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PREFACE.

e

It is hoped that this work, being issued at a comparatively low priee, may be found useful
both to science teachers and to students of all kinds. To the private student, whose aceess to
anatomieal Pnﬁl};nmtiuus and 'E:l'|:|_],'5i01ﬂgi|;:ﬂ| laboratories 1s lilllllt{:{ir such a book is ill:lii:}l{:!millrh‘..
Students of medicine, although they have seen with their own eyes, yet know the use of Pictures
and Diagrams, both for accurate comprehension of Text-books, and for aid to the memory in 1ts
heavy task ; for example, they will find the three drawings of the brain, two being sections such
as would frequently not be made by the student himself, valuable to them in assisting both under-
standing and recolleetion of Anatomy. Again, ehildren, with their keen interest in the facts of
Nature, and with their fresh undistracted minds full of curiosity about what is around them, are
almost always found to take a deep interest in the wonderful structure and functions of their own
bodies. The subject has been introdueed into many of the London Board Schools, and has been
found to be surprisingly popular among the children themselves ; one of our Inspectors records
that he has often been much struck with the alacrity with which boys rush to their seats for an oral
examination in Physiology, even at the very end of a long and tiring day of inspection. Thus, this
volume would generally be found an aceeptable gift to an intelligent youth of twelve or fourteen,
and would afford him useful instruction for his adult life in any case, but most of all where it

was designed that medicine should hereafter be studied as a profession.

As T have not, of course, either drawn or lithographed the Plates, I may be allowed to say
that many of them are quite admirably executed. Nearly all of them are new drawings, never
before published in any form in England. Some of them are taken from the recent famous Ana-
tomizcher Atlas of Dr. Heitzmann: others are newly drawn from preparations in the Vienna
Museum of Anatomy, and other places. Most of them are, therefore, quite modern, and some
obtain special value from that fact as embodying the latest results of anatomical research. In
this connection attention may be specially drawn to the Structure of the Ear, Plate XXII.

In writing the Letterpress I have had mainly in view the requirements of young and indi-
vidual students, and have not assumed that my readers wounld possess any knowledge of the sub-
ject. At the same time, in order to avoid undue length, 1 have made the Index to the Plates as
fully explanatory in itself as possible.  For this reason I would advise beginners of the study to
first carefully look out on each Plate the parts referred to by each number in the Index, and
afterwards to turn to the Letterpress about the Plate, and in reading it not to spare continual

reference from the text to the picture.
FLORENCE FENWICK MILLER.

Loxpox, March 1879,
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Freliminary Observations.

THE human body is exeeedingly eomplex in strocture,
and marvellons in function ; and yet, like a heantiful pic- |
ture, it is composed of comparatively few materialsz. It |
contains fourteen of the sixty-six “ chemical elements ™ into |
which all matter in nature can be H'|I:Il'.lh.'l|... and those |
fourteen elements in combination form all the tissues of the |
by, and boglid up the numerous organs by which the vital |
processes are carried on, .

The knowledge of the structure and positions of those
tizanes and organs forms the science of Arofomy @ the facts
of the vital processes performed by those tissues and organs
make up Plhisiology,

Thea sister sciences of Anatomy and Physiology are as
closely connected as the Siamese twinz, They are almost |
one ; there 13 an idivisible connection between them, but,
at the same time, they are distinet subjects for study.

A knowledge of Anatomy iz an abzolutely essentinl pre-
liminary to the study of Physiology, For many Inmdreds
of years this truth was not recognised, and the aneient |
phyziologists tried vagnely to guess at the functions of the |
varions organs, without the aid of the clue which they
might. have fouml in even a rouzh examination of the
structure of the parts. It mnst be acknowledged, however,
that small progress eonld ever have been made in ana-
tomical research hefora the discovery of the microscope.
Thronghout the plates of this volume, the work of the
microscope 158 dizeermible, and those young stndents who
are not accustomed to the vze of that instrument must be
enreful not to get their idens confonnded as to the relative
size of the objects represented, by neglecting to note whether
they are magnificd” or not, and where they are so, to what
extent they are enlanged.

In writing a description of the plates in this hook, my
aubject is necessarily Anatomy : but T shall not, therefore,
eonaider myself excluded from briefly deseribing also, wher-
ever possible, the work of the varions structurez.  On the
contrary, 1 shall endeavonr to include in these pages a

stident, by reading attentively, and constantly referring to
the plates, may gain a general knowledge of the living
human bady.

The Chemical Elements which are normally fonnd in
the structure of the body are the following :—Oxyzen, Hy.
drogen, Nitrogen, Carbon, Sulphur, Phosphorus, Sodium,
Potassium, Lime, Chlorine, Magnesinm, Iron, Silicon, and
Fluorine. No one of these is found by itself, as an element ;
but, mixed one with another, they form every particle of
the body.

The most important of these fourteen clements are
the four first named, The pllj'sinlugiul chemist in his
laboratory finds that he can analyse nearly overy part and
tizana of the body into these four elements—Oxygen, Hydro-
gen, Nitrogen, and Carbon—with & mere infinitesimal portion
of some of the other substanees named.  Supposs he thus
analyses the entire body of a man weighing eleven stone
(154 pounds), only about one stone (14 pounds) wounld be

| therefore receives the name of vital foree
| lin,u,'l_uq,':_-, vital foree apart from Ii'ring matter ; that is, pric-

found to consist of the last ten elements named above; |

A

and of even that one stone, by far the greater portion
would eonsist of the ashes of the bones ; =0 that the softer
partz of the body contain only a very small proportion of
the other elements, besides the combinations of Oxygen,
Hyidrogen, Carbon, and Nitrogen of which they are mainly
formed.

Everywhere in the living body there is found & remark-
able substance which is composed of those four prineipal
elements, together with a very little of some few others,

| This is called Profaplas, from Greek words meaning the firsf

formafive malerial, becanse it is the earliest eondition of
living matter ; and it has very remarkable vital properties.

The word *“vital ™ is derived from the Latin for life, and
% yital foree™ simply means, therefore, the foree of life, Living
matter, in whatever form, from the lowest up to the highest
organism, has certain powers inherent in itself as vital
properties ; the product of some force peculiar to it, which
We cannob

bably, impossible for ever. The chemist can put together
the elements of protoplasm, but he eannot thereby produce
the force of life. To talk abeut vital power is thus enly

| ome way of concenling our practical ignorance of nature's

seCrets.

Bt if we cannot III'E:HI“I.'I," the I‘nr.:e, W S -ﬁl-ll.'l.i_}' it-;
and this can be done quite as effectually by considering
the tiniest individual particle of living protoplasm, as by
the largest mass of it.  As Tennyson says, apostrophising
a tiny flower—

SO T eoabd nmsderstamd
What you are, rost and all, ad all in all,
I sheould ksow what God and man is "

The lower animal organisms, such as the jelly-fish, for
instanee, which may sometimes be seen on the sen-shore
{w]mm [ remember when 1 was a Very littla girl 1 fiumd
one, and an impertinent boy tried to persuade me it was the
moon fallen down) are little more than lomps of simple pro-
toplasm,  There are tiny microscopic animal forms éven

' simpler than the jelly-fish. Now, when one of these is
hrief sketch of the physical life of man; o that the voung |

inspected and watehed, it is found that the minute speck
of matter iz endowed with certain powers, produced by an
inherent vital force which is practically and essentially the
same a8 that which is observed in all living creatures.  If a
chemist conld (bug he cannot, a5 we all know) make in his
laboratory one of those tiny specks of living protoplasm,
his making any other animal would be possible, for the prin-
ciple of life exists equally in that speck and in a man.

These vital powers consist, to spesk broadly, of the
power of movement ; of the power of receiving from
outside matter which serves it as food, and of converting
that food into its own substanee ; and of the power of in-
ereasing in size, or reproducing itself, in consequence of its
comversion of food into living protoplasm.

The protoplasmic speck can move about in the fluid in
which it is found by means of a shifting of its substance ;
the whole mass of protoplism is moved by the movement
of first one atom amd them another atom of it When a
particle of food comes against it, the protoplasm flows round
the fomd, so to speak, takes it in, and by vital -action upon



it, turns a8 mnch s possible of it into nmew protoplasm.
By and by the one speck becomes two, either by breaking
in halves, or by a new speck growing out at the side, which
presently becomes a new individoal,

Buch a minute portion of protoplasm is called o Cell,
Generally, a darker and even more minute speck can be
deteoted somewhere in the substanee of the cell, which s
called ita nmclens.  The ordinary way of growth and
reproduction of cells is for the nuclens to divide into two
parts, sach part gathering around it an equal quantity of
cell-substamce ; and then each newly-separated nuclens and
its surrounding protoplasm absorbs noorishment, and in-
ereases i size, until the two cells are each as large as the
ome original cell ; and then ench repeats the same process.

It may be nseful that I should mention that the simplest
animal form to which the description given above applies,
15 a l:Liq‘:I‘L‘nﬂL‘x'tllnji: |'|!‘J"_:.:'Ll:|i.\'r|:| rm:ul-i ill :ul::n;_:lnl'lll waler, len*-_.
each individoal cell leads itz individual life, absorbing
nonrishment, showing the power of vital movement in itz
suhatanes, Erowing, aned reprodicing itaedf ; and yet l|||"i.||1!':..
a0 far as can be dizcovered, o simple speck of profoplazm.
This minute living unit hos been called the ameba ; and
congequently, the vital propertics of a eell, as deseribed
above, are often spoken of as amoebeid

Now, it iz not possible to wateh the growth of the tissnes
in 2 higher animal, in the same way in which the whole
growth and vital manifestations of these very low animal
existences may be watched,  Dut there is every reason to
balicve that the tissues of man grow and are reproduced, in
a broad sense, exactly like the whole bodies of these lower
forms of animal life.

The simpler tissues are distinetly found to be formed of
cells, which obtain their nourishment from the blood, and
which, doubtless, grow and develop like cells ountside the
body. When these oltimate tisswes are examined under
the microscope, the cell-nuclet can be dizcovercd in them.
Each cell —or probably it is more exact to sny each nnelens—
has the power of drawing from the blood, by which nuotr-
ment is carried to the whole body, exactly the elements
required to make its own particular tissue, and none other.
Thus, one fat-cell will draw from the bloesd the clements
necessary to merease fat, and enable the one ecll to multiply
itzelf ; one of the cells of the skin will draw out of the
blood the special matter for ifs growth and reproduction ;
and 20 on, in accordance with the mysterions vital laws of
their being.

The Efementary Tisswes are thoss which cannot be divided

without destroying their construction ; they are the first |

results of the grouping together of cells, and their subse-
quent development.  The following is an enumeration of
them ; they will be fregquently referred to hereafter :—

1. Epithelium (Plate XVIIL F, G} consists of simple
cells, placed side by side, and generally so united as to form
a continnons layer, termed a Membrone (skin).  Thess cells
are raproduced in the manner above deseribed ; besides sepa-
rating from the blood matter for its own sustenance, each
call generally secretes a little spare fluid.  The membrans
{called mucous) which covers the mside of the lips, and which
15 continued all through the alimentary canal and sther spaces
opening outside the body, is only slightly modified epithe-
linm ; so s the membrane (serous), which forms shut hags

within which vartous organs are inclosed, as will be desoribed |

in speaking of the heart ; and so, indeed, is the external skin
which covers the outside of the body. This consista easen.
tially of cells, which are soft and plomp in the lower layer,
whers they are produced from the blood, and being gradu-
ally pushed wpwards by constant growth below become
flatter and hander as they approach the surface, and having
reached it are gradually rubbed away in the form of an
impalpahle dost.

2. Cartilage, commonly known as gristle. This is
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seen, under the microscope, to congist of cells imbedded in
a hard substance, which is called the mafrix,

3. Adipose or Fatty Tissue.—The fatty tissue con-
sists of a collection of cells, each containing o noclens and
a quantity of fatty matier.

+. Connective Tissuse (sometimes ealled ghrous fisne),
which is so named becanse this tizane passes through all
parts of the body connecting the one with another. In it
cells seem to stretch out into long fibres, of whicl the tizsus
is made wp.

5. Pigment-cells, in which the cell contains a quantity
of colouring matter.  Sueh cells are fonnd in the sye, and,
as will be mentioned agmin hereafter, in a layer of the skin.

The strueture of nervons tizsue and muzeanlar tissue will
be spoken of farther on.

And finally, among these elomentary tissnes, is

. Bones, a figure of the microseapic strocture of which is
fonund on Plate 111 Fig, E. This beautiful figure representa
a slice taken across one of the long bones, such as that of
the upper arm, and magnified about 150 times,

Ty space in the middle of each of the vings in which
the bone i seen to be arranged, i3 a tiny canal about
wurg of an il in dinmeter, which runs through the bone in
a longitudinal divection., These Moverdan conols do not
run straight on, however, the whole length of the bone,
bt diverge in varions directions amd join into one another,

| and ean always finally be traced to the outside of the bome,
where blood-vessels enter them. They are meally canals
for the bloed-vessels to mun through ; an artery or wvein
15 found in each shaft.

The large black spaces surrounding the Haversian canals
are ealled leewme.  In a fresh bone, a nucleus with a little
protoplasm around it oconpies each of those many spaces.

The very fine hairlike lines which are seen running in
EVETY direction, fl;‘llln, LEL 1T !ru:mm to anotler, are excesd-
ingly minute tubes excavated in the bone, and are called

i canalicili,
By means of this marvellonsly beautiful and delicate
| armangement, the whole of the hard tissue of bone is kept
bathed by the blood. The vital floid muns throogh the
Haversian canals, and the nutriment s drawn from thenee
through the minute canals to the living cells in the
lacnnze,

Besides these minute cavities, which are only distinetly
seen under the microscope, long bones have a canal mn-

| ming straight through their centres, filled with that soft fatty
substance called marrow. This is very plentifully supplied
with blood {or, as it is called in technical language, is

| ighly vascular), by means of an artery which passes into

| it throngh the bone ; and some of the blesd which nonr-
ishes the substance of the bone i= supplied from the mar-

| row-artery.

| We may now proceed to eonsider

I The Skeleton.

| FPlates I to VI.—Bones are divided into four classes :
fong, short, fof, and frregufer. The homan skeleton consists
| of about 200 distinct bones.
| TIn making this calenlation, of conrse each hone is counted
| regardless of how firmly it may be jointed to a neighbour,
Thus, the spine consists of 26 separate bones, which can
be seen best in Plates L and 1L Fig, B, There the 24 ver-
| tebre, numbered 6, 7, and & can be counted, amd the
sacrum (9} and its tail-piece the cocoyx (10) are sten to
| form the twenty-fifth and twenty-sixth of the number.
|  Fach vertebra consistz of two chief parts=.  First, a
hard solid portion called its fedy, which is turned mwarnds,
and is seen in Fig. A, of the plate, with the numbers 16,
17, and 18 placed upon the respective bodies of thres vor-
| tebrme,  These, being placed on top of one another, and
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Jointed firmly together by the plates of cartilage which are |
goen in the picture as dark rings between them, form a
strong column which gives sup p-nrl to the trunk.  Seeandd,
each vertebra haz a ring of bone, ealled its arch, ronning
ronnd behind the body, 50 that when the vertebrs: are in
their natural position, their arches, or rings, form a con-
tinuons bony eanal, which contains the spinal cond. 1t 1s
the arches that are shown in the back view of the spine in
Fig. B

The first and second vertebre are different from all the
rest, ami they are thercfore specially fignred on Plate 111,
(Figa. I’ and G).  The first one, Fig. F, is called the aflaz,
The ancients had o fable that the globe was supported on
the shoulders of 2 mighty man named Atlas 3 and the first |
cervieal vertebra s ealled after him because it supports the
globe of the hend. In the figure just ahove (B) No, 15
shows the surfaces of the oceipital hone of the skull which
eome against the depressions made to receive them (5, Fig.
F) on the top of the atlas, . shows the secomd cervieal |
vortebra, which 1s called the iz The point projecting
upwards of this bone iz ealled the sdondwd process @ the
figure 2 paints out the spot of that process which comes |
agninst the apot marked 4 in F.  For the odontoid process |
projects up thrangh the middle of the atls, and iz held |
there by a ligament that ronsg acrozs from the projecting |
]_'lt‘n:il'lt- :I;'_{.:l.i.tlsl:. whitch the ﬁ:,_:ﬂn' 4 =tandz to the similar ]'lllihl
opposite to it. By this means the head is able to tum
a litthe from side to side, and to ned backwards and for.
warnds, without the whole of the spine moving.  The atlas
really moves upon the pivot provided by the edontoid |
process of the axis,

I hiave made the Index tothe Plates as eomplote as pos-
sihle, s0 a8 to avoid nseless repetition here.  The majority
of the bones in the complete skeleton can be studied by aid
of the index alone,

The Skull.

Y You are bones ! amid what of that 7
Every faee, however fall,
Paibiled round with fesh aml Fat,
L= bat modellsd on a skall.”

The skuall, even more than the whole of the strange
relic of departed existence which a skeleton is, affords a
sugmestive theme to poets and text to moralists.  For the
muscles that eovered these bopes made the face, so full of
life and expression ; within the gaping cavity of the jaw- |
bonez moved the tongne, perchance potent to influence, or
atrong to command, or tender to soothe and cheer ; in that |
socket flashed or melted the eye: and protected jn the |
midst of the casket of strong hard hones lay the jewel of
the body, the busy wonderful brain, which thonght and
Felt and willed.

“0pee of the etheral spirit full,
This narrow cell was life's retreat,
This space wns thonght’s mysterious soat.
W hat beanieous visions filled this spat!
What dreams af pleasure, long forgat !
Nor hope, nor love, nor joy, nor fear,
Huth left one truce of recond here.™

membranous until the child is from one to two years of
age. This arrangement enables the head to grow. The
membrane -'-'1"|.-th|'|.||].r becomes turned into lrum- by the
earthy salts being 511-1-u=rl into it out of the blood ; and as
this goes on, the size of the head gradually inereases, nntil

| at IL-'l the whole membrane iz ossified (lumtr into bone,

that is), amd the development of the cranium is completed.
The varions bones as they grow present an appenrmnes
along their edges like the teeth of o saw ; and the projec-
tions of one edge fit into the depressions of its neighbour,
anil rice reran, 5o that o vory finn joint is seenred.

All the bones in the hody are developed in practically
the snme way, only most hones are first modelled in cartilage,
not in membrane,  Chemically, bone consists of an_animal
base— gelatine, and of certain earthy salts, mostly lime,

[leposited in the gelatine, and making it hard, The hone

exista first, in the wvery young (embryo) child, as mere
cartilage, and a portion of ench bone remning eartilaginons
until the full growth is attained. The earthy moatter is
ot ||.:I-.|.'|'I.'|J ot of I:IH‘-. ||n|nru||, inta all iJ;l,ﬂ!ﬂ. of the hone at
once, but only at certain points, which are ealled the cenfres
of vezification.  The lime begins to appear at these points,
aml from thence continues to spread.  Meantime, the car-
talage grows in lengih, and the lime does not overtake the
growing cartilage (so to speak) until such time as the full
gige of the bone s attained.  Then the cartilage ceases to
grow, amd the bony salts are deposited throughout it.

In the long bones, such as the arm and the leg and the
finger bones, there are usunally at least three centres of
ossification ; that s to say, three places where growing
caritlaze 15 to be found. These are at each end of the
bome, amd in its eentre.  The end ossifving eartilages are
called the spiphyzes, and these remain -u=-|mmtﬂ| from tlm
ul'mf: of the bone (which ossifies from the middle © centre )
by o portion of unoasified and growing cartilage, until quite
adult. age ; varying in the different bomes from the six-
teenth to the twenty-fifth year of Jife,

Joints and Ligaments.

Plate VI. The various hones are fastened to ome an-
other, and these joinings of the bones are called joints, or
arficnflafions,  The bones are held together by plates of
cartilage ; and generally bands of the same tough material,
which are called ligaments, pass from one Lome of an
artienlation to the other, helping to keep them connected.

Joints are divided by anatomists into two great classes ;
Tmpecfect or Impweeable jointz, and  Perfect or  Movalis
LOIATEES

The vertebral column is an mstance of the first kind ; a

| plate of cartilage intervening between the vertebrme, and

only allowing as much movement as the spring of that
cartilage permite.  The sutures of the hend also form joints
of this cluss,

The second cliss may be subdivided into three kinds—
viz. Pivol joints, such as the atlas and axis already de-
geribed ; Hinge joinfs, such as the elbow and the ankle,
which are articulated on the same plan a5 a door is hung
on its hinges; and Ball-and-soche! joints, such as the hip

| and the shoulder.

In the whele skull, including both face and head, thers
are twenty-two distingt bones ; in the head alone there
are gight. Fig. C. of Plate V. shows the bones of the skall
of an embryo—a child at a very early period of existones.
In connection with thiz Plate, a few wordz may be zaid on
the growth of the bones. The figures 3 and 4 are placed
in the fignre on the membranes which, in this ineomplete
state of development, intervene between the several bones
of the skull. The anterior and posterior fontanelles ean
both be felt through the skin in the head of a child up to
four or six months old ; and the snterdior one often remains

It is obvions in a moment that the purpose for which
the hones are thus jointed is that they may move upon one
another. The power by which such movement takes place
must next be briefly studied.

The Mnuscles.

If thee onter skin were removed from a man's body, the

| wonderful and beantiful arrangement shown in Fig. A of

Plates VII VIIL would be seen.  There are a multitude of
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muzeles of all shapes and of all sizes, and running in the |
most varions directions ; but when we come to study those
museles in action, we find that every single one, from the
tiniezt one in the face to the greatest one in the thigh, is
just the shape and the strength that it ought to be for its
own special work.  Every one bas its office to perform, and
iz precizely suited to perform it

Nor are the museles seen in this figure all that the hody
possessee.  This is only the superficinl layer, and in many
parts (as Fig. B serves to illustrate) the external layer
must be quite removed to show the equally powerful and
equally needful second or third layers beneath.

The muscles are fastened on to the bones in the elaborate
and wonderful manner shown in C, Iy, E, F of this Plate,
as well a2 in A, The ends of the muscles pass almost im-
1'||-_'\l|'l:ﬂ_lllli]ll3' inta Il}“Hh. wi;ih" 1:(‘-1‘1]&, called Ig'r.:fu.-r.'.».', “']lif'h
are attached to the bones,  In eases whers several muscles
are fastened close beside cach other, or where they are
intermingled one with another (a8 in the hand, where many
mnseles are needed to supply the power for the infinite

variety of movements of which that member is capable),
the various tendons and sheaths which bind them into |
place are so complicated, and yet so perfect, that they
aronse onr wonder and admiration.

Thus, in the hand and foot, which may be studied care.
fully in the Plate before us, the tendons are very numerons
and carefully arranged.  The museles which bend (or flex)
and open (or extend) the fingers, are situated in the lower
arm—the extensor muscles at the hack, and the flexors at
the front. In the same situation are also the muscles
which move the whole of the lower arm in certain direc-
tions, and those which flex and extend the wrist, Now
the tendons of the museles which move the fingers have a
long distance to run (see Fig. A, 25, 24, 25), =0 that if they
were not carefully bound down, they would start out in
every direction when the muscles acted, in the most ex-
traordinary manner.  The fingers are flexed by two distinet
muscles, which lie on the front of the forearm (as the arm
below the elbow is called), one below the other. In the
right forcarm of Fig A the second or under layer of
musele is shown ; and the large muscle marked 23, which
is seen to divide into four tendons, iz the deep flexor of
the fingers. Anatomists always use Latin or Greek terms ;
and as any one who means to study Anatomy in detail
must learn the Latin names, the muscles are described in
that language in the Index to the Plates. The name which
I have just given to this muscle iz merely a literal trans-
lation of the name that will be found thers, The deep
flexor of the fingers has the end of its tendons attached to
the tip of the fingers in front, as shown in Fig A. The
upper flexor of the fingers has its tendons attached to the
second finger-jeint (Fig. C, 6).

Now these tendons are seen to be held down first of all
at the wrist, by the anferior and posferior annnlar ligaments,
which pass around the wrist like a broad bracelet. In the
palm of the hand is another portion of fibrous tissue, which
equally firmly holds the tendoms down beneath it, and
which is removed in the picture to show the tendons
Finally, the complex bandage of ligaments around the
tendons on the fingers themselves ean be studied in Fig,
C, where the sheath investing the tendons is left entire on
the little and the third fingers, but removed from the frst
and second fingers, to show the attachment of the tendons
of the upper flexor (sublimiz digitorum),

It i= not possible, in the bricf space at my disposal, to
thus deseribe in detail the arrangements of other museles.
But the reader will understand that this is merely an in-
stance of the very claborate way in which the muscles ane
armnged and suited to their use in every part of the body,
A careful study of the several figures on Plates VIL VIIL
will show many other obvions instances.
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Work of Bones and Muscles.

The offices of bones and museles are, broadly, two in
number—viz. to profect the delicate vitel organs, and & pro-
duce maofion and locomolion.

That they perform the office first mentioned, is seen at a
glance, The brain rests fully enclosed in the bones of the
skull, and further protected by museles, The ribs enclose
the heart and lungs ; the rectus, the obliquus, and other
muscles, close in the cavity of the abdomen, and protect
the important organs that lie there (sce Plates XIV. XV.),
and the pelvis shares in the same serviee.  But Lo under-
stand how the muscles and bones produce motion and
locomotion, we must study the functions of muscular tissue

Plate IX, Fig I represents o muscolar fibre, treated
with an acid which has caused its minute strueture to
become vigible, and immensely magnified ; and Fig. E shows
g muscular fibre of guite a diferent kind.  You will
notice at a glanee that I is marked with stripes both
lengitudinally and ranning round, the latter being rather
the more distinctly seen, while E is perfeetly smooth, and
comtaing a nucleated cell in its midst.

Physiological research has shown that the sfriafed (is
striped) muscalar fibre composes all the muscles that are
unider the control of the will, which includes, of course, all the
museles of the limbz ; we move our limbs by our volition.
The Jm;cl'r'r'rrrrﬁ filires are found in the :_{LIHL"I:. in the coats of
the blocd-vessals, and in other situations where muscular
action takes place without the order of the will. Striped
mnzcular tissue is therefore often called eoluntery, and un-
striped involunfrry muscle

Fig. I, 1, shows at the twrn end of the fibre that the
filire really consists of a great number of smaller fibrils ;
while at 5 it iz scen that the fibre readily splita up into
discs, which are composed of numerons little rounded
particles.  Each jfifve is about ¢} of an inch in breadth ;
each of its filrils is only about tudar 10 yxhay of an inch
across—n smallness quite unimaginable to anybody not
acenstomed to microseopic work, The jibrils are found to
be fastened together to form a filre by a fine membrane
(not seen in the fgure), called the sarcolemmae.  Then a
number of filres are in like manner bound together by a
fine membrane into bundles, and a number of these bundles
are again fastened up with each other to form a musele,
To earefully dissect an orange will give one some idea of
this repeated binding up of bundles to form one whole,

Tle muscles are plentifully supplied with bleod-vessels,
which run all through amongst the flres, forming a net-
work aronmd them, but never penetrating through the sar
colemma which binds together the fifrils

Nerves also enter the muscles, but they are so exeesd-
ingly delieate that it is still far from eertain how they cnd.
Fig.  shows what iz believed to be the method of the ter-
mination of nerve in a voluntary muscular fibre,

This same figure, C of Plate IX., also introduces us to
the acfion of the muscles whose structure we have now fully
studied.

The special power peculiar to musenlar tissne is that of
condraction.  When a muscle contracts, it becomes shorter and
thicker. 1If you lay one hand wpon the biceps musele (Flate
VIL Fig. A, 1) of the opposite arm, and then draw up the
lower part of the arm towards the shoulder, you distinetly
feel the biceps grow thicker and shorter under your hand.
And by looking ot it in the Plate just named, yon ean see
at once that, since one end of the mmaele iz fixed to the
shoulder, and the other end to the forearm just below the
elbow-joint, the effect of its growing thicker and shorter
must needs be to draw up the forearm.

The entire muscle contracts by the contraction of each of
its filres. Most probably, every one of the tiny particles into
whieh the fibre ean divide transversely (PL IX. Fig. D, i)
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hecomes elozer and wider @ =0 that the whole filire 15 made
ghorter, and correspondingly wider or thicker ; and by the
gimultancons action of all it fibres the entird musele is thus
altered in shape for as long as the state of eontraction is
kept up.  This is very well represented (diagramatically)in
Fig. C, Plate IX. whers 1 shows the muscls ab rest, and 2
in a state of contraction.

The bones are jointed together on definite mechanical
principles, so that they form a system of levers ; and the
museles, by their contractions, furmsh the moving power to
act upon the bones, and to prodoce motion and loeo-
maotion.

The Heart.

This organ, as is seen at once by a glance at Fig. B of
Plate 1X., is mude of mmsele. Now, the heart 15 an in-
volunfary muzele, and in connection with it ithe II.L"\I"I‘F.‘i!Il}' for
Liu_.‘ I;||||_$|_'|v|,-.-; uf |_|an;|:||i|; llﬁ ]II“HI;_" :h-!lltll'l."d_'-ti o !Iu- cmitm]
of the will beeomes at onee most strongly apparent,  For
what a terrible thing it would be if the will were in any
degres required to maintain the increasing museular con-
tractions, the stoppage of which, for a fow instants, means
death, and the irregularity of which is puinful disense,

e Wa rest that throbbing slave may ask,
For ever -|1|i'rl'r'|r|:_: o'er his task.”

But it has te be particolarly noted that the heart is
made of sfristed museular fibres. The stripes are less
distinet, and the fibres are shorter, than in voluntary
mnseles = but nevertheless it 1z a cnrious fact that the heart
iz the zolitary instance in the body of striped muscle being
outgide the control of the will,

All involuntary muscles are excited to act, through the
agency of the nervous system, by some canse, difforing for
each muscle, which iz ealled the stimalez, Thus, the stimu-
lus to the gullet iz food coming into it ; the stimulus to the
heart is the filling of its cavities with blood.

To study the internal arrangement of the heart we must
turn to the next plate (Plate X. Figs. B, C, 1),

The heart is divided inside into four distinet cavities,
It is divided first longitudinally (from base to apex: the
broad end being the former, and the point the latter) by a
thick museular wall, or sepfum.
tion of the heart cut across, at about the part where the
ﬁ";ll.l'a 1is |||:|_|_';:|;I in B of Plate IX, This is the ]hl]'lil.ll'l off
the heart which eomes below that figore, and we are sup-
posed to be looking down into it.  The septum is marked
3, and vou will olserve that it is very thick and strong.
It runs the whole length of the heart, and it has no orifice
in it anywhere : so that the heart is completely divided into
two halves—a right and a left half.  (See diagram of this
divizion in Plates XII, XTIL Fig. A, where the left half is
coloured red, and the right half blue) Then each half is
again divided into two parts—an upper and a Jower—by
means of o strong fibrous membrane.  The two top parts
thus formed are called the curicles, and the two botbom parts
the renfricles—one of each righf and one lff.  The auricles
are much smaller than the ventricles.  In Plate IX. Fig,
B, the whole of the part coloured red is composed of the
ventricles ; the paler portion above indieates the size of the
auricles.  The left ventricle is thicker and longer than thi
right, and by projecting a little below the Iatter it forms the
apex, or point, of the heart, as shown in Plate X. B. where

the whole of the right half of the organ, together with the |

geptum, is eut away, and yet the extreme tip of the heart is
seen,
The septum completely divides the right anricle and ven-

tricle from the left auricle amd ventricle ; not a drop of |

fluid ean possibly pass through from the one side of the
heart to the other.  But the partition between each auricls
B

Fig. C is the representa- |

) |

and its corresponding ventricle is not complete ; fluid does
pass from the auricle into the ventricle. The fibrous
membrans which forms the fixed partition is arranged as
a ring round the interior wall of the heart at the point
where the auricle ceases and the ventricle beging ; and the
centre of this ring is o hole about large enough to admit
the tips of three Bngers.  That hole is called the auwriculs-
vendricular aperfure. It may be compared to a doorway be-
tweon the auriele and ventricle ; and it has doors which

| are alternately open and shut.  These doors, which can com-

pletely close the aperture, are called the velres of the hearl.

The heart is covered outside and inside alike with a tongh
shining membrane, That outzide is called the pericardiim ;
that inside, the endocardinm.

The doors which fill up the two anriculo-ventricalar aper-
tures are simply flaps of the endocardium, attached by one
end to the fibrous rings snrmounding the apertures, but free
at their tips, so that they hang loosely down in the ven-
tricle when the heart is empty, as after death.

On the right side of the heart there are three flaps, so

| shaped that when they are lifted up they completely close

the aperture, their points and sides coming together. This
is the fricwspid (ie. three-pointed ) wolee,

O thae left side there are only two flaps, which, however,
just as effectually as the three close the aperture. As its
shape somewhat resembles that of a bishop’s mitre, this
valve is called the milrd eales

The free sides and tips of each of these flaps have fine
tendinons cords fastensd to them ; and those chorde bendine
are affixed at the other end to small muscular projections,
which stand out on the inside of the ventricle, and which are
called the papilfary musdes.  The cords are just long enough
to keep the sides and tips of the faps in jnxtaposition
when they are raised up to close the apertures.  Bnot for
this the flaps might be pushed right up through the apertures
into. the suricles, and so become useless as doors,  The ar-
rangement is, in short, like that of the swing doors often
seen in banks, which would go right in and rght outof the
doorway, were it not for the leathern band which prevents
them from opening in the direction opposed to it, while
allowing them to come freely towards the wall where it is
attached.  This arrangement will be presently further
explained.

Large pipes are found to lead out of both the auricles
and both the ventricles (Plate IX. Fig. B, 7,8, 10 ; also
Plate X. Fig. B, 5). These pjpes are

The Blood-vessels.

Blood-vessels are found in every part of the body ; they
are pipes which contain the flnid called blood.

Three kinds of blood-vessels are found in the body, via |
Arteries, Capiilaries, and Veins, The arteries and veins
are all sized tubes, though some of them are much
larger than others ; but the capillaries are generally micro-
scopie, and cannot be seen at all with the naked eye.

Now what are the distinctions between arteries and veins|

In the first place, there are differences of structure.
The arteries are stronger and thicker tubes than the veins,
having more elastic tissoe in their coats; on the other
hand, the veins have valves in them, while the arteries
have not.

Fig. E, Plate X., shows the valves of veins to be merely
pouches of membrane, with all their mouths turned in one
direction—viz. open towards the heart,  Obviously, fluid
would flow along those pipes over the back of the valve
ponches (that is, fowards the heart) without finding any
ohstroction from them : but il the fluid attempted to run
back in the opposite direction, it would catch in the
pouches, and swell them out so that they would fill up
the tube. They thus effectually prevent the flow of the
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hlood in a backward direction, and compel it to pass |
always on one way. [

Now, wherever you may commence in a body to trace |
ot the eourse of either an artery or a vein, yon inevitably |
discover one thing—that is, that yon come to the heart at
last. Starting with the finest twig, either arterial or
venous, that can be seen in any part of the body, and |
lmn_‘;i_ng it course, you waotild &00m ﬁ!ll.l that it jll‘i.t‘lvl‘!:l with |
a second twig, that the two maide a somewhat larger stem,
amil that thiz in its turn soon joined into another and thus
formed a vet larger branch, and g0 on.  (See Plate X, Fig,
A, and teace one of the small venouz twizs at the top of
the head until it is seen to communicate with the large
voin marked 18) And at last, following the joinings of
the vessels into one another on and on, and noting how ;
larger tube results from each junction, we finally come to |
the largest veins and the largest artery of the body, and
find that these lead straight into the heart,  (Plates XIL
XIII, 4, 5, largest veins ; 12, largest artery.)

The best way to completely study the “ distribution,” as
the arrangement and division of the blood-vessels is ana-
tomically ealled, is, therefore, to bogin at the heart.

The largest artery of the body, the Adorfa, rises out of |
the laft wentricle, Fig D, Plate X. diagrammatically |
represents the ventricle cut sacross so that the valve which |
guards the mouth of the acrta is shown (5, which is intended
to indicate the three halfmoon-shaped faps of membrane,
nearly elosed, but still allowing a glimpse of the red inte-
rior of the heart between their edges); and there it is
seen that the great bMood-vessel goes out from the very
top of the cavily, close up beside the mitrsl valve. The
aorta first rises upwards towards the neck, immediately
behind the breast-bone ; but when it has ascended to oppo-
gite the second rib cartilage, it arches over towards the
back, and then runs downwards close against the spine.
Several smaller arteries arise out of the aorta all down its
conrse (zee, for instance, Plate XIL 14, 13, 16), these going
to the head, the upper extremities, the liver, stomach, ete,
Oppasite the fonrth lumbar vertebra, the acrta itsell divides
into two branches, called the esmmon ilias arferics, which run
towards the legs. Presently, ench of these divides into
two others ; and ench of those again sobdivides, and so on,
in the same manner as the external carotid artery may be |
traced in deing in A, Fig. X. 1. And with every division,
the tubes become less in cirenmference, and also their coats
hecome less thick and strong,

Calling in the aid of the microscope, the anatomist sees
that the smallest arteries pass into—or, in fact, make by
yet further subdivision of themselves —exeessively fine
tuhes, which are much smaller than the hairs of the head,
‘and which are arranged in a network, running into one
another (Plate XIL Fig. C).  These are the Capillaries, so
called becanse of their extreme fineness (Latin, capilfus, a
hair). The eapillary network is found in every organ amid
nearly every tissue of the body. It meshes are in =ome
parts even closer than the size of the capillaries themselves,
In the skin, the interspaces of the network are from three
to four times as large as the capillaries of which the net-
work is made ; and yet we can scarcely put the point of
the finest needle through the skin withont breaking open
a eapillary and letting the blood How ont of it.  The
average diameter of a capillary vessel is g5, of an
inch.

[ with the heart as a eentre,

Tracing along the capillary network, the anatomist
dizcovers that these minute vessels are connected at their
other end with the weins; or, to put it in another way,

after a time two capillaries of the network join together
and make one tobe, somewhat larger than the two indi- |
vidually were, and this larger one joins with another

similarly made by two eapillaries to form a yet larger tube, |
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endz in the two great veins of the body—ithe venme cave,
which open into the l'ight. auricla (Plate XIL A, 4, 5)

Rising ont of the right ventricle, anether great tube
iz diseovered, Thiz iz easily traced awny from the heart
into the lungs (Flate XIL A, &), and is therefore callod
the Pulmenary (Le. lung) erfery, 1t divides (not shown in
this diagram) into a branch for each lung immediately it
leavies the heart, and within the lung each branch divides
amd subdivides into capillaries, which are especially small
andl close meshed.

The lnng capillaries join to make veins, just as thess
tiny vessels do elsewhere ; and finally four great veins come
out of the lnngs (two from each), and enter into the left
auricla (Plate X. Fig. B, ). These are the Pulmonary
e,

Thus there iz n compleie round of pipes in the hoedy,
Cirenlation literally menns
aoing round ; and the blood passes round the body to get
from the leff ventricle (where the aerfe rises) to the right
side of the heart ; and passes round through the lungs to
get from the right ventricle (where the pulmonary artery
rises) to the leff side of the heart, from whenee it starta
off throngh the aorta again. The going round the whole
body iz called the syslemiz or greafer circnlation ; that
through the lungs is the pulmonary or lesser circulation,

It will have been noticed that the vessels which take the
blood aacny from the heart are called arferies, while those
which fring back the blesd fo the heart are called seing
This is the proper distinetion between arteries and veins:
all tubes which carry blood away from the heart are artenes,
all which bring blood to it are veins

Besides these differences in the structure of the tubes
and in their office in relation to the heart, there is also a
difference i the blood which they carry. One point of
this difference 18 visible at & glance, When blood 15 shed
from an artery, anywhere in the system, it is found to be
of a bright searlet tint, while that which iz drawn from a
viein is o very dark erimson.  This change of hoe iz, howe-
ever, only an outward and vizsible sign of important cham-
ieal changes which closer examination diseovers to have
taken place.

Now, since the blood goes always round in the circle of
arteries, capillaries, and veins, with the heart as a centre,

| it 15 clear that the alteration in the blosd which canses it
| to b darker in the veins than in the arteries of the system,
| must take place as it passes through the capillaries of the

svatem ; and, on the other hand, since the blood retnms
to the right side of the heart through the venme cave of a
dark tint, and leaves the left side of the heart again through
the aoria of a bright tint, it is equally elear that the blood
is chamged from the venons to the arterial condition in pass-
ing through the lungs.  The full explanation of this eannot
be given until we have studied the luogz.  Buot, mean-
while, it must be noted here that in consequence of the
venous blood being carried away from the heart to be
changed in the lungs to arteral, the pulmonary artery,
with its branches within the lung, is the only artery in the
body which carries dark blood, and conversely the pol-
monary veins are the only veins which earry hright blood
(Plate XI1. A, 8, 9). In Plate X. Fig. B, the polmonary
veins are shown injected with a blue preparation

And now, having studied both the heart and the blood-
vessels of which 1t forms the centre, we may procesd to
briefly review the mechanism of

The Circulation of the Elood.

Let us begin at the left anricle, at the instant when the
lieart is taking its momentary rest after its contraction—
i between two beats. In this brief pause, the blood

and so on, over and over again, till at last this process | pours out of the four pulmonary veins into the left auricle,
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The stimulus to the museular contraction of each part of |

the heart 12 168 becoming filled with blood ; as soon, there-
fore, as the auricle is filled from the pulmonary veins, it
sddenly and sharply contracts.  That is to say, all its
sides become thicker and shorter.  Now a moment's thought
shows us that the result of this must be that the size of
the cavity is greatly reduced ; the sides of the auricle must
draw nearly close together, The blood which filled the
space while the muscle was unecontracted mmst, therefors,
be pushed out when it contracts.  There are two direstions
in which it is possible for it to run—there are the mouths
of the veins by which it come in, and there is the auricolo-
ventricular aperture,  But, of course, it goes where there
is least resistamce, amd that is throngh the aperture ; for
the ventricle is empty, waiting to receive it, while the pul-
monary veing are still full of blosd pressing on to enter the
auricle, The eontraction of the auricle, therefors, drives
the blood down into the ventricle.

As the ventricle fills, the fluid gets behind the flaps of
the valves and floats them up, s0 that when the ventrcls
is filled they just meet in the centre of the anncule-ventri-
cular aperture and close it up.

About a wine-glazsful of blood is sent along by each con-
traction of the heart,

The two auricles contract at one instant, and the two
ventricles likewise together immediately after. On an
average, the whole process deseribed above is gone throogh
70 to B0 times !i!ll :&:ql'h minite, Thi' ‘.'l-']ln]d-: of the hlood
in the body is thus passed through the heart in aboot the
conrse of each minnte,

The Blood.

The flnid which iz thuz pumped into every tizsne and
every corner of the organizm is much mere complex than
appears at first gight.  The clotting of blood shows that it
consigts of a fluid called plosma, and of 4 great number of
little bodies which float in the plasma, and are ealled the
corpuscles,  The plasma may again be sepamted into two

! parts—a filrons material which forms itself into strings amd

Thuz, when the ventriche |

contracts, as it does the moment it 35 full, the valve closes |

the aperture, and the blood cannot mn back into the auriele.
The flapa of the valve, you remember, are fastensd to
muscnlar projections om the walls of the heart by tendinons

cords, which : jis i he walve in |
S ioati e st oo anoRih by Rk | corpuseles are simply the mnclei of the white ones enlarged

place when the ventricle is quicscent.  But when it con-
tracts, amd the sides draw so near together as almost to
touch cnch other, i 15 clear that the tendinous cords
wonld naturally become slack, and permit the valve to ba
pushed by the squeszing blood right throngh into the
auricke.  To prevent this is why the tendinons cords are
fastened to the projecting fleshy pillars ; these latter con-
tract at the same time as the sides of the ventricle, and
thus draw down the ends of the tendinons cords affixed to
them, just so far az iz necessary to kesp them * tant,” and
to hold the edges of the valve firmly against the pressure
of the blood till the contraction ceases.

The bload being thus provented from returning into the
auricle, iz compelled to enter the aorta.  The aorta is, of
course, alrcady full of bleod ; but the contraction of the
left ventricle is so strong, and the fresh portion of bleod is
pumped out with such vigoor by it, that the shork thrusts
the additional quantity of blood into the aorta, and so
throwa along the whale of the blood in all the vessels. The
elastic coata of the arteries are distended by this sudden
pugh of the blood ingide them ; and that distension makes
what we call the pnlse,

So the impulze of the throw of the blood ont of the left

ventricls into the norta passes over all the arteries, aml the |

blood is thus driven along through them all, and into the
capillaries ; the blood already in the capillaries is pushed
onward into the veins, and a0 uwp throngh the veins the
hlond presses toward the other side of the heart.

Bat the impulse given to the hlood by the stroke of the
left ventricle becomes weakened before 1t reaches the veins,
by being diffused all over the multitede of capillaries,
Thiz iz the main resson why the veins are provided with
valves, while the arteries are not; the valves being so
placed as to allow of movement of the blood toward the
ieart, but to obstruct its manming the other way,

Thers is enough fores left, however, to push the Llood
along the whole of the veins, and to thus drive a portion
of that which was in the venm cave into the right auricle
This at once contracts, and the portion of blood passes on
into the right ventricle, and =0 into the pulmonary artery,
and thus throogh the lung eapillaries, and round into the
pulmonary veins to the left side of the heart onee more.
And so the circulation continues nncensingly while life
lasts,

15 ealled Grin, and a clear liquid called bood serem.  The
corpiiseles are of two kinds—the red and the white,

The white ones are the larger and the more numersus,
and they are remarkable becanse, in living blood, they are
in a continnal state of mternal amoeba-like vital movement.
They are, in fact, tiny masses of living protoplasm.  Each

| colourlesa corpuscle comtains a nuclens, and it is helieved
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by anatomists, though it iz not yet certain, that the red

and more folly developed. The white corpuzcles them-
selves are probably to a large extent the immediate pro-
duects of the digestion of fond.

The red corpuseles are shown in Fig. F of Plate X,
Been singly, they are of a pale yellow colour, but it is to
the presence of a vast number of them that the blood owes
its hue. The darker colour in the middle is simply the
effisct of an optical peculinnty, which canmot be avoided in
looking through a microseope at so minute an object.  The
corpuscle really is alike throughoot every part of its sub-
stance.  Each i3 about one three-thousandih of an ineh
in diameter.

The plasma and the corpuscles together contain all the
elements of the body, The blood is like a carrier, bearing
to each organ of the body the supply of nutrition which it
needs, and bringing away from each organ the waste matter
that it requires to get rid of.  Each tissueis bathed by the
Liload as the blosd passes through the exceedingly thin-
willed eapillary vessels ; and ench tissue then draws out of
the Blood exactly what is required for its own life and
growth, and retums certain waste substances which the
blocd carries away.

The difference in eolonr between the blood in the arteries
and that in the veins of the system is thus accounted for.
The arterial blood is going to supply the tissues with
nourishment ; the wvenous blood iz bringing away their
waste,

Part of that waste is passed out of the body through the
lungs, and s0 the blood is made bright and arterial once
Lo,

The Lungs,

The exterior of the lungs is shewn in Plate XTI Fig. A.
They are seen to lie one on either gide of the heart, the
right lung being marked off into three lobes, the left into
only fis. They are covered with fine serous membranes,
the pleurse ; and each pleura torns backwards at either of
its ends, &0 as to form a closed bag, the outer half of which
adheres to the wall of the chest, while the lung is wrapped
up in the inner half, and a little fluid is secreted in the
bag, just encugh to keep it moist and allow of easy move-
ment.



For the intermal structure of the lupng we must turn to |
the next plate (Plates XII. XI1IL) Fach lung is composed
mainly of three things—

1. Blood-vessels.
2 Air-vessels,
3. Elnstic fibrous tissue, binding the others together.

In Fig. A the left lung is dissected s0 as to show the
pulmonary arteries and veins, the eapillaries connecting
them being, of course, too small for the naked eye to see;
and the right lung is dissected 50 as to show the air-tobes |
as far as possible. Like the blood-vessels, however, the
air-pipes continue dividing until their smallest twigs are |
too minute to be examined with the naked eve.

The Windpipe or Trachea (2) is the stem from
which all the air-pipes branch out. The trachea divides |
into two branches in the chest, and one of these goes into
each lung, and there divides and subdivides exactly as the
arteries do, The two first branches of the windpipe are
called the bronchi, and their subdivisions are the
bronchial tubes.

The bronchial tubes all end as shown in Fig B, The
smallest tubes are very minute, and each one at its very |
end spreads out into a small dilatation, not quite round, |
bt generally rather funnel-shaped.  This dilatation is not
perfectly smooth, but, on the contrary, its walls everywhere |
pouch ont, o0 as to show a great number of tiny projections |
when the bronehial tube iz viewed from the ontside, as it
is in Plates XIL XIIL Fig. B; or of caverns when it is
cut open and viewed from the inside. These little recesses
are the emireells. Of course all the aircells of one group |
communicate with the one central passage from which they
pouch out. “Their walls are of excesdingly thin skin. Each |
gronp of air-cells averages only % of an inch in diameter. |

Figs. C and D of thiz Plate show the close relation
between the capillades and the wmir-cells. Each cell is
eovered with a very close network of eapillaries, which

ely surrounds it ; and generally, where the capil-
laries dip down between two air-cells, there is only one set
of the blood-vessels, so that they have air-cells on cither
side of them. The coats of the pulmonary capillaries are
exceptionally fine and delicate.

Respiration.

The air-cells just deseribed are always full of air.  The
act of respiration or breathing consistz of a continual
drawing into the lungs of the air which surrounds us (ie.
ingpiralion) and expelling it again (expiralion). But every
breath ouly passes in and out of a certain portion of the
bronchial tubes ; the smaller tubes with the aircells ean |
never be emptied by the most complete expiration. The |
air which they contain in them is constantly remcwed, |
however, becanse with every breath some portion of the
fresh air remaing in the lungs to mix by degrees with
the whole of the air that it finds there, while an equi-
valent quantity of the stale air comes out at the expiration.

Thus the blood in the capillaries of the longs is con-
stantly in contact with air in the air-cells, the blood and the |
air being only kept apart by the two verv thin skins nl'|
which the vessels and cells are made ; and the air is con- |
stantly renewed by the act of breathing.

Now it is proved by direct experiment outzide the body
that gases are not prevented from uniting with one another
by being enclosed in a thin moist skin.

Fresh air is composed mainly of three

gases—Oxygen, |

| products of the change being waste matier.
| waste is carbonic acid, produced by the oxidising of
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You will remember that it is in the lungs that the blood
becomes changed from dark wvenous to bright arterial
red.

That change in eolour is merely a sign that the blood
has parted with some portion of one gas that it had in it,
and has taken up an equal quantity of another gas.

Yarious experiments, which I have not space now to
detail, show that the gas taken up by the blood out of the
air in the aircells = Oxygen ; and the gas which the
Llood passes out into the aireells in exchange is Carbonie
Acid Gas., These gases are held in the red corpuscles,

| and the effect upon them of being charged with oxygen is to

cause them to become lighter in tint, while the cfféct upon
them of being full of carbonie acid is to deepen their eolour.

The carbonic acid passed out of the blood into the air-
cells mixes with the stationary air in the bronchial tubes,
in like manner that the oxygen does in the opposite
direction ; and so the waste gas presently gets into the
larger bronehial tabes, and through the windpipe out of the
mouth.

This is the explanation of the change from venous into
arterial blood in the lungs; and as there will not be
another opportumity, I will here brefly refer to the
opposite change in the blood which takes place as it passes
throngh the capillaries of the system.

Oxyveen is covried away from the lungs in the artemal
blood. The element Carbon is a part of every living tissue
of the body (see p 1).  As the great stream of the
blood flows through the systemic capillaries, the oxygen
passes ont through the thin coats of the minute vessels,
and nects upon the carbon of the tissues, combining with
it: and the product of the combination of earbon and
oxygen is Carbomic Acid Gas. This is waste, like the
ashes from a fire, and has to be got rid of ; and, therefore,
the blood flows on to the lungs, to pass away that gos,
and take in fresh oxygen.

Why does thiz combination take place? will be the im-
mediate question of every thoughtful reader.

In the first place, the Foree of the buman body is pro-
duced by the combining of the oxygen, which is taken
from the blood as it passes throngh the capillaries, with
the snbstance of the tissnes; the chemical change which
then takes place making itself visible as force, and the
Part of this

carbon.

Becondly, our Animal Heal is produced by the uniting
of oxygen with carbon and hydrogen.  Such oniting is
the eagence of combustion, When a candle or any other
substance burnz outside the body, it does so becanse the
carbon and hydrogen which it containg unite with the oxy-
gen of the air.  This can be very easily proved by eom-
pletely shutting off a small piece of lighted candle from
the air by turning a tumbler down over it; the oxygen
in the small portion of air confined under the tumbler will
soon be nsed up, and then the candle will go out. Now,
as burning outside the body produces heat, 2o it does in-
side ; and the respiratory process in the body is chemically
identical with burning. But in the body, the burning is
very slow, and is also damp ; and thuos, as with a smoulder-
ing fire, we do not have any flame, though we have heat

from the combustion.

The Mechanism of Breathing.
Respiration iz accomplished mainly by three several

Nitrogen, and a very little Carbonic Acid, Thus there are | powers, viz—

gases in the air-cells. There are likewise gases in the blood.
Gases can be united with finids.  Liquid ammonia, for
imstance, is merely ammonia gas in water ; and the bload l
in the body carries about gases mixed with it l

r. The Diaphragm.
. The Muscles of the Ribs.
¢. The Elasticity of the Lung Tissue
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The Diaphragm iz a great muscle which separates | them to reach the whole of the organism, food-substances

the chest from the abdomen,
above it, and all the other organs of the trunk beneath it ;
the great blood-vessels and the gullet picree through its
substance. It is in the shape of an arch, with the con-
vexity turned upwards towards the chest, and the con-
cavity towards the abdomen. [ts situation ean be pretty
acenrately judged from the outside by the ribs ; it arches
up just bemeath the loweat true riba (see Plates XIT. XTIT
Fig. A, and Plates XIV. XV, Fig. A, 1).

The pleurs, the covering membranes of the lungs, are |

affixed at their ends to the diaphragm.  That great muscle
contracts continuously and regularly, as the breath s
deawn. It necessarily draws down in the centre when it
contracts=—its arch becomes less—and the plenrn being
fnstened to it, it drgs them, and consequently the lungs,
down with it. A space is thus made in the bronchial
tubes, which the air rushes in to fill. Then the muscle

ceases contracting, and as it rises up to its former arched |

shape, the lungs return to their unstretehed condition and
the breath is pushed out.

The External Intercostal Muscles, which mn
acrozs from each rib to the one next to it, act by lifting
the rihs, and the breasthone to which they are fastened,
ontwards.  This increazes the eapacity of the chest from
before to behind ; and as the plenrs are fastened to the
chest wall, the bronelial tules are stretehed open by this
nection, and the sir enters the space,  The internal inter-
costals run aeress in ihe reverse direction from that taken
by the external ones, and perform a directly opposite setion,
20 that they aid expiration,

The Elastic Tizsue of the lungs, which hinds
together the blood-vessels and air-eells, always assists
expiration, by its constant tendency to spring together
again, after it has been forcibly expanded by the action of
the diaphragm and the external intereostala  Thus it
presses on the bronchial tubes, and assizsts the internal
illLt!I'tl’.lﬁ.t:ﬂs, the ris-i:l:; l[illillll'-li___'rll.. and  the abdominal
muscles, in pushing air ont of the lungs.

Now listen, as o conclusion to this part of the subject,
to the poet-amatomizt's recapitulation of it,

* Tho smeooth, saft air, with |1-l|'|w-'|il=f Waves,
Flows murmurning through the hiddon caves,
Wliose streams of brightening parple mmsh
Fired with a mew and livelier blush,

While all their burden of decay
The ebhing current steals away,
And red with Nature's fame they start
From the warm foantains of the heart.

“ No rest that throbbing slave may sk,
For ever quivering o'er his task,
While far and wide a erimson jet
Leaps forth to fill the woven net,
Which in aunumbered crosing tides
Thie fleodd of barning life divides,
Then kindling esch decaying part
E.‘rn-lu: back to find the I;I|ml,|hi1'|g heart,™
{Dr. OLiver WeNDELL HolMes : * The Living Temple,”™)

Digestion.

Binee the heat of*the homan body, and the foree by
which it performs all its functions (both vital and woli-
tional) are produced by the using up of the tissues, it is
elear that those tissues must be eontinually reproduced ;
elze the body would shortly be entirely burnt away, like 4
fire when it is not replenizhed.

The fuel of the body is Food, The substances which
wo use a8 food, whether animal or vegetable, are made of
the same elements as our own bodies are,  Those substances
can, therefore, supply the needs of every tissue, To enable

L+

The heart and lungs lie | have first to be reduced into such s condition that they

can be taken up by the blood, and carried by it into every
part of the system.  The preparation of food for its entry
into the blood is Digesfion

Plates XIV. XV, and XVL. show the principal organs
of digestion, which are—ithe Stomurck, ihe Liver, the Panereas,
and the Faleslines.

The procesa of resolving the food into such a condition
that it can be taken into the blood really beging, however,
in the mouth. The Teeth, which are figured among the
bones of the body (Plate 111, C), are the first in onder of
action of the digestive organs. They receive the food be-
tween them, and tear and crush it into small particles,
People whoe have lost their teeth nearly always suffer from
iniligestion, becanse the preparation of the foed in the
mouth is insufficient, and the labour which ought to have
been performed by the teeth is thrown on the stomach.

While the teeth—acted upon by the powerful muscles
of the jaws—are crushing the food up, the Salivary
Glands are busily employed in pouring out upon it the
fluid which they separate from the blond—the Saliva.
These little bodies ave six in numbsr, and are arranged in
pairs, three on either side of the face. The FParotid pair
lie just wmder and in front of the ears (Plate XVIL E)
The other two pairs are smaller ; they are figured in con-
nection with the under side of the tongue on Flate XXI.
(B).  The Sub-mazillary Glends lie just underneath the lower
Jawhone ; the Swublingua! Glands are under the tongue.
The saliva not only moistens the food, and enables the
tongue to form it into 8 compact bolus, but, in addition,
has an important chemieal action, turning what starch
there may be in the food into sugar; sugar being very
readily absorbed into the blood, while starch cannet be
taken up into it at all.

The tengue pushes the mass of food backwards, and it
passes between the tonsils (Plate XVIIL A, 30) under the
soft palate with its central flap the Uewla (22), which
pretects the back openings of the nose. The food then
passes over a gristly lid, called the epigloilis, which guards
the top of the trachea by bending down so as to cover
that opening during the instant that the foed is being
pazsed into the gallet, the opening of which lies immedi-
ately behind that of the wind-pipe (33, 34, 40).

The (Esophagus, or gullet, is a tabe made of invo-
Inntary muscnlar fibres.  The stimulus to their action is
thi: coming agninst them of the small boluz of food, The
ring of muscle which the mouthful touches at onee contracts
above 1t, and so pushes it down into the next portion,
which similarly contracts and sends it lower down, and so
on. This is ealled sermicular (e worm-like) action, becanss
& worm moves by conseeutive contractions of ita whole
length in this manner.

Now we return to Plates XIV. XV, where the weso-
phagns is geen to pierce through the diaphragm and enter
or merge into the stomach.

The Stomach is a muscular bag, coversd outside by
the perifmewm (a8 membrane which imvests all the abdo-
minal &), and lined within by mocous membrane. In
Fig. A of this Plate {(XIV. XV}, the stomach is shown in
the position which it oecupies in the body ; the liver, how-
ever, which i here turned back upon itself to show how
the small intesting is joined to the stomach, is in its natural
position laid wpon the stomach at that end. In Fig. B
the muscular coat of the stomach is shown ; and in Fig, C
the organ is laid open, and the mocous membrane iz seen.
The Ouenta shown in connection with this figure are simply
folds of the peritoneunn by which the stomach is held in
position.

The MNicons Membrane of (he sfomech demands our atten-
tipn. It is seen in this figure to be laid in folds ; but when
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the stomach iz distended with food the folds disappear,
stretehing out to accommodate the demand for space.

All over the mucons membrane are seen the openings of
the Gasfric Glands.
lined with epithelium, and covered outside by a fine capil-
lary network (Plate XVL A 5). Sometimes they contain
a mass of nucleated eells in their lower part (4), and some-
times they are branched into two or more ends, with one
pommon opening (&)

When food enters the stomach, two immediate effects |

are produced,

In the first place, the stomach at onee receives an in-
ereased blood-supply, so that the mucous membrane becomes
of & deep red colour ; and the glands above described hav-
ing drawn from the blood which iz cireulating actively
through the capillaries around them a peculiar fluid, called
the gasfric juice, pour it out, drop after drop, upon the food,

Secondly, the muscular fibres of the stomach are stimu-
Inted to contract; and they do s0in a manner which keeps
up a eonstant movement of the food along the ongan, back-
wards and forwards, by which the gastric juice is enabled
to mix more thoroughly with the food, and also the digested
portions are brought against the orifice throngh which they
are to pass

That orifice is at the opposite end of the stomach from
the opening of the esophagus (see Plates XIV, XV, C, 2),
At that place muscular fibres pass circularly, g0 as to form

These glands ame talws of membrane, |
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worthy, The first point that strikes the naked eye (Plate
XIV. XV. C, 8) is, that a short distance below the pylorus
the internal membrane of the duodenum iz doubled vpinto
innumerable folds. These are most numerons and largest
in the part of the intesting lere shown, just below the
common entrance of the bile and panereatic ducts (3 and
10}, They are called the valewle counivente, and their
purpose appears to be to cause the food to move more
slowly.,

Noting, before we pass on, the spot at which those tubes
enter throngh which the hile and the secretiom of the
pancreas are passed on to the food, and leaving further
mention of the organs which secrete those fluids till
by and by, let us turn to the next plate. Fig. D, Plate
XVL, gives a diagrammatic view of the peculiar strue.
tures of the small intestines, This iz a fine picture, and
merits looking at carcfully, with the aid of the index,
The little depressions of the mucons membrane named Lie-
Berkuhn's crypls secrete a thin fluid called the infestinal
juice, the action of which is not yet fully understood.  The

| Salitary Glands (13) are the same bodies as when gathered

a ring around the orifice.  The touch of a portion of undi- |

gested food canses this ring to contract so tightly that no-
thing can pass through it ; and, for this reason, the rng
iz called the pyloris (ie, doorkeeper), and the opening which
it guards is named the pyloric orifice.

The Gastric Juice is the agent by which that dis-
golving of the food which commenced in the mouth is con-
tinued in the stomach,  The gastrie joice is a watery fluid,
white and thin, and acid to the taste.
shows its two principal ingredients to be hydrockloric acid,
and a peeuliar substance, not found elsewhere, to which
the name of pepsin has been given.
the principal agent in the digestive process.

Chemienl analysis |

This latter is probably |
The effect |

which the gastric juice has upon the food is to dissolve it, !_

ani to o far change the nature of some portions of it that
they become “ diffusible ;" that is, they will pass through
fine membranes, The portions of the food thus completely
digested are, probably, at once taken up into the bload,
paszing through the coat of the stomach into the vems.
The remainder of the food is merely dizsolved into smaller

icles, so that it forms a thick liquid ; and this, which
is ealled Chyme, passes out through the pylorus. If an
undissolved lump approaches the orifice, the pylorie ring
_contracts and retains that in the stomach for further diges-
tion ; but no obstacle is offered to the passage through the
pylorus of the chyme.

When the fowd has passed t the pylorie orifies, it
is in the small intestine (Plates XIV. XV. A, ¢ and 4).
The Intestines form one long tobe, about J30 feet in
length inan adult person.  The part nearest to the stomach
is much marrower than the opposite end ; hence, the first
portion is ealled the small infestine, the latter the large
infestine.  The small intestine is doubled backwards and
forwards many times, to get it into the space allotted to
ik, which is that enclosed by the large intestine (Fig. A)
In this figure it is shown drawn ont, to exhibit its length ;
the large intestine, however, is in its natural position.

For convenience of description, the small intestine lins
been marked off into three divisions, vie—the disdenum (d),
the jejunum (e}, and the ilewm (f), but there are not any
important anatomical differences between the three portions,
In like manner, the large intestine is divided into the cecum
(gh the colom (i, k, 1), and the recium (n),

The internal structure of the small infesline is very note-

in gronps form what are called Peyer's Palches (C, 2). The
exact use of these glands is not yet made out clearly. It
is thought that they exercise some influence npon the action
of the lymphatic vesscls, and that they are similar in stroe-
ture to the lymphatic glands of the rest of the body, of
which [ shall presently proceed to speak.

But most interesting and important of all these details
of the minute structure of the small intestine are the Filli
(C, 1; amd D, 7). The interior of the small intesting pre-
sents an appearance resembling the pile of velvet, so closely
are these little bags, or projections, set over it. In ths
whole course of the intestine there are calenlated to he
about four millions of them. Each willus containg insida
it an artery and a vein (1) &), with their connecting capil-
lary network ; and also, enclosed by the blosd-vessels, the
blind end or ends of a lymphatic vessel (10), It will be
understood that each villus eontaing all three, althoogh in
this diagram, for clearness’ sake, they are saverally shown.

Now, what iz a fymphafic vessel §

In almost every part of the body, and entering intoe

| nearly every tissue, are found small and delicate tubes,

which contain an almost colonrlesa fluid.  These tiny ves-
sels begin blindly in the tissues, so far as is at present
made cut.  They join into one another frequently (or
anasfaniose, a5 the anatomists call it), but they do not by
thiz means form large trunks.  Every here and there the
tubes enter small round bedies, which lie in their course,
and which are called the lymphatic glasds. In those glands
the vessels divide and subdivide, and then appear as one or
two tubes again on the opposite side of the gland.  Finally,
all the lymphatic veszels end in two tubes, the theracie dud,
which opens into the left subclavian vein {as shown at
Plate XI. A, 21, 23), and the /ymphatic duct, which enters
the corresponding vein on the right side.  These two veins
immediately pour their contents into the superior vena
cava, and o the fluid which enters them from the lympha-
ties iz at once thrown into the heart, and so into the gene-
ral carrent of the blood.

The lymphatic vessels, taking the body as a whole, have
the office to perform of gathoring up the exeess, =0 to
speak, of the blood which the various tissues have drawn
out of the capillaries for their use. There is no doubt
whatever that the fluid portion of the blood passes out
throngh the capillaries to bathe the tissues, and it i8 ens-
gible that the snme happens to some extent with the cor
puscles themselves, Whatever eannot be used by the fis-
snes is gathered up by the lymphatics, and restored through
them to the general conrse of the circulation,

But those particular lymphatics which we have seen
beginning in the villi of the intesting do more than gather
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np the overflow. Through them the new matter of the
digested food chiefly passes, to reach the blood, by which
it is carried arcund to form part of the tissoes,

The lymphatics arising in the small intestine are called
Lacteals, which means milky, becauze of the milky appear-
ance of the fuwid which they contain immediately after a
meal ; but they do not differ in any other respect from the
other lymphatics.  They pass away from the intestine, and
enter numerous lymphatic glands that lie in the midst of a
broad fold of the peritoneum which holds the small intes-
tines up to the back wall of the abdomen, and which s
called the Mesentery.  After ramifyving here, the lacteals
finally enter the thoracic doct at its lower part, and so
their contents pass throngh that doct to the leart.

The contants of the lacteals are the final products of the
digestion of the fosd.  As the chyme passes over the com-

mon ortfice of the bile and pancreatic docts, it excites a gush |

of fluid, which mixes with it, and continues the digestive
process upon it. The foed is now ealled Chale, anid is passed
along the length of the intesting by movements similar to
those of the wsophagus, already deseribed.  As it i= thos
pushed along, the lymphatics of the villi draw it throogh
the membrane into themselves, and carry it away to the
thoracie duct.  No doubt the capillaries which surround
the lacteals carry away some of the fosd ; but the fatty
matters especially are passed throngh into the lymphatie
roots themselves.

But all food has certain husks and fibres which cannot |

be 20 dizsolved, and which are useless as food ; and by the
time the chyle has passed through the length of the small
intestine, these waste matters alone, or almost alone, remain,
the whole of the good and vseful parta of the chyle having
baen absorbed by the lacteals.

Where the ilenm joing into the ceoum (Plates XTIV, XV,
I} there iz a valve which prevents the mass that has
onee paszed it from retrograding into the small intestine,
Attached to the cocum isa enrions pipe-like appendix,
which 1= of o use in man, and seems (o be only a relie
af the long crsenm which is found in other mammals.

As the mass of digested food passes along the large
intestine, in which there are no villi, the veins in its coats

doubtless suck up any portions of useful matter that may |

reman, and finally the waste remainder iz expelled from
the body.

We must now return to the two organs which we have
already seen ave part of the digestive apparatus, though not
in the course of the alimentary canal—viz the Panerees
and the Liver.

The Pancreas.

Plates XIV, XV. A, 0, show this viscns in its natural
position, with its duct joining with the coma bile duel, and
immediately cntering the dusdenum. Sometimes, how-
ever, the pancreatic duet and the bile duct are found to
open into the ducsdenum separately, and this peeoliarity is
shown in the fisure of the pamcreas laid open, on Plate
XVL E, The fluid which the pancreas draws out of the
capillaries, and passes throngh its duct into the intestine,
is very similar tosaliva. It appears to act mainly upon the
fats of the food,

The Liver

has a very complicated structure, amd performs a very im-
portant work. It is the largest organ in the body, weigh-
ing about four pounds (50 to 60 ounces). It lies imme-
diately below the diaphragm, partly covering the stomach.
In Plates XIV. XV. it is shown partly turned up, so that
its under surface i3 seen. The liver is divided by five
fissures upon its under surface into as many portions of
unequal sizes, which are called its lobes, The smallest sub-

divisions of the liver are ealled lobules, and each of these
is & many-gided body about the size of a mustard-seed,

Fig. B is a greatly magnified and diagrammatic section
of a portion of & lobule. The final branches of the porial
rednt (10} ol of the fepalic arfery (E) are seen to run round
the margin of the lobule, and to hreak up within it into a
multitude of capillaries, which themselves are seen in the
opposite corner of the picture (which would be really the
centre of the entire lobule) to unite into a central fAeplic
or iIntra-fobular eein {FL The little bedies which erowd the
meshes of the capillarics are the liver-cells (H), and the Bile
duet (A), partly injected with a yellow preparation, is shown
| mingling with the capillaries and surrounding the eells.

Wow let us examine these varions structures, which all
together make up the lobule—viz Portal vemn, Hepatic
vein, Hepatic duet, Hepatic artery, and Livercells.

Three of the four tubes just named enter the liver side
by side at a spot on its under surface called the porfe, or
gate, of the liver. Hence the name given to one of the
three vessels, the porfal vein. The portal vein is, as its
being called a eein implies, formed by the joining together
of capillaries,  The blood which is in it is that which has
circulated in the capillaries of the stomach, the spleen,
and the intestines, The other two vessels which enter
the liver at the same place as the portal vein are the
hepafic arfery, which brings blood from the aorta to nourish
the substance of the liver, and the fepalic duct, whicl comes
from the gil.“-:hl:ll.!l.!l-r “';:lll-s ALV, XV A, w)

These three tubes enter the liver side by side, and keep
together throughout their course.  The portal vein, though
a true vein in that it is made by the jeining together of
capillaries, and is conveving blood towards the heart, yet
| hehaves like an artery ; it dividez and subdivides into

capillaries ngain.  The hepatic artery of conrse divides
also, and the hepatic duct does the same, the three vessels
alway: accompanying one another, and dividing and soh-
dividing in the substance of the liver in eanals made for
the purpese. Finally, a network of small portal veins
(Platea XVI, Fige. B, IM} is made, which surrounds and
marks off each lobule from the rest, and these veing are
called the inter-felwlar veins (ie. befween the lobules).
From that surrounding network small veins enter wilkin
the lobule, and immedistely break up into capillaries.
The hepatic artery sonds a branch into the lobule with
each of these veins, and the capillaries of the artery and
| those of the vein insde the lobule join together, o that
the Lleod in the lobular capillaries is a mixture of that
brought in by both portal vein and hepatic artery.  The
meshes of that network inside the lobule are filled with
the minute eelfs called fepafic cells (Plate XVI. Fig. B,
H). Thos the blood is in very closa relation with the cells,
only the fine skin of the eapillarics keeping them apart ;
and while the blood iz slowly passing along the capillaries,
the eells draw out of it the peculiar constituents of the Bile,

Now, does the hepatic duct, which certainly accompanies
the portal vein and the artery so far as to the outside of
the lobules, also enter into the lobules with them T Upon
this point there is some difference of belief. It must be
remembered how very small the lobmles each are (abont
the size of a mustard-seed), and then the diffieulty of
deciding the point with absolute eertitude will be under-
stood. Tt is most probable, amd is now generally held, that
what is shown in Fig. B of Plate XVL is what really hap-
pens to it, viz that it enters the lobule with the blood-
vessels, and there breaks up into o network much finer even
than the capillary one, generally enclosing only one or two
cells in each mesh.  Thus the eells can readily discharge
the bile which they secrete, so that it passes through into
these tiny tubes,

Whether this is the exact method of their termination
or no, certainly the bile finds its way into the hepatic doct
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at the exterior of the lobule, and passes alomg that tube |
until it comes to the outside of the liver, where it goes
down and enters the common bile duct {Plate XIV. A, w),
and either at onee passes into the intestine or goes up to
the gall-bladder to be stored till required. The secretion
af hile iz continuous, but itz discharge into the intestine
only takes place while digestion procecds,

Now we must retarn to Plate XVL Fig. B, to sce what
becomes of the blood that is poursd into the capillaries
within the lobuls, In the very centre of each lobule iz a
small vein (F), which is ealled the intra-fsbalar vein, and
which is really the smallest branch of the venous system
that gathers up the liver capillaries. The tiny vessels in
the lobule all ramify towards thiz central vein, and pour
their contemts into it.  This veinlet passes ont of the
middle of the lobale into a somewhat I;lr“,?"l.'T hepatic vein
and several of those join to make vet Inrger tubes, and &0 on

over and over again, s veins always do, until at last all the |

blood is carried to four great hepatic veins, which open into
the vena eava inferior, and so convey the blood to the heart.

Besides secreting bile, the liver-cells act uwpon certain
constitiients of the blood, and turn them into sugar, but
this process is very complicated, and not yet fully under-
stood.

The Excretory Organs.

Throughout the last fow pages the term * Seerefion " has
been repeatedly used, and it wonld be gathered by the
reader that the meaning of this word was the separating of
gomi substance from the blood,  Frerefion iz an analogons
process, with the difference that an exeretion is east out of
the body as waste, while a secretion is nsed again for some
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above named, just as is their quantity in the body eompared
to that of the oxygen, nitrogen, carbon, and hydrogen,
The Ezxcretory Organs are fhe Lungs, which we
have already studied, and which we know to pass away
much carbonie acid with o little water ; the Kidneys, which
puss awny most urea, with o good deal of water ; and fhe

| Skin, which gets rid of a considerable quantity of all three

waste products,
The Kidneys.

Plate XVIL is entirely devoted to showing the structura
of the kidney, with the exception of one figure of the parotid
gland (E).  In Fig. A the kidney i3 drawn in its nataral
position, with its external capsule partly turned back to
show how the blood-vessels enter. The blood is seen to
go into the kidney direct from the aorta. In Fig. B a
seetion throngh the midst of the organ is shown,

At o glance, it iz scen that the interior of the kidney
may be divided into two parts, one much firmer in texture
than the other. The external hard portion iz called the
corfer (bark), and the internal softer portion the medulle
{marrow) of the kidney. The microscope shows the reason
for this difference in the naked-eye appearance : the cortex
contains in its substance a great number of tiny round

| bodies, the medulla consists almest whelly of a multitude

physiological purpose.  Thus, bile and pancreatic juice are |

secrefions, while perspiration and carbonic acid gas are
excrelims,

All organs which either secrete or exerete receive the
generic name of Glands; and all glands have one funda-
mental structure.  They consist essentially of o simple
membrane with epithelial cells on one side of it and blowd-
vessels on the other. The epithelial cells are the active
agents in the work ; they draw the peculiar secretion ont
of the capillaries, which are on the opposite side of the
basement membrane which they cover.  How they do this
in any given case is a vital mystery : the cells are to all
a e identical in every situation, yet the eells of a
sweat gland never produce saliva, the cells of the salivary

ds never secrete bile, ete., but everywhere the cells -
uce the proper secretion of the gland in which they are
Found.

We have already seen that glands vary greatly in form
and in respect of the complexity of their structure, from
the simple depressions of the membrane in the intestine to
the elaborate arrangement of the liver-cells in their lobules,
But however wide the apparent differences, careful exami-
nation shows the elementary structure just described to be
always present.

The Excretions of the body are those wnste matters
which are produced by the chemical changes of the tissues,
They are finally, when they leave the body, reduced to
;hgeﬂmim:dlm‘ , viz. Waler, Carbonie Aeid, and Uree.

ret-named is the prodoct of mixing her axy
and hydrogen, the second of oxyzen and m.., anﬂjﬁ
thind of oxygen and nitrogen ; so that the prineipal ele-
ments of the tissues, which are aleo necessarily the prineipal
clements of our foods, after producing force and heat by
their chemical change within oor bodies, are thos cast out
in thos: changed forms, and are thrown away like the soot
and the ashes of a fire.  Minute quantities of the other
elements of the body are also passed away as excretions,
but of course the quantity of these in the sweat and in the
uring 15 proportionately small compared to the matters

of fine tubes, which run (14) towards the concave part of
the kidney, gathering into bundles as they approach thers
in such a fashion as to form pyramids.  The pyramids end
by a small nipple-like projection into the central open spaee
of the kidney, cach projection being called a papiffa (13),
and each one of them having the orifices of about a thousand
tubes upon its summit.

The tubes which open uwpon the papille are the true
secreting apparatus of the kidney: they are called the
wriniferous fubides, and are lined throughout (D, 2, 4) with
secreting epithelial cells,  Fig C traces dingrammatically
the eourse of a single tubule backwands from the spot
where it (7} opens on the papills.  The tubole is seon to
branch out, and to become continnous with a number of
interlooped and convoluted smaller tubules, which in their
turn finally emd in (4) somewhat enlarged tubes in the
cortical part of the kidney. At the end of each of these
larger tubes there is a dilatation (see I, 2) of the tube
into a round body, called the Malpighian capsule, shown
in Fig. C, 2. Into that capsule an artery penetrates.  This
arrangement will be better understood by turning to Fig.
D, which iz a very greatly enlarged representation of the
terminal tubules and the blood-vessels within them. The
convoluted tubule is scen to become wider, and to spread
out into the Malpighian capsule, into which enters a hranch
of (1) the renal arfery (the artery which we saw in A, 7,
entering the kidoey), and immediately within the capsale
divides and subdivides into a multitude of capillaries, form-
ing a tuft which is called a glomernfus. The blood passing
through these is in immediate relationship with the cells,
and here a portion of the excretion which the kidneys
separate, the wrine, is drawn out.  But as thongh this conld
not do the whole work, a very peculiar arrangement of the
blood-vessels and tubules is made, 50 that affer the blood
has passed throogh the glomerali it is agein submitted in
capillaries to the action of cells. The capillaries in the
Malpighian capsule join together and make a moall vein,
which izsues from the capsule near where the artery enters ;
but instead of joining with other similar vesselz to make
one larger tube, as veins commonly do, this little vein again
breaks up into a number of eapillaries which completely
surround the wriniferons tubules in the cortex (C, 2), and
only after thus a second time paszing throngh eapillaries can
the blood repch the small renal vein (C, 3) by the joinings
and communications of which it is carried out, through the
principal renal vein (A, 10) and into the vena cava inferior
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{A, %) There is no doubt that the seeretion of the urine
takes place from the second set of eapillaries, and by the
tubules, as well as from the glomerli,

The fluid thus seereted consists mainly of water and
wren, the waste product of the nsing up of nitrozen in the
Li.ﬂ.ﬁ:h"l It Emht:i.‘i]hi., i.i]M:l, amall 1!\!::||I:ili|_u,' of eeveral salts,
which, like the urea, are dizzolved in the water,

The fluid paszes down the minute uriniferous tubes by

| they are both numerous and large, and in addition contain

which it is secreted from the blood, and out at the openings |

of the pyramids on the papille.  The papille project into a
space of considerable size, called the pelviz, or hasin of the kid-
ney (I3, 17), which is divided into parts called cofices, for the
reception of the tips of the pyramids (B, 12).  The pelvis
15 continnons in each kiduey with o tube, the urcer (A, 5,
B, 5}.. which runs down amd opens into o bag of musele and
skin that lies in the bony pelvis, just above the os iz,
and serves as a receptacle for the urine.  This is the
wrimery Madder ; and from it the excretion of the kidneys
is passed out of the body through the wrefire.  Thos the
uriniferons tubales are indirectly in communication with
the outside of the body,

Ductless Glands.

One of the ductless glands being shown in Fig A, this
appears the best place for saying a few words about those
bodies,  The ductless glands comprize the Spleen (Plates
XIV, XV. Fig. A, 7), the Thymus and the Thyroid
glands (Plate XI. A, 3 and 5), and the Supra-renal
Capsules (Plae XVIL A, 4).  These bodies are all alike
in one respect, viz. that they receive a full blood-supply,
and yet have no docts through which any secretion is
passed ont of them. Whatever change they work in the
blood, therefors, l.]ll.f}" return at onee to the blood itself
It is L|:|1:IL1;|LL that tll.l"'u' are 1'II"H]I:I1_II:|.' manulfctories, so
to speak, of the blosd-corpuscles; and this theory is
gtrengthened by the fact that the thymuz gland is active
and large during childhood while the body is growing, but
wastes away and becomes quicscent when the body is fully
developed.  No certainty has yet been reached uwpon this
puint, however,

The Skin

within them eurions bodies, shaped something like a fir-cone,
upon which the nerves end, in the marner shown in Fig
F of Plate XXI. Thess are the taclile-corpuscles,  This
layer of the dermis, therefore, iz the one which contains
the ssnee of fowch,  The whole epidermic layer appears de-
voted merely to preserving the more sensitive parts beneath
it from pain and injury ; and the seorefing o ting st
1'r|3 [llrﬂd:"ll for in the lower peart of the dermis.

There we note first the sebaceous, or il glands
{8), which are found very sparingly in most parts of the
skin, amd are usually connected with the hair-ducts, or
placed around the joints.  Lower down, embedded in fat,
are seen the eoils of fine membrane which constitate the
aweat g]a.nds (G}, with their ducts rumning up to the
surface of the skin, and opening upon the exterior (7). The
membrane which is thus coiled round to form the gland is
a true secreting membrane, being lined inside by colls ; and
each coil is surrounded by a network of capillaries, not
shown in the dingram, from the Blood within which the eells
draw the secretion—the sweal or perspiration.  There are cal-
culated to be about three million sweat glands in the body,
In the palm of the hand there have been pzeertained to be
a5 many as three thousand of these openings on a square
inch of skin.

Sweat is constantly secreted by the glands, and EVAO-
rates from the skin insensibly ; it is only when the quantity
is increased beyond the ondinary amount that it forms drops;
and that we become sensible of it Perspiration, like the
kidney and the lung excretions, contains, and passes out of
the body, water, carbonie acid, and urea, and small quan-
titaes of varions waste salts.

The Nervous System.,

We have already seen that various musenlar movements
of the body are executed at the command of the will ; and
we have just noted that the skin contains a provision fior
senzation,  We are now naturally led to enquire into the
miechanism of will and of =ensation,

The MNervous System is composed of a multitude
of fine cords, found in every part of the body—the Nerves :
and of central parts to which those cords lead.  The cen-

performs two functions ; it is both the seat of the organ of | tral portions are two—the Cerebro-Spinal Nervous
| Centre, which consists of the brain and the spinal cord ;

touch and a part of the exeretory apparatus. It is figured
among the organs of sense, but it will be more convenient
to briefly consider it now.

Plate XXI Fig. E, is a diagram to show the varions
gtructures which are to he found in the skine  ‘These are
not, of conrse, found consecntively in every part of the skin ;
it is a dingram, not a section from one particnlar place,

The skin can be divided, anatomically, into two layers
the dermis, or true skin, beneath ; the epidermis, or enticle,
externally, Each of these, agnin, is readily divisible into two
portions.  The epidermiz consists of a lower layer of soft
cells (2) somewhat mounded in form, which have just heen
horn from the blood, as cells are reproduced (see p. 2); and
an upper layer, consisting of similar but older cells, which
have been pushed upwards by the constant growth beneath
of the new cells, and have become harder and flatter as they
nearcd the surface (1). The dermis consista of a narrow
upper layer of fibres in which the nerves of the skin are
distributed, and a lower layer of fibrons tissue fibres, not
well seen in the diagram, which intertwine 20 a8 to make
a sort of a network.

The uppermost layer of the dermis (3) iz called the
papillary layer, beeause it s elevated into minute come-
shaped eminences, the papille, which contain the ends of
nepve-fires, and also one or more capillary loope.  Where
the sense of touch is weak, the papille are small, and com-
paratively few in number ; where the sense is very acote,

I

and the Sympathetic Nervous Centre, which is
composed of two rows of lumps (ealled ganglia) of nervons
matter, joined into chains by conds which ron from one to
another, and lying along each side of the backbone.

Nerve-Matter, of which both nerves and nerve-centres
are composed, 15 a delicate soft tissue, of which there are
two kinds—grey and whife.  The distinetion in the office
of these is not clearly made out ; but the grey appears to
b the more highly organised, inasmuch as in the brains of
the most intellectunl persons there appears to be a greater
quantity of it than in those of less gifted ones ; and, more-
over, the grey is found only in the nerveccntres, while
the white alone makes the nerves, and mingles with the
grey in the centres,

Close microscopic cxamination shows that the grey
matter is cliefly made up of cells, while the white matter
is formed of fibres. The nerve cells have varions shapes
very frequently they are starshaped, sometimes they are
oval. They alwnys contain o nneleus, The nerve-fikres,
the constituents of the white matter, separate soon after
death inte two parts ; o white substance, supposed to be a
fuid fatty matter, surronnding and proteeting a delicate
firm interior, which is believidd to be the essential part of
the nerve.  This latter is ealled the eris-cylinder ; the fatty
protection is the whife subsfoncs of Schwann.  The two parts
are enclosed within a fine membrane, ealled the fubular
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sheath, These three parts make np a nervefibre.  OF |
gonrse the nerves generally, like museles, are composed of
bundles of these primitive fibres. Fig. D, 2, of Plates
XIX. XX. repregents an appearance often seen in nerve-
fibhres, from the tendency of the white substance on the
least pressure to run tozether, while the delicate tubular
sheath sinks 1o

The chemical analysis of nerve-maffer shows that it is com-
posed of water (85 parts in a hundred), albumen, fat, and
salts. Phosphorus is the salt which is present in the largest
quantity, there being about one part of it in a hundred
parts of pervematter.  Indeed, phosphoms appears to be
distinetly eonnected with mervous action, since increased
exercise of the brain adds to the quantity of waste phos.
phorus passed away by the Kidneys,

The pathetic nervous system is of less impor-
tanee than the ecerebro-spinal. It must not be sapposed |
that there is a eomplete distinction between the sympa-
thetic and cerelro.spinal systems ; on the contrary, some
of the fibres which take their rize in the sympathetic |
ganglia running down on either side of the spine, pass into
the spinal nerves, and are distributed with them ; while,
on the other hand, the sympathetic nerves generally con
tain some fibres sapplied by the cerebro-spinal system.
Notwithstanding this, however, the sympathetic nerves are
broadly distinet from the others, and have their special
offiee to perform.  They control or influence the fanetions |
of the vital organs. These organs, as we have already
seen, are quite outside the control of the will, and yet
are gm‘{*nwl by the nervous system ; for they act when
a certain stimolus is applied to them, and are quiescent
when the stimulus is absent. This unconscious watchiul- |
ness is the work of the ganglionie centres. That they are
to a considerable extent independent of the cerelro-spinal |
centre 18 shown by the fact that the organs supplied by |
them will continue their normal motion for some time after
being severed from the body. The sympathetic nerves
also send filaments to the coats of the blood-vessels, regu-
lating the degree of their contraction, and so determining
the blosd-supply of any part.

The Cerebro-spinal System is by far the more
important. It is composed of the Brain, which is the seat
of Conecionsness,—thought, emotion, senzation, and will ; of |
the spinal cord, which controls and directs many of those I
motions which seem to be voluntary, but are half automatic;
amd of the nerves of sensation and of motion, which go to
and from the varions organzs of the semses, the mmscles,
and the skin. We will Lriefly view the cercbro-spinal
gyatem in each of these parts.

The Brain,

. . "The cloven sphere that holds
All thought in its mysterious folils,
That fecls sensation's faintest thrill
And flashes forth the soversign will,”

iz enclosed within the eavity of the skull  Plate XVIIL
Fig. A, shows the brain in its natural position, but cat
longitadinally, exactly through its centre. The great top
mass (1, 2, J) is the principal part of the brain, the Cerebrum.

In the cerebrum the grey matter is external to the white,
and is doubled up into a great number of folds, or eon- |
volutions, which are seen better in the next Plates, XIX. |
XX. Fig. A The effect of this is to inerease the surface |
of matter ; and it is a noteworthy fact that as animals
descend in the seale of intelligence their brains contain |
fewer and foewer convolutions, while men of exceptional
ability have been found, by post-merfem examination, to |
possess brains remarkable for the numerous convolutions,
and for the depth of the intervals between the folds, the
sidei,  The cerebrum is divided nearly into two halves by |
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a central longitudinal fissure ; in Plate XVIIL A, the cot
has been made through the direct centre, #o that the knife
has passed down the fissure withont cutting into the con-
volutione.  ‘They can be seen cut throngh on Plate XX11L
Fig. A. The bridge of white matter at the bottom of the
fissure by which the two halves of the cerebrum are joined
together is seen cut through (4, eorpus callsswm).  Each
half of the cerchrum is further marked off into three loles,
by fissures extending some distanee down into its centre,
Eeneath the cerebral lobes and the corpus eallosum are
varions layers and masscs of nerve substanece, to each of
which a distinet name has been given. The student who

| wighes to master these minute detaile must do so by refer

ring from one to another of the following figures .—Plate
XVIIL A: Plates XIX. XX A; Plate XXIL & In
one of these figures the structures are shown in a longi-
tudinal section, in another in a tramsverse and veriieal
section, and in the other the brain is exhibited as removed
from the skoll and turned upside down, without any dis-
secting away. By carveful study, with the aid of the index,
these three plates will serve to make the relationship of
the parts quite clear.

The spinal cord iz =een to run up into the brain, widen-
ing out at its upper énd into (Plates XVIIL and XIX.
XX. 12) a broad postion of mervous matter ealled the
medudle oblongala.  The medulla is about an inch and a
quarter long. It contains a ecentral eavity—it iz hollow,
to put the matter more simply—and that cavity is called
the fourth centricle of the brain. The medulla is divided
by central grooves into two halves, and each half is again
marked off into four columns; the one nearest the front
Leing called the enferior pyramid, the next the olivary body,
the next the resfiform fody, and the one next to the back
groove the posterior pyramid (Plates XIX XX, A, 21}

[mmediately above the meduolla is the pons Parelii, or
bridge of Varolius (11}, so called because it connects toge-
ther the medulls, the cerebellum, and the cerebrom. It
containg both transverse and lomgitudinal fibres. The
transverse fibres enter the pong from the ceretellum, from
either side of which they sweep across the top of the me-
dulla (XX, XX, 11), and so form a bridge from the one
to the other half of the cerchellum. The longitudinal
fibres enter into the substance of the pons from the medulls
itzelf ; and from the pons those fibres go on their way to
the cerebral hemispheres,

In front of and above the pons again appear two thick
bundles of nervous fibres, the erura cerebri, which on close
examination are seen o be the longitudinal fibres that have
passed through the pons.  These bundles spread oat as they
pass forwards (Plates XIX, XX, the dark diverging portion
between the 111 and 1V, nerves), and then enter into the
under part of the ecerebral hemizpheres, some distance
below (as Plate XVIIL. 10, shows) the level of the corpus
callosnm.  The fibres pass through what are sometimes
called the ganglia of the brain—two large masses of grey
matter named respectively the aplic thalemi and the corpora
slriata,

The figure 9 in the plate just referred to is intended to
indicate the narrow passage close to the left of which it is
placed. That passage, the agueduct of Sylrius, runs from
the fourth ventricle in the medulla up to the much larger
third vendricle in which the figure 5 is placed. Thiz figure
gtands on one of the twoe masses of nervous matter into
which the fibres from the crura cerebri first pass, and which
are named the oplic thalomi. Of course the other optic
thalamus has been ent off with the half of the brain which
is entirely removed in this figure. When they are both in
their natural pesition, however, there is a space between
these two thalami, and that space is called the third ven.
tricle. [Consult Plate XXIL A, 11.)

The plaited appearance just above the figure 5 is the
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ehormid plernz ; while just boneath and in front of it is the |
cargs sfrindum, and below the enrions little projection called
the pifmifary body (T ),

The forniz (6) i= a longitudinal portion of white matter,
which forms the foundation, as it were, for the corpus eal-
logum, and also, in part, serves as a floor for the largest
of the ventricles of the brain—the lnferal verfricles,

These spaces (the lateral ventricles) extend right into |
the cercbral hemispheres, A portion of one i3 seen in the |
figure before us—ihe triongular opening beneath the corpus
callosum, and cloze beside the fignre 6, The third ventricle
opens by a narrow aperture ab cither end of its anterior |
bounding membrane into the lateral ventricles.  Thus we
e that all these spaces communieate with one another, |
Just as, by the passing of fibres from one part to another, |
the whole brain substance communicates, In fact, no por-
tion of the entirs nervous system, of whatever structure
or office, stands by itzelf; all the parts are joined into
one great whole.  The importance of this is seen at onee
when the office of the nervous gyatem is understood.

Twelve pairs of nerves arise out of the brain at its base,
and, passing out of the skoll through foramina (windows)
provided for the purpose (NIX. XX, ), go to various
parts of the bedy,  Their names and fanetions 1 have given
in the imdex, and they need not all be epeated here,  One
of two points ouly must be remarked apon.

It will be seen that the nerves of smell (1) are the most
intimately eonuected with the cerebral hemispheres,  The
next pair of nerves, the optic, arize back in the optic
thalami, and pass forward in the direction shown in Flates
KIX, XX (being so far called the optic tract), until at (10} |
the fibres from each side meet and cross over, Thiz junc-
tion iz the epfic chicema or commizarre,  This remarkable |
l:t'mt_s-.ih;.: of the nerve fibres, doultlezs, lias :\crIJll-'I:|:|i.!|g to do |
with our seeing only ene object, though we look at a thing |
with fie eyes. Al the other nerves excopt thess two anse,
direetly or indirectly, out of the medolla.  The spirad peces-
zory 15 the only one needing a word of special noties ; i
arises in A very remarkable manner (X1)  Its roots orizin-
ate in the spinal cord, at the side of the spinal nerves,
even ag low down as the sixth cervical nerve (I, 11. I11..}
Passing upwarnls and joining, the fibres enter the skull, and
emerge from it again by the same foramen as the poenmo-
gastric (XIX. XX C, X, XL}

The Cerebellum,

or little brain, lies at the back of the skull, completely
overlimng by the posterior lobes of the cerebrum, amd itself
partly overhanging the medulla, but extending also quite
into the back of the skull behind the medulla. It hke the
cerchrum, iz divided by a deep fizsure into two hemispheres,
It is not convoluted, but iz marked by numerous curved
lines npon its outer surface.  The grey matter is external
to the white, as in the cerchrum ; and the white is =0
enriously arranged within the grey as to give an appearance
like & branching tree when the eerebellum is ent through
(XVIIL 13)  This arrangement is henee ealled the arbor

| arachood (16).

cifir (tree of life).

The Spinal Cord,

which runs down from the brain throngh the centre of the
voertebral column, containg hoth grey and white matter, but
arranged in precizely the opposite manner from that of
the cerebrum and ecebellume  In the cord the white
matter is external, and the grey is inside arranged like two
halfmoons with their backs twmed toward each other
A narrow eanal, ealled the cenfrod ponel, runs right through
the centre of the cord, and iz continnous with the foorth
ventricle,

&

Thirty-one paira of Spinal Nerves arise from the
spinal cond (XIX, XX —L to XXXL) by a number of deli-
eate filaments down each half of the cord.  These roots
join into bundles, which coalesce into the trunk of a nerve,
Th nerve passes ok of the backbone through a space left
for it Letween the vertebre (the intervertebral foramen),
and passing onwands in its proper direction divides and sub-
divides into a multitude of fine filaments, which supply the
gkin and the museles of every part of the body exeept those
supplied by the cranial nerves

Protecting Membranes cover both brain amd
gpinal cord.  The external one is close to the bone, and is
ealled the dwra mater (Plates XIX. XX. A, 15).  The
next beneath is a fine membrane, which 15 reflected on
itsedl like the pleara and the pericardium ; this is the
Finally, a delicate membrane called the
pin maler envelopes the brain and eord elosely (17).

Functions of the Nervous System.

When the trunk of a nerve is eut or otherwise injured
immediately afier its issue from the spinal column, two
results invariably are found to follow. The part to which
the filaments of that nerve go, becomes ineapedle of feeling,
il cannod be moved ,l'.# the will. From this fact we learn
that the nerves are simply like telegraph wires ; they con-
vy messnges to and from the nervons centres, bot they
themecelves, by themselves, have no more sensation or will
than any other structure haz,  The nerves which convey
the message of sensation from their terminations fo the
nervie centres, can b distinguished from those which corey
the message of command for movement baek to the place
whers the terminations are, The former are eallsd sensery,
the latter motor nerves,

Conscionsness—under which general name we include
gensation, will, emotion, and thought—resides in the cere-
biral hemispheres.  This we know, firstly, because any injury
which erushes the spine so as to disorganise it places all
those partz which ave supplied by nerves from helow the
seat of the injury outside the control of the will, and
deprives them of sensation.  Thus when the lower part of
the spine is so injured that messages cannot pass along it
from the nerves supplying the lower limbs, not only is the
patient unable to move his legs and feet by his will, bot
alao he does not feel if they are eut or bornt. Moreover,
when the cerebral hemispheres are themselves injured,
intellizence and volition are lessencd or altogether lost,

The cerebellum appears to order the combined movements
which we often perform, not quite automatically but also
hardly consciously. Its functiong, however, az well as
those of the neighbouring parts of the brain, ave very im-
perfectly understood at present.

Nervous Force, by which messages pass along the
nerves, iz, like most other similar existing facts of nature,

ultimately a mystery. It is very likely somewhat related
to electricity, but it is not the same thing, and rapidly
though messnges appear to fly from the peripheral termi-
nations of the nerves to the contres and back again, yet
nerve-force is found to be considerably less rapid in its

| movement than electricity.

The Organs of Sense.

All the nerves, both cranial and spinal, terminate in
innumerable spread-ont fibres, which form what are termed
the peripheral extremities of the nerves,  The sensory nerves
generally are so arranged that they receive impressions
from the outer world, and the pecoliar structures in which
their peripheral extremities are found are ealled the organs
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of the zenses. Each sense has its own special organ. Ko
differences, or at most very slight ones, can be discovered
in the nerves of the varions sense-organs ; but the arrange-
ments in the midst of which their terminations are placed
are different in each organ, and no one sense-organ ever did
the work proper and peculiar to another.

We will proceed briefly to study the sense-organs in the
opder in which they are fizured upon the plates; by o

doing we consider first the simpler structures of the nose,

the tonzue, and the skin, amd reserve the very elaborate |
| arranged in the form of the letter Voat the root of the

and interesting details of the ear and the eye for our final
subject,

The Organ of Smell.

The ehmoid Bone, which is situated at the top of the
nose between the two eyes, has its lower surface next to
the mose perforated with a number of holes like a sieve.
The bulbe of the olfactory nerve run on to the oribriform
plate, a5 this pieee of bone ia ealled, and them divide up |
into tiny filaments, which penetrate through the holes into |
the nose (Plates XIX. XX. Fig E, 7, &) The filaments |
then spread out in a certain part of the mueouns membrane
which covers the internal cavities of the nose. In this |
mueous membrane also a German observer has lately dis-
coversd the peculiar rod-shaped filaments attached to eells
which are figured below (Fig. J). The filaments of the
olfactory nerve do not, however, extend through the whole |
of the mucouz membrane, The fifth nerve alwo enters the
noze (E, 9 and 15), and its filaments are distributed 1o the |
lower part of the nasal cavities.

The septum, which divides the nostrils below, is continu- |
ous through the nese up to its root at the brow. But, |
beside the two cavities thus made, the peculiar shape-of the |
hones which form the sides of the nose (within the cheek, |
as it were) separates it into somewhat elaborate passages. |
These may be studied in section in Fig. H.  The olfactory
nerve, as Fig, E shows, only descends upon the uppermost |
two of the three ferlinated scrollshaped bones.  The '
olfactory nerve distributes fibres also on each side of the I
septum. I

Odoriferons Tmrlinirs flaat into the nasal chambers with |
the air, and, striking upon the termination of the olfactory |
nerve, exeite it, and the exeitement passing on through the
olfactory lobes to the brain, there becomes recognised by
conzcionsness a8 a sensation.

The shape of the nasal passages shows why a person
sniffs up the air when he wishes to detect a faint odour.
The back openings of the mose (posterior nares) have
already been seen on Plate XVIII, A—that large space
between the Fig. 22 and the bone above, in which the No.
32 is placed. While the breath is drawn quictly it passes

“straight through the lower part of the nose, not much of it
ascending to the upper cavity where the olfactory nerve is
spread ont. But a eniff i3 really a sudden inspiration
through the nostrils ; and when this inspiratory effort is
made air iz dreawn out of the upper cavities into the lungs,
and the fresh air from outside, laden with the odour, rushes
in and fills the space thus left, as well as agitating the
whole of the air there, and setting up a current like a wind
on o small seale,

What is commonly meant by * the nose,” that portion of
it which is seen on the face, is shown in Fige F and G to
be composed of two small bones and of cartilage,

| bults (Fig. D).

| from one another by this means,

The Organ of Taste.

The Tongue (like the skin) serves two purposes. Not
only iz the tongue the seat of the peripheral terminations
of the nerves of taste, bat it is also the principal nrganof|

speech. It will be necessary to briefly consider it in mh|rr

eapueity.

Two nerves supply filaments to the tongue—the glosso-
pharyngeal (9th), and & branch of the trigeminus (Sth) named
the ﬁnrmu.l‘ur y!!s.'liful}'. These nerves end in little emi-

| nences called papille, which are seattered over the sorface
| of the tongue (Plate XXI Fig A)
| three kinds.
| with the nerve filaments entering and ending in them.

The papille are of
Fig. C shows diagrmmmatically each of these,

Thae filiform papilke (2) are most numerous at the tip of
the tongue ; farther back, the fongiform (1) and fliform
are mingled ; and the cirenmyallate (3), few in number, ara

tonpue (A, G)
A perfectly dry substance has no flavear at all ; and

sinee it i5 necessary for taste that a substance should e

dissolved, it is found very difficalt practically to experiment
o ag to discover in which part of the tongue the sensation

| resides, or which papille possess the most acote nerves,

German physiclogists have lately assigned the prineipal
power to curions little bodies called fasfe-golfets or qusfatory
These are found in the hollow around the
¥ formed by the circomvallate papillze, on those papills

| themselves, and also on the upper surface of the fungiform

papille. It appears ceriain that they must perform some
office in connection with the sense of taste. An eminent
English physiologist (M. Foster) has, however, denied
that they are the “specific organs of taste,” and so the
exact natore of their function must be considersd as stall
uncertain.

Epﬁar_.‘h 15 artienlate sound, and must not be confounded
with esice, The organ by which voice is produced is figured
on Plate XVIIL B, C, I}, and E. It consists of a eartila-
ginous hox, called the larynx, which is seated on the top of
the windpipe, having the epiglottis above it.  Across if,
from back to front, Tun two feshy bands, the ol cords ;
they are affixed to the centre of the fyroid sarfilage in front,
and to the corners of the erytensid corfiloges belhind.  While
the muscles connected with them (C) are quicscent, the two
corners of the arytenoid cartilages are zome little distance
apart, amd the voeal cords are necessanly also kept away
But by the contraction
of varions museles, the tips of the arytenoid cartilages are
bronght together, so that the vocal cords lie straight beside
ench other, and are made tense.  In thiz condition, the air
breathed out over them canses them to vibrate, and give
forth a sound, which varies in piteh according to the degres
of their tenzion.  This sound iz voice,

Yoice is made into speech by the conjoint action of the
tongue and the lips, with the aid of the teeth and the hard
palate, The tongue has much to do with this forming
articulate sounds, but it is not absolutely essential to the
production of many sounds, and persons whose tongues
have been removed have been found to be able to make
their speech understood.

The Sense of Touch has already been spoken of (p.
13) at sufficient length, and we may now proceed to the
more eomplex

Organ of Hearing,

Plate XXTI. A, somewhat disgrammatic, shows the ear
in its natural position ; for the organ of hearing does not
consist only, or even essentially, of that outside portion of
it which 15 commonly called ff¢ ear. The essential parts
of the organ, indeed, are set deep in the head, place for
them being exeavated in the petrous portion of the tem-
poral bone, near the base of the skull.

The ear is divided into three paris: the esfernal eor,
the middles ear or fympanum, and the iwfernal ear or fd&y—

inth

The external ear consists of the outside cartilage, which
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gerves merely as a sort of natoral ear-trompet, collecting
soumils and auding them to enter the ear ; and of the pass-
age which leads from the exterior to the membrane of
the druom of the ear.  In the aderned audifory meatus (14,
13} are several small glands which secrete the ear-wax,

At the bottom of the meatoz a8 membrane (the mem-

frana fympand, 16) is stretehed tightly across, and enclozes |

a cavity full of air (18) like a drom.  The tympanis cavity
15 mot '\'I']:I-.r”.:l.' clozed on the u!tl_lmi.h- gide from the mem-
brana I:_'I.'L'li]lillli; a small passaze, the Eugtackian fube, Tuns
up from the pharynx, and opens into the tympanic cavity,
amal ﬂl]'-l:II.IH]l thins mir can enter.

Bunning across the eavity of the drom (as hest seen on
the left zide in this figure) are three small bones, united
together into a chain.  They are shown abont the natural
size in the natural situation ; but below (Fig. Bj they are
somewhat enlarged, and separated, in order that the curions
shape of each may be seen. The first one (Fig. B, #) is
attached to the middle of the membrana tympoani ; its
5]I:I]H= 13 :-||1|L|"t||i|:'|; like that of & hammer {mdfeuz), after
“‘]iil.'h i:t|||_r|1'1n|.'t|[. it i'$ LIH_"L‘I‘FIITI} Hulul-l],
{ineng) iz called the aneil. 1t has a depression at the top,
into which the hewd of the hammer is inserted.  The third
little bone is exactly like a stimp, and is thence named
the stapes.  Its top fits into one of the feet of the anvil,
and its lower part, answering to the foot-plate of the stirrup,
is fixed into a membrane which eloses up an aperture in
the opposite wall of the cavity (A, 20).  Thuz the tympanic
cavity i3 completely bridged across by these tiny ossicles,

In the opposite wall from the membrane of the drum
are two opemings, ench filled in with membrane, like a
window with gliss. One has already been mentioned as

having the stirrup fastened to it: that is the oval window,

or fenesfrn orafiz,  The other is lower down (zhown just to
the night of the figure 19}, and 15 round in shape; it is
called the fensstra rofunde, or round window.

Past those windows, on the other side of the bone in |

which they are, is the infernal car, or lefgeinth.  The latter
name has been given to it from the exceeding complexity
of its detailed structore,

It is partly made of bone and partly of membrane ; or,
a& 1t might be put, there are cerfain excavations made n
the bone of the head, amd membranous structures are
found within those bony passages.

Fig. U shows the bony labyrinth laid open. It is divisible
into three parts : on the one side the semicirenlor canals
(9, 10,11} ; on the other the cochler (2, 3, 4); and a central
part with which both the others eommunieate, the vesfilinfe
(B T

The semicirenlar canalz, three in number, open into the
vestibule by only five ends, two of them joining together,
anil so having one common aperture.  Within them, in the
natural state, lie wemdrances semicirenlar canals, which
open into a membranous vestibule enclosed in the bhony
one, These membranous strnctures form closed bags. They
are considerably smaller than the bone in which they lie,
and are separated from it by a surrounding floid (the peri-
Dpnph), in which they float. The membranous canals and
viestibule also contain o fluid inside them (the endalymph),
in which are found minute particles of stone,  The mem-

branous canals, like the bony ones (Fig. C), widen out a |
little near their ends where they enter the vestibule ; those |

expansions are called the empuile, and inside them are
found cells, which have attached to their ends hittle i3
hair-like projections that stand out into the cavity of the
ampulle. A& part of the nerve of hearing is spread out in
a network in the midst of the cells of the ampulle,

The Cochlea also consists of a bony portion and a
membranons portion, but these are more intricate in arrange-
ment. The cochlea receives its name from its general
resemblance to a snail's shell. Tt consists, in the first place,

E

The next one |

of & roundabout passage, excavated out of the hard bone of
the head =0 a5 to fum opon itself (as a spiral staircase
does) two and a half times (A, 19; C, 2, 3, 4}, The exact
middle of this exeavated coil i occupicd by a straight
pillar of bone, which stops a little short of the very top of
the coil, 50 as to leave above it a dome called the cupole
| (I3, ). The pillar itzelf is called the modisles. It i3 not
| perfectly solid, but is channelled by numerous small pass-
agea through which the anditory nerve fibres pazs (I, 7L

A thin |:l;|l4- of hone, the lomine 3J|j;r'.4|"|'_~' oEier, LWIines
around the modiolus, its twists corresponding to thoze of
the sides of the cochlea Tt iz clear that if this bony
spiral went right across from the modiolus in the centre to
the side, ench twist of the eochlex would be divided into
two halves—one above and one below the lamina spiralis,
But it dees not ge more than half-way acrees ; then the
bone ends, and two delicate membranes start from it, and
continue across to the sides. These membranes diverge as
they go, and are affixed to the onter bone at some dis-
tanee (microseopically, of course) from one another, so that
another passage i enclosed between them.  Each turn of
the cochlen iz thus divided into three PSR S — a1 aboyve
the lnming spiraliz, one beneath it, and the third enclosed
within the membrances which arise from the edge of it
(Consult carefully I), 1, 2, &)

The space contained between the two membranes, heing
the centre ome, is called the scela medis. The passage
| beneath this communicates with the cavity of the drum by
| means of the round window (C, 1), and is therefore called
| the sofa fymponi, The passage above the scala media
opens into the vestibule, and 15 therafore named the safa
pesfifali,

In Fig. E we have a diagrammatic representation of a
| transverse section of the cochlea, and this merits careful
| study. 1 isthe soale fympani, and above it, 5, iz the basifer
| membrone, by which it is separated from 2, the soela medi.
G 15 the other of the two membranes which take their
rise from 4, the lamina spiralis. It is named the mem-
brane of Neissner, and it separates the seale wvesfibufi, 3,
from the seala medie.

The lamina spiralis is here (4) seen to be composed of
two thin plates of bone, between which the auditory nerve's
branches run to be finally distributed on the hasilar
membrane, and in close connection with those remarkable
structures which are figured lying upon the basilar mem-
brane. These claborate and corious stroctures form Corfi's
organ.  They are, of course, exeessively minute ; so minute,
inidewd, that their anatomy and physiclogy are still some-
what uncertain, The organ of Corti i3 bounded above
by a delicate membrane (9), between which and the basilar
membrane (5) are seen spherical cells (10, 13, 17); eells
which bear along their tops a number of fine hair-like
proceszes, and which are therefore called the hair-cells {15}5
and finally the corious rod-like bodies ealled the fhres
or rods of Corfi,  These latter are club-shaped bodies, set
up on emd =0 a8 to lean against one another and leave a
triangular space beneath them (11, 12} It is believed
| that filaments of the nerve project into the triangular
| The latest investigations, indeed, lead to the belief that the
| nerve emds in the hair-cells. In any case tlhe terminal
| fibres of the nerve are certainly in close relation with the
rods of Corti. There are an immense number of Corti's
? rods set all along the basilar membrane, from top to hottom

of the length of the spiral coil, giving it an appearance like
the key-board of a piano.

Such, leaving aside a few exceedingly minate details, is
the structure of the organ of hearing. A fow words will
explain as muech of the physiclogy of the sense as is at
present clearly known.

Sound is the result of vibrations of the a ere

| striking upon the terminations of the auditory nerve in their
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functional relationship with the specis al structure of the ergan
of hearing,  Any body which gives forth a sound, 11!!!-'5 Hib
by throwing the air which surrounds it into waves, Those
waves are continued through the atmosphers, and for some
distance remain strong mmrugh to set the membrana tym-
pani alzo in a state of vibeation when they strike upon it
The vibration is eontinned across the tympanic cavity,
partly through the air which it contains, and partly by
means of the chaim of little bones.  The sound-wave is
thus cauged to strike upon hoth the round window and
the oval window ; through one of which it agitates the
fluid in the semicirenlar camals, and so affeeiz the nerve-
fibres there distributed ; through the other it reaches the
scala tympani, and so directly strikes against the hasilar
membrane and throws the organ of Corti into vibrations,
which affect the nerve-fibres that end there.
is earried on throngh the nerve into the brain, and con-
soiousness of the sound is produced.

The organ of Corti has been known for only a very few
years. In an edition of one of the finest English works

The agitation_

on Anatoemy published only ten years ago, the umm'hn:lm |

of Reissner and the basilar membrane are deseribed as
only one membrane, the seala media being unknown ; and
that single membrane which the author said extended from
the edze of the lamina epiralis to the side of the cochlea
was, he informed the reader, stated by one anthority to
b a muscle, and by another to be connective tissue !
I mention thiz chiefly to try to convey some idea to
the reader’s mind of how very mimunte and delicate the
wonderful structure of the organ of Cortl 12 This fact
may explain how it iz that we still de not know with
any certainty what office its various structures perform,
We know that we are capable of distinguishing an im-
mense variety of notes and sounds,  Even thoss of us most
destitute of o musical ear,” as the power of recognising
shadea of tone is commonly ealled, yet know our friends |
by their voices, and are conscions of innumerable variations
of sound. When we survey the struetove of the organ of
Corti, with its hundreds or even thonsands of fibres set so
regularly side by side, and gradually shortening from one
end to the other, we are irvesistibly eompelled to infer
that this must be the mechanism by which the waves of
sound are made to vibrate mto the bram as 50 many
musical notes.
thiz 15 the case.

The Organ of Sight.

The Eye, if not quite so complex in arrangement as
the ear, is ecertainly equally wonderful.
find an exceedingly thin and delicate membrane, proving
under the microzeope to contain elaborate struetures, which
are provided for the s
the nerve ; and we find also external to that, careful arrange-
ments for hnﬁmgnumdt impressions against the structures
Juet mention

The eyeball is
cavity of the skull called the erbif. The entire eveball
moves in the orbit, in all directions; amd so many and
delicate are the variations required in its movements, that
six separate muscles are employed in the work (Plate
XXIIL A, 2-7). The orbit is padded with fat; and the
bone is pierced with several openings throngh which pass
the nerves and blood-vessels,

Fig. B, the diagrammatic section of an eyeball, gives a
general view of its structure on the one zide, and shows
the remarkable eapillary plexus of the middle cmt of tlm
eychall on the other side.

The external coat of the eyeball i a tough fibrons
membrane behind, with a transparent glittering portion in
front. The former (B3, 1) 15 called the selerofic conf.  The

But we do not really Laow at present that |
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latter is the part which 15 geen in front of the ey, and is
called commonly *the whits of the eye ;" its technical
name is fhe coreen (B, 23 It will be noticed that the
cornea is more convex than it would be if the eye were a
perfect globe ; it projects out as a watch-glass does from
iz ense,  The coroea is covered outside by a delieate
membrane (17) ealled the eonjunctiva, which is reflected
over the eyelids and lines them internally,

Ih‘]:il]‘l t]:n: COFTEL :i:l it H]:ln.n’.‘\: mll.,-..l I:hq' rlhl."f,rfnr |_'|rl|'|lr|‘l|'-.l| ¥,
{6) which containz a white watery fluid ealled the agueons
hwrrior,

The second eoat of the eye comprises several important
structures.  Ohver the posterior four-fifths of the oyeball,
this second coat, just under the sclerotic, consists of a
membrane ealled the choreid cont (3), which containg a very
great many blood-vessels (20), and is lined inzide by a layer
of dark pigment-cells, At the front of the eye, the choroid
ends i the remarkable manner shown at 11 in this figae,
ol more enlarged and exact on the next plate, Fig. B,
Near the potnt where the sclerotic merges in the eornea,
the choroid coat ends by donbling up into a number of
folds or plaits, which reccive the name of the ciliory pro-
regaes,  The pigment-cells which cover these are continuous
with those dark pigment-cells which cover the back of
the iris, or coloured part of the sye (XXIV. B, 11), “The
iris (rambow) 15 a muscular cortain with a hole, the
pupil, in its centre; and being affixed to the front ends
|_||' I:I:r: |'||uh|-iv|!, it :In:l:l." h-u" lil'hl'l"ﬂll‘lj_ FiL) l].u: f|'v|,|||.l: !hﬂ.rl:. l,tE'
the second coat of the eye. It iz, however, also com-
nected with the sclerotie and cornea by a Land of mus-
cular fibres (6), which runs right roumd the irs, ansing,
as showmn, from the point of junction of the sclerotic and
cornea, and passing backwards over the ciliary processes
{to which it iz affixed), and finally being fastens i helind
on the outer surfice of the choroid q.n at. It is clear
that when this ciliory musele contracts, it will pull the
choroid coat and ﬂ]mn processes forward towards the poing
of junction of the cornen and selerotic.  Thiz wonld be the
noatural result of the shortening of the ciliary muscle, inns-
much as thiz wonld be more enzily aceomplished than would
the dragzing downwards of the cornea to which the other
end of the muscle is fixed, The reazon for this muscle's
existence anid action we will see presently.

The posterior chamiber (7) i3 a small space, filled with the

| same agueous fluid as the anterior chamber, and intervening

between the back of the iris and the erpsfelling lensz.  The

 anterior and posterior chambers communicate through the

In it, again, we |

inl exeitement of the end filives of |

pupil.

The crystalline lens (XXILL B, 9) iz a beantifully clear,
transparent, hand body, like erystal. It is placed behind
the iris, and is covered at its edges by the ciliary processes,
T lens is doubly comvex—ie is bowed outwards both
before and belond. It is enclosed i an elastic and trans-
parent membrane ealled the copsule of #he lens, and is
held in its place by a thin membrane called the suspensory

| ligament, which passes from the capsule to the inner side

protected by being placed in the bony |

of the choroid, on to which 1t 15 affixed. It passes under-
neath the eiliary processes, and just as the ciliary muscle
fita into their foldz above, so the suspensory lignment fits
into their folds below, the ligament having projections
where the processes are depressed, and sice versa,

Now let us see what happens to all these stroctures when
the ciliary muscle contracts, The lens is held constantly
in o flatter state than its shape would be, by the tightness
of its suspensory ligament. When the ciliary muscle con-
tracts, it necessarily drags forward the edge of the choraid
and the ciliary processes to which it is affixed. The sus-
penzory ligament iz also affixed to the same structures, and
thus must be pulled forward by them ; and its tension =
necessarily slwkened by this means,  Tmmediately, the
elasticity of the lens comes into play, and it bows more
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cutwands {becomes more convex), When the eontraction
of the ciliary muscle censes, the suspensory ||ga1.1n=-nl, ig
carried hack to its former position, and 8o :lE.'l!II. SXOTCIRES
pressure upon the lens and lessens its convexity.

This proceeding 2 the mechanism by which the oye
accommaodates itself to distances. [t 1z known to be neces-

L4

| lately been claimed by some anatomists that the pigment-

gary, by the laws of optics, to have o more convex lens to |

throw the image of a serr object upon the back of the eye,
than is required to throw the image of a distial object
upon the some’spot.  Thus, the nearer the object at which
wie wish to look, the more we contract the ciliary muscle;
and conversely, the farther off the object is, the less the
musele needs to act.,

Behind the lens s & great cavity, filled with a clear jelly-
like matter, which is called the vifresns humonr (10). It is

L"llf"li:l‘\-L"ll II| i Y& !l"| l.ll.‘hl.'fl.l:l" '|'|||.-l'|.|||n1;'|.t|r|,~ l"l"tlt l||.|-' .||r.'.llr|r|.-1r.|' |

11.1!":I'I'I|I:II:'.|H:|- n-pﬁ-wn'rml ILI'rJ_' !11." |:||v|..l Narrow 1.'1,'”1:1“‘ |||||_~
against which the figure 14 iz placed,

The vitreous humour supportz and holds oot the inner-
most coat of the eye, and the really eszentinl poart of the
argan—the vefine.  To the naked eye, the retins 1z o thin
delicate zilvery membrane ; and it is wonderful to learn
from the microscope how elaborately constructed this fra-
gile and thin membrang is.

The retina extends over the back and sides of the inte- |
| while when the image is 2o thrown as to fall on the point

rior cavity of the eyehall, and ends, not far beland the
cilinry musgcle, by a jageed edge, having gradually dimin-
ished in thickness from behind to this point.  Exactly at
the back of the eve a slight depression is noticed in the
reting (XXIIL A, 14).  Thiz is called the mecala fufer, or
gelloe spof. A little more to the nasal side of the eyeball
is the point at which the opfic aerre pierees the external
coats of the eyve, and spreads out in filbres which form the
internal layer of the retina.

Fig. C on Plate XX1I1. showa the strocture of the retina
anal the entrance of the optic nerve,  The nerve iz seen to
enter {,"l.“ the other structures of the reting |'|i:=:I]||:I|,':|.I‘i.l|5;.' at
that exact spot) and immediately to spread out on cither
gide to form a layer (o) of (7) the reting, and a very thick
layer in comparison with all the others (& to gl The
minute structure of the retina is best seen on the next
Plate, XXIV, Fig. A, The wvarious duolieate struoetures
which are seen to lie between the fibres of the optic
nerve and the ontermost layer (9} of the retina, are parily
conmective and partly nervonz,  The connective elements
begin at 1, the anterior limiting membrane, and end at 8,
the posterior limiting membrane ; and they pass under and
amidst the granular layers (4, 6), and the ganglionic cor-
puscles (3}, supporting and bearing up these nervons stric
tures.  The cutermost laver of the retina—that is to say
the layer nearest the choroid—is seen to be outside thesa
connective elements.  This important amd  remarkable
layer is, however, embedded at its tips in the pigment-cells
alveady describied as lining the choroid ; and indeed it has

cells ought really to be deseribed as belonging to the retina,
becanse they are thus closely conmected with it  The layer
which meets the pigment cells (9, 10} is ealled the fayer of
roels aned cones. Ib consists, as seen, of o number of red-like
and  sugar-loaf-shaped bodies, from the ends of which
wervous filaments pass forward into the outer layer of
granules.  The rods and comes are thicker and longer over
the yellow spot than they are elsewhers @ while, on the
other hond, all the other layers of the retina become
exceedingly thin there, and the fibres of the optic nerve do
not pass over it atall. At the point of entrance of the
optic nerve, on the contrary, as we have already seen, only
the fibres of the nerve are to be foand, all the other layers
being alsent.  From this anatomical armangement, we
learn the remarkable physiological fuet that the filres of
the optic nerve are absolutely blind, and that the rods and
cones are the essential intermediaries between the impulse
which can aronse the sense, and the nerve by which the
sense 18 carried to the brain.  To pot it in another way—
light cannot exeite the optic nerve itself; hot light excites
the rods and cones, and they excite the end fibres of the
nerve, Wa know this to be the ease becanze when the
reflection of an object falls into the eve 2o that, on optical
prineiples, it falls on the yellow spot, vision is most perfeet ;

of entrance of the nerve, no sensation of secing 15 aroused
in the bieain.

The Appendages of the Eye are the eyebrows
amil lids, and the lachrymal apparatus. The eyvelids ars
chiefly composed of cartilage, coversd externally with skin
and internally with the mueons membrane called the eon-
Junctiva, hefora mentioned as being reflested  from over the
aurface of the cornea, Along L'h"l.'l'!]l evelid runz a row of
~=m-a]| slandz, the Meilomior rpn'um-h {] late XXIV, I, 2.

5 3, wlm,lu spprete o little fuid that prevents the adhesion
n1 the lids to each other,

The fechrpoe! glonde are lodged in depressions in the
hone of the orbit, at the top of the cyeballs (Fig. I3, S\
Each oye has one glawd, whick opens by six or seven littls
duetz on the interior of the upper eyelid. The tears am

| secroted by the lachrymal gland, and are gencrally only

sufficient in quantity to moisten the conjunctiva, and
enable the lids to move without pain or difficulty ; after
which the excess is passed through the canals (6, T) into
the lnehirvmal duct (9), down which it passes into the nose
Painful emotion has the very enrions effect of so increasing
the seerction of the lachrymal glands that it can no longer
Lie all passed away through the doce, bot overflows the
eyelids in the dvops called tears,

The upper eyelid iz mised by the action of a special
small muscle, the fentor palpelre superioris,.  The eyelids
are closed by the action of a muzcle called the orbicinlaris,
the fibres of which pass eircularly within the eyelud,






Plates I.

. SRELETOX

. Fromtal bone,

Parietal bone,

. Temporl bompe,

- Snperior maxillary,

Inderior maxillary.

Cervical vertobrm, . -

. Humems,

. Raoadins,

Lilma.

, Bames of the haad.

Clavicle.

. Bternum, of breast bone

. Ensiform procesas ; ourtilagi-

nons eold of the breast-bone,

. True ribs (which are fastened
immsliately on to the ster-
THIETED |-

False ribs {so called becanse
attnchisd only to s ploce of
cartilage, and by its means
to the SEermm p.

15 Thorscic vertebea:, -

17. Lambar vertebe,

15, Bacras ]

10 Minm (part of the Innominats

bone).

1. Tschinmnm.

18h O pubis,

a0 Fenar.

Z1. Fatella.

Froxr ViEw.

EE RS T AR OO R N D e B8R = e

et et

e
-

15

A, SEULL, FROM I3 FRONT.

1. Frontal hone.

2. Parictal bones,

3. Sphencid bones.

4. Temporal Loaes,

5. Malar bones,

6. Nasal bones.

7. Nasal sepium.

#. Buperior maxillary, fGeial part.
@, Inferior maxillary.

B. SEULL, reoM nrLow,
1. SIL'E\-r:n'm 1|:||u::i|lar_\‘, 'pthint,

and alveolar provesses.
9 Bopwrior maxi , Excial sor.

acE.
3. Palate bones
4. Sphenoad.
5. Vomer,
4. Temporal bopes.
7. Temporal bone, petroos por
Rioi.
8. Decipital bane, basilar
. Oevipital bame, mipim
10, Forumen  magnnm, through
which the spinal cond passes
into the brain.

e,

13 Malar or choek bones

Ty Cnll-d_ﬂw of vecipital b

15. ook fe
for artienlation with first cer.
vical vertebra,

. THE TEETH.
Imcisos,

B

INDEX TO THE PLATES.

and II.
a5 Tikin. A, MONGOLIAN SEULL,
23, Fibala, LATERAL ASTECT.

9. Hones of the foot,
B, MONGOLIAY =KULL,

B. SEELETOX, seex rrou ANTERIOE ASPECT,

EEHIND,

1. Oecipilal bome,
2 PParactnl bones,
i Temeporal o,

Flate IV.

C. NEGRO SKEULL,
LATEEAL ASPECT,

D, BEGRO BEULL,
ANTEEIOE ASFECT.

E. PREHISTORIC CRANIUM reoy A Berciax Cave

Plats V.

4, Malsr home, A, HYOID BOXE, O, SEULL oF a4 VERY YOUNG
5 Inferior maxillary. CHILIL.
6, Coervical vertelins. 1. “""1._"«'.
T- EFIuTrl.u.':iu-\I:q!r‘]rl:u,-._. | & Greater cornma. 1. Anterior fontanelle,
B, Lumbar v._-;-[..-i,.m 5 Lesser cornma, 2. PMosterior fontanelle,
4. Sacramn. j L Anterior lnteral fontanells,
10, Cotevx : = 4. Posterior lateral fontanelle,
11. Clavicle, B. ATTACHMEXTS or MUS.
12 Beapula. CLES axp CARTILAGES D, SKULL o a CHILD wrre
1ik. True riba. o Tae HYOID BONE Tk Mitk TEETH XD THE
}! ;“I"” i b GEEMA OF THE PERMANEST
1:; I:‘:::;‘::uh‘ e 1. 'H.;.il__\" of the l|}'|1‘i|i hone, s,
g A 3. Direate & lelt,
7. Humeras, 3 i_?r::.::_wm“ r 1. Milk teeth, lower jaw,
O i, Two sterno-hyohd mascles. 2. Milk teeth, upper jaw.
}l!'l. :1lln : 5 Thyro-hrobd muscled . Germes of permanent teeth.
e ]_um"ﬁ of the hand. 6. Hyo-glossus muscles.
G | 7. Stylo-hyoid muscle. E. SEELETON or GORILLA,
i Fibala. | & Sterno-mastoid. T COMPARE WITH THAT OF
4. Bones of the foot. | Man.
Plate III. ! Plate VL
& Wislom tooth. | A. SEELETON OF RIGHT Tarsan Doxes—
an. Crow. | HAND — DORSAL SUR- { 5 Internal coneiform.
b Neck. : FACE. 6. Midille cuneiform.
& Fang. o 7. External cunciform.
i 1. First row of phalanges. £, Caboid,
D. SECTION tanoves o TOOTH. | ¢ Second row of phalanges. 8. Scaphoid,
1. Dientine | 8. Thinl row of phalsnges. llﬂ. Astragalus.
a HI‘lIL'I'III!Lr 1. Metacarpal hones. 11. [r:’_,h 3
i, Palp cavity with canal. Canrat Bones— 1. S‘?‘;‘::Immm
4. Coment. , £ Trapezium. o ;
i L?!rlvm andd blood-vesscls enter- 1_3 g;apcmid D. LIGAMENTS axp JOINTS
£, Tawhone. o Nt OF THE 4TH AND 5TH
7. G, 9. Secapheid. TOES o tuE RIGHT
10, Semilanar, FOOT—PLasTAn SERFACE
E. SECTION oF BONE. 11. ﬁpq;nhm. 1. First phalanx.
- bl g A MR 'L'?_““E-:; of th forearm. 3, Thind phalanz.
e olle, showing lacunme a 14. Ul 5
canaliculi. o E 3'“"'“"""“1“ h""“‘l
- B, LIGAMENTS axp JOINTS Iatoral li b
F. FIRST CERVICAL VERTE- e RN AL
BERA {ATLAS), ¥Rom ADOVE FINGEES or mnx RIGHT ment,
. HAND—PALMARSTEFACE
i E. PATELLA—TPosTeERIOR VIEW.
1. Anterior arch. :
2. Posterior arch, 1 Bings piaaz. T
& Transverse processs, E'ﬂurﬁm @, Articular sarfaces for the con-
4. Mt,ludk-fhm surfaces for calon- N héu. dyles of the femur.
5. Articalaing surces foe veci g F::tf:-iﬁm ligamwent. F. unwmgaﬂ:; e
yits s, Pl ko Liguoeait, KXEE JOINT.
- . Capsular ligament.
. Fpiest cene B, Transverse metacarpal lign: 1. External con Io:l!'till::fmw.
- d k. LENTIF,
G. SECOND CERVICAL{AXIS), s A im0
FEOM 1N FRONT. C. SEELETOX or RIGHT Patella, thrown
1, Dhlontoid process FOOT—PLANTAR SULPACE. 6. Insertion of the quadriceps
2. Tts articulating surfuce. 1. First phalanx. extensor ¢ (forming
3, 4, Superior sni inferior artica- 2, Eh-t-u- ug:ulupﬂlamtifﬂ:tr
Iating surfaces. 2, Third phalanx. i, ents,

2,
5
5
1.

i

1
4,
8,

4. Metatarsal bones.

5. Transverse process.



Platea VIIL. and VIII,

A, THE MUSCLES,

. Facial momseles,

. Btermiecleido mastold.

Trapeziies.

Dieleaid.

FPeotamlis major.

Sermaftus magnuas

Latissimus dorsi.

. Rectus abslominis,

Obliguus externus,

Glutorns maximns,

- Rertas femaoris,

Bartorius

Vastus externns,

Vastns internus and erasens.

. Tibialis anticns.

. Extensor longns digitoram,

Hoems

17. Gastroomemiins,

18. Flexor h.lugu.-l- ||i||,|;.il-nn|:|1|,

19 Museles of the foot.

0. Triceps.

1. Biceps

22, Brachialis ankicans

25, Flexor digitorumy Desp layer
wolymides ol Eritises b

24. Flexor WIlith“t?.ﬂ'"'

bongus Eomearm.

Extensor commmnis digitorum,

. Extensors of the thumb.

7. Bapinator longas.

, Muselea of the back of the

hamd.

Ermamme e

B*. MUSCLES or mne BACK.
a-g—UERVICGAL VERTEDEE.
L-XIL.—Domsar VeErTEREE

1. Sterno-mastoul,

2, Splenius capitis,

3 pezis.

4. Levavor angali seapule,
5, Latissimus dorsi.

6. Deltaid.

7. Bhomboidens mnjor,
8. Infraspinnins,

9, Teres major,
10, Rlomboidens minog,
11. External intercostala

12, SBorratas iema inferior,
13, Sacrolumbalis.
14. imus dorsi.

15, Bpinalis darsi,
16, Supraspinntne

* T the right hand of the student th
m layer of musches Is shown ; b:
Bower Inyers sre displuyed by ile laying
hnkﬂplﬂﬂlhfnpﬂﬂﬁ layer,

C. MUSCLES axn LIGAMEXTS
of THE HAND — Paruman

SURFACE. .
7. Lumbrical
1. Oblique ligaments. E. 'I'::l-un- e
2. Cruciate ligaments, &, Os calcis,
Plate IX.

A. EXTERNAL MUSCLES op
e HEATL

§ e et o

: portion o tia-
fromtalis.

& Temy .

;,' wmmpgjﬂm.

Sl bt kit g

7. Levator labil superioris et ale

nnsL
8. Com TATIREL.
9. Buccinator.
10, Crrbicnlaris oris.
11. Masseter.
:i %l:m—clmﬂ.umn‘bmd.
pezins,
14. Splenins mt:'lit
15, Lovator lnbii soperioris pro-

16. Levatar anguli aris.

INDEX TO THE PLATES

3. Annnlar lignments,
4. Anterior anpalar ligament of
the wrist joint.
5. Flexor brevis minimi digiti.
B Tendons of flexor sublimis
digitorsm.
7. Lumbricales.
8. Palmaris brevis.
8. Addustor pallicis.
1. Flexor brevis pollicis.
11. Ulllp-mu:lu peellecis,
12 Abduoctor pollicis,
13. Flexor sublimis digitornm,
14. Pisiform bome.
15, T?-_u.-_lmn of flexor longms pol-
AR

D, MUBCLES axp LIGAMENTS
oF HAND — Donsan Sok-
FACE

1, Extensor  proprins  minimi
digiti.

2. Extensor communis digitoram.

&, Transverse ligamont.

4. Intiroseed,

5. Ablnctor minimi digitl

L8 }::Ita:rm:r primi internodii pol.

secundi  internedii

8, Abductor pollicis,
8. Posterior annular lignment of
wrist joint.

10, Hadins.

11. Ulna.

E. MUSCLES axp LIGAMENTS |
oF FOOT<Dopsa LSURFACE.

1, Extensor h'uu[:ul. digitormm,

2. Extensor hrevis digitorum,

3. Extensor proprias pollicis,

4. Tihislis anticns,

b, Interossd.

. Abductor pollicis.

7. Abdustor minimi digiti.

8. Anterior annular Ligament of
nnkle jnitll.'

1

F. MUSCLES axp LIGAMENTS
oF FOOT—Irastar Sue-
FACE,

1. Flexar brevis digitoram.
2. Flexor longus digitorum.
& Flexor longus pollicis,

4. Al=luetor pollicis.

5. Abductor minimi lliail.i.
6. Interosse.

17. Musenlns risorins Santorini.

18, Diepressor ale nasi.

18, Diepressor anguli oris,

20, Depressor Iabdi inferioria

21. Levator menti,

22 Pyramidalis nasd,
Fibimes of orbienlaris pal pebem

a4 ul'm'ilg T nm]ﬁwgr

; njwll-hi aris Riolani).

25, Attellens surem.

26, Attrahens awrem.

27. Retrahens anem.

28, Deelpital portion of the ceci-
plto-frontalis

B. EETERNAL MUSCLES oF
Tne HEART, reox 1x
FRONT.

1. Musclo of right ventriels,

2. Muscle of left ventricle,

Muscle of right anricle,

Muscle of beft auriche,

Common muscles of the two
nuricles

Left maricular appendiz.

Pulmonary veins.

&l}rri-:rr Vel CAva.

Inferior vena cava,

Fulmomary arfery with conis
AFleraosns.

LR

EmEam

STRIFED MUSCULAR FI-
BRES, witin NERLVES EXTER-
%o, DiwckassaTic,

Muscualar fibee at rest.

Muscular sirie at moment of
coniraction,

3. Mator merve.

4, Terminal |_-|:|.1.l.' of nerve.

o

i

5. Nerve nucle.
B Muosele noelei.

. STRIFED MUSCULAR FI.
BRE, TREATED WiITII WEAE
AvIDE,  Muon EXLARGED,

1. Primitive fibrila

2. Transverse strie.

. Longitwdinal strie.

4. Cell-mackel.

§. Decompasition  of
libres into dises.

muscular

E. SMOOTH MUSCULAR FI-
EBREE. MucH EXLAEGED.

1. Incemplotely formed.
& Completely developed.

Plate X.

A, BLOOD-VESSELS or FACE
AxD SCALLP,

1. External carotid.

%, Internal carotid.

3. Posterior auricular.

4. Decipatal artery.

5. Buperficial t|-|:||1'|u:rrn|.

. Antorior branch of same.
7. Pasterior branch of same.
8, Internal maxillary.

4, Facial.
10, Eubanental.
11. Coronary arteries,
12, Angular artery.

13. Bupra-orhital.

14. Facial vein.

15. Superficial tempoml veins.
16. Bupwrficial temporal.

1'17. ”l'!'[l ‘tl.'nI]H"T*I-

18, External jugmlar,

19, Internal jugular,

20, Decipital vein.

21. Posterior external jugular.

B. LONGITUDINAL SECTION
or HEART.

1. Left ventricle, with colamnme
COTme,

2. Mitrnl valve,

L Left noricle.

4. Auricular appemlix.

b Pulmonary veins, injected with
a blue preparation.

0, TRAXSYERSE  SECTION
TG HEART.

Left ventricle
Hight ventricle
3, Beptum ventricularam.

oo

4. Wall of right ventricle.

B Wall of left ventricle.

G, Caronary vessols amd fat in
anferior  imter - ventricular

TV
. The same in posterior forrow,

=F

D, VALVE or tHe AORTA,
witH THE MITEAL VALYE
oF THE LEFT VEXTEICLE.

. Beptum between left suricle
and  ventricle, with the
mitral valve,

. Left ventricle,

Avrta.

Carenary artery.

5, Bemilunar valves of aorta, con-
sisting of three folds, each
with n small nodule in contre
of Free adge.

E. INTERXAL ASPECT oF a
VEIX.

Diirestion af blosd curment.

. Pouch-like walves to prevent
Fegungitation of b

Pt

-

BLOOD-CORPUSCLES. Mac-
KIFIED,

- Corpascles, treated with water,
perfectly circnlar,

. Insc-shaped corpuse]es,

. Hide view of the same.

. Unlinary shape of the corpus.
clis,

5, Fibmin.

f, Diried illnnnl-cm‘]ll.m:]l.i..

7. Blooud dlises running togethir

like rolls of coins,

B

e B8 WD

Plate XI.

A, THORACIC VISCERA or
A CHILD,

1. Thyroid cartilage.
2 Cricold cartilage.
& Thyrodd gland.
- e {well develo 1
5. Thymus {we (Gt it
up o evoqul year E;al']'lijlf-'
hood, after that -unh- o mene
ruliment ).
8, Hronchi. o e
7. Buperior of right
8, Midile Lok of right lung,
8, Inferior lobe of nght lung,
10, Baperior lobe of lelt lung.
11, Inferior bokw of left lung.
12, Right veniricle.
13, Laeft ventricle.
14. Right suricle,
{:, 1.I:lzu auricle.
. WA CAYE T,
17, Vina cava m»r

18, Pulmonary artory.
18, Pulmonary veins
20, Aorta.

1, Branches nl'mpu:ziprﬂ'm.
22, Ihing

24, Tharacic duest.

4. Lymphatic vessols,

B. TEANSVERSE axp DIA-
GONALBECTION tarovan
THORAX, JUsr ABOYE THE
DIAPHEAGAL

1. Right lun

gl ]nng.s-

3. Diaph

4, Apex of heart (this pesuliar
armngement  of  muscular
fibres is ealled the verter),

5. Pericardinm.

&, Inferior vens cava,
Esophagns.

I | i WTVOS OF Vagi.

10, Thorarie duct.

11. Sympathitic merve.

12, Ninth thomeic vertebra with
its riks,



13. Eighth rib (s} and spine of
wighth vertebra (&)

14. Bevanth rib,

15, Hixth rib.

16. Fifth rib.

17. Latissimus dorsi.

18, Berratus magnus.

15, Traperins.

20, Pectoralis major.

C. TRANSVERSE BSECTION
TuEornn ABDOMEN, svsr
nELOW THE DIAPHEAGM.

1. Liver,
2, Yena porta.

3. Imferior vena cava,
4. Aoria,

Flates XII.

A. TRACHEA, BRONCHI, axp
BLOOILYESSELS o THE

LUNGE, DiacrasMaTic,
1. Larynx.
2 Truchea.
3. Bronchinl branches in the right
lang.

4, Superior vena cava,
&, Inferior venn cava,
6. Right auricle.

7. Right ventricle,

8. Laft pulmaonary artery.
o, Left |ll.||!r||l.1||.:|r!.' verins.
1in Left anricular appomdiz.

11. Left ventricle.

124 Aoria.

arising froam
13, lti,;!{llt smbelavian ) sorta by oo
14. Right carotad. trunk —tho

innominate,
15. Left carotid.
14, Left subclavian.
17. Liver.
18, Stomach.
18, Peribomenm.
o0, Diaphragme.
21.27. i b
2890 Two false rils.
30, Cartilage of true ribs
31, Cartilage of false riba,
32, Fart of pleura.

INDEX T0 THE PLATES

5, Thorcle duct.

B, Htonnch,

7. Spleen.

&, Suprarcnal body.

9, Sympathetic nerve,

10 Dhinphragm.

11. Eleventh theracic vertohrn and

its rih,

12 Tenth rib () and spine of tenth
vertebra ().

Lk Ninth rib.

14, Eighth ik,

15, Beventh rib,

16, Sixth rib.

17, Berratus musele,

18, Latissimus dorsi,

198, Abdominal mnscle

and XIIT,
B, TERMINAL DBRANCHES
oF TnE AlR PASSAGES

withh ThE PULMONARY
VESICLES. VERY oREATLY
EXLARGEL,

1. Branches of the hronehi.
& Pulmonary vesicles, or air-cells,

. TRANSVERSE RECTION or
PULMONARY YESICLES
with YASCULAR NET-
WORE. IMADEAMMATIC,

1. Blood-veasel,
2. Itz branches
3. Vesicles cut across,

D PULMONARY VESICLE
wiTH I8 VASCULAR NET-
WORK. VEeEY upon Ex-

LABCED

1. Beptum between vesicles.

2. Looping upl]l-h-.u.

4. Capallaries in which neceids
the exchange of carbonic
ackl for ox

4. Cell-muclei of matrix.

Plates XIV, and XV.

A, ABDOMIEAL VISCERA.

i. {I}"i:l[lg"'lﬂ'm-
AR H,

& QTMLLJ‘#
. candiac orifice.
. fandus,
& pyloras

4. Duodenmm.
o, entrance of common bile

nml pancreatic duet.

5. Bemninder of small intestine
drawn ont.
s _!njllnll.'rﬂ

. , iloum. o
I.m-g«v mlul:nr in its matam
sl tin

mcum
- Wermiform &
i ascending colon
& transverse calon,
1. descending colon,
. sigmeoid
. reclam.

E'Efllﬂ:n

Lipner
L]l'ﬂ' {turned back).

dix.

T
&
&

- quadmatic lobe.
'8 ul'tinbe P
7. spigelian the liver.
E3 au[-mor or -nl:lrmr SlEF
face,
lu ligaments.
Ltladider. ;
. duetus choledochns or bile-
duct,

I‘.'lllhE].'..
ki'llugy.

-
10 Hi
11.

a. right lobe. inforior
sarface of

B. MUSCULAR BANDS or
ETOMACH—sEER FROM THE
EXTERIOE.

1. (Esophagus.

2. Cardine orifice,

4 Central part.
Cardiac enid.
Lesser eurvatun.
(ireater curvatone
Frlorus.

Diuodennns,

B

C.STOMACH axp DUODERTM,
DIVIDED ¥ THE MIDDLE LIXE.

1. Candiac orifice.
L Prloma

& Folils of maeoas membmane,
4. Gastrophrenic omentam,

5. Gastrosplenio omentum,

. Great omentum,

7. Small omsentum.

& Duodenum with folids

%, Commen bile duct. (Tt )
10, Pancreatic dact.  {Cat.)

COMMUNICATION or
SMALL INTESTINE witn
THE LARGE OXE (YavvoLa
Baveixr, ok ILEo-cEcAL
VALVE).

1. Small intestine (ilowm).

2, Cacm.

3. Vermiform mdix.
4. Ascending

D.

Plate XVI.

A. BSECTIOR or STOMACH-
WALL. g
1. Longitudinal muscular fibres
with cells,
. Mucous-muscular lnyer.
. Becreling glands {ﬂnptvi eut

L=

-

LCTOss,
. The same, full of secreting
eelle
. Beereting glands, surfiee of.
. Orifices of glands an the inner
surfsce of stomach, deprived
of its mucous layer.

@ Ln

B. DIAGRAM oF PART OF &

LOBULE oF Tur LIVER

A, Hepatbe duet, injected with
yullow.

B. !Iepn.'l.w duet, not injected,

% Hepatic artery, cut.

Iv. Portal wein.

E Interlobular branch of portal
il

F. Imtmlobular weinlat.

H. Hopatic oella

C. INNER SURFACE or SMALL
INTESTINE, .

1. Yilli.

2. Elevationsof the glandsof Peyer
{when sfamling singly = soli-
tary glands ; when in groups

ireyve r's patches).

3. Lie hrq'[;ull:n = erypis

. DIAGEAMMATIC SECTION
sHrovcH SMALL INTESTINE.

3. External cireular Layer.

4. Iotermal longitwdinal layer.

5, Internal circular lnyer.

6, Mucous membeane,

7. Villi, covered with epithelium.

B, Hh:?lu,_l-vmh branching in
Tkl

8, Lymph network of the muecons
meetmbrae.

5 ].}'ul.[.lh vessels of villi.

11. Merves

Lieberkuhn's crypia

A Follicle or solifary glend,

Lymphatic vessel.

E. DUOGDENUM axn
PANCEEAS.

. Apex of pancreas.
Head of pancreas.
Duet of pancreas.
Bantorint’s docet {sellom pre-
memt).
Orifice of this duet,
Orifics of bile doct.
Note.—The panereatie duet eom-
moily Fdns with fke bibe dnct
Juat before opeming into il in-

LD .I|II|B'|' and the two Huids enler
e el by the e

el L

o

Bl

7. Longitudinal folds of duo-

denumne.

E. Transverse folds

ZHOWS THE TWO KINDE oF
CAPILLARY VESSELS 1x
THE LIVER.

p

1. Poritoneal covering. 1. Branches of portal vein.
% External t-nng'i.iulliaul |a.:,-ﬂ', 9 Branches af j,!:'.l.tic veln,
Plate ZXVIL

A. RIGHT E1DNEY axp
SUPRA-REENAL BOINY,
XIIL. Twelfth thomcic vertebra and

last rib.
L IL 111 Lumbar vertele.

1. hid:nria; uxtermal edge.
2, Capsu
&, Surronnding adipose tissue.
4. Supra-resal -

5. Ureter.

6. Abdominal sorta.

7. Renal arteries.

&, Bupra-renal arteries.

9, Vens cava inferiar.

10, Kemal veins.

11. Supra-renal veins

B. LEFT KIDNEY, Loxct-
TUDINAL SECTION,
12, Calices,

12, Papille with openings of ducts.
14, Medulla ; ids

the tubu
15, Bonndary of cortical and me-
dullary na.

16. Cortex with Malpighian bodies
aml commoncement of uri-
nhrituhulu.

C. STRUCTURE or KIDEEY,
SOMEWHAT DIACEAMMATIC
AND SIMPLIFIED,

1. Jlll‘:hnncbm ﬂ'mﬁ!
' o glomerali peghian
lullﬂ:l-

3. Branches of remal vein

4. Uripiferons tuboles, with di.
lated ends forming the cap.

sules of the glomeruli,

5. Looped l.ll.ll ra  [of Ih;le'l
rnning down in 5,

6. Contort o £1'er

7. Srraight to umnmn down
to form the pyramids smd
open on thelr aploes

B Capsule.

D. URINARY TUBULES, cox-
EIFERAELY ENLARGED,

1. Renal arteriole

1un:¢lri;uf“fnhﬂuﬂl.

unuk Luﬂngllmupﬂh.
4. Commencement of o tubule,
covered like the glomemli

with eells,

it E. PAROTID GLAND, DrssEcT-

ED OUT, AXD THE VESICLES
BOMEWIAT MAGNIFIEIN

Parotid gland.

Acmw]pumﬁ&.ﬂﬂlrpﬂ-
sanf.

3. Stene’s duet

4. Its orifice in the month on the
inner side of the buccinator
mausike.

5. Gland vesbcles,

6. Masseter muascle,

7. Buccinator msscle,

S Sterno-mastoid muscle.
'I'[:.P:nu:lﬂ'l.ﬂclb.

10, Facial nerve (VIL)



—

e

INDEX T0 THE PLATES.

Plate XVIIL

A LOXGITUDINAL SECTION
Tueerey wmppre oF HEAD
axn NECE,

a7, Cervical vertobm,
1. 1L 111, Dhorsal verfelre,

BRAIN.

1. Frontal lobe } of the

2. Parietal lobe b o0

&, Decipital lobe
-l Corpus callosum.

5 Placed on one of the optic
thalami which form  the
bsteral boundaries of the thind
ventricle.

&, Fornix (which consists of white
nervo mallel)

Fi ]"itui-r.nrrl'lul_r.

&, Corpom a bicantis.

8, Anqueduct of Sylvins.

10, Cerehral |u\|.u||.|:|.|:'3 OF Crura
cerebi,

11. Pous varolii.

12, Medalls oblongata.

13. Arbor vits.

14, Cerebellum,

15. Canal of spinal eond,

1. Chpenings for spinal nerves

NasaL CAVITY.

17. Nazal bone.

15. Buaperior turbinate bane.
18, Maddle tarhinate bone.
ai, Inferfor turbinate bone

DAL CAYITY.

21. Hand palate.

a2, Saft 1n1a.te and avala.
2%, Infenor ml:l:lllal:rlu}‘n-f
4, Mpdian ol tongee.
25. Lin nlﬁw'lr.

1 26, Gemo-hyo-glossus nouscle.
27. Genio-Tyoid muoscle.

25, Hyoid bone.

2. Frenum lingmoe.

L30. Tonsil

PHAEYSX AXD LanTye

(31. Back ing of nose,
32, Ewstachian fube.

a5 s

34. ottidis

_B. LARNNX~—Feox 15 FroxT.
I.. de’hrﬂ.bmn

Greater coriizs of hyodd bone,
!. Lesser cormua of hyoid bowe.

C. LARYTNX—FroM 0XE SIDE.

1. Left ala of thymeid.
a. Corni
b Anterior edge with section
of the rightala {removed ).
Cricokd.
Right arytenoid.
Hi;hl. cuneiform cartilage.
Right Santorini’s oartilagze.
Articulating surfnce of lower
cormu of the right ala
7. Tracheal cartilages,
£, Crico-thyroid musele tensor of
vocnl conds (cnt),
8. Thyre-epiglottic moscle [mot
nsually described).
10, Ary.epizlottis
1L. Transverse and oblique ary-
tenodd muscles, which ap-
proximate the vocal conds.
12, Fosterior erico-arytensid, and
13, Thyrearytenoid dao the same.
14. Lateral :l'im-.:r_\.'!ﬂuli.:l—-ﬁ[!wln
the glottis by rotating the
arytemedd cartilages.
15. Membrane of trachea.
16, (Esophagns.
17. Epiglottis

D. INTERNAL VIEW or AN-
TERIOE HALF of Lai-
RY X X—SEEs FEOM BENINI.

. Root of tongae.
. Epigloteis
Prominence of thyredl.
False vocal canda.
True vocal conds
Lower part of lnrynx.
. Thyroid cartilage.

o, Right ala.

b, Left ala,
E. Crieold cartilape.
. Tracheal cartilage.
10 Ary-epiglottic mascle
1). Thyro-arytesoid do
12, II:I'\nEd. o

W g R

l-F:r,{.H:h'rtlil—'

E LAEYEX—FroM ABOVE.
1. Postertor wall of pharync

= ['hlr_l,"nFEul carity.

3, ,ﬂ.r'r-e[ngluul'!br fis d with
4. W % [or nm.eil‘m-m]- and
5. Bantorini's cartilapes
6, Rima glottidie

i

B

True vocal conds.
Prominence of opiglottis.
Rottis

=

1.

1L I glosso-cpiglottic lig-
ment.

12, Root of tomgue.

F. SECTION tarovon Tae MIUT-
COUTS MEMBRAXE oF a
VOCAL CORD.

1. Surface of fat epdihelinm.
2 Fibeouns framework.

G, SECTION tunoven MUCOUS
MEMEBEANE oF o FALSE
VOCAL CORD.

1. Burface of ciliated epithelivm.
2, Fibrons framework.

L]
Flates XIX. and XX,

A, BRAIX.
B. EFIXAL CORD.
1. frontal lobe
tLa fronial lobe,
& temporal lobe,
4. T,
B of cerebellum.

6. Left half of cerebellum.
7. Pitmitary body.

9, Corpora albdcantiz

10, Opife chissma (close by the

entrance of internal carotid).
11. Pons Varalii.
{Btl‘l'!tli 111, and IV. are the
crurs cerebri. )
12 Hdulhuhm
i.
13. Vertebral arteries, the
en of the sixth cervical
vertebra, and uniting to form
one trunk at the of the
pons Varolil.

— e
e
A O

o et BT
5. . pnater, las
openst 13, | Enfolding

16, Arschmokd.

. Fia mator.

. Cawda squina.

. Brachial plexus

20, Reiatic and lumbar ]'PJLIIIIL

1. Section of medualla at (a, &)
{Keferenoes as to 12)

at Bection of eord hetween the
fifth and sixth cervieal verte-
bk,

93, Beetion of cord bobween fifth
and sixth dorsal vertebrae.

4. Bection of conld between third
amwl fourth lnmbar vertehre.

a5, Bection of the nherves.

1 b,

Cruaxian NEEVER
I. Dlfactery merve and balb,

11. Ot 5

111, Oculo - motor (moving the
el

IV. Trochlear {goes  to  the
superior abligne mosele of
thi 1"_\';‘]-.

V. Trigeminal {so called becanss
it arises by three roots; it
supphes  gustalory nerves
to the tongac).

YI. Abducens igoes to thoe ex-
ternal rectos mascle of the
eyel.

YIl. Facial.

Vil Auditary.

IX. Glosso- !uh'lr'ru"ul (meree of
the tongue ; also supplies
the pharymx with matar
filires),

X. Vagus, or poenmogastric,
sends filansents o heart,
lamgs, liver, and stomach.

X1. Bpim RECOESOFY § mokor
merve of mmscles of meck.

X1I. Hypoglossal, motor morves of
thi Lomyie.

SpivaL NERVER

L-VIII. Cervieal nerves
1X.-XX. Dorsal nerves.

EBE. RIGHT XNASAL CAVITY,
witn SEEFTUM kxsoven.
Exramsion oF NABAL
KERYE ox tae Warr or
THE Bianr Nosrnik.

1. Superior meatus, between the
amnr and miildls tarbin.
afed hones,

. Middle, betwesn middle and
inferion.

. Inferior, between inferior amd
floor.

. Drifice of antram of Highmore.
. E'ruu.tl! !u::;:flﬂm
rpas callosam,

. Olfactory bulb, spreading into
Glaments which pass theo
the ethmaid bone inte
nasal cavitien

. Branches of olfsctory merve in
the mucons membrane

8, Meckel's ganglion —connecied
by Glaments with the second
divimion: of the h.'i[pninﬁl
(XXIV. 0, IL 14) and the
sympathetic.

10. Merve for mucous membmne
of pharynx.

1. For that of mose.

2. Posterior palatine.

3, Anterior palatine

4. Nerve for inciser teeth.

5, Nasal branch of ophthalmic
nerve, which is o part of the
fifth cranial merve (Plate
XXIV. ¢, L 4, 5).

18, Frontal sinnses,

17, HE-brmni.d_'l.l. EH1EEE

LE=]

=F N e C

e

F. CARTILAGER or NOSE—
2EEx rrom Rigut Sine-

1. ¥azml bone,

2. Frontal bone.

3. E;u‘li.l:l.:i.u.uax sepium,

4. Tmangnlar carta

5. Alar cartilages S

6. Hesamodd cartilages,

7. Integumint.

8 Noso-lschrymal duet (Plate

XXL-XXV. Lumbar perves. AXIV. I, 5),
XIXVL-XXXI. Sscrl nerves.
| G. CARTILAGES or NOSE—
| SpEx ¥nos 1% Froxt.
| ©. BASE oF SEULL, WITH THE - 1, Nasml bon.
NERVES rpavise IT, AXD 2 Frontal bone,
VEXNOUS SINUSES. 4. Cartilaginous septuim.
4. Triangular
L Anterior cerebral fossa, for 5. Alar cartilapes.
Hfrﬂl?lénlﬂlles. =4 . Sesamodd cartilages,
2. Mididle, for temporo- i il
- E [':oﬂfriur,‘ﬁur cerebellom. f= Beovos mntiNee
e o H, NASAL CAVITIES—
Ix BrcTion.
1. Mfsctory B
11. l}pl‘i.n.mj ol E rior turbinate bone,
1L Ocubo-motor. turbinate bone,
IV. Trochlear. 3- |nﬂm= turbinate bone,
T el 4. Eibmoid eells.
YVI. Alducens. & Antrum of Highmore.
V11 Fucial, &
VIl Auditory. 7. Middle | mestus,
I P sl ‘.
XL al AccessaTy, E id bome, with
XII. oasal. for olfactory nerve
XIll. cord, 11, Hard palate.
12, Baft palste.
D. ¥ERVEFIBRES, MacxiFIED. J. OLFACTORY CELLZ
Flate X1
A, TONGUE—Urren Stprace. £ Papille fongiformes.
-8 musale,
;. Greater comnuna of hyoid bone. Al
L ‘f,mghh ]! msnm_m SURFACE.
E g‘lpilhu:hmm l{wg!m muscle (depressor
1
7. Papille Sliformes of tongme).




& Genio-hyo.glosins, depressing
and protruding.
4. Stylo.glossus, withdrawing the

s,
5. Th mr]l.’l.'\:-'iui misele,
. Bubmaxillary gland.
i Hu'l.l-]inmul landd.
8. Wharton's duct,
9. Sublingmal foss,
1 Kohn's gland,
11. Kamnine artery.
12, Hypoglossal merve.
13, Gustatory nerve (from the thinl
branch of trigemious (XX1V.
i, [1L 18).
1i., Glosso.pha geal nerve, Sen-
sory, LAth cranial,
16, Frenum lingus, with a fold of
mucons membrne on each

i,
C.VERTICAL LOXGITUDIX AL
BECTION Tonoven TUE

END-ORGANS or TASTE,
IMaGEAMMATIC,

1. Fungiform papille.

2 Filliformn papillae.

4. A circimvallate illa.

4. Bimple papilla (similar to these
of the organ of touch),

5. Glands

6. Gustatary bulbs, or tasts golilets.

7. Glosso-pharyngeal nerve  fila.
menis

8 l'ihmtlmiofulnpuug or gstatory
nerve (4 branch onginatin
in the Gfth nerve). =

D, TASTE GOBLETS witTl THE
CELLE HIOHLY MAGEIFIED,

1. Taste goblet in the wall of a
cirenmvallate papilla, closed
at top,

2, The same, open, with taste cells
(mervoas).

&0, Various forms of taste cells,

E. DIAGRAMMATIC SECTION
or HUMAN SKIN.

1. Epidermis.
2 Reto Malpighi.
3. Papille with capillary loops.
4. Tactile eorpuscle.
5. Merve threads.
Flate

A, DIAGRAMMATIC TRANS-
YERSE VERTICAL SEC.
TION turores THE HEAD,

THrROUGH THE Brax
between the anterdor and
middle thinds of the Corpus
Callosuam.

1. Parietal lokes,

2. Temporal lobes.
3. Corpus callosim.
4. Fornix.

B (‘hr]:-u siriainm.
6. Thalamus apticns.
7. Lentieular noelei,

H 5}'.:1‘““‘3; hich separates
4, an fssire, w
the anterior and middle lobes

af the cerebram.
10 Lateral ventricle.
11. Third ventricle.
12 Pituitary body.

b Eag.

13. Pinna oF outer oar.

14. External anditory meatus with
henirs and ceruminons glais.

15, Dsseons portion of same,

16. Membrana tympani.

17, Aunditory ossiclos,  malleus,
imcus, and stapes.

18. Middle car op tympanc

cavity.
[

INDEX TO THE PLATES

6, Budoriferous glands (which wre
in mature surronnded by a
capillary notwark).

7. Their dacts,

1. Musenlas erector pili.

11, Longitudinal  fibrous
fibirea

12, Transverse ones,

13, Hair sac.

14, External root sheath,

15, Internal root sheath,

14, Cortex of hair,

17, Medulla

18, Hair-tulh,

16. Papills: of hair,

I, Hair,

21. Fat-cells.

22 Artores.

23, Veins,

(FPEI

F. TACTILE CORPUSCLES—
HicHLY MaaxiEIED,

1. Rete Malpighi with pigment
cells,

2, Fibres of corinm,

3. Papille of corium.

1. Tactile corpuscles with nuclei.

4, Nerve fibres, surrounding the
I.'IJ'I'[ll.ls-l.']l:'::.

G, HAIR— DiAcRAMMATIC AXD
EXNLARGED,

1. Hair sac of the roat.

2. Bheath.

4. Membrane of the shaft.

4. Cortex of shaft with lﬁnhlfjll.

cella
5 Medulla, with cells full of air.

H. SECTION Tuwoven THE Top
oF THE THUME, smowixa
THE NAIL=MaGxirign.

. Hane,

. Matrix of nail, fbrous tissue
with veasels,

- Margin of the bed,

Furrow of the bed.

. Papillm of the bed.

. Layer of soft young celle

. Dark boundary layer.

. Cutioular layer.

e Rl

EXIL

18, Cochlea.
o0, Vestibule,
21, Bemicircular canals

22. Anditory nerve.
23 Eustachian tabe,

labyrinth
o :inh*-r-
finl ear.

& DEaL CaviTy.

24. Bofe e

25, Uvu

26, Arches enclosing entramoe.
27. Tonsils

28, Bection of to

o0 I'u.i:'ud nd.

a0, Submaxillary gland.

1. Bublingmal gland.

B. AUDITORY O38]CLES—
Macsirien,

. Marnees,
Heead.
Neck.
}-E;dlu.
& pronias
Bhart process.

bl L

& Ixcos
Iﬂl:m.l:t process,
<
Body:

1.
@,
& T

4. Orbicular bone,

£, BTArEs.
1. Head.
2, Legn.
% Footplate,
C. LABYRINTH—Opexen. o9
1. Fenestra rotunda,
2. Seala tympani.
3. Bcala vestibuli (the figure is
Placed on the lumina spirlis).
-I. 1’.‘-|1u:|n._
..‘::. Vestibale, i
i r:;&i‘:{:;:n”' Dhepressions in
7. Fovma hemi. ( the wall of the
elliptica. veatibule,
B Buperior semicirenlar canal.

9. Bection of eyelid.

| 10, Internal view of ayelid.

11. Chphthalmic artery.

12, Lachrymal artery.

13. Arteria centralis retinoe.

L4, Ciliary arteries.

15, Supra-orbital arteries,

16, Fromtal arterics.

17. Ethmaidal arterics—anterior
and posterior,

B. TEAXSVERSE SECTION o
Ax EYE. LyFr SiDE snow-
1z VESSELS ; Hour, REe-
LATIVE TICENESS OF THE
LAYERS, IMAGEAMMATIC.

1. Sclerotic,

2. Cornea,

4, Choraid.

4. Iris.

5, Retina.

. Amterior chamber.
7. Posterior chamber.

A, LAYEES or Tar RETINA—
VERY GEEATLY EXLAEGED.

1. Imiernal limiting membrane,
2. Nerve fiboo ms,

L. Internal grin'uh?re?l.yer

5. Internal nmelear 1 er..

4. Extermal

7. Extermal nuclear ;

8. External limiting membrane,
9. Redds and comes.

10, Pigment lager (gemerally de-
scrilial as the ‘E:-rnul I-Itf
of the ehoroid coat).

B. SECTION ruroven THE Jusc-
T oF Tue COENEA axp
SCLEROTIC. g

1. Anterior chambser,

% Posterior chamber
3. Lens

4

4

b
L

» Lamina spiralis osses,
. Membrans basilaria

i, |I;|-i:-.m|-|-r'u e brane,

i
B

. E.

te
=

4.

i
B
o
1o,
11.
12,
13

C.

1.
2
4.
4,
4

00 0 G B e 58 D

Nerve of the cochilea

Cupala.

CORTIS ORGAN. Diacha-
SATIC.

. Heals tympani.

. Beala media.

. Bealn vestibuli,

. Lamina spimlis ossea.

.El:nr mem b,
Reissmer's mombrane,

. Cochlear nerve,

Lona dentioulata.

. Corth's membramne.
, Spherical eella,

10, Interior semicirenlar canal. 11, Inner row of Carti's rods,
1. Exterior eemicirenlar canal, 12 External row of Corti's rods.
. 13 lun--rmn;.;llh.m_m-lIa—l:u'rnr]ln.
D, COCHLEA—Opsxgp. 3, M. Membrana reticulata,
‘ . ; : 15, Corti®s hair cells,
[ L Seala tympani. 16, Dwiter's supporting cells,
2. Scala media, 17, Celle of Clandins.
3. Beala '('ﬂ.lllll.lll.,. 18, Ligamentum apirale,
Plate XXIII
A, Tue Two EYES rrom anove, 5 Papil.
wWITH THEIR VESSELS axp 2 Crystalling lens.
MUSCLES, e iy
1. Optis chissma + Cillary muscle,
o 12
2 Rectus superior muscle. 14, "ﬁ';?:f i
& Hectus inferior masele, 14, Marula E;::.;
:' Rectus cxternus muscle, 15. Internal aml external sheaths
G Reetus internus mugcle, of aptic nerve
fi. Superior oblique muscle, 18. Tenon's fascia.
7. Inforior ""Ii':l"* mtsc]e. 17. Conjunctiva.
8 Lachrymal gland, 15 Thossemet’s mombrans:

. Camal of Schlemm.
&0, Tnmica Rovschiaua (or middbe

vasctlar [ayerof the choroid), =

. External rectus,

SECTION tarovey TuE Ex-
TRANCE oF Tie OPTIC
HKERVE. 1§

. Optie nerve.

:\rlnhﬂ.jr_ﬂlultn!iu retinee.
Falgea of the optic dise.
Bheath. i

Eelerotic.
Chioraid,
Eetinag,

& Ganglionio layer.

& Internal granular layer.
. i;lﬂnll I!Il-l!ll::]l layer.
¢ External granular kayer.
J. External maclesr layer.
g Layer of rods and cones,

Plate XXIV.

Vitreons body,
ilinme,
Ei]ury munsele,
onitana’s spaces,
Schlemm's canal,
Helerotie,
Cormea,
Iris,
Conjunetiva.
Epithelium.
NERYUS TRIGEMINUZ

Axp 1ms Most IMPOETANT
BRANCHES,

I. Frest Braxcn (Sensory).
gn rhital.
-
Lachrymal.
Infratrochlear
Nasal,
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1l. Srcoxp BrascHE (Sensory).

6.

Tewmpore-malar.

7. Baereal

&,

S
LN
11,
13.
13,
14.

Lufraorbital, 3
Nasal, and to upper lip.
Buperior anterior dental,
Bachdaleh's ganglion.
Posterior dental.

Nerve to wisdom tooth.
Meckel's ganglion,

Chiefl
b1

ADIOEE TISSDE, 1.
Ammba, T

Anatomy, 3.

Aorta, 6, 12
Arteries, 5, 6,12, 17.
Auricles, 5, 7.

Axis and atlas, 3.
Axis-cylinder, 13.

BASILAR MEMERANE, 17.
Bile, 11.
Elood, 7.
circulation of, 8.
veasels, O,
Bonea, 2.3, 16, 17.
Brain, 15-14.
Breathing, &.
Bronchial tubes, 8.

CaxanicuL, 2,
Capillaries, 6.
Carbam 1, B.
Carbonie acid gas, 8.
Cartilage, 2, 5
Centres of omification, 3.
Calls, 2, 11, 13,
Cerebum, 14,
Cerebellum, 15
Cherds tendine, &
Ciliary processes, 18,
Cochlea, 17.
Connective tissae, 2.
Conjunctiva, 18, 19,
Calon, 10,
Cweum, 10,
Cormnea, 18,
Corpuseles, bloed, 7.
nerve, 13,
Crystalline lens, 15

H_l.uru_nm:. 8,
ion, 9
Bﬁmm. 10,

Eir, 16-18,
Elastic tissme, 9,

Moror Nerves for
af Mastication and

14.
18.
1%,
20,
.

-

o

INDEX T0 THE PLATES, ETC.

for the Articulation of the
lower Jaw, The following
are mainly semsory —

Lingual or gustatory.
. Bubmaxillary ganglion.
Herves for teeth of lower

2,
Inferior mental,
Labial.
Merve for the oxternsl recins
chlmt.-lu |,11|.’t. cranial).
iliary ganglion,
Optic merve (11 craniall.

e —

D. FROTECTIVE STRUCTURES

& i

a

4
]

of THE EYE axp THE
LACRYMAL APPARATUS
BOMEWHAT EXLARGED,

. Upper eyelid, with eyolashes,

2, Lower eyolid {skin and muscle

Temoved E:ﬂmﬂ l.l:I»anJ !in[ekbumr
ian g anl their open-
im bl:: the wdge of the
Lids).

. Lachrymnl glunds with their
duets,

. Plica semilunaria,

. Carancala lachrymalia,

f, 7. Canalicali with the puncta

lnchrymalia

INDEX TO THE

Eeigme. 3.

Hp'?holi.nm, 2 1%
stachian tube, 14,

Exeretion, 11.

Expiration, 8.

Exe, 15,

FENESTRE OF RAR, 17, 18,
Fibres, muscle, 4,

Faree, vital, 1, 8.
Fornix, 14

Giamaria, 18,

Glastric juice, 10,
Gelatime, 3.

Glamds, 9, 10, 12, 13, 19,
Ginstatory bulba, 146

Havensiayg caxals, &
Heart, 6.

Heat, amimal, 8.
Hepatie doct, et 11.
Hylrochlore acid, 10,
Hydrogen, 1, 8

Tniira, 10,
Intestines, 10.
Inspiration, B
Iris, 18

Jrrrwom, 10,
Jodnts, 3.

Kinxeys, 12

LAcHEYAMAL GLANDS, 19,
teals, 140,
Larumm, 2.

Ligaments, 3.

LETTERPRESS.

Liver, 11.
Lungs, 7.

Lymphatics, 10

MERULLA ORLOKGATA, 14,
Membrane, £, 7, 9.
Mesontery, 11
Microscope, 1.

Muscles, 3-4, 8, 19,

NERvous svsTEM, 13-15.
foree, 15,

Nerve.matter, 135,

HNerves, eranial, 16, 18, 17, 19,
spinal, 15,
sympathitic, 14.

Nuclemns, 2

Nitrogen, 1, &

Noas, 16.

OnosToIn PREOCESS, 3.

(Ksophagns, &

Omenta, 5.

Optic thalamd, 14.
chinsmn, 16,

Oxygen, 1, 8.

Paxcreeas, 11.
Papille of skin, 15
tonge, 16,

Pelvis, 13 el
Pepsin, 10,
Pericardinm, b.
Pecigherien of

P of nerves, 15.
Perspiration, 13
Peyer's patehes, 10,
Physiology, 1.
Plasma, E’.

Protoplasm, 1.
Pylaras, 10,

Recrom, 10,
Reissner's membrane, 17, 158

B
S

E. VERTICAL SECTION
THROTGH THE UrrER EYE-

s e

=S e

al sac.

Lachrymal duct.

LID—ExLancen,

. Levator palpebre superioris
n.‘]l“I’ﬂ pe

Fat tissme, with smooth mus-

cular fibres,

. Meibominn glands,
. Conjunctiva.
Sudoriparous glands of the

corinm (external skin).
Hairs of the eorium,

. Bobaesous glands of the corium.

Beapiration, 8
Retina, 19,
Hisds and cones, 186

BoaLE oF cornLEa, 17.
Solerotie, 18,
Semicircular canals, 17.
Skeleton, 2.
Bkin, 13.
Bkull, 3.
Smell [uE;!-l_- of]), 16

1

Spleen, 13.

Spinen, 2, 3

Hpinal cord, 13, 15,
Stimulus, 5 *
Btomach, 9.
Sympathetis norves, 14

TAsTE (sonse of), 16.

Teeth, 8.

Tendaons, 4.

Tissmes (olomeontary), 2.

Trachea, 8.

Thorcie dust, 10.

Thymus, 13

Thpuill slu.null 18,
cartilage, 16.

UREA, 12,
Ureters, 13

VALVES OF HEART, &, 7.
weing, 5.

Vascnlarity, 2

YVoins, 6 11, 1%

Ventricles, 5, 7.

Wiknrire, 8
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