of the audito? opening. The concha
can be moved by most animals and by some human. beings



VLl FUNCTION OF AUDITORY OSSICLES. 209

in various dircctions by méans of muscles, which, pass to
it from the side of the head. .

23. The manner in which the complex apparatus now
described intermediates between the pﬁysical agent, which
is the condition of the sensation of sound, and the nervous
cxpansion, the affection of which alonc can cxcite that
sensation, must next be considered.

All bodics which produce sound are in a state of vibra-
tion, and they communicate the vibrations of their ogn
substance to the air with which they are in contact, and
thus throw that air into waves, just as a stick waved back-
wards and forwards in water throws the water into waves.

The aérial waves, produced by the vibratichs of sono-
rous bodies, in part enter the external auditory passage,
and in part strike upon the concha of the external car and
the outer surface of the head. It may be that some of the
latter impulses are transmitted through the solid struc-
ture of the skull to the organ of hearing ; but before they
reach it they must, under ordinary circumstances, have
become so scanty and weak, that they may be left out of
consideration. . .

The aérial waves which enter the meatus all impinge
upon the membrane of the drum and set it viprating,
stretched membranes taking up vibrations from the air
with great rcadincss.

24. The vibrations thus set up in the membrtanc of the
tympanum arc communicated, in part, to the air contained
in the dium of the car, and, in part, to the mallgus, and

- thence %o the other auditory ossicles. . ®

The vibgations 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 mem-
brane of the fenestra rotunda, however, the communication
of motion must nccessarily be greater.

The vibrations which are communicated to the malleus
and the chain of ossicles may be of two kinds : vibrations
of the particles of the bones, and vibrations of the bones
asa wgole. 1f a beam of wood, freely suspended, be very
gently scratched with a pin, its particles will be thrown
nto a state of vibration, as will be evidenced by the sound
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given out, but the beam itself will not be moved. Again,
if a stropg wind blow against the beam, it will swing
visibly, without any vibrations of its particles among them-
sclves. On the other hand, if the beam be sharply struck
with a hammer, it will not only give out a sound, showing
that its particles are vibrating, but it will also swing from
the impulse given to its whole mass.

Under the last-mentioned circumstances, a blind man
standing near the bear 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 awarc of nothing but the
visible oscillation of the becam as a whole.

25. Thus,~to return to the chain of auditory ossiclcs,

while it scems hardly to be doubted that, when the mem-
brane of the drum vibrates, they may be sct vibrating both
as a whole and in their particles, it depends upon sub-
sidiary arrangements whether the large vibrations, or the
minute ones, shall make themselves obvious to the audi-
tory nerve, which is in the position of our decaf, or blind,
man.
. The evidence at present is in favour of the conclusion,
that it is the vibrations of the boncs, as a whole, which are
the chief agents in transmitting the impulses of the agrial
waves,

For, in the first place, the disposition of the bones and

*the mode of their articulation are very much against the
transmission of molecular vibrations through their sub-
stance, while, on the other hand, they arc extremely favour-
able to their ibration ez masse. The long procedses of
the malleus and incus swing, like a pendulum®upon the
axis furnished by the short processes of these bones ; while
the mode of connection of the incus with the stapes, and
of the latter with the edges of the fenestra ovalis, allows
that bone free play, inwards and outwards. In the second
place the total length of the chain of ossicles is very small
compared with the length of the waves of audible sounds,
and physical considerations teach us that in a like small
rod, similarly capable of swinging ¢z masse, the minute
molecular vi{rations would be inappreciable. Thirdly, it
is affirmed, as the result of experiments, that the bon¢
called columella, which, in birds, takes the place of the
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chain of ossicles in man, dds actually vibrate as a whole,
and at the same rate as the membrane of the drurh, when
aérial vibrations strike upon the latter.

26. Thus, there is reason to believe that when the tym-
panic 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 consequently turns through a small
arc on its pivot, the slender process. But the turning
of the head of the malleus involves that of the hcad of the
incus upon its pivot, the short process. In consequence
the long process of the incus swings through an arc whi¢h
has been estimated as being equal to about two-thirds of
that described by the handle of the malleus. The extent
of the push is thereby somewhat diminished, bat the force
of the push is proportionately increased ; in so confined a
space this change is advantageous. 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 into, the fenestra ovalis.
But every pull and push imparts a corresponding set of
shakes to the perilymph, which fills the bony labyrinth
and cochlea, cxternal to the membragous labyrinth and
scala media. These shakes are communicated to the en-
dolymph and fluid of the scala media, and, by the help of
the otolithes and the fibres of Corti, are finally cofiverted
into impulses, which act as irritants of the ends of the
vestibular and cochlear divisions of the auditory nerve.

27. The difference between the functions of the mem-
branous labyrinth (to which the vestibular nerve is distri-
buted) ®nd “those “of the cochlea are not quite &rtainly
made out, but the following views have been suggested :—

The membranous labyrinth may be regarded as an ap-
paratus whereby sounds are appreciated and distinguished
according to their intensity or quantity ; but which does
not afford any means of discriminating their qualities.
The vestibular nerve tells us that sounds are weak or
loud, but gives us no impression of tone, or melody, or
harmony.

The cochlea, on the other hand, it is supposed, enables
the mind to discriminate the quality ratﬁer than the
quantity or intensity of sound. It is suggested that the
excitenent of any single filament of the cochlear nerve

. ’ P2 .
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gives 11se, 1n the mind, to a distinct musical impression ;
and that every fraction of a tone which a well-trained car
is capable of distinguishing is represented by its separate
nerve-fibrze.  Under this view 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 repre-
senting the strings which thc keys strike. If it were
pussible to irritate each of these nerve-fibres expeti-
mentally, we should be able to produce any musical tone,
at,will, in the senscrium of the person experimented upon,
just as any note on a piano is produced by striking the
appropriate key.

28. A tuning-fork may be sct vibrating, if its own par-
ticular notc}’ or onc harmonic with it, be sounded in it,
nci fhbourhood. In other words, it will vibrate under the
influence of a particular sct of vibrations, and no others.
[f the vibrating ends of the tuning-fork were so arranged
as to impinge upon a nerve, their repcated minute blows
would at once excite this nerve.

Suppose that of a set of tuning-forks, tuncd to every
note and distinguishing fractions of a notcin the scale, onc

+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, wlile the rest would be absolutely, or relatively,
-indifferent to that vibration. In other words, the vibra-
tion would give rise to the scnsation of one particular tone,
and no other, and every musical interval would be repre-
sented by a distinct impression on the sensorium.

29. It is si{ggested that the fibres of Cortiare qm*‘petent
to perform the function of such tuning-forks ; that each 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
nerve only. But it must be remembeted that the view
here given is a suggestion only which, however probable,
has nnt yet been proved. Indeed recent inquiries have
rather diminished than increased its probability.

The fibres of the cochlear nerve may be excited by in-
ternal causes, such as the varying pressure of the blood an-'
the like: and in some persons such internal influences
do give rise to veritable musical spectra, sométimes of o
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very intense character. Tut, for the appreciation, of music
produced external to us, we depend upon the intermedia-
tion of the scala medig and its Cortian fibres.

30. It has alrcady been explained that the stapedins and
tensor tympani muscles arc compctent to tighten the mem-
branc of the fenestra ovalis and that of the tympanum,
and it is probable that they comec into action when the
sonorous impulses are too violent, and would produce too
extensive vibrations of these membranes. They therefore
tend to moderate the effect of intense sound, in muchdhe
samc way that, as we shall find, the contraction of the
circular fibres of the iris tends to moderate the effect of
intensc light in the cye.

The function of the Eustachian 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 a closed cavity,
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LESSON IX.

THE ORGAN OF SIGIHT.

1. IN studying the organ of the sensc of sight, the eye,
it is necdful to become acquainted, firstly, with the struc-
ture and properties of the sensory expansion in which the
optic nerve, or nerve of sight, terminates ; secondly, with
the physical agent of the scnsation; thirdly, with the
intermediatc apparatus by which the physical agent is
assisted in acting upon the nervous expansion.

The ball, or gloBe, of the eye is a globular body, mov-
ing freely in a chamber, the 076/, which is furnished to it
by the skull. The optic nerve, the root of which is in
the brain, leaves thc skull by a hole at the back of the
orbit, and enters the back of the globe of the cye, not in
the middle, but on the inner, or nasal, side of the centre.
Having picrced the wall of the globe, it*spreads out into
a very¢ deljcatq membrane, varying in thickngs from
doth of an inch to less than half that amountewhich lines
the hinder two-thirds of thc globe, and is “termed the
retina. This rctina 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 cye be cut in two, transversely, so
as to divide it into a1 anterior and a posterior half, the
retina will be seen lining the whole of the concave wall ot
the posterior half as a membrane of great delicacy, and,
for thc most part, of even texturc and smooth surfacec.
But, exactly opposite the middle of the posterior wall, it
presents a slight circular depression of a yellowish hue,
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Tringrammatic views of the nervous () and the connective (B) clements of
the retina, supposed to be scparated from one another. A, the nervous
structures —4, the rods; ¢, the cones; ¢ ¢/, the granules of the outer layer,
with which these are counccted; o @, interwoven very delicate nervous
fibres, from which fine nervous filaments, hearing the inner granules, /7',
procced towards the front surface ; g/, the continuation of these fine nerves,
which become convoluted and interwoven with the tprocc«es of the ganglionic
corpuscles, 4" ; 77, the expansion of the fibres of the optic nerve. B, the
connective tissue—a @, external or posterior limiting membrane ; ¢ ¢, radial
fibres passing to the internal or anterior limiting membrane ; ¢ ¢/, nuclei; ¢
dd, the intergranular layer ; g ¢, the molecuiar layer ; /, the anterior limiting
l'mm;brane.

° (Magnified about 2:0 diameters )
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the maqule lutca, or yllow ont (Fig 72, m 7, Yig 75,
8'),—not casily scen, howevar unless the cye be patectly
frcsh,—1nd, at some distance from this, towards the inne,
o1 nsil, side of the badly s v 1wdnting app uanc, pro-
duced by the entr uee of the optienetveard the spraading
out of 1ts hibies mto the et

Lic 7 «lac Ive By pivior oran vin 1y I 1L YUDD L INT,
WD AVIWED H M Lo

s sclerotic ¢/, chotod « ninseet nonly

7, the cut cdfe of the 1ctme 7 sess Is” t the 1etin, sprng g from
the optic nerve or blind spot  #2 7, the yullow spot, the duher pot m
1ts middle bang the fove 2 centrahs

q

3 A veay%hmm vertical shice of the 1ctina, man); 1eg10n
except the ycllow spot and the entiance ofmthe optic
nerve, may be 1esolved into the structwes represented
scparately in Fig 71, Thc onc of these (A) occupies the
whole thickness of the scetion, and compiises 1its cssential,
o1 nervous, clements  The outer (o1 posterior) fourth, or
rather less, of the thickness of thesc consists of a vast
multitude of minute, either rod-like, or comical bodies,
ranged side by sid¢, peipendiculaily to the plane of the
retina  Thus 15 the layer of 1 0ds and cones (bc). Fiom the
front ends or bases of the rods and cones very delicate
fibres pass, and 1n each 1s developed a gi1inule hike body
(¢' ¢'), which foims a part of what has been termed the
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outer layer of granules. *It is probable that these fibres
next pass into and indeed form the close meshwork of
very delicate nervous fibres which is scen at 4 (Fig. 71,
A). From the anterior surface of this meshwork other
fibres proceed, containing a sccoad sct of granulces, which
formns the inner granular layer (ff) In front of this
layer is a stratum of convoluted fine nervous fibres
(4 ¢")-—and anterior to this again numcrous ganglionic
corpuscles (2/'). Processes of these ganglionic cor-
puscles extend, vn the onc hand, into the layer of gon-
voluted nerve-fibres; and on the other are probably
continuous with the stratum of fibres of the optic
nerve ().

These delicate nervous structures are sufiported by a
sort of framework of connective tissuc of a peculiar kind
(B), which extends from an izwuer or anlerior limiting
membrane (1), which bounds the retina and is in eontact
with the vitrcous humour, to an owfer or posterior limiting
membrane, which lies at the anterior ends, or bases, of the
rods and cones ncar the level of & ¢ in A, Thus the
framework is thinnerthan the nervous substance of the
retina, and the rods and cones lie altogether outside
of it, and wholly unsupported by any connective tissue.
They are, however, as we shall see, imbedded in the layer
of pigment on which the retina rests (§ 16).

The fibres of the optic nerve spread out between the
limiting membrane (/) and the ganglionic eorpuscles (%),
and the vessels which cnter along with the optic nerve
ramify between the limiting membrane and ghc inner
gran®les (//"). Thus, not only the ntrvolis fibres, but
the vesse)s, are placed altogether in front of the rods and
concs. - :

At the cntrance of the optic nerve itself, the nervous
fibres predominate, and the rods and cones are absen:.
In the yellow spot, on the contrary, the cones are abun-
dant and closc set, becoming at the same time longer and
more slendcr, 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 lutea (Fig. 73).

4-¢The most notable property of the retina is its power
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F16. 73.—A DIAGRAMMATIC SECTION oF THi MAcuLA LuTeA, oR
YELLow SroT.

@ a, the pigment of the choroid ; 8, ¢, rods and concs ; dd, outer granular
layer: //, inner granular layer; g g, molecular layer; 4 4, layer of gan-
glionic cells ; 7 4, fibres of the optic nerve.

(Magnified about 6o diameters.)
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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 excited, have the power
of awakening the sensation of light in, or by means of,
the brain. The sensation of light, it must be understood,
is the work of the brain, not of the retina ; for, if an cyc
be destroyed, pinching, galvanizing, or otherwise irritating
the optic nerve, will still excite the sensation of light, be-
causc it throws the fibres of the optic nerve into activity ;
and their activity, however produced, brings about insthe
brain certain changes which give rise to the scnsation of
light. .

Light, falling directly on thc optic nerve, does not
excite it ; the fibres of the optic nerve, in’ themsclves,
arc as blind as any other part of the body. But just as
the delicate filaments of the ampullae, or the otoconia of
the vestibular sac, or the Cortian fibres of the cochlea,
arc contrivances for converting the delicate vibrations of
the perilymph and cndolymph into impulses which can
cxcite the auditory nerves, so the structures in the retina
appear to be adapted "to convert the infinitely morc deli-
cate pulses of the luminifcrous ether into stimuli of the
fibres of the optic nerve.

5. The sensibility of the different parts of thgretina to
light varics very greatlf'. The point of entrance of the
optic nerve is absolutcly 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 qg twelve inches’ distance.

+ L )

The black dot will be scen 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, 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 point. So long as the image
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of the spot rests upon the cntrance of the optic nerve, it
is not perceived, and hence this region of the retina 15
called the &lind spot. .

6. The impression made by light upon the retina not
only remains during the whole period of the direct action
of the light, but has a ceitain duration of 1ts own, how-
cver shott the time duting which the hght itself lasts. A
flash of hghtning 15, practically, instantancous, but the

It 7¢4—P sint Cries rrov 1ur CHonoid CoAr.

A Branched pigment cells fiom the decp layer
B. Pigwehit cpathchum @, seen 1 face, 4, seen in prohle, ¢, pgment
grannles

sensation of light produced by that flash endures for an
appreciable period. It is found, in fact, that a luminous
impression lasts for about onc-cighth of a spcond;
whence 1t filows, that if any two luminous ithpicssions
are separated by a less interval, they arc rot distin-
guished from one another.

For this rcason a “ Catherine-wheel,” or a lighted stick
turned round very rapidly by the hand, appcars 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 excitability of the retina is readily exhausted.
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 temporary blintness
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of the retina in this part, appears in the field of vjew. 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 appearance of what are called comple- -
mentary colours. For cxample, if a bright rcd wafer be
stuck upon a sheet of white paper, and steadily looked at
for some time with onc cye, when the eye is turned aside
to the white paper a greenish spot will appear, of about
the size and shape of the wafer. The red image hgs.
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. But we
know that if from the variously coloured rays Which make
up the spectrum of white light we take away all the red
rays, the remaining rays togcether make up a sort of green.
So that, when white light falls upon this part, the red rays
in the white light having no effect, the result of the ope-
ration of the others is a grecnish hue. If the wafer be
green, the complementary tmage, as it is called, is red.

8. In some persons, tlic retina appears to be affected in
one and the same way by rays of light of various colours,
or cven of all colours. Such colour-blind persons are
unable to distinguish between the leaves of a chepry-trce
and its fruit by the colour of the two, and sec no differ-
ence hetween blue and yellow cloth.,

This peculiarity is simply unfortunate for mdst people,
but it may be dangerous if unknowingly possessed by
railway guards or sailors. It probably ariscs cither from
a defec® in the retina, which renders that®orgh unable to
respond tq different kinds of luminous vibrations, and
conscquently insensible to red rays or yellow rays, &c., as
the casc may be, or it may procecd from some unusual
absorptive power of the humours of the eye which pre-
vents particular rays from reaching the retina; or the
fault may lie in the brain itself.

9. The sensation of light may be excited by other
causcs than the impact of the vibrations of the lumi-
niferous ether upon the retina, Thus, an electric shock
sent through the eye, gives rise to the appearance of a
flash of light : and pressure on any part of the retina
produces a lumifious image,; which lasts as lofig as the
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pressure, and is called a ﬁ/tasphene. If the point of the
finger bé pressed upon the outer side of the ball of the
cye, the eyes being shut, a luminous image—which, in my
own casg, is dark in the centre, with a bright ring at the
circumference (or, as Newton described it, like the “eyc”
in a peacock’s tail)—is seen; and this image lasts as
long as the pressure is continucd. Most persons, again,
have experienced the remarkable display of subjective
fireworks which follows a heavy blow upon the cyes, pro-
duced by a fall from a horse, or by other methods well
kndwn to English youth.

It is doubtful, however, whether these effects of pressure,
or shock, really arise from the excitation of the retina
proper, or whether they are not rather the result of the
violence done to the fibres of the optic nerve apart from
the retina.

10. The last paragraph raises a distinction between
the “fibres of the optic nerve” and the “retina” which
may not have been anticipated, but which is of much
importance.

e have seen that the fibres of the optic nerve ramify
[in the inner or anterior fourth of the thickness of the
retina, while the layer of rods and cones forms its outer
or posterior fourth, The light, therefore, must fall first
,upon the fibres of the oEtic nerve, and, only after tra-
versing them, can it reach the rods and cones. Conse-
quently, if the fibrillee of the optic nerve themselves are
capable of being affected by light, the rods and cones
can only be some sort of supplementary optical appa-
ratus. Butein fact, it is the rods and cones whith are
affected by light, while the fibres of the optic nerve are
themselves insensible to it. The evidence on which this
statement rests is—

a. The blind spot is full of nervous fibres, but has no
cones or rods.

4. The yellow spot, where the most acute vision is
situated, is full of close-set cones, but has no nerve
fibres.

¢. If you go into a dark room with a single small
bright, candle, and, looking towards a dark wall, move
the light up and down, close to the outer side of one eye,
soas to allow the light to fall very obliquely into thg eye,
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one of what are called Purktnje's figures is scen. 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-shapeddisk. 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 light falls on the inner face of the rctina,
and the images of the vessels to which it gives rise shift
their 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 vessels,
and the only rctinal structures which lie 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 impression, so there is a
minimum distance by which two points of light falling on
the retina must be separated in order to appear as two.
And this distance corresponds pretty well with the dia-
meter of the concs. .

11. The impact of the ethereal vibrations upon the
sensory expansion, or essential part of the visual appa-
ratus alone, is sufficient to give risc to all those feelzngs,
which we term sensations of Zgh# and of colour, and to
that feeling of oxness which accompanies all visttal sen-
-sation. DBut, if the retina had a simple transparent
covering, the -vibrations radiating from any mumber of
distinct points in the external world would affect all parts
of it equally, and therefore the fecling aroused would be
that of®a generally diffused luminosity. «Thowe Would be
no separate feeling of light for cach separate radiating
point, and hence no correspondence between the visual
sensations and the radiating points which aroused them.

It is obvious that, in order to produce this correspond-
ence, or, in other words, to have distinct vision, the essential
condition is, that distinct luminous points in the external
world shall ba represented by distinct feelings of light.
And since, in order to produce these distinct feelings,
vibrations must impinge on separate rods or cones, it
follows that, for the production of distinct vision, some
apparatus must be interposed between the retina and the
cextergal world, by the action of which, distinct luminous
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points in the latter shall be represented by corresponding
points of 'light on the retina.

In the eye of man and of the higher animals, this acces-
sory apparatus of vision is representéd by structures which,
taken together, act as a biconvex lens, composed of sub-
stances which have a much greater refractive power than
the air by which the eye is surrounded ; and which throw

" upon the retina luminous points, which correspond in
number, and, in one sense, in position, with those luminous
points in the external world from which ethercal vibrations
proceed towards the cye. The luminous yoints thus thrown
upon the retina form a picture of the external world—a pic-
turc being nothing but lights and shadows, or colours, ar-
ranged in such a way as to correspond with the disposition
of the luminous or coloured parts of the object represented.

12. That a biconvex lens is competent to produce a
picture of the external world on a properly arranged

,screen is a fact of which everyone can assure himself by
simple experiments. An ordinary spectacle glass is a trans-
parent body denser than the air, and convex on both sidcs.
If this lens be held at a certain distance from a screen or

Wall in a dark room, and a lighted candle be placed on
the opposite side of it, it will be easy to adjust the distances
of candle, lens, and wall, so that an image of the flame of

Jthe candte, upside down, shall be thrown upon the wall,

The spot on which the image is formed is called a
focts. 1f the candle be now brought nedrer to the lens, the
imageon thewall will enlarge, and grow blurred and dim, but
may be restored to brightness and definition by moving the
lens furthtr fuom the wall, But if, when the ncw aljus:ment
has taken place, the candle be moved away from the lens,
the image will again become confused, and, to restore its
clearness, the lens will have to be brought ncarer the wall.

Thus a convex lens forms a distinct picture of luminous
objects, but only at the focus on the side of the lens oppo-
site to the object ; and that focus is nearer when the object
is distant, and further off when it is near.

_ 13, Suppose, however, that, leaving the candle unmoved,
a lens with more convex surfaces is substituted for the
first, the image will be blurred, and the lens will have to
be méved nearer the wall to give it definition. If, on
the other hand, a lens with less convex surfaces is,sub-
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stituted for the first, it mast bc moved further from the
wall to attain the same end. ot

In other words, other things bcing alike, the more con-
vex the lens the neardt its focus; the less convex, the
further off its focus,

1f the lens were eclastic, pulling it at the circumference
would render it flatter, and thereby lengthen its focus ;
while, when let go again, it would become more convey,
and of shorter focus.

Any material morc refractive than the medium in which
it is placed, if it have a convex surface, causcs 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 failled
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 cir-
cumstances, 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 ramera obscura is a box, into one side of which a lens
is fitted, so as to be able to slide backwards and forwards,
and thus throw on the screen at the back of the Box dis-
tinct images of bodies at various distanccs off. Hence
the arrangement just described might be termed a waler
camera,

14. The intermediate organs, by means of which the
physical agent of vision,light, is enabled to »et®pon the
expansion of the optic nerve, comprise three kinds of
apparatus ® () a “ water camera,” the cyeball ; (5) muscles
for moving the eyeball; () organs for protecting the
cyeball, viz. the cyelids, with their lashes, glands, and
muscles ; the conjunctiva ; and the lachrymal gland and
its ducts,

The eyeball is composed, in the first place, of a tough,
firm, spheroidal case consisting of fibrous or connective
tissue, the greater part of which is white and opaque, and
is called the sclerotic (Fig. 75, 2). In front, however,
this fibrous capsule of the cyc, though it does not change
its esgential character, becomes transparent, and receives

L] Q 4
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the name of the cornea (Figr 75, 1). The corneal por-
tion of the casc 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 bff a scgment from the

(W
1% 75.—*¥or1zonTAL SECTION OF THE EvEBAM. ¢

1, cornea ; 1/, conjunctiva ; 2, sclerotic ; 2/, sheath of optic nerw: ; 3, choroid ;
3", rods and cones of the retina; 4, c:liary muscle ; 4, circular portion of
ciliary muscle ; §; ciliary process ; 6, posterior chamber between 7, the
iris and the suspensory ligament; 7, anterior chamber ; 8, artery of retina
in the centre of the optic nerve ; 8, centre of blind spot ; 87, macula lutea ;
g, ora serrata (this is of course not seen in a section such as this, but is
introduced to show its position) ; 10, space behind the suspensory ligament
(canal of Petit); 12, crystalline lens ; 13, vitreous humour ; 14 marks the

- position of the ciliary ligament ; 4, optic axis (in the actual eye of which
this isan exact copy, the yellow spot hap d, curiously gh, not to be
in the optic axis) ; 4, line of equator of the eyeball.

front of a spheroid of the diameter of the sclerotic, and
replacing this by a segment cut from a smaller, and con-
sequently more convex, spheroid.

.
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15. The cornco-sclerotic amsc of the eye is kept in shape
by what are termed the Anmours—watery or scmi-fluid
substances, one of which, the agueoxs humour (Fig. 75, 7'),
which is hardly more than water holding a few organic
and saline substances in solution, distends thc corneal
chamber of the eye, while the other, the witreous (Fig.
75, 13), which is rather a delicate jelly than a regular
fluid, keeps the sclerotic chamber full.

The two humours are separated by the very beautiful,
transparent, doubly-convex crystalline lens (Fig. 75, 12),
denser, and capable of refracting light more strongly than
cither of the humours. The crystalline lens is composed
of fibres having a somewhat complex arrangement, and is
highly elastic. It is more convex behind thag in front,
and it is kept in place by a delicate, but at the same time
strong and eclastic, membranous framc or swspensory
ligament, which cxtends from the edges of the lens to
what arc termed the ciliary processes of the choroid coat
(Figs. 75, 5, and 76, ¢). In the ordinary condition of ‘the
cye this ligament is kept tense, 7.e. is stretched pretty
tight, and the front part of the lens is consequently
flattened.

16. This choroid coat (Fig. 75, 3) is a highly vascular
membrane, in close contact with the sclerotic externally,
and lincd, internally, by a layer of small polygonalsbodies
containing much pigmentary matter, called pigment cells
(Fig. 74). These pigment cells are separated ,from the
vitreous humour by the retina only. The rods and cones
of the latter are in immediate contact with them. The
choroidylines every part of the sclerotic, cgceptjus where
the optic nerve cnters it at a point below, and to the inner
side of the®centre of the back of the cye ; but when it
rcaches the front part of the*sclerotic, its inner surface
becomes raised up into a number of longitudinal ridges,
with intervening depressions, like the crimped frills of a
lady’s dress, terminating within and in front by rounded
cnds, but passing, externally, into the iris. These ridges,
which when viewed from behind seem to radiate on all
sides from the lens (Figs. 76, ¢, and 75, 5),are the above-
mentioned ciliary processes.

17. The #ris itself (Figs. 75, 7, and 76, a, b) is, as has
been already said, a curtain with a round hole in the

. Q2
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middle, provided with circular and radiating unstriped
muscular fibres, and capable of having its central aperture
cenlarged or diminished by the agtion of these fibres, the
contraction of which, unlike that of other unstriped mus-
cular fibres, is extremely rapid. The cdges of the iris are
firmly connccted with the capsule of the cye, at the junc-
tion of the cornea and sclerotic, by the connective tissuc
which enters into the composition of the so-called ci/iary
ligament. Unstriped muscular fibres, having the same
attachment in front, spread backwards on to the outer
surface of the choroid, constituting the ciliary muscle
(Fig. 75, 4. If these fibres contract, it is obvious that they
will pull the choroid forwards; and as the frame, or
suspensory ligament of the lens, is connected with the

- . * ¢
F16. 76.—View or FronT HALF oF THE KEVEBALL SEEN FROWM BEHIND.
e

a, circular fibres; 4, radiating fibres of the iris ; ¢, ciliary processes ;
d, choroid. The crystalline lens has been removed.

ciliary fprocesscs (which simply form the anterior termina-
tion of the choroid), this pulling forward of the choroid
comes to the same thing as a relaxation of the tension of
that suspensory ligament, which, as I have just said,
like the lens itself, is highly elastic.

The iris does not hang down perpendicularly into the
space betwcen the front face of the crystalline lens and
the posterior surface of the cornea, which is filled by
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L] .
the aqucous humour, but applies itself very closely to the
anterior face of the lens, so that hardly any interval is left
between the two (Figs. 75 and 77).

The retina, as we have seen, lines the interior of the eye,
being placed between the choroid and vitreous humour,
its rods and cones being imbedded in the former, and its
anterior limiting membranc touching the latter.

About a third of the distance back from the front of the
eyc the retina seems to end in a wavy border called the
ora serrata (Kig. 75, 9), and in reality thc nervous -cle-
ments of the retina do end here, having become consider-
ably reduced before this line is reached. Some of the
conncctive tissue elements however pass on asa delicate
kind of membrane at the back of the ciliary processes
towards the crystalline lens.

18. The eycball, thc most important constituents of
which have now been described, is, in principle, & camera
of the kind described above—a water camera. ‘That is to
say, thie sclerotic answers to the box, the cornea to the
watch-glass, the aqucous and vitrcous humours to the
water filling the box, the crystalline to the glass lens, the
introduction of which was imagined. The back of the
box corrcsponds with the retina, .

But further, in an ordinary camera obscura, it is found
desirable to have what is termed a diaphragwme (that is, an
opaque plate with a hole in its centre) in ﬂa path of the
rays, for the purposc of moderating the light and cutting
off the parginal rays which, owing to certain Pkal pro-
perties of spheroidal surfaces, give rise to defects in the
image formaed at the focus.

In the cye, the place of this«<iaphragm is taken by the
iris, which has the peculiar advantage of being self-regu-
lating : dilating its aperture, and admitting more light
when the light is weak ; but contracting its aperture and
admitting less light when the illumination is strong.

19. In the water camera, constructed according to the
description given above, there is the defect that no provi-
sion exists for adjusting the focus to the varying distances
of objects. If the box were so made that its back, on
which the image is supposed to be thrown, received distinct
images® gf very distant objects, all near ones would be
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indistinct. And if, on the other hand, it were fitted to
receive the image of near objects, at a given distance,
those of cither nearer, or more distant, bodies would be
blurred and indistinct. In the ordinary camecra this diffi-
culty is overcome by sliding the lenses in and out, a pro-
cess which is not compatible with the construction of our
water camcra,  But there is clearly one way among many,
in which this adjustment might be cffected--namely, by
changing the glass lens ; putting in a less convex one
When more distant objects had to be pictured, and a more
convex onc when the images of necarcr objects were to be
thrown upon the back of the box.

But it would comc to the samc thing, and be much
more convenient, if, without changing the lens, enc and
the same lens could be made to alter its convexity. This
is what actually is donc in the adjustment of the cye to
distances.

20. The simplest way of cxperimenting on the adjust-
ment of the eye is to stick two stout ncedles upright into
a straight piece of wood, not exactly, but ncarly in the
same straight linc, so that, on applying the eyc to onc cnd
of the picce of wood, onc ncedle (@) shall be seen about
six inches off, and the other () just on onc side of it at
twelve inches’ distance.

If the observer look at the ncedle 4, he will find that
he sces it very distinctly, and without the least sense of
effort ; but the imagc of « is blurred and more or less
double. Now let him try to make this blurred image of
the needls @ distinct, He will find he can dagsg readily
enough, but that the act is accompanied by a sensc of
effort somcwhere in the cye. And in proportion as a
becomes distinct, & will become blurred.  Nor will any
effort enablc him to see ¢ and 4 distinctly at the same
time.

21. Multitudes of explanations have been given of this
remarkable power of adjustment, but it is only within the
last few ycars that the problem has been solved, by the
accurate detcrmination 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 one side of, a person’s
eye, anyone looking into the eye from a proper point of
view, will see three images of the flame, two upsight and
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one inverted. Onc upright figure is reflected from the
front of the cornea, wEich acts as a convex miirror. The
second procecds from the front of thc crystalline lens,
which has the same cffect ; while the inverted image pro-
cecds from the posterior face of the lens, which, being
convex backwards, is, of course, concave forwards, and
acts as a concave mirror.

Supposc 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 cycball 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 their
size or apparent position must change if either the cor-
nea, or the back of the lens, alter either their form or

—

A B

Fia. 77

Illustrates the change in the form of the lens when adjusted®-.1 to distant,
B to near wubjects.

their eposition. But the sccond upright imgee® that re-
flected by the front facc of the lens, does change both its
size and ifs position ; it comes forward and grows smaller,
proving 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. 77. .
These may be regarded as the facts of adjustment with
¥hich all explanations of that process must accord.
hey at once exclude the hypotheses (1) that adjustment
is the result of the coznpression of the ball of thc eye by
its muscles, which would cause a change in the form of
the cornea ; (2) that adjustment results from’a shifting of
the lgns bodily, for its hinder face does not move ; (3) that
it results from the pressure of the iris upon the front face
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)
of the lens, for under these circumstances the hinder face
of the lens would not remain stationary. This last hypo-
thesis is further negatived by the faat that adjustment takes
place equally well when the iris is absent.

Onc other explanation remains, which is, in all proba-
bility, the true one, though not altogether devoid of diffi-
culties. ‘The lens, which is very clastic, is kept habitually
in a statc of tension by the clasticity of its suspcnsory
ligament, and conscquently has a flatter form than it
wonld take if left to itself. If the ciliary muscle contracts,
it must, as has been scen, relax that ligament, and
thereby diminish its clastic tension upon the lens. The
lens, consequently, will become more convex, returning
to its form€r shape when the ciliary muscle ceascs to
contract, and allows the choroid to return to its ordinary

lace.
P If this be the true explanation of adjustment, the sensc
of cffort we feel must arise from the contraction of the
ciliary muscle.

22. Adjustment can take placc only within a certain
range, which admits of great individual variations. As
a rule, no object which is brought within less than
ag-out ten inches of the eye can be scen distinctly without
effort.

But many persons are born with the surface of the
cornea more convex than usual, or with the refractive
powcr of the cye increased in some other way; while,
very generally, as age draws on, the cornea flattens. In
the formgr, case, objects at ordinary distances ar} seen
indistinctly;bccafise these images fall not on the retina,
but in front of it ; while, in the latter, the same indis-
tinctness is the result of tha rays of light striki~g 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.

In the water camera the image brought to a focus on
the screen at the back is Znverted ; the image of a tree for
instance is seen with the roots upwards and the lcaves
artd branches hanging downwards. The right of the
image also corrcsponds with the left of the objegt*and
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vice versd, Exactly the"same thing takes place in the
eyg with the image focussed on the retinas It too is
inverted. (See Lessop X. § 11.)

_23. The muscles which move the cyeball are altogether
six in number—four straight muscles, or rectZ, and two
oblique muscles, the 0bligui (Fig. 78). The straight mus-
cles are attached to the back of the orbit, round the edges
of the hole through which the optic nerve passes, and
run straight forward to their insertions into the sclerotic—
onc, the superior recius, in the middle line above ; ene,

FiG. 78.

A, the muscles of the right eyeball viewed from above, and B of the lcft
eyeball viewed from the outer side ; .R. the superior rectus; /x/. R. the
inferior rectus ; £.R., /n K. the external rectus ; 8 (%6, the superior oblique :
Inf.08thc inferior obliqu= ; CZ, the chiasina of thesoptic #Wes (/7.); 717
the third nerve which supplies all the muscles except the superior oblique and
the external®ectus.

*
the Znferior, opposite it below; and one half-way on
each side, the external and infernal recti. The eyeball
is completely imbedded in fat bechind and laterally ; and
thesc muscles turn it as on a cushion ; the superior rectus
inclining the axis of the eye upwards, the inferior down-
wards, the external outwards, the internal inwards.

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 attachmént
towdrds the inner side of the orbit—the lower, because
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it arises here ; the upper, because, though it arises along:
with the recti from the back of the orbit, yct, 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 complicated, but their general tendency is to
roll the cycball on its axis, and pull it a little forward
and inward.

24. The eyelids arc folds of skin containing thin plates
of cartilage, and fringed at their cdges with hairs, the eye-
lashes, and with a series of small glands called Meibomian.

e gy,

The front view of the rig' t eye dissected to show, Ord., the orbicular
muscle of the eyelids ; the pulley and insertion of the superior obliyueg $.06.,
and the inferi€” Jdique,, /2£.06.; L.G. the lachrymal gland. .

Circularly disposcd fibres of striped muscle lie beneath
the integuments of the cyelids, and constitute the oréi-
cularis muscle which shuts them. The ulpper cyelid
is raised by a special muscle, the Jewazor of the upper
lid, which arises at the back of the orbit and runs
forwards to end in the lid.

The lower lid has no special depressor.

25. At the edge of the cyelids the integument becomes
continuous with a delicate, vascular, and highly nervous
mucous membrane, the conjunctiva, which lincs the
intdrior of the lids and the front of the eycball, its
epithelial layer being even continued over the cernea.
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‘The numerous small ducts of a gland whicle is lodged
in the orbit, on the outer side of the ball (Fig. 79, L.G.),
the lackrymal gland constantly pour its watcry sccretion
into the interspace between the conjunctiva lining the
upper eyclid and that covering the hall. On the inner side
of the eyc is a reddish fold, the caruncula lachrymalis,
a sort of rudiment of that third cyclid which is to be
found in many animals, Above and below, closc to
the caruncula, the cdge of cach eyclid presents a minute
aperture (the punctum lachrymale), the opening of a

FiG. 8o.

A front view of the left eye, with the eyelids partially dissected to show
lachrymal gland, Z.G., and lachrymal duct, L.D,

small canal. The canals from above and Bclow con-
verge and epen into the Jackrymal sac; the upper blind
end of a duct (Z.0., Fig. 80) which passes down from
the orbit to the nosc, opening below the inferior tur-
binal bone (Fig. 40, 4). It is through this system of]
carmls that the conjunctival mucouss mer.#fane is con-
tinuous_with that of the nose; and it is by them that
the secretion of the lachrymal canal is ordinarily carried
away as fast as it forms.

But, under certain circumstances, as when the con-
junctiva is irritated by pungent vapours, or when painful
emotions arise in the mind, the secretion of the lachryma)
gland cxceeds the drainage power of the lachrymal duct,
and the fluid, accumulating between the lids, at length
overflows in the form of tears,
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LESSON X,
THE COALESCENCE OF SENSATIONS WITH ONE
ANOTHER AND WITH OTHER STATES OF CON-
SCIOUSNESS.

1. IN cxplaining the functions of the scnsory organs,
I havc hitherto confined Myself to describing the means
by which the physical agent of a sensation is cnabled
to irritatc a given sensory nerve; and to giving some
account of the simple sensations which are thus cvolved.

Simple sensations of this kind are such as might be

, produced by the irritation of a single ncrve-fibre, or of
several nerve-fibres by the same agent. Such arc the
sensations, of contact, of warmth, of sweectness, of an
odaur, of a musical note, of whitencss, or redness.

But very few of our sensations arc thus simple. Most
of even those which we are in the habit of rcgarding
‘as simple, are really compounds of different scnsa&ions,
vor of scnsgtions with ideas, or with judgments. = For
*example, in” fiic pfeceding cascs, it is very difficult to
separate the sensation of contact from the judgment that

' something is touching us ; of swcetness, from the idea of
something in the mouth; of sound or light, from the
judgment that something outs'de us s shining, or sounding.

2. The sensations of smell are those which are least
complicated by accessories of this sort. Thus, particles
of musk diffuse themselves with great rapidity through
the nasal passages, and give rise to thce sensation of
a powerful odour. But beyond a broad notion that
the odour is in the nose, this sensation is unaccompanied
by any ideas of locality and direction. Still less does
it give rise to any conception of form, or size, or fqgrte,
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or of succession, or cdntemporaneity. If a man had
no other sense than that of smell, and musk were the
only odorous body, hc could have no scnse of ousness—
no. power of distinguishing between the external world
and himself.

3. Contrast this with what may scem to be the equally
simple secnsation obtained by drawing the finger along
the table, the cyes being shut. This act gives one the
sensation of a flat, hard surface outside oncsclf, which
appears to be just as simplc as the odour of musk, but
is really a complex state of fecling compounded of—

(@) Pure sensations of contact.

(¢) 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.

(¢) ldeas of the order in which these pure scnsations®
succeed one another. .

() Comparisons of these sensations and their otder,
with the recollection of like sensations similarly arranged,
which have been obtained on previous occasions.

(¢) Recollections of the impressions of extension, flat-
ncss, &c. made on the organ of vision when these pre,
vious tactile and muscular sensations were obtained.

Thus, in this case, the only pure sensations are those
of contact and muscular action, The grcatlr part of
what we call the sensation is a complex mass of present
and rccollected ideas and judgments, .

4. Should any doubt remain that we do thus mix up
our sensations with our judgments into one indistinguish-o
able® whole, shut the eyes as before, ar.#*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 surfacc will be just as
clear as before ; 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 entircly a judgment based upon what the
muscular sense tells us is going on in certain muscles.

A still more striking case of the tenacity with which
we adhere’ to complex judgments, which we conceive
to be pure s8nsations, and arc unable to analysc otherwise
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than by a process of abstract teasoning, is afforded by
our sensc bf roundness.

Anyone taking a marble between two fingers will say
that he feels it to be a single round body; and he will
probably be as much at a loss to answer the question
how he knows that it s 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 simple experiment. If the
indéx 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 onc. Even looking at the
marble, and seeing that there is only one, docs not
weaken the apparent proof derived from touch that
there are two.! .

The fact is, that our notions of singleness and round-
ness arc, really, highly complex judgments based upon
a few. simple sensations; and when the ordinary con-
ditions of those judgments are reversed, the judgment
.is also reversed.

With the index and the middle fingers in their ordinary
position, it is of course impossible that the outer sides
of cach should touch opposite surfaces of onc spheroidal
body. If, in thc natural and usual position of the
fingers, their outer surfaces simultaneously give us the
impression of a spheroid (which itself is a complex
judgment), it is in the nature of things that ther® must
be two sffueoidsc DBut, when the fingers are crissed
over the marble, the outer side of each finger,is really
in contact with a spheroid ; and the mind, taking no
cognizance of the crosiing, judges in accordance with
its universal expcrience, that two spheroids, and not
ong, give rise to the sensations which are perceived.

5. Phenomcna of this kind are not uncommonly called
delusions of the senses; but there is no such thing as
a ﬁgtitious, or delusive, sensation. A sensation must

* 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
a‘bsuriiity of the conviction, the mind cannot expel it, so long as the sensa-
tions last.
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cxist to be a scnsation, and, if it exists, it is real and
not delusive. But the judgments we form respecting
the causes and conditions of the sensations of which
we are awarc, arc very often erroncous and delusive
cnough ; and such judgments may be brought about
in the domain of every sense, cither by artificial
combinations of sensations, or by the influence of unusual
conditions of the body itself. The latter give risc to
what arc called subjective sensations.

Mankind would gc subject to fewer delusions than they
arc, if they constantly bore in mind their liability to fAlse
judgments duc to unusual combinations, either artificial
or natural, of true scnsations. Men say, “I felt,” “1
heard,” “I saw” such and such a thing, whea, in nincty-
nine cases out of a hundred, what they really mean is,
that they judge that certain sensations of touch, hearing,
or sight, of which they were cowscious, 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 circulation of the sensory
organs of smell and tastc. .

Many persons are liable to what may be called ewdiZory
spectra—music of various degrees of complexity sounding
in their cars, without any external cause, while they are
wide awake. 1 know not if other persons are similarly
troublpd, but in reading books written, by niesons with
whom I am acquainted, I am sometimes tormented by
hcaring th® words pronounced in the exact way in which
these persons woulg utter thém, any trick or peculiarity of
voice, or gesture, being, also, very accurately reproduced.
And I suppose that everyone must have been startled, at
times, by tge extreme distinctness with which his thoughts
have embodied themselves in apparent voices.

The most wonderful exemplifications of subjective sen-
sation, however, are afforded by the organ of sight. *

Anyone who has witnessed the sufferings of a man
labouring under delirium tremens (a discase produced by
excessive drinking), from the marvellous distinctness of
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his visions, which sometimes take the forms of devils,
sometimés of .creeping animals, but almost always of
something fcarful or loathsome, will not doubt the inten-
sity of subjective sensations in thet domain of vision.

7. But that illusive visions of great distinctness should
appear, it is not nccessary for the nervous system to be
thus obviously deranged. Pcople in the full possession of
their faculties, and of high intclligence, may be subject to
such appearances, for which no distinct cause can be
assigned. An exccllent illustration of this is the famous
cage of Mrs. A. given by Sir David Brewster, in his
* Natural Magic.” (Sece Appendix.)

It should be mentioned that Mrs. A. was naturally a
person of vary vivid imagination, and that, at the time the
most notable of thesc illusions appeared, her hcalth 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 excellently authenticated
kind. And the particular value of her history lies in its
showing, that the clcarest tcstimony of the most un-
impeachable witncss 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 cyes as to the existence of the apparitions,
and of her ears to those of the voices, was, in itsclf, as
Kerfectly trustworthy as their cvidence would have been

ad the objects really existed. I‘or there can be no doubt
that exact{y those parts of her retina which woul® have
been affeswrd 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 those organs of sense are 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 affec-
tion’ they really say nothing, but leave the mind to form
its®wn 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 hgr senses.”

3



x.) DELUSIONS OF TIIE FUDGMENT. 241

8. The dclusions of the judgment, produced not by
abnormal conditions of the body, but by-:unusual or
artificial combinations of sensations, or by suggestions of
dcas, arc exceedingly numcrous, and, occasionally are
aot a little remarkable.

Some of those which arise out of the sensation of
touch have already bcen noted. I do not know of any
produced through smell or taste, but hearing is a fertile
source of such errors.

What is called veniriloguism (spcaking from the belly),
and is not uncommonly ascribed to a mystcrious power
of producing voice somewhere elsc than in the larynx,
depends entirely upon the accuracy with which the per-
former can simulate sounds of a particular ch8racter, and
upon the skill with which he can suggest a belief in the
existence of the causes of these sounds. Thus, if the
ventriloquist desire to create the Bclief that a voice issues
from the bowels of the earth, he imitates with great
accuracy-the tones of such a half-stifled voice, and sug-
gests the cxistence of somc onc uttering it by directing
his answers and gesturcs towards the ground. These
gestures and tones arc such as would be produced by a
given cause; and no other cause being apparent, the
mind of the bystander inscnsibly judges the syggested
cause to cxist.

9. The delusions of the judgment through the sense of
sight—optical delusions, as they are called—are more
numerous than any others, becausc such a great number
of what we think to be simple visual sensations are really
very cgmplex aggregates of visual schsativfis, tactile
scnsat.ons, judgments, and recollections of former sensa-
tions and judgments. .

1t will be instructive to analyse some of these judgments
into their principles, and to explain the delusions by the
application of these principles.

10, When an external body is felt by the touch to be in a
Liven place, the image of that body falls 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 ;’gf
the centre of the eye. This straight line is called the
OPTIC AXIS.

Conyersely, when any part of the surface of the relina
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is excited, the luminous sensation is referred by the mind
Lo some fpoint oulside the body, in the direction of the
aptic axis.

It is for this reason that when a, phosphenc is created
by pressure, say on the outer and lower side of the eye-
ball, thc luminous image appears to lic above, and to the
inner side of, the eye. Any external object which could
produce the sensc of light in the part of the retina pressed
upon must, owing to the inversion of the rctinal images
(see Lesson IX. §23), in fact occupy this position ; and
hence the mind refers the light secen to an object in that
position.

11. The same kind of explanation is applicable to the
apparent paradox that, while all the pictures of external
objects arc certainly inverted on the retina by the refract-
ing media of the eyc, we ncvertheless scc them upright.
It is difficult to understand this, until one reflects that the
retina: has, in itself, no means 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 coincident
tactile impressions. In other words, when ore part of the
retina is affected, the object causing the affection is found
to’be negr 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 scveral impressions on the retina are called
right, left, upper, lower, quite irrespectively of thgir real
positions, of which the mind has, and can have, no
cognizance, ‘ (3

12. When an external body is ascertained by touck to
be simple, it forms but one ineage on the retina of a single
eye,; and when two or more tinages fall on the retina of
a single eye, they ordinarily froa:ed from a corresponding
number of bodies whickh are distinct lo the touch.

Conversely, the sensation of two or more images is
Judged by the mind to proceed from two or more objects.

If two pin-holes be made in a picce of cardboard at a
distance lcss 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 holes, two images of the
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head of the pin will be scen. The reason of this is, that
the rays of light from the head of the pin arc split by the
card into two minute pencils, which pass into the eye on
either side of its centre, and cannot be united again and
brought to one focus on account of the necarness of the
pin to the eyc. Hence they fall on different parts of the
rctina, and each pencil of rays, being very small, makes a
tolerably distinct image of its own of the pin’s head 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 instcad of one. A like exbla-
nation applics to multi{lying glasses and doubly refract-
ing crystals, both of which, in their own ways, split the
pencils of light proceeding from a single object into two
or more scparate bundles. These give risc to as many
images, each of which is referred by the mind to a distinct
external object. .

13. Certainvisual phenomena ordinarily accompany those
products of lactile sensation to whick 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 object ;
while t)zlat covered by a near object s larger than that
covered by a distinct object; and, other conditions being
alike, a near object is more brilliant than a distant one.
Furthermore, the shadows of objects differ with the forms
of their surfaces, as determined by touch. .

Conwversely, if these visual sensations can be produced,
they inevitably suggest a belief in the existence of objects
compelent Lo produce the corresponding tgctile = nsations.

What is called perz(edim, whether solid or aérial, in
drawing, or painting, depends on the application of thesc
principles. 1t is 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 size,
relative form, and intensity of colour of those which would
actually 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 pro-
duced by the objects represented.

14. To most persons the image of a pin, at five or six

R 2 ‘
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inches from the cye, appears blurted and indistinct—the eye
not being ‘capable of adjustment to so short afocus. If a
small hole be madc in a picce of card, the circumferential
rays which cause the blur are cit off, and thc image
becomes distinct. ‘But at the same time it is magnified,
or looks bigger, because the image of the pin, in spite of
the loss of the circumferential rays, occupies a much
larger cxtent 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.

15. The moon, or the sun, when near the horizon appear
very much larger than they arc when high in the sky.
When in the latter position, in fact, we have nothing to
comparc them with, and the small extent of the retina
which their images occupy suggests small absolute size.
But as they sct, we sce 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;
datk, or in shadow ; while a concavity is shaded on the
side towacds the light, bright on the opposite side.

If a new half-crown, or a medal with a well-raised head
upon its face, be lighted sideways by a candle, we at once
know the head to be raised (or a cameo) by the dispgsition
of the light and shade; and if an Znfaglio, or medal on

~ which thc &ead is hollowed out, be lighted in the came
way, its nature is as rcadily judged by the cye.

But now, if either of the objects thus lighted be viewed
with a convex lens, which invetts its position, the light and
dark sides will be reversed. With the reversal the judg-
ment 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 and its shadow,
buing reversed by the lens, will suggest that the direction
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of the light is also rever:sed, and the medals will scem to
be what they really are. :

17. Whenever an external object is watched rapidly
changing its form, a continnous serics of different pictures
of the object is impressed upon the same spot of lhe retina.

Conwersely, if a continuous series of different pictures of
one object is impressed upon one part of the relina, the
mind judges that they are due lo a single external object,
undergoing changes of form.

This is the principle of the curious toy called the fkax-
maltrope, or ‘‘ zootrope,” or “ wheel of life,” by the help’ of
which, on looking through a hole, one sees images of
jugglers throwing up and catching balls, or boys playing
at leapfrog over one another’s backs. This is managed
by pamnting at intervals, on a disk of card, figures and |
jugglers in the attitudes of throwing, waiting to catch, and
catching ; or boys “giving a batk,” leaping, and coming
into position after leaping. The disk is then made to
rotatc beforc an opening, so that cach image shall be pre-
sented for an instant, and follow its predecessor before the
impression of the latter has died away. The result is that
the succession of different pictures irresistibly suggests *
one or more objects undergoing successive changes —the
juggler scems to throw the balls, and the boys gppear to
jump over one another’s backs.

18. When an external object is ascertained, by touch to
be single, the centres of its vetinal images in the two eyes
[l upon the cenlres of the yellow spots of the two eyes,
when both eyes are directed towards it; but if there be
two @xternal objects, the centres of doth their images
cannot jfojl, at the same time, upon the centres of the
yellow spots. ,

Conversely, when the centres of two images, formed
simultaneously in the two eyes, fall upon the centres of
the yellow spols, the mind judges the images to be caused
by a single external object; but if not, by two.

This seems to be the only admissible explanation of the
facts, that an objec¢t which appears single to the touch and
when viewed with one eyc, also appears single when it is
viewed with both eyes, though two images of it arc neces-
sarily formed ; and on the other hand, that when the
centves of the two images of one object do not fall on the
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centres of the yellow spots, both images are scen sepa-
rately, and we have double vision, In squinting, the axes
of the two eyes do not cenverge cqsally towards the object
viewed. In consequence of this, when the centre of the
imagc formed by one eye falls on the centre of the yellow
spot, the corresponding part of that formed by the other
eye does not, and double vision is the result.

. *For simplicity’s sake we have supposed the images to

1 on the centre of the yellow spot. But though vision is
distinct only in the yellow spot, it is not absolutely limited
to it ; and it is quite possible for an object to be seen as a
single object with two eycs, though its images fall on the
two retinas,outside the yellow spots. All that is neces-
sary is that the two spots of the retinas on which the images
fall should be similarly disposed towards the centres of
their respective yellow spots. Any two points of the two
retinas thus similarly disposed towards their respective
yellow spots (or more exactly to the points in which the
optic axes end), are spoken of as corresponding points;
and any two images covering two corresponding areas
are conccived of as coming from a single object. It is
obvious that the inner (or nasal)side of one retina corre-
Sponds to the outer (or cheek) side of the other.

19. Im single vision with two eyes, the axes of the two
eyes, of the movements of which 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 of.

Conversely, iff without changing the posilian of an
object, theegxes ;f the two eyes whick view it can be made
20 converge or diverge, the object will seem to approach or
£o further off. ‘

In the instrument calledsthe psendoscope, mirrors or
prisms are disposed in such a manncr that the angle at
which rays of light from an object enter the two eyes, can
be altered without any change in the object Itself ; and
consequently the axes of these cyes are made to converge or
diverge, Intheformer case the object seems to approach;
in the latter, to recede.

20, When a body of moderate size, ascertained by touch
to be solid, is viewed with both eyes, the images of i,
Jormed by the two eyes, are necessarily different (one
showing more of ils vight side, the other of ils left side).
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Nevertheless, they coalesce into a common image, which
grves the impression of solidity. '

Conversely, if the Ywo images of the right and loft
aspects of a solid body be made to fall upon the retinas of
the two eyes in such a way as lo coalesce into a comnon
image, they are judged by the mind to procecd from the
single solid body which alone, under ordinary circum-
stances, is competent to produce them.

The stereoscope is constructed upon this principle.
Whatever its form, it is so contrived as to throw®the
in.ages of two pictures of a solid body, such as would be
obtained by the right and left ey¢ of a spectator, on to
such parts of the retinas of the person who uses the
stereoscope as would receive these images, if they really
proceeded from one solid body. The mind immediately
judges them to arise from a singlg external solid 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 eycs i exactly comparable to that which
takes place when, on holding a marble between the finger
and thumb, we at once declare it to be a single sphere
(§ 4). ‘That which is absolutcly presented to the mind by
the scnse of touch in this case is by no means the sensa-
tion of one sphcroidal body, but two distinct semsations of
two convex.surfaces. That these two distinct convexities
belong to one sphere, is an act of judgment, or process of
unconscious rcasoning, based ufpon many particulars of
past and present experience, of which we have, at the
momgnt, no distinct consciousness. . .
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LESSON XI.

THE NERVOUS SYSTEM AND INNERVATION.

1. THE sensory organs are, as we have seen, the chan-
nels through which particular physical agents are enabled
to excite the scnsory nerves with which these organs arc
connected ; and the activity of these nerves is evidenced
by that of the central organ of the nervous system, which
activity becomes manifest as a state of consciousness—
_the sensation,

We have also seen that the muscles are instruments by
which a motor nerve, excited .by the central organ with
which it is connected, is able to produce motion.

The sensory nerves, the motor nerves, and the central
organ, constitute the greater part of the nervous system,
which, with its function of iunervation, we must now study
somewhat more closely, and as a whole,

2. The nervous apparatus consists of two sets of nerves
and nerveseentreg, which are intimately connected toether
and yet may be conveniently studied apart, ¢ These are
the cerebro-spinal system and the .gym,éatlzefic system.
The former consists of the cérebro-spinal axis (composed
of the brain and spinal cord) and the cerebral and spinal
nerves, which are connected with this axis. The latter
com];rises the chain of sympathetic ganglia, the nerves
which they give off, and the nervous cords by which they
arc connected with one another and with the cerebro-
spinal nerves.

Nerves are made up entirely of nerve-fibres, the struc-
ture of which is somewhat different in the cerebro-spinal
and in the sympathetic systems, (See Lesson XII,§ 16.)
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Nerve-centres, on the otlier hand, are composeq of zerve-
cells or ganglionic corpuscles, mingled with nerve-fibres
(Lesson X1I.,§ 16). Such cclls, or corpuscles, are found in
various parts of the brain and spinal cord, in the sympa-
thetic ganglia, and also in the gangiia belonging to spinal
nerves as well as in certain sensory organs, such as the
retina and the internal ear.

3. The cerebro-spinal axis lies in the cavity of the skull
and spinal column, the bony walls of which cavity are
lined by a very tough fibrous membrane, serving as the
periostcum of the componcent bones of this region, and
called the dura mater. The brain,and spinal cord them-
selves 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 ti€sue®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 tissuc, l'meg.‘
by an epithelium, which is called the arac/noid membrané,
Thus one layer of arachnoid coats the brain and spinal »
cord, and another lines the dura mater. As these layers
become continuous with one another at various points, the
arachnoid forms a sort of shut sac, like the perzcardizm,;
and, in common with other serous membranes, it secretes
a fluid, the arachnoid finid, into its interior. * The inter-
space between the internal and external layers of the
arachnoid of the brain is, for the most part, very small; s
thatdyetween the corresponding layers of the arachnoid of
the spina) cord is larger.

4. The spinal cord (Fig, 81) is a column of greyish-
white soft substance, extending from the top of the spinal
canal, where it is continuous with the brain, to about the
seccond lumbar vertebra, where it tapers off into a filament,
A deep fissure, the anterior fissure (Fig. 82, 1), divides it
in the middle linc in frorit, ncarly down to its centre : and
a similar cleft, the posterior ‘{i.rmre (Fig. 82, 2), also ex-
tends nearly to its centre in the middle line behind. The
pia mater extends into each of these fissures, and supports
the vessels which supply the cord with blood. In conse-
quence of the presence of these fissures, only a narrow
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bridge of the substance of the cord connects its two
halves, and this bridge is traversed throughout its entire
length by a minute canal, the cetitral canal of the cord
(Fig. 82, 3) o

Each half of the cord is divided longitudinally into three
equal parts, the anterior, lateral, and postcrior columns
(Fig. 82, 6,7, 8), by the lines of attachinent of two parallel
serics of dclicate bundles of ncrvous 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

w FiG. 81.—THE SpiNaL Corp.

A. A front view of a portion of the cord. On the right side, the anterio
roots, A.R., are entire ; on the left side they are cut, to show the pos-
terior roots, /. R.

B. A transverse section of the cord. A, the anterior fissure ; £, the posterior
fissure ; @, the central canal; C, the grey matter ; 1/, the white matter ;
A.R., the anterior'root, £.R., the posterior root, Gn. the ganglion, and

’ 7, the trunk, of a spinal nerve.

cord .are called posterior roots.; thosc which arisc along
the other line are the anterior roots. A certain pumber
o. anteriorand pqsterior roots, on the same level on, cach
side of the cord, converge and form anterior and posterior
hundles, and then the two bundles, anterior and postcrior,
coalesce into the trunk of a spinal nerve ; but before doing
so, the posterior bundle presents an enlargement—~Z4e
ganglion of the posterior root.
e trunks of the spinal nerves pass out of the spinal
. canal by apertures between the vertebrzae, called the znfer-
vertebral foramina, and then divide and subdivide, their
ultimate ramifications going for the most part 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.
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5- A transverse section of the cord (Fig. 81, By and Fig,
82) shows that cach half contains two substances—a white
substance on the outside, and a greyish red substance in

2
—

i

F1G. 82, —~TRANSVERSE SECTION OF ONE-HALF OF THE SPINAL Corp (IN
R THE LUMBAR REGION), MAGNIFIED.

1, anterior fissure ; 2, posterior fissure ; 3, central canal; 4 and s, bridges
connecting the two halves (posterior and anterior commissures): 6, poste-
rior column; 7, lateral column; 8, anterior colimn; ¢, posterior root ;
10, anterior r:ot of ?erve. ter or h . e

a, a, posterior horn of grey matter; ¢, ¢, ¢, anterior horn of grey matter.
Tfu-ough the several columns 6, 7, and 8, eac posed of white "y
are seen the prolongations of the pia mater, which carry blood-vessels
inte the os‘d &om the outside. The pia mater itself is seen over the whole

col
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the interior. And this grey matter, as it is called, is so
disposed that, in a transverse section, it looks something
lke a crescent, with one end bigger than the other, and
with the concave side turned outwards. The two ends of
the crescents arc called its forns or cornua (Fig. 82, ¢¢),
the one directed. forwards being the anterior cornu, the
one turned backwards the pgosterior cornu (Fig. 82, aa).
The convex sides of the cornua of the grey matter approach
one another, and are joined by the bridge which contains
the_central canal.

here is a fundamental difference in structure between
the grey and the white matter. The whitc matter consists -
cntircly of nerve-fibres supported in a delicate framework -
of connective tissue, and accompanied by blood-vessels.
Most of these fibres run lengthways in the cord, and con-
sequently, in a transverse section, the white matter is really
composcc{ of a multitude of the cut ends of these fibres.

The grey matter, on the othet hand, contains in addi-
tion, a number of nerve-cells or ganglionic corpuscles,

-some of them of considerable size. These cells are wholly
absent in the white matter.

Many of the nerve-fibres of which the antcrior roots are
composed may be traced into the anterior cornu, while
those of the posterior roots enter the posterior cornu,

6. Thé¢ physiological properties of the organs now de-
scribed are very remarkable.

If the Zrimnk of a spinal nerve be irritated in any way, as
by pinching, cutting, galvanizing, or applying a hot body,
two things happen : in’ the first place, all, the muscles to

., which filaments of this nerve are distributed, coggratt ; in
the second, acute pain is felt, and the pain is neferred to
that part of the skin to which, fibres of the nerve are dis-
tributed. 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 described will follow upon irritation of
any part of the dranches of the 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
these effects will follow upon irritation of any part of a
nerve from its smallest branches up to the point of it
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trunk, at which the anteridr and posterior bundlgs of root
fibres unitc. .

7. If the anterior bupdle of root fibres be irritated in the
same way, only half the previous cffects are brought about.
That is to say, all the muscles to which the nerve is dis-
tributed contract, but no pain is felt.

So again if the posterior, ganglionated bundle be irri-
tated, only half the effects of irritating the whole trunk is
produced. But it is the other half; that is to say, nonc
of the muscles to which the nerve is distributed contract,
but intensc pain is referred to the whole area of skin

. to which the fibres of the nerve are distributed.

8. It is clcar enough, from these experiments, that all
the power of causing muscular contraction wifich a spinal
nerve possesscs, is lodged in the fibres which compose its
anterior roots ; and all the power of giving risc to sensa-
tion, in thosc of its postcrior rogts. Hence the anterior
roots are commonly called smofor, 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 loses all control over the muscles to
which that nerve is distributed, though the sensibility of
the region of the skin supplicd by the nerve is perfect.
If the posterior roots be cut, sensation is lost, arfd volun-
tary movement remains,  But if both roots be cut, neither
voluntary movement nor sensibility is any longet possessed
by the part supplicd by the nerve. The muscles are said
to be paralysed, and the skin may be cut, or burnt, with-
out a@y sensation being excited. ’ g

If, when both roots are cut, that end of the motor root
which remains connected with the trunk of the nerve be
irritated, the muscles contrhct; while, if the other end
be so trcated, no apparent effect results. On the other
hand, if the end of the sensory root connected with the
trunk of the nerve be irritated, no apparent effect is pro-
duced, while, if the end connected with the cord be thus
served, violent pain immediately follows.

When no apparent effect follows upon the irritation of
any nerve, it 1s not probable that the molecules of the
nerve remain unchanged. On the contrary, it would
appear that the same change occurs in all cases; but a
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motor nerve is connccted with nothing that can make that
change apparent save a muscle: and a scnsory nerve
with nothing that can show an effect but the central
nervous system. °

9. It will be observed that in all the cxperiments men-
tioned therc is cvidence that, when & nerve is irritated, a
something, probably a change in the arrangement of its
molecules, is propagated along the nerve-fibres. If a
motor or a sensory ncrve be irritated at any point, con-
traction in the muscle, or sensation in the central organ,
immiediately follows. DBut if the nerve be cut, or cven
tightly tied at any point between the part irritated and
the muscle or central organ, the effect at once ceases, just
as cutting a_tclegraph wire stops the transmission of the
electric current or impulse. When a limb, as we say,
“ goes to slecp,” it is because the nerves supplying 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 qfferent; 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 de-
fote the two great classes of nerves ; for, as we shall find
(§ 12), there arc afferent nerves which are not sensory in
the sense of giving rise to a changc of consciousness, or
sensation, while therc arc efferent nerves which are not
motor, in the scnse of inducing muscular comwaction,
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 distributed. The pneu-
mogastric when it stops thc beat of the heart cannot be
called a motor, and yct is then acting as an efferent nerve,

t Their “‘nervous continuitr "—because their physical continuity is not
interrupted as a wholc, but only that of the substance which acts as a con-
ductor of the nervops influence ; or, 1t may 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 i helps t) make
the nervous phenomena intelligible. .
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It will, of course, be understood, as pointed out above,
that thc use of these words does not imply that when a
nerve is irritated in the middle of its length, the impulses
sct up by that irritation travel only away from the central
organ if the nerve be efferent, and towards if it be afferent.
On the contrary, we have cvidence that in both cascs the
impulses travel both ways.  All that is meant is this, that
the afferent nerve from the disposition of its two ends, in
the skin, &c. and in the central organ, is of use only when
impulses are travelling along it towards the central organ,
and similarly the efferent nerve is of use only when Im-
pulscs are travelling along it, away from the central organ.

10. There is no difference in stnicture, in ch¢mical or
in physical character, between afferent and effarent nerves.
The impulsc which travels along them requires a certain
time for its propagation, and is vastly slower than many
other forces — cven slower than sqund.

11. Up to this point our experiments have been confined
to the nerves. Wec may now test the propertics 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 parts
supplicd by nerves whith come off be'ow the section, will
be insensible, and no cffort of the will can make them
move ; while all the parts above the section will retain
their ordinary powers. °

When a man hurts his back by an accident, the cord is
not unfrequently so damaged as to be virtually 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
cnd of the portion below the division, or away from the
brain, be iritated, violent movements of all the muscles
supplicd by ncrves given off from the lower part of the
cord take place, but there is no sensation. On the other
hand, if that part of the cord, which is still connected with
the brain, or better, if any afferent nerve connccted with
that part of the cord be irritated, great pain ensucs, as is
shown by the movements of the animal, but in these
movements the muscles supplied by nerves coming from
the spinal cord below thc cut take no part ; they remain
perfectly quiet. )

12, Thus, it may be said that, in relation to the brain



256 ELEMENTARY PHYSIOLOGY. [LESS.

the cord i5 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 conncction with the cord,
an irritation of the skin to which the scnsory fibres of that
n&rve are distributed, produces ncither motor nor sensory
effect.

But if the cord be cut through anywhere so as to sever
its connection with the brain, irritation applied to the skin
of the parts supplied with sensory ncrves from the part of
the cord below the scction, though it gives rise to no sen-
sation, may producc violent motion of the parts supplied
with motor ncrves front the same part of the cord.

Thus, in the case supposed above, of a man whose legs
are paralysed and indensible from spinal injury, tickling
the soles of the feet will causo the legs to kick out convul-
sively. And as a broad fact, it may be said that, so long
as both roots of the spinal ncrves remain connected with ©
the cord, irritation of any afferent nerve is compctent to
give rise to excitement of some, or the whole, of the efferent
nerves so connected. .

If the cord be cut across a second time at any distance
below the first section, the efferent nerves below the second
cut will no longer be affected by irritation of the afferent
nerves alove it—but only of those below the second scc-
tion. Or, in other words, in order that an afferent impulse

Anay be converted into an efferent onc by the spinal cord,
the afferent nerve must be in uninterrupted material com-
munication with the éfferent’ nerve, by means of the sub-
“stance of the spinal cord.

This peculiar power of the cord, by which if is'com-
petent to convert afferent into cfferent impulsgs, is that
which distinguishes it physiologically, as a central organ,
from a ncrve, and is called reflex action. -1t is a power
possessed by the grey matter, and not by the white sub-
stance of the cord. .

13. The number of the cfferent nerves which may be ex-
cited by the reflex action of the cord, is not regulated alone
by the number of the affercnt nerves which are stimulated
by the irritation which givcs risc to the reflex action. Nor
does a simple excitation of the afferent nerve by any means
necessarily imply a corresponding simplicity in the ar-
rangement and succession of the reflected motor imptlses.
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Tickling the sole of the fodt 15 a very simple excitation of
the afferent fibres of its nerves ; but in order to® produce
the muscular actions by which the legs are drawn up, a.
great multitude of efferent fibres must act in regulated
combination. In fact, in a multitude of cascs, a reflex
action is to be regarded rather as an order given by an
affcrent nerve to the cord, and executed by it, than as a
mere rebound of the afferent impulse into the first cfferent
channcls open to it.’

The various characters of these reflex actions may be
very convcniently studicd in the frog. If a frog be deca-
pitated, or, better still, if the spinal cord be divided close to
the head and the brain be destroyed by passing a blunt
wire into the cavity of the skull, the animal 4s thus de-
prived (by an operation which, being almost instantaneous,
can give rise to very little pain) of all consciousness and
volition, and yet the spinal cord is left intact. At first the
animal is quite flaccid and apparently dead, no movement
of any part of the body (cxcept the beating of the heart)
being visible. This condition, however, bcing the result
merely of the so-called shock of the operation, very soon
passes off; and then the following facts may be observed.

So long as the animal is untouched, so long as no
stimulus is brought to Lear upon it, no movement of any
kind takes place—volition is wholly absent. v

If, however, one of the tocs be gently pinched, the leg
is immediately drawn up close to the body.  ~

If the skin between the thighs around the anus be
pinched, the legs are suddenly drawn up and thrust out
againyiolently. N

If the flank be very gently stroked, there is simply a
twitching fhovement of the muscles underneath ; if it be
more roughly tauched, or pirtched, these twitching move-
ments becom’@ more general along the whole side of the
creature, and cxtend to the other side, to the hind legs,
and cven to the front legs.

If the digits of the front limbs be touchced, these will be
drawn close under the body as in the act of clasping.

If a drop of vinegar or any acid be placed on the top of
onc thigh, rapid and active movements will take place in
the leg. The foot will be scen distinctly trying to rub
off the drop of acid from the thigh. And what is still

B } S
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more striking, if the leg be heid tight and so prevented
from moving, the other leg will begin to rub off the acid.
Sometimes if the drop be too large or too strong both legs
begin at once, and then frequently* the movements spread
from the legs all over the body, and the whole animal is
thrown into convulsions.

Now all these various movements, even the feeblest and
simplest, rcquire a certain combination of muscles, and
some of them, such as the act of rubbing off the acids, are
in the highest degree complex.  In all of them, too, a cer-
taify purpose or end is cvident, which is generally either to
remove the body or part of the body from the stimulus,
from the causc of irritation, or to thrust away the offending
object from the body : in the more complex movements
such a purpose is strikingly apparent.

It seems, in fact, that in the frog's spinal cord there are
set$.of nervous machinery destined to be used for a variety
of movements, and that a stimulus passing along a sensory
nerve to the cord sets one or the other of these picces of
machinery at work.

14. Thus the spinal cord is, in part, mercly a trans-
mitter of impulscs to and from the brain ; but, in part, it
is an independent ncrvous centre, capable of originating
combined movements upon the reccption of the impulse
of an afferent ncrve.

Regarding it merely as a conductor, the question ariscs,
do all parts of it conduct all kinds of impulses indiffercntly ?
Or are certaih kinds of impulses communicated only
through particular-parts of the cord ?

The following, experiments furnish a partial reply to
these questions :— .

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 excrting any influence on the muscles which
are supplied with nerves from the lower scgment of the
cord. A similar section, carried through the posterior
half of the white matter in this region, has no cffect on the
‘transmission of voluntary impulses. It is obvious, there-
fore, that in the dorsal part of the cord, nervous impulses
J7om the brain are sent through the anterior part of the
white matter.

The posterior half of the white matter may he cut
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through at one point, alld the anterior half at 3 point a
little higher up, So that all the whitc fibres shall®be divided
transverscly by the one cut or the other, without any in-
terference with the Tnaterial continuity of the cord, or
damage to the grey matter.

When this has been done, irritation of those sensory
nerves which are connected with parts below the scction
cxcites the sensation of pain as strongly as ever. Hence
it follows, that the afferent impulscs, which excite pain
when they reach the brain, pass through, and arc conveyed
by, the grey matter. And it has bcen found, by cxperi-
ment, that, so long as even a small portion of the grey
matter remains cntire, these afferent impulses are efficiently
transmitted. Singularly cnough, however, irsitation of the
grey matter itself is said not to cause pain.?

1f one-half of the cord, say the right, be cut through,
transversely, down to its very middle, soas to interrypt all.
continuity of both whitc and grey matter between its upper
and lower parts, irritation of the skin of the right side of
the body, below the line of scction, 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 affcrent impulses
are conveyed must cross over from the side of the cord
which they cnter to the opposite side ; while the efferent
impulses, sent down from the brain, must travel along that
side of the cord by which they ﬁass out.

If this be truc, it is clear that.a longitudinal scction,
taken through the exact middle of thg cord, will greatly
impair, if not destroy, the sensibility of both sides of the
body below the section, but will leave the muscles under
the control of the will. And it is found experimentally
that such is very largely the case.

15. Such arc the functions of the spinal cord, taken
as a whole. The spinal ncrves are, as we have said,
chiefly distributed to the muscles and to the skin, The
nerves of the blood-vesscls, for instance, the so-called
vaso-motor nerves(Lesson I1. § 23), belong not to thespinal,

* This is why, in the experiment described at end of § 11,, it is better for
testing the presence of sensations to irritatc afferent merves connected with
the qord rather than the cut end of the cord itsclf.

.

S 2
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Fic. 83.—~Tur Bask or THE BRrAIN. .

A. frontal lobe ; B. temporal lobe of the cerebral hemispheres ; Cb. cerebel
lum; /. the olfactory nerve ; //. the optic nerve; //1. IV. V7. the nerves
of the muscles of the eye ; V. the trigeminal nerve ; V77, the portio dura;
VIII. the auditory nerve; /X the glossopharyngeal ; X. the pneumo-
gastric ; X7. the spinal accessory ; X7/. the hypoglossal, or motor ncrve
of the tongue. The number F/. is placed uponsthe pons Varolie, 'The
crura cevebri are the broad bundles of fibres which lie between the third
and the fourth nerves on cach side. The medulla oblongata (M) is seen to
be really a continuation of the spinal cord ; cn the lower end are scen the
two crescents of grey matter ; the scction, in fact, has been carried through
the spinal cord, a little below the proper medulla oblongata. From the
sides of the medulla oblongata are seen ing off the X', X7., and X//.
nerves ; and just where the medulla is covered, so to speak, by the traos-
versely disposed pons Varolis, are seen coming off the V/I. nerve, and
more towards the middle line the 7. Out of the substance of the gons
springs the . nerve. In front of that is seen the well-defined anterior
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but to the symfgthetic s;’stcm. Along the spigal column,
however, the spinal nerves give off branches which run in
and join the sympaghetic systetn. And it appears that
many at least of the fibres which run along,in the sym-
pathetic nerves going to blood-vessels, do rcally spring
from the spinal cord, finding thecir way into the sym-
pathcetic system through these communicating or commis-
sural branches.

Tixperiments morcover go to show that the nervous in-
flucnce which keeps up the tone of the blood-vessclsy that
is, which keeps them in the usual condition of moderate
contraction, procceds from the spinal cord.

The cord is, therefore, spoken of as containing centres
for the vaso-motor ncrves or, more shortly, waso-motor
centres. . .

FFor example, the muscular walls of the blood-vessels
supplying the car and the skin bf the hcad generally, are
madc to contract, as has been alrcady mentioned, by
nervous 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 conclusion drawn -
from the facts, that irritation of this region of the cord
produces the same effect as irritation of the vaso-motor
nerves themselves, and that destruction of this part ‘of the
cord paralyscs them. .

Recent researches, however, have shown that the ner-
vous influcnce docs not originate here, but proceeds from®
higleer up, from the medulla oblongata®in fact, and simply
passes dpwn through this part of the spinal cord on its
way to join the sympathelig ganglia.

16. The brain (Fig. 83) 1s a complex organ, consisting
of several parts, the hindermost of which, termed mednlla

border of the gons: and coming forward in front of that line, between the
ZV. and 771, nerves, on either side, are seen the crura cercbri. The two
round hodies in the angle hetween the diver; inﬁ crura are the so-called
corpora albicantia, and in front of them is 7, the pituitary body.  This
rests on the chiasma, or junction, of the optic nerves; the continuation of
each nerve is seen sweeping round the crura_cerebri on either side. Im-
mediately in front, between the separated frontal lobes of the cerebral
hem srhere;, is seen the corpus callosum, CC. The fissure of Sylvius, about
on a level with 7. on the left and /7. on the right side, marks the division
between frontal and temporal lobes.
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oblongata, passes insensibly into, and ingits lower part
has the same structure as, the spinal cord.

Above, however, it widens out, and the central canal,
spreading with it, becomes a broad cavity, which (leaving
certain anatomical minutize aside) may be said to be
widely open aboyve. This cavity is termed the fourth
ventricle. Overhanging the fourth ventricle is a great
laminated mass, the cerebellum (Co. Figs. 83, 84, 85). On
each side, this organ sends down several layers of trans-
verse: fibres, which sweep across the brain and meet in the,
middle linc of its base, forming a kind of bridge (called
pons Varolii, Fig. 83) in front of the medulla oblongata.
The longitudjnal nerve-fibres of thc medulla oblongata
pass forwards, among, and between these layers of trans-
wverse fibres, and become visible, in front of the pons, as
two broad diverging bundles, called crura cerebri (Fig.
83). Above the crura cérebri lies a mass of nervous
matter raised up into four hemispherical clevations, called
corfom guadrigemina (C.Q. Fig. 85). Detween thesc
and the crura cercbri is a narrow passage, which leads
from the fourth ventricle into what is termed the #iird
“wentricle of the brain. The third ventricle is a narrow
cavity lodged betwecn two great masses of ncrvous
matter, called gptic thalams, into which the crura cerebri

ass. The roof of the third ventricle is merely membra-

ous; and a peculiar body of unknown function, the
pineal body, is connected with it. The floor of the third
ventricle is produced into a sort of funnel, which ends in
€another anomalous organ, the pétuitary body (Pt?. Fig. 85 ;
P. Fig. 83). ' . L I

The third ventricle is closed, in front, by a tkin layer
- of nervous matter ; but, beyomi' this, on each side, there
is an a})erturein the boundary wall of the third ventricle
which leads into a large cavity. The latter occupies the
centre of the cerebral hemisphere, and is called the lateral
ventricle. Eachhemisphere is enlarged backwards, down-
wards, and forwards into as many Jobes; and the lateral
ventricle presentg corrersﬁonding rolongations, or cornua.

The floor of the lateral ventricle is formed by a mass of
riervous matter, cafled the gorpus striatum, into which the
fibres th)at have traversed the optic thalamus enter (Fig.
85, C.S.). - °
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The hemispheges are s6 large that they overjap all the
other parts of the brain, and, in the upper view, hide them.

FiG. 84.

A side view of the brain and upper part of the spinal cord in place—the
parts which cover the cerebro-spinal centres being removed. C. C. the con-

hell

voluted surface of the right ccrebral hemisphere ; C5. the 3 M. 0b.
the medulla_oblongata; B. the bodies of the cervical yertebrz ; Sp. their
spines; V. the spinal cord with the spinal nerves.

Their applied faces are sepanffed byi median fissure
for the greater part of thcir extent; but, inferiorly, are
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joined by a thick mass of transverse "lbres, the corpus
callosum (Fig. 83, CC).

The outer surfaces of the hemispheres arc marked out
into convolutions, or gyri, by nunicrous deep fissures (or
sulct), into which the pia mater enters. One large and
decp fissure which separates the anterior from the middle
division)of the hemisphere is called the fissure of Sylvius
(Fig. 83).

1g7. 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 cxternal and the grey internal.  But in the cere-
bellum and cerebral hemispheres, the grey matter is external
and the white internal; while, in the optic tkalami and
corpora striata, grey matter and white matter arc variously
intermixed.

18. Nerves are given off from the brain in pairs, which
succeed onc another from bhefore backwards, to the num-
ber of twelve (Fig. 85). -

The first pair, counting from before backwards, arc the
olfactory nerves, and the second are the optic nerves. The
functions of these have alrcady been described.

The third pair arc called motores oculi (movers of the
eye), because they are distributed to all the muscles of the
eye except two. .

The nerves of the fourth pair and of the sixth pair
supply, each, one of the muscles of the eye, on cach side ;
the fourth going to the superior oblique muscle, and the
sixth to the cxteynal rectus. Thus the muscles of the eye,
small and close together as they are, reccive th®ir nervous
stimulus by three distinct nerves, ¢

Each nerve of the fifth péir is very large. It has two
roots, 2 motor and a sensory, and further resembles a
spinal nerve in having a ganglion on its sagsory root. It
is the nerve which supplies the skin of the face and thc
muscles of the jaws, and, having three chief divisions, is
often called #rigeminal. One branch containing sensory
fibres, supplies the front of the tongue and is often spoken
of as the gustatory.

The seventh pasr furnish with motor nerves the muscles
of the facc, and some other muscles, and arc called facial.
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The eightk pajr arc the auditory nerves.  As the seventh
and cighth pairs of nerves leave the cavity of the skull
together, they arc often, and especially by English writers
on anatomy, reckoned as one, divided into portio dura, or
hard part (the facial) ; and portio mollis, or soft part (the
auditory) of the “ scventh ” pair.

The ninth pair in order, the glossopharyngeal, are
mixed nerves ; cach being, partly, a nerve of taste, and
supplying the back of the tonguc, and, partly, a motor
nerve for the pharyngeal muscles.

Fic. §5.—A DIAGRAM ILLUSTRATING THE ARRANGEMENT OF THE PARTS
OF THE DRAIN AND THE ORIGIN OF THE NERVES.

1. the cerébral hemispheres; C.S. corpus striatum; 74. optic thalamus;
I, Pincal body ; 2*£. pituitary body ; C.?. corpora quadrigemina ; Cé. cere-
hellum 3 47, lulla oblongata ; 7.—A\7/. the pairs of cerebral nerves;

S$4. 1, $p. 2, the first and second pairs of spinal nerves.

The fenth pair is formed by the two preumogastric
nerves, often called the par wagum. These very impor-
tant nerves, and the next pair, are the only cerebral nerves
which are distributed to regions of the body rcmote from
the head. The pneumogastric supplies the larynx, the
lungs, the liver, and the stomach, and branches of it are
connected with the heart.
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The eleventh pair again, called spinal accessory, differ,
widely from .all the rest, in arising from the sides of the
spinal marrow, between the anterior and postcrior roots of
the dorsal nerves. They run up, gathering fibres as they
go, to the medulla oblongata, and then leave the skull by
the same aperture as the pneumogastric and glossopha-
ryngeal. They are purely motor nerves, supplying certain
muscles of the neck, while the pncumogastric is mainly
scnsory, or at least afferent.  As, on cach side, the glosso-
pharyngeal, pncumogastric, and spinal accessory ncrves
Ieave the skull together, they arc frequently reckoned as
one pair, which is then counted as the ezgiiz/.

The last two nervcs, by this method of counting, become
the nénth palr, but they are really the fwelfth. They are
the motor nerves which supply the muscles of the tonguc.

19. Of these nerves, the two foremost pair do not pro-
perly descrve that name, but are really proccsses of the
brain. The olfactory pair arc prolongations of the cer
bral hemispheres ; the optic pair, of the walls of the thirc
ventricle ; and 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 #rue nerves being indirectly, or directly,
traceable to that part of the brain, while the olfactory and
optic nerves are not so traccable,

..20. As might be expected from this circumstancc
alone, the medulla oblongata is an cxtremely important
art of the cerebro-spinal axis, injury to it giving rise to

. immediate evil consequences of the most serious kind.

Simple puncture of one side of the floor 6f she fpurth
ventricle produces for a while an incrcase of the quantity
of sugar in the blood, beyond that which can be'destroyed
in the organism. The sugar passes off by the kidneys,
and thus this slight injury to the medulla produces a
temporary disorder closely resembling the discase called
diabetes.

More extensive injury arrests the respiratory processcs,
the medulla oblongata being the nervous centrc which
gives rise to the contractions of the respiratory muscles
and keeps the respiratory pump at work.

The motor nerves engaged in ordinary respiration arc
certain spinal ncrves, viz the intercostal nerves supplying
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the intercostal muscles and the phrenic nerve supplying
the diaphragm. Thesc motor nerves are undoubtedly
brought into action by impulses procceding at intervals
from the medulla oblongata. But how these rhythmic
impulses originate in the medulla oblongata is not very
clear. There arc rcasons for thinking that the presence
of venous blood in the lungs acts as a stimulus to the’
cndings of the pneumogastric nerves, and scts going
impulses which, travelling up along those nerves to the
medulla oblongata, there produce respiratory movements
by reflex action. But this is not all, for respiration,
though profoundly modified, is not arrcsted by division
or destruction of the pncumogastric nerves. Probably
the mcdulla oblongata contains a nervous mechanism
which acts as an indcpendent centre in a manner some-
what similar to the ganglia of the heart ; and so goes on
of itsclf, though cxtremely sensitive to, and thus continually
influenced by, the condition of the blood not only in the
lungs but all over the body.

If the injuries to thc medulla oblongata be of such a
kind as to irritate the roots of the pncumogastric nerve
violently, death supervenes by the stoppage of the heart’s
action in the manner already described  (Sce Lesson I1.)

21. The afferent impulscs, which are transmitted through
the cord to the brain and awake sensation thcre, cross,
as we have seen, from onc-half of the cord to the other,
immediatcly after they enter it by the posterior roots of
the spinal nerves ; while the efferent, or volitional, impulses
from the brain remain, throughout the cord, in that half
of it from which they will cventually pass by the anterior
roots. But at the lower and front part of the medulla
oblongata, these also cross oyer; and the white fibres
which convey them are scen passing obliqucly from left
to right and from right to left in what is called the
decussation of the anterior pyramids (Fig. 83). 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, therefore, of one of the crura cerebri, say the
right, gives rise to paralysis of the left side of the body
and lirfils, and the animal operated upon falls over to the
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-
left side, because the limbs of that side arc no longer able
to support the weight.

But, as the motor nerves givep off from the brain itself
and arising from the medulla above the decussation of
the pyramids do not cross over in this way, it follows, that
discase or injury at a given point, on onec side of the
medulla oblongata, involving at once the course of the
volitional motor channcls to the spinal marrow, and the
origins of the cranial motor nerves, will affect the same
gide 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 paralysced, and
the features will be drawn over to the opposite side, the
muscles of the right side having nothing to counteract
their action. But it is the right arm, and the right leg
and side of the body, which will be powerless.

W 22. The functions of most of the parts of the brain
which lic in front of the medulla oblongata are, at present,
very ill understood ; but it is certain that cxtensive
injury, or rcmoval, of the ccrebral hemispheres puts an
end td intclligence and voluntary movement, and leaves
the animal in the condition of a machine, working by the
reflex adtion of the remainder of the cercbro-spinal axis.
We have scen that in the frog the movements of the
body which the spinal cord alone, in the absence of the
whole of the krain including the medulla oflorgata, is
capable of executing, are of themselves strikipgly complex
and varied. But none of these movements are voluntary
or spontaneous ; they nevér occur unless the animal be
stimulated. Removal of the ccrebral hemispheres is alone
sufficient to dcprive the frog of all spontaneous or voluntary
movements ; but the presence of the medulla oblongata
and other parts of the brain (such as the corpora quadri-
gemina, or what corresponds to them in the frug, and the
cérebellum) renders the animal master of movements of a
far higher nature than when the spinal cord only is left.
In the latter case the animal does not breathe when
left to itself, lies flat on the table with its fore limbs
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beneath it in an unnatural position ; when irritated kicks
out its legs, and may be thrown into actual convul-
sions, but never jumps from place to place; when thrown
into a basin of water falls to the bottom like a lump of
Iead, and when placed on its back will remain so, without
making any effort to turn over. In‘the former case the
animal sits on the table, resting on its front limbs, in the
position natural to a frog ; breathes quite naturally ; when
pricked behind jumps away, often getting over quite a
considerable distance ; when thrown into water begins at
once to swim, and continues swimming until it finds some
object on which it can rest ; and when placed on its back
immecdiately turns over and resumes its natural position.
Not only so, but the following very striking e:pcriment
may be performed with it. Placed on a small board it
remains perfectly - motionless so long as the board is
horizontal ; if, however, the board be gradually tilted up
$0 as to raisc the animal’s head, directly the board becomes
inclined at such an angle as to throw the frog’s centre of
gravity too much backwards, the creature begins slowly
to creep up the board, and, if the board continues to be
inclined, will at last reach the edge, upon which when the
board becones vertical he will seat himself with apparent
grcat content. Nevertheless, though his movements when
they do occur are extremely well combined and appa-
rently identical with those of a frog possessing the whole
of his brain, he never moves spontaneously, and never
stirs unless irritated.

There can be no doubt that the cerebral hemispheres
are the scat of powers, essential to the production of those
phenomiena which we term intelligence and will ; but there
is no satisfactory proof, at prescnt, that the manifesta-
tion of any particular kind of ental faculty is especially
allotted to, or connected with, the activity of any parti-
cular region of the cerebral hemispheres,

23. Even while the cerebral hemisphercs. 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 flash of light, er a threatened
blow, a reflex action takes place, in which the afferent
nerves are the optic, the efferent the facial. 'When a bad
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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 cffected through»the brain, all the nerves
involved being cercbral.

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 atfects the
great majority of the motor nerves of the body.

24. [t may be said that these are mere mechanical ac-
tions, and have nothing 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 casc,
the whole attention of the mind is, or ought to be, bent
upon the subject-matter of the book ; while a multitude of
most dclicate muscular actions are going on, of which the
reader is notin the slightestdegree aware. Thus the book
is held in the hand, at the right distance from the eycs;
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,
tonguc,and throat, of the 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 unconsciousness, on his
part, of anything but the scnse of the words in the book.
In other words, they are reflex ucts.

25. The reflex actions proper to the spinal cord itsclt
are natural, ang are involved in the structurg of the cord
and the properties of its constitucnts. By the heip of the
brain we may acquirc an infinity of ar#ficzal 1eflex 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 without volition, or even
consciousncss.

As everyone knows, it takes a soldier a long time to learn
his drill—for instance, to put himsclf 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 ke thinking of it, or not. There
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is a story, which is credibsle enough, though it may not be
true, of a practical joker, who, sceing a discharged veteran
carrying home his dinner, suddenly called out “Atten-
tion !” whercupon the man instantly brought his hands
down, and lost his mutton and potatocs in the gutter.
The drill had been thorough, and its effects had become
embodicd 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 ncrvous system posscsses, of organ-
izing conscious actions into more or less unconscious, or
reflex, operations. It may be laid down as a rule, that if
any two mental states be called up logether, or in succes-
sion, with due frequency and vividness, thessubsequent
production of the one of them will suffice to call up the
other, and that whether we desire it or not.

The object of intellectual edufation is to create such
indissoluble associations of our ideas of things, in the order
and relation in which they occur in nature ; that of a moral
education is to unite as fixedly, the ideas of cvil deeds with
those of pain and degradation, and of good actions with
those of pleasurc and noblencss.

26. The sympathetic systene consists chiefly of a double
chamn of ganglia, lying at the sides and in fromt of the
spinal column, and connected with one another, and with
the spinal nerves, by commissural cords, From these
ganglia, nerves are given off which for the most part follow
the distribution of the vessels, but which, in the thorax and
abdomen, form great networks, or plexusgs,upon the heart
and #out the stomach. It is probable that a great pro-
portion of ¢he fibres of the sympathetic system is derived.
from the spinal cord ; but others also, in all probability,
originate in the ganglia of the sympathctic itself. The
sympathetic nerves influence the muscles of the vessels
generally, and those of the heart, of the intcstines, and of
some other viscera : and it is probable that their ganglia
are centges 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.
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LESSON XII.

HiSTOLOGY ; OR, THE MINUTE STRUCTURE OF THE
TISSULS.

1. THE various organs and parts of the body, the work-
ing of which has now becen described, are not merely
separable by the eye ard the knife of thc anatomist into
membrancs, nerves, muscles, bones, cartilages, and so
forth ; but cach of them is, by the help of the microscope,
susceptible of a finer analysis, into certain minute con-
stitucnts which, for the present, may be considered 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 ordcss transparent malrix, very similar in nature to
the substance of which the whitc blood-corpuscles are
composed; and often called profoplasm, through which
are scattered minute rounded particles of a different
optical aspect. These particles arc called ngcle/; and
as the matrix, qr matter in which these nuclei are im-
bedded, readily breaks up into spheroidal masses, one for
cach nucleus, and these investing masses casily take on
the form of vesicles or cells, this primitive structure is
called cellular, and each cell is said to be nwcleated.

The matcrial of the body when in this stage of growth
is often spoken of as Zndyferent tissue. A very fair idea
of its nature may be formed by supposing a multitude df
white blood-corpuscles to be collected together into a soft
but yet semi-solid mass. .

In the present use of the term any distinct mass of pro-
toplasm or living material may be called a ce//. In the vast
majority of cases, however, the cell contains a nucleus,
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distinguished as has just been said from the cell-substance
in which it lies. Very frequently, but by no means always,
the outer layer of the cell-substance is hardened into a
distinct casing or cnvelope, the cell-wall, the cell then
becoming an undeniable vesicle, and the ccll-substance
being oftcn spoken of as the cel/ contents. The cell-
substance may remain as soft semi-solid protoplasm, or
may be hardcned in various ways, or may be wholly or
partially liquefied ; in the latter case a cell-wall is naturally
always present.

[ ]

A, vertical section of a layer of epidermis, or cpithelium, from its free to its
deep surface. *B, lateral views of the cells of which this layer is composed at
different heights:_a, cell in the deepgst layer, and therefore most recently
formed and least altered ; 3, cell higher up, and therefore somewhat ch:anged ;
¢, d, cells still more ch d, and much flattened. C, scales such as & viewed
from their flat sides. (Magnified about 250 diameters.)

As development goes on, the nuclei simply increase in

number by division and subdivision, without undergoing
any marked change;? but the substance in which they are

a
.t Each nucleus divides into two, and #ach half soon grows up iato the
size of the parent nucleus. While this is going on’the matrix round the
nuc'ei also divides, each new nucleus having a quantity of matrix allotted ta
it, 50 as to form a new cell exactly like the old one, from which it sprang. .’
T



274 ELEMENTARY PIHYSIOLOGY. [LEss.

imbedded, becomnes very variously modified, both chemi-
cally and structurally, and gives rise to those peculiarities
by which completely formed tissues arc distinguished from
one another. '

3. In the adult body the simplest forms of tissuc, Z..
those in which the matrix has been least changed, arc
perhaps the various kinds of epithelinum (including the
epidermis).

These arc distinctly ce/lular in nature, that is, the portion
of the matrix belonging to each nucleus can, with a little
pains, be recognized as distinct from the portions belonging
to the other nuclei. Infact they differ from white blood cor-
puscles chicfly in two points : firstly, the matrix of each cell
becoines more or less chemically changed so as to lose its
soft protoplasmic nature (and at the same timc its power
of executing amccboid movements) ; and, sccondly, takes
on arigid definite form, which may or may not be globular.
These epithclial tissues are constantly growing in their
decpest parts, and are, as constantly, being shed at their
surfaces.

The deep part consists of a layer of such globular,
nucleated cells as have been mentioned, the number of
which is constantly increasing by the spontaneous division
of the nuclei and cells. The incrcase in number thus
effected“causes a thrusting of the excess of cell population
towards the surface ; on their way tq which they become
flattened,‘and their walls acquire a horny texture. Arrived
at the surface, they are mere dead horny scales, and arc
thrown off (Fig. 86).

Epithelium of ¢he kind just described is called sguamous.
It is found in the mouth, and its scales may agwa.ys be
obtained in abundance by scraping the inside of the lip.

Lpidermis consists of exhctly similar cells, except that
the conversion of the topmost cells into horny scales is
still more complete. The nucleus, too, is eventually lost.
The deep layers of epidermis, consisting of softer cells not
yet flattened or made horny, often form quite a distinct
part, and thesc are often spoken of as the refe enucosumn.
(See Fig. 32, 6, Fig. 88, C, d.) .

In other parts of thc alimentary tract, as in the intes-
tines, the full-grown epithelial cells are placed side by side
with one another, and perpendicular to the surface of
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the membrane. Such cpithelium is called cylindrical
(Fig. 46. 6, &), or columnar. ) 0

In some places, such as in the gastric glands, in some
parts of the kidney, ift the urcters and clsewhere, the
cpithelial cells remain globular or spheroidal,

Squamous epithclium generally consists of many layers
of cells, one over the other ; in other forms of epithelium
there are few, in some cases apparently only one layer.

FiG. 87.—CILIATED EPITHELIUM.

a, the submucous vascular tissue; 4, the deep layer of young epithelium
cells; ¢, the cylindncal full-grown cells, with (&) the ciha. Jl\lagniﬂed
about 350 diameters.)

Ciliated cpithelium is usually of the cylindrical kind,
and differs from other epithelium onlyin the circumstance
that one or more incessantly vibrating filaments arc
developed from the free surface of cach ¢gll. (Sce Lesson
VIL £ )

4. In ceftain regions of the integument, the epidermis
becomes metamorphosed inte nails and Zairs.

Underneath each nail the deep or derinic layer of the
integument is peculiarly modified to form the bed of the
naél. It i5 very vascular, and raiscd up into numerous
parallel ridges, like clongated papille (Fig. 88, B, C).
The surfgces of all these are covered with growing epi-
dermic cells, which, as they flatten and become converted
into horn, coalesce into a solid continuous plate, the nail.
At the hinder part of the bed of the nail, the integument
forms a deep fold, from the bottom of which, in l'ke manner,
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new epidermic cells are added to the basc of the nail,
which is'thus constrained to move forward.

- Fio. 88

A, a longitudinal and vertical section of a nail : «a, the fold at the base of
the nail ; 4, the nail ; ¢, the bed of the nail. ‘Ihe figure B is a transversc
section of the same—ga, a small latcral fold of the inlefum'em: b, mail ;
¢, bed of the nail, with its ridges, The figure C is a.hjghly-magnified view
of a part of the foregoing—-c, the ridges ; @, the yers of epidermis ;
e, the homy scales coalesced into nail <ubstance. (Figs:A and B magnified
about 4 diameters; Fig. C magnified about 200 diameters.) # .

The nail, thus constantly receiving additions from belov/
and from behind, slides forwards over its bed, and projects
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beyond the end of the finger, where it is worn, away, ot
cut off, )

FiG. 89.—A Hair N 1Ts HAIR-SAC. .

. shaft of hair above the.skin ; 8, cortical substance of the shaft, the medulla
not being visible: ¢, newest partion of hair growing on the papilla (¢) ;
d, cuticle of hair : e, cavity of hair-sac; /, epidermis (and root-sheaths)
of the hair-sac corresponding to that of the integ m);d’. di
between dermis and epidermis ; 4, dermis of hair-sac corresponding to der-
mis of integument (/) : £, mouths of sebaceous glands ; 1, horny epidermis
of integument. -
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5. A Zair, like a nail, is composed of coalesced horny
cells 3 but instead of being only partially sutk in a fold of
the integument, it is at first wholly enclosed in a kind of
bag, the Zair-sac, from the bottom of which a papilla (Fig.
89, ), which answers to a single ridge of the nail, arises.”
The hair is developed by the conversion into horn, and
coalescence into a skaf?, of the superlficial epidermic cells
coating the papilla. These coalesced and cornified cclls
being continyally replaced by new growths from below,
which undergo tlre same metamorphosis, the shaft of the
hair is thrust out until it attains the full length natural to it
Its base then ceasessto grow, and the old papilla and sac
dic away, but not before a new sac and papilla have been
formed by‘budding from the sides of the old one.  These

Fi6. go.

Part of the shaft of a hair enclosed within its root-sheaths and treated with
caustic soda, which has caused the shaft to become distorted.—a, medulla,
4, cortical substance ; ¢, cuticle of the shaft ; from d to /) the root-sheaths, in
section, (Magnified about 200 diameters.) .
give rise to a new hair. The shaft ¢f a hair of tkc head
consists of a central pith, or medullary matter, of a loose
and open texture, which sometimes contains air; of a
cortical substance surrounding this, made up of coalesced
elongated horny cclls ; and of an outer cutzcle, composed
of flat horny plates, arranged transversely round the shaft,
50 as to overlap one another by their outer edges, like
closcly-packed tiles. The superficial epidermic cells of
the hair-sac also coalesce by their edges, anl become
converted into #0o¢-sheaths, which embrace the root of the
hair, and usually come away with it, when it is plucked
out.
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Two schaceous glands tommonly open into the hair-
sac near its opening, and supply the hair with 2 kind of
natural pomatum ; and dclicate unstriped muscular fibres
are so connccted with the hair-sac as to cause it to pass
from its ordinary obliquc position into onc perpendicular
to the skin, when they contract (Fig. 31, B).

They are made to contract by the influence of cold and
terror, which thus give rise to “ horripilation” or “goose-
skin,” and the “ standing of the hair on end.”

6. The crystalline lens is composed of fibres, which arc
the modified cells of the cpidermis of that inverted portion
of the integument, from which the whole anterior chamber
of the eye and the lens arc primitively formed.

7. Cartilage—~While epithelivm and epidernms are found
only on the free surfaces of the organs, gristle, or cartilage,
is a deep-seated structure (see Lesson VIL.). Like them
it is essentially cellular in nature, but differs from them
widcly in appearance on account of the development of
a large quantity of the so-called #nfercellular substance.
That 1s to say, the scveral cells do not lie closely packed
together and touching cach other, but are scparated from
cach other by a quantity of material of a diffcrent naturce
from themselves, Just as in indifferent tissue each nu-
cleus is imbedded in a matrix of protoplasm, so in carti-
lage, cach cell, i.c. cack nucleus with its allottedequantity
of protoplasm, is imbedded in a matrix of intercellular
substance. .

Inasmuch as during the growth of cartilage the cells
remain soft and protoplasmic, while the intercellular sub-
stance is converted into a solid semi-fransparent hard
matte?, it comcs to pass that the soft nuclcated cells
appear to lic in cavitics in the harder intercellular sub-
stance or matrix. .

In cpithelium it is only the deepest lying cells which
undergo division, and so carry on the growth of the tissue.
In cartilage, cell-division is much more gencral ; a cell
lying in its cavity divides first into two, then into four,
and so og, the intercellular substance meanwhile growing
in between the young cells and thrusting them apart. It
is by means of the repeated divisions of the cells jn this
way, and subsequent development of intercellular matrix
in bgtween the young cells, that cartilage grows. Con-
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TG, or.

A section of cartilage, showing the mauux (2), with the groups ot cells (5)
containing nuclei (c) and fat globules (7). (Magnified about 350 diameters.)

T1G. g2.—CoNNECTIVE TisSUE.

A, unchanged: @, connective tissue; &, fat cel'. B, acted upon by
acetic acid, and showing (a) the swollen and transparent gelatine-yielding
matter, and (4) the elastic fibres. (Magnified about 300 diameters ).
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sequently, the cells are frequently scen arrangeg in groups
with more or less matrix betwcen, according:tp their age.
The cells remain dyring life sot and protoplasmmic, but
often contain a number of large oil globules. It is to the
hard matrix which yiclds, on boiling, the substance c/oz-
drine, that the physical features of cartilage, its solidity
and elasticity, are due. Cartilage contains no vessels, or
only such as extend a littlc way into it from adjacent parts.
8. Connective tissue (also called fibroug, or areolar, or
sometimes cellular tissue), the most extensively diffused

Fic. 93.

Connective tissue corpuscles (a, 1 b, cell sub ), of various
shapes, those to the right hand bragching, and the branches joining.

of all in the body, at first sight seems to differ wholly from,
the preceding tissues. Viewed under the microscope, it
is seen to consist of bands or cords, or shcets of whijtish
substance, having a wavy, fibrous appcarance, and capable
of beiflg split up mechanically into innumcrable fine fila-
ments or fibréllee. ‘The addition of acetic acid causcs it to
swell up and become transparent, entirely losing its fibrous
aspect ; and, further, reveals the prescnce of two elements
whicp acetic acid does not affect, viz. nuclei and certain
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sharply defined fibres of different degrees of fineness,
which are called elastic fibres. If the acid be now very care-
fully ncutralized by a weak alkali, the connective tissuc
assumes its former partial opacity dnd fibrillated aspect.
The nuclei thus brought to light by acetic acid are worthy
of attention because careful examination shows that they
belong to certain cells which exist in all connective tissue
in greater or less number, though never in abundance.
Thesc cells, generally called conncctive tissue corpuscles,
consist of a nudieus and protoplasmic cell-substance, and
in fact are not unlike cartilage cells except that they are very
often very irregular in, forin, and as a general rule very

FiG. g4.- -FaT Crris.
A, having their natural aspect. B, collapsed, the fat being exhausted. C, with
fatty crystals. ‘The nuclei are not seen in this casc. (Magnified about
350 diameters.)

‘smAll. Indeed we may very justly compare conne:tive tissuc
with cartilage, much as they scem to differ in gecheral
appearance. The connective tissue corpuscles c8rrespond
to the cartilage-cells; both 2re imbedded in a matrix
which, in the case of cartilage, remains structureless, but
becomes solid and dense, while it, in the case of con-
nective tissue, is altered or mctamorphosed, as it is said,
into a substance composed of excessively finc filaments,
mingled with which are elastic fibres.

The fine fibrillated substance is not very elastic, and
when boiled swells up and yiclds gelatine. The elastic
fibres do not yield gelatine, and, as their name indicates,
are highly elastic. The proportion of elastic fibre to the
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gelatinc-yielding constituénts of connective tissue varies
in different parts of the body. Somctimes it,l's so great
that elasticity is the, most marked character of the
resulting tissue.

Ligaments and lendons are simply cords, or bands,
while fascie arc sheets, of very dense connective tissue.
In some parts of the body, the connective tissue is more or
less mixed with, or passes into, cartilage, and such tissues
are calle? fbro-cartilages (see Lesson V1I.), or, in other
words, the matrix of the cartilage become8 more or Jess
fibrillated, thus indicating the analogies of the two tissues.

‘The name cellular applied to thig tissue is apt to lead
to confusion. When first used it referred to the cavities
left in the meshes of the network of fibres ; it*has nothing
whatever to do with celis technically so called.

9. Fat cells are scattercd through the connective tissue,
in which they sometimes accuntulate in great quantities.

F1G. 95.—CAPILLARIES OF 1 A4.

A, network round a group of fat cells @, the artery; 5, the vein.
B, the loops of capillaries round three individual fat cells.

They ate spheroidal sacs, composed of a delicate mem-
brane, on one side of which is a nucleus, and distended
by fatty matter, from which the more solid fats somgtimes
crystallize out after death. Ether will dissolve out the fat,
and-leave the sacs empty and collapsed (B, Fig. 94).
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They arg, in fact, cells with a distinct cell wall, the cell
contents, oy cell substance, of which have been wholly, or
all but wholly, converted into fat.

Considcrable aggregations of fat cclls arc constantly
present in some parts of the body, as in the orbit, and
about the kidneys and heart; but elsewhere their presence,
1n any quantity, depends very much on the state of nutri-
tien. Indced, thcy may be regarded simply as a rescrve,
formed from thg nutriment which has been taken into the
body in excess of its average consumption.

10. Pigment cells arce cither cpidermic, or cpithelial,
cells, in which coloured granules are deposited ; or they
arc connective tissue corpuscles of the decper parts of the
body, in w Inch a hike deposit occurs. Thus the colour of
the choroid arises partly from the presence of a layer of
cpitheiial eells (see Fig. 74), placed closc to the retina, con-
taming pigment granulcs, and partly from a large num-
ber of irregularly-shaped, conncective tissuc corpuscles
crammed with pigment, which belong to the deeper
connective tissuc layer of thc choroid. The pigment
cells of the frog's web are, for the most pirt, connective
tissue corpuscles, containing colouring matter.

I1. Bone is cssentially composed of an animal basis
Jmpregnated with salts of carbonate and phosphate of lime,
through the substance of which are scattcred minutc
cavitics—the /acune, which send out multitudinous rami-
fications, called canaliculi. The canaliculi of diiferent
lacunz unite together, and thus establish a cogimunica-
tion between the different lacumee. If the carthy matter
be cxtracted by dilute acids, a nucleus may be fourd in
each lacuna; and if young, fresh bone bea carefully
examined, a certain amount of ccll substance will be
found filling up the lacuna rdund the nucleus ; and, not
unfrequently, the intermediate substance appears minutely
fibrillated. In fact bone, if we lay on onc side the carthy
matters, presents very close analogies in its fundamental
structure with both cartilage and connective tissue. The
corpuscles lodged in the lacunz correspond to the cor-
puscles of connective tissue and to the cclls of cartilage,
while the matrix in which the carthy matter is deposited
corresponds to the matrix of cartilage, and to the fibril-
lated material of connective tissue. (These three tissues
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indecd are often classed together as * the connective tissue
group.”) In a dry bone the lacuna are usually,filled with
air.  When a thin section of such a bone’i, as usual,
covered with water and a thin glass, and placed under the
microscope, the air in the lacun refracts the light which
passes through them in such a manner as to prevent its
rcaching the cyc, and they appear black. Ilence the
lacunz were, at onc time, supposcd to be solid bodics,
containing the lime salts of the bone, and werc called éoze
corpuscles (Fig. 96, C). .

All bones, except the smallest, arc traversed by small
canals, conveited by side branches into a network, and
containing vessels supported by mére or less connective
tissue and fatty matter. These arc called Havgrsian canals
(Fig. g5, A, BB). They always open, in the long run, upon
the surface of the bonc, and there the vessels which they
contain become connccted with those of a sheet of tough
conncective tissue, which invests the bone, and is called
periostenm. .

1n many long bonesg such as the thigh bane, the centre
of the bone is hollowed out into a considerable cavity,
containing great quantitics of fat, supported by a dclicatc
conncctive tissue, rich in blood-vessels, and called the
marrow, ot medulla. The inner ends of the Haversian
canals communicate with this cavity, and their vgssels arc
continuous with those of the marrow.

When a scction of a bone containing Haversian canals
is made, it is found that the lacunze are, dispersed in con-
centric zones around each Haversian canal, so that thc
substance of the bone appears lanunated ; and, where a
med#lary cavity exists, more or fewer of these concentric
lamellze ofosseous substance surround it.

This structure arises from,the mode of growth of bones.
In the place of every bone there exists, at first, either car-
tilage, or connective tissue hardly altered from its primitive
condition of indifferent tissue. When ossificatiorn com-
mences, the vessels from the adjacent parts extend into
the ossifying tissue, and the calcareous salts are thrown
down around them. These calcareous salts invade all the
ossifying tissue, except the immediate neighbourhood of
its nirclei, around each of which a space, the Jacuna, is
left. “The lacunz and canaliculi are thus, substantially,
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FiG. g6.

A. Atransverse section of bone in the neighbourhood of two Haversian
canals, aa; b, lacunz. (Magnified about 250 diameters.)

B. A longitu&iml section of bone with Haversian canals, a a, and lacunz,
&, (Magnified about 100 diameters.)

C L ¢, and liculi, 7. (Magnified about 6oo diameters.) .
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gaps left in the ossific matter around each nucleus, whence
it 1s that nuclei are found in the lacunz of, ylly-formed
bone.1

Bone, once formed,*does not remain during life, but is
constantly disappearing and being replaced in all its parts.
Nevertheless, the growth of a bone, as a general rule, takes
place only by addition to itsfree 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 sufures;
and when the sutures are once closed, titey cease tg in-
crease in breadth.

The bones of the limbs, which arg preceded by complete
small cartilaginous models, grow in two ways. The car-
tilage of which they consist grows and emdarges at its
cxtremities until the bones have attained their full size,
and remains to the end of life as @rticular cartilage. But '
in the middle, or shaft, of the boae, the cartilage does not
grow with the increase in the dimensions of the bone, but
the small primary bone which results from the ossification
of the cartilaginous model becomes coatcd by successive
layers of bone, produced by the ossification of that part of
the periostecum which lies nearest to it, and which really
consists of indifferent tissue, that is of nuclei imbedded in
a matrix. The shaft of the bone thus formed is gradually
hollowed out in its interior to form the medullary cavity,
so that, at last, the primitive cartilage totally disappears.

When ossification sets in, the salts of lithe 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 cenfyes of ossification,
and Sprcad from them through the bonc. Thus, a long
bone has ®sually, at fewest, three centres of ossification—
one for the middlc or shafteand one for each end ; and it
is only in adult life that the three bony masses thus
formed unite into one bone.

12, Teeth partakc more of the nature of bones than of,
any other organ, and are, in fact, partially composed of
true bony matter, here called cemexz,; but their chief con-
stituents are two other tissues, called dentine and enamel.

Each tooth presents a crown, which is exposed to wear,

* For the sake of sim‘)llicity T purposely omit all mention of the complex
secongary processes in the ossification of cartilage.
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ind one or moie fangs, whick arc butied in a socket
furmished by the jawbone and the dense mucous mem-
bi wne of the mouth, which constitutes the gum. The hine
of junction betwecn the crown and the fang 1s the neck of
the tooth  In the itcrior of the tooth 1s a cavity, which
communicates with the cxterior by canals, which traverse
the fangs and opcn at thewt points, This cavity 1s the
pulp cavtty 1t 1s occupied by a highly vascular and
nervous tiesuc, the dental pulp, which 15 continuous
below, through the opcnings of the fings, with the
mucous membr e of the gum,

.

Fic 97

A vertical, B, horizontal section of a tooth —a, enamel of the crown
& pulp cavity ¢, cement of the fangs d, dentine (Magnifird about \hrec
diameters )

The chief constituent of ‘a tooth 1s dentine —a dense
calcified substance contaiming less animal matter than
bone, and further differing from 1t 1n possessing n>
lacunz, or proper canalicul. Instead of these 1t presents
innumelable, minute, parallel, wavy tubules, which giv:
off lateral branches. The wider ends of these tubules
open into the pulp cavity, while the narrower ultimato
terminations ramify at the surface of the dentine, and
may even extend 1nto the enamel or cement (Fig. 98, C).
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The enamel consists ofsvery small six-sided fibres, set
closely, side by side, nearly at right angles to ?xe surface

of the dentine, and covering the crown of the dooth as far

- FiG. ¢8.

A.  Enamel fibres viewed in transverse section.

B.  Enamel fibres separatcd and viewed latcrally.

C. A sectionof a tooth at the junction of the dentine (a) with the cement (¢) ;
b, ¢, irregular cavities in which the tubules of the dentine end ; &, fine
tubules continued fromthem ; /; and liculi of the cei

(Marnified about 400 diametersf'
- U
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as the neck, towards which the'enamel thins off and joins
the cemen\, (Fig. 98, A, B). .

Enamel is the hardest tissue of the body, and contains
not more than 2 per cent. of animal matter. .

The cement coats the fangs, and has the structure of
true bone ; but as it exists only in a thin layer, it is devoid
of Haversian canals (Fig. 98, C).

13. The development of the tceth commences long
before birth. A groove appears in the gum of each side
of gach jaw ; Ynd, 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 each of the papille, and thus these
become endiosed 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 papillz, and extends thence downwards,
towards its base. In the crown the dcposit takes on the
form of enamecl and dentine ; in the root, of dentiné and
cement. As'it increases it encroaches upon the substance
of the papilla, whigh remains as the tooth pulp. The
fully formed tecth press upon the upper walls of the sacs
in which they are enclosed, and, causing a more br less
complete absorption of these walls, force their way
through.® The teeth are then, as it is called, cuz.

The cutting of this first set of tecth, called decidnons,
or milk texth, commences at about six months, and ends
with the second year.” They are altogether twenty in
number—ecight being cutting tecth, or #zzciso® ; four, eye”
teeth, or canines.: and cight, 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 from which a new
tooth is formed. As the latter increases in size, it presses
upon the root of the milk tooth which preceded 1it, and
thereby causes the absorption 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
fncisors and canines are larger than the milk teeth of the
same name, but otherwise differ little from them, The
permanent molars, which replace the milk molars, are
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small, and their crowns have only two points, whence they
arc called dicuspid. They ncver have mors[than two
fangs. ‘

14.-We have thus accounted for twenty of the teeth of
the adult. But there are thirty-two tecth in the complete
adult dentition, twelve grinders being added to the twenty
tecth which correspond with, and replace, those of the
milk set. 'When the fifth, or hindcrmost, dental sac of the
iilk tecth is formed, the part of the groove which lies
behind it also becomes covered over, extends into the
back part of the jaw, and becomes divided into three
dental sacs.  In these, papille arc formed and give risc
to the great permancnt back grinders, or_ molars, which
have four, or five, points upon their square @owns, and,
in the upper jaw, commonly possess three fangs.

The first of these teeth, the anterior molar of cach side,
is the carlicst cut of all the permanent set, and appears at
six years of age. The last, or hindermost, molar is the
last of all to be cut, usyally not appearing till twenty-onc
or twenty-two ycars of age, Hence it goes*by the name
of the “ wisdom tooth.” i

15. Muscle is of two kinds, striated or striped, and
smooth, plain, or unstriated. Striated muscle, of which
all the ordinary muscles of the trunk and limbs consist,
is composed of a number of long parallel cylindrical
fibres, called elementary or ultimate muscular fibres,
which arc bound together by conncctive tissue into small,
bundles. These small bundles again are united into
larger bundl®s, and thesc into one aggregate, by con-
nective tissue, which supports the vessck;. and nerves of
the nfiscle, and usually forms at one or both ends of the
muscle a téndon (see Lesson VIL), and sometimes gives
rise to a dense sheath or fasgia on its exterior.

Into the w/timate muscular fibre neither vessels, nor
connective tissuc, enter. Each fibre is, however, en-
veloped in a sheath formed by a tough, elastic, transparent
structureless membrane, the sarcolemma (Fig. 99, D, 6).

The sgrcolemma 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 uninjured, presents a
very strongly-marked transverse striation, its substancc

U2
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appearing to be composed of extremely minute disks of a
partially opaque substance, imbedded at rcgular mtervals
n a more transparent matter A more fant stnation,
separating these disks into longtudmmal sciies, 1s also
observable When the sarcolemma 1s torn, the contrctile
subst ince of dend muscle may, under some circumstances,
be either divided into disks (I'ig 99, C), but 1t may be

. 16 g9

A 1 muscular fibre devoid of sarcolemma, and breaking up 1t one end nt>
s fibmille B scparatchbnlle (2 muscular fibre breaking up mto disks
1), a muscular fibre, the ¢ ntractile substance of which (@) 1s torn while the
sarcolemmn (£) has not given way  (Magnified about 350 diumcters )
more readily bioken up into mmute fibsrille (Fig oo,
A, B), each of which, viewed by tiansmitted hght, prc
sents dark and light parts, which alternate at intervals
corresponding with the distances of the transverse strie
in the entire fibre Nucler ate observed heic and
there 1n the contractile substance within the sarco
lemma,
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o .
In the heart, the muscular fibres are striated,,and have
the same essential structure as that just desélbed, but
they possess no sarcolemma,

F1t,. 100.—~CAPILLARIES OF STRIATED MUSCLR.

A. Seen longitudinally. The width of the meshes correspomrs to that of
an ultimate fibre. @ _small artery ; 8, small vein.

B. Transverse section of striated muscle. @, the cut ends of*the ultimate
fibres ; 4, capillaries filled with injection matcrial ; c, parts where the capil-
larics are absent @ cot filled.

Smgoth muscle consists of elongated sband-like fibres,
devoid of striation, each of which bears a rod-like nucleus.
These fibrés do not break up into fibrille, and have no
sarcolemma (Fig. 101). .

16, Nervous lissue contains two clements, nerve-fibres
and ganglionic corpuscles. Ordinary nerve-fibres, such
as constitute the essential constituents of all the ccrebro
spinal nerves-except the olfactory, are during life, or when
perfectlyfresh, sugcylindrical filaments of a clear, some-
what oily, look. But shortly after death, a sort of coagu-
lation sets up within the fibre, and it is then found to be
composed of a very delicate, structureless, outer mem-
brang (which is not to be confounded with the #ewri-
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ing a tube, through the centre of which runs

[LESS.

the axis dviinder, which is probably composed of an

aggregation of very fine filaments.

Between the axis,

cylinder and the tube is a fluid, rich in fatty matters,
from which a solid strongly refracting substance has been
thrown down and lines the tube.

F16. 101,

Smoothor non-stri
ated muscular fibres
from the middle coat
f asmall artery; the
niddle one havin,
»een  treaged witﬁ
wetic  acid,” shows
more distinctly the
wcleus @ (Magni-
fied about 3so dia-
meters.)

Such is the structure of all the larger
nerve fibres, which lie, side by side, in
the trunks of the nerves, bound together
bly delicate connective tissue, and ¢n-
closed in a sheath of the same substance,
called the z:urilemma. In the trunks
of the nerves, the fibres remain perfectly
distinct from one another, and rarely,
if ever, divide. But when the nerves
enter the central organs, and when they
approath their peripheral terminations,
the nerve-fibres frequently divide into
branches. In any case they becomc
gradually finer and finer; until at length,
axis-cylinder, sheath, and contents are
no longer separable, and the ncrve fibre
is reduced to a delicatc filament, the
ultimate termination of which, in the
sensory organs and in the muscles, is
not yet thorough[& made out. :

17. In Lesson VIII, mention is made
of peculiar bodics called wactile cor-
puscles, which are oval masses of spe-

‘cially modified connective tissue in re-
lation with the ends of the nerves in
the papille of the skin. In Fig. 103
four such * papillee, which have been
rendered transparent and stripped of
their epidermis, are seen, and the largest
contains a tactile corpuscle (¢). This

mode, in which nerves not connected with tactile cor-
puscles end in the skin, is not definitely known,

In muscles, the nerve-fibre seems to pierce the sarco-
lemma and to end inside the ultimate muscular fibre in a
peculiar knob or plate,

In the brain and spinal cord, on the other hand, it is
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certain that, in many caseb, the ends of the nerve-fibres are
continued into the processes of the ganglionictorpuscles.
18. The olfaclory nerves are composed of pafe, flat fibres

. FiG: 102

A, ancrve-fibre in its fresh and unaltered condition ; B, a nerve-fibre in
which the greater part of the sheath %ind coagulated contents (z 3) have been
stripped off from the axis cylinder (¢ ¢) ; C, a nerve-fibre, the upper part of
which retains its sheath and coagulated contents, while the axis cylinder (@ )

projects; 1), a ganglionic corpuscle—w, its nucleus and nucleclus.” (Magnified
about 350 diameters.)

without*any distinction into axis-cylinder and contents,
but with nuclei set at intervals along their length.

Similar fibres are found in the sympathetic nerves,
mingled with fibres of the same structure as those of the
spinal nerves,
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19. Ganglionic corpuscles are ‘chieﬂy found in the cere-
bro-spinal jxis ; in the ganglia of the posterior nerve roots,
and in those of the sympathetic ; but they occur also
elsewhere, notably in some of the sensory organs (see
Lesson 1X.).

They are spheroidal bodies, consisting of a soft semi-
solid cell substance in the midst of which is a large

. .
¢ F1G. 103.—PAPILLE OF THE SKIN OF THE FINGER.

a, a lar illa containing a tactile corpuscle (¢) witk™itg nerve (4):
4, other pa%.il .‘\,withom corpuscles, but i Z loops of vess#ls, c. (Mag-
nified ahout 300 diametgrs.) .

. 2 (3
clear and trans?arent area usually termed the nucleus.
Within the nucleus again is generally a smaller body
commonly termed the nucleolus (Fig. 102, D, a). Eack
ganglionic corpuscle sends off one, two, or more prolonga-
tions, which may divide and subdivide ; and which, in
seme cases, unite with the prolongations of other gan.
glionic corpuscles, while, in others, they are continued
into nerve-fibres. -
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A TABLE OF ANATOMICAL AND PHYSIOLOGICAL
CONSTANTS.

THE weight of the body of a full-grown man may be taken
at 154 lbs. . R

I. GENERAL STATISTICS.

Such a body would be made up of—

Muscles and their appurtenances . . .o 68
Skeletorr . . . . . . . . . . . .. 24
Skin . . . . . . . . ... . . 108 e
Fat T 28
Brain . . . . . . . . . .- .« . 3 e
Thoracicviscera . . . . . ., . . . 2}
‘Abdo.minal viscera . . . . . . . . . I

. 1471

Or of—

: Ibs.
Water. . . . . . . . . ¢« ¢ v o+ .»8 o
Solidmatters . . . . . . .. ... 65

.

* The addition of 7 lbs, of blood, the quantity which will readily drain
awaY from the body, will bring the total to 1541bs. A considerable quantit
of blood will, hewever, always remain in the capillaries and smal blood,-'
Vessels, and must be reckoned with the various tissues. The total quantity
of blood in the body is now calculated at about z-r3th of the body weight,
Lo d:ogt 12 lbs,

«



298 \ ELEMENTARY PHYSIOLOGY. [APPEND.

The solids would consist of the élements oxygen, hy-
drogen, cacbon, nitrogen, phosphorus, sulphur, silicon,
chlorine, fluorine, potassium, sodium, calcium (lithium),
magnesium, iron (manganese coppeY, 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 Ibs.; of other matters about 14,500
graips, or over 2 lbs.; among which of carbon 4,000
grains ; of nitrogen 300 grains; of mincral matters 400
grains ; and would part, per diem, with as much heat as
would raise 8,700 lbs, of water o° to 1° Fahr., which is
equivalent t8 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

O1HER
WaTrER.  MaTtTER. N, C.
grs £rse g1s grs.
Lungs . 5,000 [2,000 ... 3,300
Kidneys 23,000 1,000 250 140
Skin . 10,000 700 10 100
Feces . 2,000 800 40 460
Tothl 40,000 14,500 300 4,000

The gains and /osses of the body would be as fogows =

grs.

Creditor—Solid dry food . . . . . . 8000¢
Oxygen . . . . . . . . Ip000°
Water . ., . . 36,500

Total . . . . . . . . 54500

’ . .S
* Debtor—-Water. . . . . . . . . 40,00,
Other Matters . . . . . ., 145p0°

Total . . . . . . . . 54500

-1 A foot-toris the equivalent of the work required to Lilt one ton one foug

igh,,
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.
I1. DIGESTION,

Such a body woulderequire for daily food, carbon .4,000
grains, nitrogen 300 grains ; which, with the other ncces-
sary elements, would be most conveniently disposed in- -

L[]

grs
Proteids . . . . . . . . . 2000
Amyloids . . . . . . . . 4400
Fats . . . . . . . . . @ 1,200
Minerals. . . . . . . . . 4o0 *
Water v 4 -+ 36,500

Total . . . . . . . Yagso0

.

which, in turn, might be obtained, for instance, by meanse

of— .

grs.
Lean beefsteaks . . . . . . 5,000
Bread . .- . . . . . ., 6000
Mik , . . ... . .. . 7000
Potatoes . .« + .« .. 3,000
Butter, dripping, &e. . . . . 600
Water. . . . . . . . . . 22900

Total . . . . . . . . 44580

The faeces passed, per diem, would -amouht to aboat
2,800 graing, containing solid matter 800 grains.

(4 11I. CIRCULATION.®

In such a body the heart would beat 75 times a minute,
and probably drive out, at each stroke 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 capillagigs,,
at 1 to 1} inches in a minute ; and the time taken up in
perforting the entire circuit would probably be about
30 scconds. .

The lecft ventricle would probably exert a pressure on
the aorta cqual to the pressure on. the square inch of a
.Colun.m cf blood about g feet in height ; or of a column of
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mercury abaut 9} inches in heigl;t ; and would do in 24
hours an amqunt of work equivalent to about go foot-tons ;
the work of the whole heart being about 120 foot-tons,

IV. RESPIRATION.

Such a body would brcathe 15 times a minute.

The lungs would contain of residual air about 100 cubic
inches, of supplemental or reserve air about 100 cubic
inches, of tidal air 20 to 30 cubic inches, and of comple-
mental air 100 cubic inches.

The vital capacity of the chest—that is, the greatest
quantity of air which could be inspired or expired-~would
be about 230::cubic inches,

Theic would pass through the lungs, per diem, about
350 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 4to §
per cent. of carbonic acid. ,

During 24 hours there would be consumed about 10,000
grains oxygen ; and produced about 12,000 grains carbonic
acid, corresponding to 3,300 grains carbon. During the
same time about 5,000 grains or g oz. of water would be
exhaled by the lungs,

In 24 heurs such a body would vitiate 1750 cubic feet ot
“‘pure air to the extent of I per cent.,, or 17,500 cubic feet
of pure air to thecxtent of I per 1,000. Taking the amount
of carbonic acid in the atmosphere at 3 parts, and in ex-
(pired air at 470 parts in 10,000, such a body would require
a supply per diem of more than 23,000 cubig fect of
ordinary air, in order that the surrounding atmespl.erce
might not contain more than 1 per 1,000 of carbonic acid
(when air is vitiated from animal sources with carbonic
acid to more than 1 per 1,000, the concomitant impurities
become appreciable to the nose). A man of the weight
mentioned.(I1 stonc) ought, thercfore, to have at least 8oo

“Cubic feet of well-ventilated space.

. [
V. CUTANEOUS EXCRETION.

Such a body would throw off by the skfn—of water
.about 18 ounces, or 10,000 grains ; of solid matters about
300 grains ; of carbonic acid about 400 grains, in 24 hours.
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VI. RENAL EXCRETION.

Such a body would pass by the ,l’z'd/tg/.r«—'af water about
50 ounces; of urea® about 500 grains; of other solid ,
matters about 500 grains, in 24 hours.

VII. NER.V()US ACTION.

In the frog a nervous impulse travels at the rate of about
8o feet in a second. U

In a man a nervous (scnsory) impulse has been varlously
calculated to travel at 100, 200, or, 300 feet in a second.

VIII. HISTOLOGY. )

Red corpuscles of the blood are about z-%55th of aninclt
in breadth ; white corpuscles gzggpth

Striated muscular fibres are about 730th of an inch in
breadth ; plain gg¥oth.

Nervo-fibres vary between 1ooth ande z}g5th of an
inch in breadth.

Connective tissue ﬁbnls are about ;gyyth of an inch in
breadth.

Epithelium scales (of the skm) are about K{mth of an
inch in breadth.

Capillary blood-vessels arc from sdooth to -zoooth of an
inch in breadth.

Cilia (from the wind-pipe) are about sooo'-h of an inch
in length. ®

The cones in the “yellow spot” of the retina are aboilt
10Pooth of an inch in breadth. *
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APPENDIX B.
THE CASE OF BRS. A—— (Sve p. 240.)

(1) THE first illusion to which Mrs, A. was subjcct, wag
one which affected only the car.  On the 215t of December,
1830, about half-past four in the aftcrnoon, she was stand-
ing ncar 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 hecre!
come to me !”" She imagined that he was calling at the
door to have it opcned ; but upon going there and open-
ing the door, she was surprised to find no person there.
Upon returning to the fire she again heard the same voice
calling out very distinctly and loudly, * ——, come, come
here !” She then opencd two other doors of the same
"room, and upon seeing no person, she returned to the fire-
Place, Aftér a few moments she heard the same voice
still calling, “ Come to me, come ! come away ! ” in a loud,

laintive, and somewhat impatient tone ; she answered as
oudly, “ Where ar¢ you? I don’t know where yoware,” still
imagining that he was somewhere in search” of her ;“but
receiving no answer, she shortly went upstairs.,” On Mr.
AJs return to the house, about half an hour afterwards,
she inquired why he had called her so often, and wherc
he was, and she was of course greatly surprised to learn
hat he had not been near the house at the time. A simi-
ar 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. en 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.
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(2) The next illusion which occurred to Mrs. A. was of
a more alarming character. On the 3oth of December,
about four o’clock in the aftecrnoon, 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 gone 8ut to take a walk about half
an hour before, she was surprised to see him there, and
asked him why he had returned so soon. The figurc Jooked
fixedly at her with a scrious and thoughtfal expression of
countenance, but did not speak.  Supposing that his rhind
was absorbed in thought, she sat down in an arm-chair
near the fire, and within two feet, at most, of the figure,
which she still saw standing before hef. ®s its eycs,
however, still continued to be fixed upon her, she said,
after the lapse of a few minutes, ““ Why don’t you speak ?”
The figure immediately moved off towards the window at
the further end of the room, with its eyes still gazing on
her, and it passed so very close to her in doing so, that
she was struck with the circumstance of*hearing no step
or sound, nor feeling her clothes brushed against, nor
cven 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 €onvinced
that it was a spectral ilFusion. As soon as this conviction
had established itself in her mind, she recolleeted the cy
periment which I had suggested of trying to double the
object ; but®before she was able distinctly to do this, the,
figure had retreated to the window, whgre it disappeared.
Mrs# A, immediately followed it, shook the curtains, and
cxamined®he window, the impression having been so dis-
tinct and forcible, that she was unwilling to believe that
it was not a reality. - Finding, however, that the figure
had no natural means of escape, she was convinced that
she had seen a spectral apparition like that rccorded in
Dr. Hibbert’s work, and she consequently felt no alarm
or afitgtion. The appearance was seen in bright daylight,
and lasted four or five minutes. When the figure stood
close to her, jt concealed the real objects behind it, and
the apparition was fully as vivid as the reality.

{3 On these two occasions Mrs. A. was alonc, but when
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the next phantom appeared, her husband was present.
This took place on the 4th of January, 1830. About ten
o’clock at njght, when Mr. and Mrs. A. were sitting in the
drawing-room, Mr. A. took up ther poker to stir the fire,
and when he was in the act of doing this, Mrs. A, ex-
claimed, “ Why, there’s the cat ip theroom ! ”  “ Where?
exclaimed Mr. A. “ Therc,’close to you,” she replicd.
“Where ?” he repeated. “Why, on the rug, to be sure,
between yourself and the coal-scuttle” Mr. A., who stilf
had the poker n his hand, pushed it in the dircction men-
tioned. “Take care,” cried Mrs. A., “take care ! you arc
hitting her with the poker.” Mr. A, again asked her to
point out cxactly where she saw the cat. She replied,
“Why, sitting 'up there close to your feet on the rug ; she
islookingat me. It is Kitty—come here, Kitty !” There
were two cats in the house, one of which went by this
name, and they were rargly, if ever, in the drawing-room.
At this time Mrs. A. had no idea that the sight of the
catwas an illusion. When she was asked to touch it, she
got up for the purpose, and seemed as if she was pursuing
something which moved away. She followed a few steps,
and’ then said, “ It has gone under the chair.” Mr. A.
assurcd her that it was an illusion, but she would not
belicve it. He then lifted up the chair, and Mrs. A, saw
nothing ere of it. The room was scarched all over,and
nothing found in it. There was adog lying on the hearth,
Jvho wou'd have betrayed great uncasiness if a cat had
been in the room, but he lay perfectly quiet. In order
to be quite certain, Mr. A. rang the bell,*and sent for
" the cats, both of which were found in the hoysekeeper’s
room. b
(4) About a month aftcr this ocecurrence, Ms. A., who
had taken a somewhat fatiguing drive during the day, was
preparing to go to bed about eleven o’clock at night, and,
sitting before the dressing-glass, was occupied in arrang-
ing her hair. She was in a listless and drowsy state of
“*hiind, 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 ncar relative, who
was then in'Scotland, and in perfect health. The appa-
rition appeared over her left shoulder,and its eyes met
hers in the glass. It was enveloped in grave-clothes,
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closely pinned, as is usual with corpses, round the head
and under the chin; and, though the eyes were open, the
featurcs were solemn and rigid. The dress wis evidently
a shroud, as Mrs. A. rémarked cven the punctured pattern
usually worked in a peculiar manner round’the cdges of
that garment,  Mrs. A. desczibed herself as, at the time,
sensible of a feeling like what we conceive of fascination,
compelling her,for the time, to gaze upon this mclancholy
apparition, which was as distinct and vivid as any re-
flected reality could be, the light of the cAndle upon the
dressing-table appearing to shine fully upon its face.
After a few minutes she turned rgund to liok for the
reality of the form over her shoulder, hut it was not
visible, and it had also disappeared from theglass when
she looked again in that direction, ,

* * * * * *

(7) On the 17th March, Mrs. /. was preparing for bed.
She had dismissed her maid, and was sitting with her
feet in hot water.  Having an excellent memory, she had
been thinking upon and repeating to hers8lf a striking
passage in the Ldinburgh Review, when, on raising her
cycs, she saw seated in a large easy-chair before her the
figure of a deccased friend, the sister of Mr. A. The
figurc was dressed, as had been usual with her, with
great ncatness, 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 fricnd as hdving beers
worn by Mr. {\.’s sister during her last visit to England.
Mrs. A. paid particular attention to the dress, air, and ¢
appearance of the figure, which sat in ap casy attitude in
the chair, holding a handkerchief in one hand. Mrs. A,
tried to spak to it, but expericnced a difficulty in doing
0, and in about three minutgs 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 naturc of the apparition. She described it gs.
having all the vivid colouring and apparent reality of life ;
and for gome howrs preceding this and other visions, she
expericnced a peculiar sensation in her eyes, which seemed
to be relicved, when the vision had ceased. -

* * * *
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(9) On the 11th October, when sitting in the drawing-
room, on one side of the fire-place, she saw the figure of
another deceased friend moving towards her from the win-
dow at the farther end of the roofn. It approached the
fire-place, and sat down in the chair opposite. As there
were several persons in the room at the time, she describes
the idca uppermost in her mind to have becn a fear lest
they should be alarmed at her staring, in the way she was
conscious of doing, at vacancy, and should fancy hef .
intellect disorficred. Under the influence of this fear,
and recollecting a story of a similar effect in your! work
on Demonology, which she had lately read, she summoned
up the requisitg resolution to enable her to cross the space
before the fire-place, and seat herself in the same chair
with the figure, The apparition remained perfectly dis-
tinct till she sat down, as it were, in its lap, when it
vanished. o

¢t Sir Walter Scott; to whom Sir David Brewster’s Letters on Natural
Magic were ed. o
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A.

ABDOMEN, 5§

Abdominal aorta, 1or

Abduction and adduction, 174

Absorption, 154

Accessory food stuffs, 139

Acetabulum, 173 .

‘‘Adam’s apple,” 178

Adduction, 174

Afferent nerves, 187, 254

Air, 19, 78, 82, 83, 91, 92,
95, 100 .

—— its nccessity to life, 3, 4

—— stationggy and tidal, 92

Air-cells, 81, 82

Albumin, 71, @34, 136

Alimentary canal, 6, 133, 161

Alimgatation, 15, 133-155

Amceboid mpvements, 157

Ammonia, 20

Ampulle, 200, 201, 207

Amyloids, 134-139, 154, 298

Anatomy, outlines of, 5

Aorta, 29

Apex of the heart, 31

Aqueéusgumour, 227

Arachnoid membrane and fluid,
249

Areolar tissue, 9, 281

Arms, the, § -

Arms, bones 9f the, 11, 172

Arteries, 15, 22, 23, 29, 43

Artery, hepatic, 31, 50, 118

- renal, 107

—— splenic, 126

Articular cartilages, 11

Articulations,(se¢ Joints)

Arytenoid muscles and carti-
lages, 180, 181

Asphyxia, 98-100

Atlas and axis, 170, 173

Auditory nerves, 265

—— ossicles, 206, 209

—— spectra, 239

Auricles, 34, 42 - .

Auriculo-ventricular ring, 35

valves, 36, 39

B.
BALL and socket joints, 168,

175
Base of the heart, 31
Beating of the heart, 44 ..,
Biceps muscle, 10, 163
Bicuspid teeth, 143
Bile, 117, 122, 153
Biliary duct, 146
Bilin, 122
Bladder, 104
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Blind spot of the retina, 216,
219, 222

Blood, 15, 17

—— circulation of the, 15, 19,
21-57, 299,

— its characters, 58, 61, 65,
70, 74

—— arterial and venous, 74

—— ted and white corpus-
cles, 59

—— coagulatiot,, 59, 65

-—g- effect of saline matter on,

—— transfusion of, 73 '

—— crystalkzation, 65, 77

—— chemical constituents, 70

—— specific gravity, 70

—— its function, 72

—— quantity of, 72

—— its sources of loss and
gain, 101, 103, 123, 131

—— of the liver, 122

—— its temperature, 70, 128

Blushing, 51

Body, its structure and func-
tions, 1

Bone, 28¢-287

Bones, 10, 11, 161

,—— their dissolution, 20

—— of the ear, 210

Brain, 6, 14, 19, 158, 261

Bread, 138, 298, 299

Brewster, Sir ., on illusive
visions, 240, 302

Bronchi,

Bronchial tubes, 81, 82

Buccal glands, 141

Buffy coat of the blood, 67

LBurse, 175

C.

CAZCUM, 150
Cancellous tissue, 161
Canine teeth, 143, 290

INDEX:

Gapillaries, 15, 21, 78, 301

Carhon, 3, 134, 137, 298

Carbonate of lime, 2, 10

Carhonic acid, 2, 3, 16, 97,
98, 106, 132

Cagbrmic acd gas, 71, 75, 79,

Carbonic oxide gas, g9

Caidiac aperture of the sto-
mach, 145 4

Cartilage, 10, 11, 18, 85, 167,

279
Caruncula lachrymalss, 235
Casein, 134
Cavity of the mouth, 139
Cellular structure, 272
Cement of the teeth, 290
Central nervous oigan, 187
Cerebellum, 260, 262, 268
Cerebral hemisphcres, 263
Cerebral nerves, 248
Cerebro-spinal axis, 7, 93, 248,
266, 2
tres, 14
— -—— —— system, 248
Checks, 192
Chest, 5
Cholesterin, 123
Chondrin, 134, 231
Chordz tendinge, 35, 38
Chords, vocal, 7% 177 180-

—— nervous cen-

102 )
Choroid, 216, 218, 226, 227,

232

Chyle, 22, 28, 153

Chyme, 1

Cilia, 86, 157, 301

Ciliary lig#ment, muscle, and
rroces.ses, 226, 228, 232

Ciliated epithelium, 275

Circulation, organs Yf, 15, 19,
21-57, 299 o

Circulation and respiration,
analogies of, 94



YNDEX, 31

Circumduction and rotatioh,
174

Clavicle, 11

Clot, 66 4

Coagulation of the blood, 59,
65-70 :

Coceyx, 11

Cochlea, 198, 200, 204, 211

Cold, 127

Cold and heat, feeling of, 192

Colon, 150

Colour blindness, 221

Colour of the blood, 74, 77

Columnz carnex, 38

Combustive process (see Oxy-
gen)

Complementary colours, 22t

Concha (external ear), 205,
208

Cones of the retina, 216, 223,

{e]4
Coigestion of blood-vesscls, 53
Conjunctiva, 234
Connective tissue, 9, 158, 20I,
215, 280, 301
Consciousness, 188
Consonants and vowels, how

sounded, 184
Contractiong muscular, 10,
158, 161

—— of bloo®-vessels, 23, 51

—— of the heart, 40

———oof blood-cdrpuscles, 62

——of the bronchial tubes,
81, 86

—— of the stomach, 146 o

—— of cilia, 158

Cornea, 226

Coronary arteries, 29, 50

—— veins, 29

Corpusacallosum, 261, 264

- Corpuscles of lymph, 73

—— of the hlood, 56, 59-65,
301

—- of the spleen, 126

Corpus striatum, 262

Cortian membrape and fibres,
200,204, 211, €12

Coughing, 90

Cranial nerves, 265

Crassamentum, 66

Cribriform plate, 196

Cricoid cartilage, 179, 180

Crico-thyroid muscle, 179

Crystalline legls, 226, 231, 279

D.

DEAtH, local, 18

generaly 1820

Deciduous teeth, 290

Decussation of the pyramids, ,
267

Deglutition, 144

Delusions, 241

—— of the senses, 238, 302

Dentine, 288 ©

Dermis, 8, 113

Nextrine, 134

Diaphragm, 6, 33, 88

Diastole, auricular and ven-
tricular, 41, 96

—— respiratory, %, 96

Diet, mixed, its, importance,

137
Digastric muscle, 175, 176
Digestion, 146, 153
Digits, 5
Double vision, 246
Drink, its necessity to life, 3
Drinking, how performed, 144
Drum of the ear, 205, 209
Ductless glands, 63
Ducts of glands, 131
Duodenum, 127, 146, 150 «
Dura mater, 249

E.

EAR, 198-213
E#vent nerves, 187, 254
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Emotion, 188 Fébres and membrane of Corti,
Enamel, 143, 289 : 200, 203, 204, 211, 212
Endocardiumg 36 Fibrille, 281, 292
Endolymph, 201, 208, 211 Fibrin, 65, 66, 124, 134

Epidermis, 8,«113, 191, 273, Fibrinogen, 69
274 Fibrous tissue, 9, 281
Epiglottis, 79, 141, 144, 179, ¢ Fissure of Sylvius, 261, 264
181 Flexion and extension, 174
Epithelium, 9, 109, 191, 198,  Kood, 98, 298, 299

273-275, 301 —— its necessity to life, 3
Eregt position of man, 12 —— its operation in maintain-
Essential food-stuffs, 139 ing weight, 4

Ether, 224 —— daily quantity required,

Eustachian tubeg, 140, 205,* 133
207,213 © Food-stuffs, 134-139, 154
Excrementitious matter, 3, Foot, 165
‘133 Frog, circulation in foot of,
Excretion, organs of, 3, 15, 54, 56 o
101 —-— bload-corpuscles of, 64
Expiration and inspiration, 81, -—— reflex action of its spinal
9 91, 93, 95 ¢ cord, 257
Extension and flexion, 174 Functions of the body, 2
Extra-vascular parts, 21 — ——— of the blood, 72
Eye, the, 214-235 *
—— muscles of the, 175
—— humours of the, 227 G.
»—— adjusttnent of the, 229
Eyehall, 225 GAINs and losses of the body,
Eve-lashes, 234 117, 298 [3
Eyelids, 234 —— of the blood, 101, 103,
123, 131 N
Gall-bladder, 118, re2, 146
F. Galvanic shocks, effect ofy 14
Ganglia, 53, 250 «
FACIAL nerves, 264, 268 Ganglionic  corpuscles, 215,
Faces, 15, 139, 298, 299 ! 217, 249, 293, 296
Fainting, §3 Gascous elements in  food,
Faintness, 188 134
Eat-cells, 283 - Gases in inspired and expired
Fatigue, 188 air, 82, 93
Fats, 134-139, 154, 298, 299 Gases of the blood, 7% 75
Fauces, 140 Gastric juice, 145, 148
Feeling, sense of, 188 Gelatine, 9, 134, 282

Fenestre, 204, 206, 207, 209,  General death, 18
211 Glands, structure of, 130
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Glan&s, mesenteric, 28
—— salivary, 131

—~ raccmose, 131

-—— sebaccous, 112, 13€

- —— perspiratory, 112, 131
—-— saccular, 131

—— of Lieberkuhn, 131
—— buccal, 141

—— parotid, 141

—-— submaxillary, 141
—— sublingual, 141

-—— peptic, 145

-—— lachrymal, 234

—— Meibomian, 234
Glasses, convex and concave,

225, 244
Globulin, 61, 65, 69
Glomerulus, 1081
Glossopharyngeal ncerves, 193,
. 260,13265':y .
Glottis, 79, 93, 141, 178, 180,
194
Glucose, 124
Gluten, 134
Glycocholic acid, 122
Glycogen, 117, 124
Gullet, 8, 140
Gum as food, 134
Gums, the, 288-
Gustatory nerve, 193, 264

H

H/E!wrm. 61, 65

Hemoglobm, 61, 65, 71, 77,
99, 160 .

Hairs, 277, 278

Hand, 171, 192

Haversian canals, 285, 286

Head, 5, 166

Heating, 190, 198-213

Heart, ﬁs structure and action,
6, 15, 19, 30-57

—— its muscles, I

— sounds of the, 45

313

Heat, generation of, 3, 4, 127
—— of the blaod, 17, 70
—— of inspired and expired
air, 83
—— regulation of, 126-129
—— feeling of, 192
Heat-producers, 138
Hepatic artery, 31, 50, 118
e du}:t, 118
—-— vein, 31, 50, 119
1lilus, 1043‘ 5
Hinge-joints, 170, 175
Histglogy, 272-301
Humerus, I‘ZI
Humours of the®ye, 227 .
Hunger, 3
Hydrogen, 3, 134, 135, 208
L]

L

ICE-CHAMBER, experimental, 2

Ileo-ccal valve, 150

Ileum, 150

IHac arteries, 101

Ilium, 11

Illusions, spectral, 240, 302

Incisors, 142, 2g0 &

Incus, 205, 206, 211

Inferior vena cavaj 29, 104, 13p

Innervation, 248-271

Insensible perspiration, 111

Insertion and origin of muscles®
1 i -

Inspiration and expiration, 81,
Bl;, 91, 93, 95

Integument,

Inter-articular cartilages, 167

Intercellular substance, 279

Intercostal muscles, 86, 8Qu.a |

Intestines, 15, 150

Intra-lobular veinlet, 120

Invertebrate animals, 63

Iris, 160, 227, 229

Irritation, 187

Ischium, 11
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J.

JEjuNUM, 15@

- Joints, 162, 167-172
Judgments and,sensations, 237
Jumping, 177

K.
KIDNEYS, 6, 16, fo1, 104-117,
2

—— compared with lungs and
skin, 116

Knee-pan, 11

Kreatin, 160

L. ¢

LARYRINTHS of the ear, 198,
200, 204, 207, 211

Lachrymal ducts, 140

—— glands, 234 .

—— sac, 235

Lacteals, 28, 151, 154

J.actic acidy, 160

Lancelot, the, 63

Laryngoscope, the, 181

Larynx, 80, 177, 181

« —"bones of the, 11

Lens, crystalline, <26, 231,
279

Levator muscle of the eyelid,

234
Levers, action of the bones,

163
Life, 18, 19
Ligaments, 10, 11, 172, 283
Light, 224
—— sensation of, 214, 219
Limbs, §
Lime (see Carbonate of Lime,
Phosphate of Lime).

INDEX.!

Lime-water, 2

Lips, 192

Liver, 6, 117

—— is structure, 118-122, 298

— cells, 117, 120, 122

- circulation, 118

«Lobes of the brain, 260

Lobules of the liver, 119, 121

Iocal death, 18

Locomotion, 157, 175

Luginous impressions, 220

Lungs, 6, 16, 17, 19, 81, 84-
100, 101, 117

—— their arteries and veins,
29

—— kidneys and skin com-
pared, 116

Lymph, 22, 73

Lymphatic system, 51, 125

—— capillaries, 63 "

—— corpuscles, 63

—— glands, 26, 126

Lymphatics, 8, 26

M.

MAcULA lutea (yellow spot),
216, 217, 219, 322, 226

Malleus, 205, 207, 209

Malpighian capst'es, 108

Marrow, 161, 285 ¢

Mastication, 144

Mastoid cells, 206,

Meat, 138

Meatus, internal and external,
205-208

Mechanical force, 3, 4

Medulla oblongata, 19, 93,
260, 261, 266, 270

Mental emotion, 13, 853 .

Mesenteric glands, 2

Mesentery, 28

Minerals as food, 134, 298, 299

Mitral valve, 36
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Mol:!r teeth, 143, 290
I

Mortification,
Motion and locomotion, 156~
186 L]

Motor fibre, 159
Motor nerves, 187
Mouth, 8, 15 »
Mucous membrane, 9, 141, 145,
152
Mucus, 9
Muscles, 10, 132, 157, I
—— of the ear, 2085: 21358
—— of the eyeball, 233
—— of the heart, 36
—— of the mouth, 143
—— of motion and locomo-
tion, 156-186
—— of the vessels, 23
—— of the voice, 181
«—— striated and smooth, 158,
291
-—— not attached to solid
levers, 160
attached to levers, 161
—-—— minute structure of, 291
Muscular contraction, 12, 14,

158
—— sense, 188
—— tissug, 301

Musk deer, blood-corpuscles

of,64 @
Myosin, 159

N.

Narws, 276

Nasal passages, 93, 158

Nerve fibres, 293, 295, 301

Nerves, auditory, 198, 202,
208. 211, 265 .

—— of the brain, 264

—— action on blood-vessels,
129 :

—— of the eye, 214, 216, 264
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Nerves, facial, 264

—— action on glands, 132

—— glossophagyngeal, 193

—— gustatory, 193, 264 .

—— of the hgart, 53

—— action on the kidneys,
11

—— motor or cffcrent, and
sensory or afferent, 187,
253 |

—— actiorPon muscles, 159

olfactory, 194, 196"

- action on respiration, 93

on the stomach,

;s * e -

on sweat-glands,

116
—— of the tongue, 266
ervous action, its rapidity,
301
Nervous system and innerva-
tion, 17, 271
Nervous tissue, 293-296
eNeurilemma, 191, 204
Nitr%gen. 3, 83, 132, 134, 135,
29

Nitrogen starvatign, 136
Nose (see Smell)

Nuclet of blood~corpuscles, 60,
63 . ®
Nuclei and nucleoli, 272, 287,
292, 294,.295, 296
Nutrition, 15, 133-155

0.

(EsoPHAGUS, 8, 80, 140, 144

Olfactory nerves, 264, 295

Optic axis, 241 ~ .

—— nerve, 214, 217, 218, 222,
226, 233, 264

—— thalami, 262

Optical delusions, 241

Orbicularis muscle, 234
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Origin and insertion of muscles,

175
Orra serrata, 236, 229
Osmosis, 148
Ossa innominata, 11
Ossification, 285
Otoconia or otolithes, 199,
201, 208, 211
Oxygen, 3, 17, 19, 79, 83, 97,
98, 123, 133, 293

P.

PALATE, 139, §92%194

Pallor, 52

Palpitation, 53

Pancreas, 6, 127, 131

Pancreatic duct, 146

—— juice, 153

Papillary muscles, 35, 38

Papillee, 190, 192

Paralysis, 253, 255

Patella, 11, 166 .

Pelvis, 11

—— of the kidney, 107

Pgpsin, 145,

Peptic glands, 145

Peptone, 147.

Péricardium, 31

Perilymph, 201, 202, 208, 211

Friosteum, 285, 287

Reristaitic  contraction,
161

Peritoneum, 105, 118, 150

Perspective, 243

Perspiration, 111-117, 300

Petrosal, 198 i

Phalanges, 5

Phatynx, 8,5, 79, 93, 140

Phosphate of lime in bone, 10

Phosphenes, 222, 242

Physiology, human, 2

Pia mater, 249

Pigment cells, 227, 284

152,

INDEX. ¢

Pillgrs of the diaphragm, (38

Pivot-joints, 170

Plasma, 59, 66, 72

Pleura, 84

Plexuses, 271

Pneumogastric nerves, 53,254,
260, z%s;f 267 5

Pons Varolii, 262

Portal circulation, 50

Pronation, 171

Protiids, 125, 134-139. 154,
298, 299

Protein, 3

Protoplasm, 272, 274
Pseudoscope, 246
Ptyalin, 141, 144

Pubis, I1

Pulmonary capillaries, 78, 81
Pulse, 45

Punctum lachrymale, 235
Purkinje’s figures, 223
Putrefaction, 159
Pylorus, 145, 146
Pyramids, 267

R.

RACEMOSE glands, 131
Radius, 171 ¢
Receptacle of thecghyle, 28
Rectum, 152, 155
Reflex action, 94, 1%8, 256,
268, 269 (
Reissner’s membrarfe, 202, 204
Renal artery, 107
—— excretion, 301
—— vein, 109
Respiration, 74-100, 299
—— and circulation,
analogies of, 94 .
Respiratory sounds, 94
Restlessness, 188
Retina, 214, 220,222, 226, 229
Ribs, 11, 85, 90




INDEX.

Rigor mortis, 159 *

Rods and cones of the retina,
216, 223, 301

Rotation and circumdhction,

174

S.

SACRUM, II

Salamanders, blood-corpuscles
of, 64 I

Saliva, 141, 144

Salivary glands, 131

Salts in food, 135

Sarcolemma, 367, 291, 294

Scala media of the cochlea,
198, 200, 201, 203, 207,
211, 212

Scala tympani, 204

‘Scala vestibuli, 204

Scapula, 11

Sclerotic, 216, 225

Sebaceous glands, 112, 131,
279

Secretory glands, 102

Semilunar valves, 35, 38

Sensation, a state of conscious-
ness, 188

Sensationwand judgments, 237

oalescence of, 236

—————%nd sensory organs,
14, 187-213

Segses, delusions of the, 238,
302 o

Sensory nerves, 187

——— organs, 14 '

Septum, 194

Serous membranes, 33

Serum, 33

—— of blood, 66

Sighing, 90

Sight, 190 .

—— the organ of, 214-235

Singing, 183

Slge eton, 10

317

Skin, 8, 16, 102, 111-117, 298

lungs and kidneys, com-
pared, 116

Skull, 5, 6, 11, 165 *.

Smell, 194-168 !

Sneezing, 9o

Sniffing, 90, 197

Sound, 181, 184, 209

Sounds of the heart, 45

Speaking machines, 185

Spectral illusions, 240, 3p2

Speech, 177, 184

Sphincter, 105

Spinal canaj, 6

—-— cord, 6:.249; 255-859,
263 .

— — nerves, 248 -255, 263 *

Spine, 166

Spleen, 6, 126

Splenic artery and vein, 126

Squintinge246

Stapedius muscle, 208, 213

Stapes, 206, 210

Starch, 117, 124, 125,134, 142, '
144, 148, 154

Stereoscope, 247

Stimulus or irritagion, 19, 187

Stomach, 15, 144

Subjective sensations, 239 e

Sublingual glands, 141

Submaxillary glands, 141

Sugar, 1178 124, 125, lz;,
142, P44, 148, 154

Sulphuretted hydrogen, 99

Superior vena cava, 29

Supination, 171

Supra-renal capsules, 126

Suspensory ligament, 227

Sweat-glands, 152, 113e131

Sweet-bread (sez Pancreas)

Symmetry of the body, 6

Sympathetic ganglia, 6, 7, 248,
261, 271

— — nerve, 52, 53

Synovia, 11, 167
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Synovial membrane, 11, 167

Syntonin, 134, 159

Systole, auricflar and ventri-
y cular, 41,

——— respiratdvy, 82, 96

T.

TACTILE corpuscles, 191, 294,
296

Taste, 192-194

Taurocholic acid, 122 .

Tears, 235 .

Teeih, 142, 28-291

:I‘emgerature of the blood, 70,
12

‘Tendons, 10, 175,283 . -

Tensor tympani, 208, 213

Thaumatrope, 245

Thickness of the.blvod, 70

Thirst, 3

Thoracic duct, 28, 155

Thorax, 5, 84

Thought, 188

Thymus gland, 126

'l‘hysro-aryteﬁoid muscles, 179,
1

2
Thyroid cartilage, 178, 180
—— gland, 126
I_ibia, 166 8 8¢

~Tissues, 9, 78, 83, 10
X dissolutién o, 5
—— minute structure of, 272~

€

296
%issue-fomers,» 138
ongue, 140, 143, 192, 19
B ot ’ind?s’pemibxes for

Trachea,

Transfusion of blood, 73
Transmigration, 20
*Trapezium, 170

INDEX,

3
TriCeps muscle, 169, 174
Tricuspid valve, 35, 36
Trigeminal nerve, 264
Tripod of life, 19
Trunk, 5
Tubules of the kidneys, 108,
‘ 110
Turbinal bones, 140, 196

Tympanum, 205, 209

“
u.

ULNAa, 171,

Urea, 3, 16, 105, 106, 135,
138

Ureter, 104

Urethra, 105

Uric acid, 105, 106

Urine, 105, 301 '

Uvula, 140

V.
VALVES of aorta and pulmo-
nary artery, 26
—— of the heart, 36
—— of lymphatic ¢essels, 28
—— of veins, 24
Valvulze connivenﬁs, 52
‘Vascular system, 21—
Vaso-motor centres and nesves,
53, 259, 261«
Vegetable diet, 136, 137
eins, 15, 24, 29
Velum (soft palate), 140
Vena cavee, superior and in-
ferior, 29, 104, 120
Vena portz, 31, 50, 118, 121,
2 ¢

Ventilation, 100 .
Ventricles of the heart, 35, 42

—— of the larynx, 179



INDEX.

Ventricles of the brain, 26}
Venmloqulsm, 241
Vermiform appendix, 150
Vertebrate animals, 63
Vertebrz, 6, 167, 173
Vestibular sac, 200
Vibrations of ether, 219
Villi, 28

» —— of the intestines, 1351,

154

Vision, single and doublr 242

Vision, single with two eyes,
245

Visual size and form, 243

Vital actions, 18

ital food-stuffs, 135

Vitreous humour, 226

Vocsal chords, 79, 177, 180~

Voice, 177, 18

Volm’on, 188 3

Vowels and consonants, how
sounded, 184

319
w.
WAEKING and: running, 176,

177
Warmth and ‘oldness, feeling

of, 192
Water, 16, 135, 138, 298, 299
—— elimination of, 3, 84
Weight lost in action, 3, 4
——— of gonstituents of the
wlffdy' 297 8

ispering, 184

Whis?llng, 184
Windpipe, %0, g0
Work and waste, 4, 298

Y.

YELLOW-SPOT, 216, 217, 219,
- 222, 226, 301

tez.
ZOOTROPE, 245

THE END,
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