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PREFACE.

This little work on Elementary Physiology is chiefly based on
the notes of lectures given at various times—(«) to evening
classes; (b) to extension students under the auspices of the
Montgomeryshire County Council; (¢) to students of elemen-
tary Physiological Psychology. Great pains have been taken
to make it both accurate and lucid, and emphasis has been
laid on Practical Work, to which a special chapter is devoted.
The necessary Chemistry has been introduced where most
relevant, instead of being lumped into an introductory chap-
ter. Mr. A. W, Warrington, M.Se., has kindly revised this
portion for me. .

The book is intended to meet the requirements of—(1)
elementary students, whether self-taught or following the
subject in class; (2) students of General Biology who wish
to supplement that subject on the physiological side, as is
often the <case with those intending to go on to medical work;
(3) students of Psychology who desire a simple account of
the Nervous System and Sense Organs; (4) students of agri-
culture and dairying. The last chapter, which deals with
secretion of milk and digestion in the cow, has been inserted
in the hope that the last class of students may find it useful.
Mr. J. Dawson Roberts, M.R.C.V.S,, has been so good as to
look over this chapter when it was in manuscript form.

J. R. AINSWORTH DAVIS.

ABERYSTWYTH, dugust 1895.
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ELEMENTARY PHYSIOLOGY.

INTRODUCTION.

The globe is inhabited by an innumerable host of
living beings, which may broadly be divided into plants
on the one hand and animals on the other. There is so
much in common between these that they are together
treated of by a single science,—Biology (Gk. bids, life;
logos, discourse), which, however, covers such an enormous
extent of ground that it is found convenient to subdivide
it into the sister sciences of Botany (Gk. bitane, a plant)
and Zoology (Gk. zdon, a living creature; logds), dealing
respectively with plants and animals. There are two
chief ways in which a living being may be studied, one
having regard to the external shape and internal arrange-
ment (structure) of parts, and the other going into the
uses (functions) of the different parts or organs. These
two methods of study are respectively adopted in the
departments of Morphology (Gk. morphe, shape; ligos)
and Physiology (Gk. phisis, nature; ldgds). Botany
embraces Plant Morphology and Plant Physiology,
while Zoology includes Animal Morphology and Animal
Physiology. We are here chiefly concerned with the
last subject, and indeed with a branch of that subjeect,
Human Physiology, or the physiology of man. It
1s, however, obvious that some knowledge of Human
Morphology is also necessary for our purpose. It is
not possible to understand how a machine—say a
watch—acts, without possessing some knowledge of its
construction, and before trying to understand the work-
ing of the human body it is necessary to have some
acquaintance with its outward shape (External Morpho-
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logy), internal structure or Anatomy (Gk. ana, up; temnd,
I cut) as determined by ordinary dissection, and minute
anatomy or Histology (Gk. Listis, a texture; ligos) as
made out by means of the compound microscope. The
relation between these various branches of enquiry may
be conveniently shown by means of the following table :—

(Botany. .
Animal Morphology (of which Human
Morphology is a small part) :—
BIOLOGY Zoologyd o EE;?;:;?;?; ;Murphnlﬂgf;
c. Histology.
Animal Physiology (of which Human

. Physiology is a small part).

\

Even a beginner in Physiology will also have to know
something of non-biological subjects, especially of Me-
chanies, Physics, and Chemistry. In this book the re-
quisite knowledge of this kind will to some extent be
introduced as occasion may arise.

In the study of Physiology bookwork alone is compar-
atively useless, and practical work of the greatest im-
portance. As regards Human Anatomy elementary
students will mainly depend on examination of the
skeleton, supplemented perhaps by models of some of
the soft parts; but fortunately the main points can be
illustrated by dissection of a rabbit, cat, or dog—a
sheep’s pluck—and the eye of a sheep or ox. A small
amount of microscopic work is also necessary for the
beginner. For details see the Chapter on Practical

Work.

CHAPTER L
PRELIMINARY SKETCH.

Symmetry of the Body.—Objects which possess a
certain regularity in form, enabling them to be divided
into two corresponding halves in one or more different
ways are said to be symmetrical. 'The most perfect kind
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of symmetry is seen in the sphere, which can be divided
into two corresponding hemispheres in any direction,
while the less symmetrical eube is divisible into equiv-
alent halves in only nine different ways. Plants and
animals, or their parts, commonly exhibit either radial
or bilateral symmetry. The former is the kind of regu-
larity observable in a star, wheel, or buttercup flower,
where a number of exactly similar parts are arranged
round a central point in a radiating manner. Any or-
dinary leaf, say one of ivy or violet, may be taken as an
instance of a flat body showing bilateral symmetry,
where, as the name implies (L. bi-, two; latus, lateris,
side), there is only one possible way of dividing the object
into two corresponding halves. Note further that these
halves are not interchangeable like the two hemispheres
into which a sphere can be split. They are in fact right and
left, or, in other words, are mirror images of each other;
for if the cut edge of one half be placed against a piece of
looking-glass the reflection will look like the other half.
The human body is also an example of bilateral symmetry,
and this involves the possession not only of right and left
sides but alsoc of front or ventral (L. zenfer, belly), and
back or dorsal (L. dorsum, back) surfaces, the two differ-
g in shape from one another. It is also characteristic
of Man, in common with all other bilaterally symmetrical
animals, that there should be a head end lodging the
brain and certain important organs of sense. Some ani-
mals, such, for example, as crayfish and lobster, are hi-
laterally symmetrical (or nearly so) as regards their
internal structure as well as in external form, but in
Man this is only the case to a limited extent.

~ Regions of the Body.—There is an obvious division
into_head, neck, trunk, and limbs or appendages. The
head in Man, owing to the enormous size of his brain as
compared with lower animals, is chiefly made up of the
brain-case, which even forms the upper part of the face,
the rest of which is constituted by the jaws, together
with the parts related to the organs of sight and smell.
At the sides of the head are the expansions known in
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ordinary language as ‘ears’, scientifically as conchee
(L. concha, shell), which largely surround orifices by
which sounds enter to he conveyed to the essential
organs of hearing, lodged deep down in the firm, bony
side-walls of the brain-case and thus protected from
njury.

[t is obviously an advantage that the head, containing
as it does important organs of sense bringing us into
relation with the external world, should be borne upon
a flexible, relatively narrow neck. This permits the eyes
in particular to range very quickly over surrounding
objects in mnearly all directions without necessitating
movement of the comparatively unwieldy trunk. A
large expenditure of energy is thus saved and a change
in the surroundings rapidly perceived, a matter of great
importance even to civilized human beings, and to savages
in many cases a matter of life or death.

The trunk, which lodges important organs concerned
with nourishing the body and getting rd of its waste
products, is divided into the chest, or thorax, above,
and the abdomen below. The walls of the former are
supported by bones in front and at the sides as well as
behind, while the abdominal walls are soft and not so
supported except behind.

Although there are considerable differences between
the upper and lower limbs, owing to the fact that they
are put to such different uses, there are nevertheless im-
portant agreements between them. They are, in fact,
built wpon a common plan of structure, and hence receive
the common name of limb, appendage, or extremity, just
as the term house is applied to cottage, vi‘lla., mansion,
or any other dwelling. Upper and lower limb alike are
transversely divided into certain regions, and end 1n five
digits provided with flat nails. Thus shoulder, upper
arm, forearm, wrist, and hand correspond to hip, thigh,
leg, ankle, and foot. - Shoulder and hip, although com-
monly reckoned as part of the trunk, belong more pro-
perly to the limbs, being in fact limb-regions, which are
firmly fixed to the trunk and afford attachment to the free



PRELIMINARY SKETCH. 1 |

or movable parts of the limbs. Examination of a sheep’s
carcass, as displayed in a butcher’s shop, or of a skinned
rabbit, will show that this is true as regards the shoulder,
but it is by no means obvious in the case of the hip-region,
which has fused very closely with the trunk.

Differences between Upper and Lower
Limbs.—Most of these can be considered with greater
profit when the corresponding bones are studied, but a
few points may be mentioned here. The upper limbs
are especially adapted for grasping objects situated in
very various directions, and in correspondence with
this the shoulder-joint allows of very free movement,
the forearm can be twisted round so as to bring the

alm into several positions, the fingers are long and
flexible, and the relatively short thumb can be opposed
to the other digits, i.e. its tip can be brought against
theirs. The lower limbs on the other hand have to
support the weight of the body and bring about various
kinds of locomotion. The hip-joints do not therefore
allow of such free movement as do the shoulder-joints,
the leg cannot be twisted round like the forearm, the
toes are shorter and less flexible than the fingers, while
the relatively long and large great toe cannot be opposed
to the other toes. To this may be added the fact that
the thigh and leg are much longer than the correspond-
ing parts of the upper limbh, and the heel, which 1s of
great importance in the support of the body, has nothing
in the hand corresponding to it.

The Trunk a Double Tube.—Both upper and
lower limbs are solid, but the trunk is hollow, contain-
ing two cavities, one anterior or ventral and the other
posterior or dorsal. In these cavities various internal
organs are enclosed. The trunk may, therefore, be de-
scribed as a double tube, and this arrangement can easily
be made out by looking at the cut side of one of the
longitudinal halves into which a butcher commonly
divides the body of a sheep or pig. The dorsal cavity,
which extends into the neck and head, contains the brain
and spinal marrow, or spinal cord, and is almost entirely
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bounded by bone, so that
these delicate organs may be
well protected. Fig. 1 shows
this cavity and the organs
which fill it, as seen in Man.
In the neck and trunk it
traverses the spine or verte-
bral column, and is compara-
tively small in correspondence
with the size of the spinal
cord which it contains. In
the head, however, this cavity
1s very much larger, as it has
to hold the brain. The ven-
tral or body cavity is limited
to the trunk, and is of rela-
tively large size, as shown in
fig. 2. It is not so well pro-
tected by bone as the dorsal
cavity. On reference to the
figure it will also be seen that
the ventral cavity is divided
into a smaller upper or
thoracic part (A), and a
larger lower or abdominal
part (¢), by means of a curved
partition (B), the ‘midriff’ or
diaphragm (Gk. dia, across;
phragmds, a partition). When
at rest this is convex above
and concave below. It is
pierced by various structures
running from thorax to ab-
domen or the reverse. The
head contains ventral cavities
belonging to the nose, mouth,
: and throat (fig. 34), but these
Fig. L.—Neural Tube with its con- are not of the same nature as
tained Organs. thE bﬂdy CH-Tit-:\’.

A B¢, Brain; p E Ep, spinal cord;
G H I, backbone,
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General Sketch of the Functions and Organs
of the Body.—The regions and general plan of the
body have already been discussed from a morphological
point of view, and it now remains to classify the various
parts on a physiological basis, having regard, that is, to
their uses or functions.

In any kind of manufae-
ture it is well known that
the best results are obtained
by dividing the work into
different stages, undertaken
by distinet sets of work-
people who, as a result, be-
come very expert at their
particular duties. This prin-
ciple of division of labour,
as 1t 1s called, 1s carrmed out
very perfectly in the human
body, where we find special
parts or organs, each of
which performs one or more
functions. These organs,
eye, lung, brain, stomach,
&e. &e., are more or less
different from one another,
since their shape and struc-
ture are such as to fit them
for very different tasks.
The body has gradually be-
come thus differentiated, i.e.  Fie 2—Dorsal and Ventral Tabes
made up of differing parts, :
as a result of well-marked division of physiological
labour. The various organs may conveniently be grouped
under the following headings: —

l. Protection and Support.—The body is sup-
ported by bones and other hard parts together forming
the skeleton. Thisalso protects the more delicate organs

from injury, as, for example, in the case of the brain
and spinal cord (p. 12).
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The skin is also an important protective organ, in vir-
tue of its outer layer or epidermis (Gk. épi, upon ; dérma,
skin), which is non-sensitive and devoid of blood-vessels.
The hair and nails are special outgrowths from this layer.
There is a great difference between the epidermis and
the deeper part of the skin constituting the dermis,
which is both sensitive and richly provided with blood-
vessels. When the finger is cut with a knife no pain is
felt nor blood drawn till the dermis is reached.

2. Movement.—The chief agents in producing the
various movements of the body and its parts are the
muscles, which in ordinary language are known as the
‘flesh’, or in dead animals as ‘meat’. They are also the
means by which the body is kept in the erect and other
positions involving effort. A given muscle consists of a
definite piece of fleshy substance which is able to con-
tract, that is, to become shorter and at the same time
broader. Its two ends and the parts to which they are
attached will thus be brought nearer together. It
must clearly be understood that this property of contrac-
tility is not the same thing as confraction in the ordinary
sense of diminution in volume.

3. Digestion.—Energy is defined as the power of
doing work, and a distinction is drawn between ‘stored’
or potential energy and ‘actual’ or kinetic energy.
The various activities of the body necessitate a large
expenditure of kinetic energy, and this involves a con-
stant breaking down of body substance. A rough idea
of the process may be gained by considering what takes
place when nitro-glycerine explodes. The substance in
question is of very complicated chemical nature, and its
explosion means—(1) the re-arrangement of its con-
stituents to form simpler substances; (2) the conversion
of potential into kinetic energy, resulting in the perform-
ance of a certain amount of work. Similarly when a
muscle contracts it does work, and at the same time a
small part of it wastes, .. breaks down into simpler sub-
stances, with conversion of potential into kinetic energy.
If this waste were not made up for, the muscle would
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gradually get smaller and smaller with use, Whl{:h, how-
ever, is not the case. Food is material taken into the
body for the purpose of compensating waste and render-
ing growth possible where desirable. ~Digestion 13 15-1_16
process by which this food 1s brought into a fit condition
to be built up into living substance, and the digestive
organs undertake this special work. They consist of a
long tube, the alimentary canal, and of certan organs
which open into it. This tube begins with the mouth-
cavity, which is continued into a small chamber (pharyn)
at the back of the throat, followed again by a tubular
gullet, dilated stomuch, and long convoluted wnfestines, or
bowels, beginning with a relatively narrow small infestine
and ending with a much broader large intestine. As may
be seen from fig. 3, the abdominal cavity is largely
occupied by the stomach and intestines together with
the large liver, which is one of the important organs
opening into the digestive tube.

4. Circulation.—Digestion would be a useless process
if there were not some means of conveying the digested
food thronghout the body. This is one of the functions
of the circulatory organs, which principally consist ot
the heart and blood-vessels. The former acts as a force-
pump by means of which the blool, containing the
products of digestion, is made to move through the
blood-tubes or blood-vessels. In fig. 3 the heart is shown
in its natural position in the middle of the thorax, and
at its upper end are seen parts of the great blood-vessels
which begin or end in it.

Besides carrying material for effecting renewal or
growth to the different parts of the body, the circulatory
organs remove the products of waste and take them to
organs which get rid of them (lungs, skin, kidneys).
Besides this, as will presently appear, the organs of cir-
culation promote waste and equalize the temperature of
the body.

5. Respiration.—This process, commonly termed
breathing, involves the passage of air into and out of
the lungs, two large spongy bodies which largely fill up
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the thorax (fig. 3, BB), and communicate with the
exterior by the tube known as the windpipe or trachea
which can readily be felt along the front of the t-hr{mt:
Just within the skin. The purpose of breathing is two-
fold: (1) to ex-
crete or get rid
of certain waste
products result-
ing from the con-
stant wasting of
living substance;
(2) to absorb into
the blood from
the air oxygen
gas, whichenables
the necessary
energy-producing
and heat-produc-
ing processes of
waste to go on.
6. Excretion
(L. ez, out of;
cerno, 1 separate)
or elimination of
waste from the
system 1s a funec-
tion of lungs,
skin, and also of

A, Heart; nm, lungs; ¢, diaphragm; b, liver; &, gall- t-]]ﬁ kldﬂEYE: two
bladder; r, stomach; G, small intestine; m, part of ﬂ Httﬁllﬁd D“.'Hl

large intestine. : i
bodies lying at

the back of the abdominal cavity (fig. 71), and communi-
cating by two narrow tubes, the ureters, with a somewhat
pear-shaped bag or sac situated at the lower end of the
abdominal cavity and known as the urinary bladder.

7. Correlation and Sensation.—In order that
the organs of the body may work properly together, it
is necessary that there should be some apparatus for

bringing them into relation with one another. The
(M26G)

Pig. 3.—Chief Organs of Thorax.
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nervous system is a correlating apparatus of this kind.
It consists of central organs connected by slender cords,
the nerves, with all parts of the body. The central
organs consist of brain, spinal cord, and two slender
sympathetic cords lying just at the sides of the back-
bone. The brain must be regarded as the master organ
of the body. It is the seat of intelligence and will, and
not only brings the various organs into relation with
one another, but also, by means of its instruments, the
sense organs, brings the body, so to speak, into touch
with the external world. The sense organs include the
structures which have to do with touch, taste, smell,
hearing, and sight.

CHAPTER II
SKELETON AND MUSCLES.

The Materials which make up the Skeleton. .
—The organs which compose the body can again be
analysed into a comparatively small number of materials,
Just as the different parts of a house are built up of
stone, mortar, wood, &c. These body materials are
called tissues, and three of these tissues—hone, gristle
or cartilage, and connective tissue—together build up
the skeleton. A rabbit’s leg may be taken in illustra-
tion. After removing the skin and muscle the bones
will be reached, connected together at the joints by
strong tough bands, the ligaments (L. ligo, I bind),
made up of a kind of connective tissue. This tissue is
called “connective” because it conmects or hinds the
various organs and parts of organs together. Each bone
15 also covered, except where it helps to bound a joint,
by a tough membrane, the periosteum (Gk. péri, around :
dstedn, bone), made up of eonmective tissue and very
vascular, i.e. richly supplied with blood-vessels, Select

the femur (thigh-hone) for further examination. After
(326) B
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dissecting it out, each end will be found covered by a
thin smooth layer of firm bluish-white gristle or carti-
lage (L. cartilago, gristle), easily cut with a knife. On
dividing the bone into two longitudinal halves it will be
seen that the central part or shaft contains a large cavity
bounded at the sides by very dense bone, and containing
a soft fatty substance, the marrow, of a reddish colour.
The swollen ends of the femur are made up of spongy
bone, the minute interstices of which are filled up with
marrow. It will also be noted that the cartilage cover-
ing each end of the bone is comparatively thick in the
middle, gradually getting thinner, and being finally re-
placed by the periosteum. Marrow consists of a frame-
work of connective tissue, and its red colour is due to
the presence of minute blood-vessels, which have direct
communication with those in the periostenm by means
of a minute hole, the nutritive foramen (L. foi0, I pierce),
which pierces the middle of the shaft. There is also
indirect connection, for the compact bone forming the
wall of the shaft is traversed by minute canals (Haver-
sian canals) running mainly in a longitudinal direction,
and containing minute blood-vessels, which communicate
by cross branches with the vessels of the periosteum on
the one hand and those of the marrow on the other.
The Haversian canals are large enough to be seen with a
lens if the bone is broken across, and in the fresh state
some of the cross branches can also be made out. It
will thus be seen that a bone is not a mere mass of hard
dead substance supporting the surrounding soft parts,
but is pierced by an elaborate network of blood-vessels,
from the blood contained in which the materials neces-
sary for growth or repair of injury can be drawn.

General Composition of Bone.—If a rabbit's
thigh-bone is soaked for a few days in dilute hydro-
chloric acid (muriatic acid) it will be found to have
undergone a remarkable change in nature, whilst retain-
ing the same shape. Instead of being hard and firm, it
is now soft and flexible, capable of being tied up mnto a
knot without breaking. The acid has, in fact, removed
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the earthy or mineral matter, which gives the bone its
hardness, leaving behind the animal matter, which makes
it tough and to some extent elastic. This animal matter,
which is closely allied to connective tissue, can be re-
moved from a bone by prolonged boiling, as in making
soup, or by heating in the fire. It is now the mineral
matter which is left, and while, as before, the bone re-
tains its shape, it will have become extremely brittle.

In healthy human hone the mineral matter constitutes
about two-thirds the weight, but it is generally held that
there is a smaller proportion in children and a larger in
old people, accounting for the fact that the bones in the
one case are comparatively flexible, and in the latter
more brittle and liable to break.

Physical Properties of Bone.—Its hardness,
toughness, and elasticity have already been noted, but
these are not merely due to its composition, but also to
the way in which its parts are arranged. Thus, the
elasticity of the long bones is very much increased by
their curved shape, while in the shaft of such a bone as
the femur lightness and strength are combined on the
principle of the hollow column, with the least possible
expenditure of material. Spongy bone illustrates the
same kind of thing. Its structure necessarily makes it
light, and the slender bars of bone which compose it are
not arranged at random, but so as to resist to the best
advantage the pressures which have to be borne. A
cubic inch of spongy bone, weighing only 54 grains, cut
from the lower end of a human femur, was found, in an
experiment made for the purpose, to stand a weight of
4 cwt. without being injured. This kind of bone also
plays an important part in breaking shocks. It may be
added that compact bone is reckoned to bhe twice as
strong as oak.

Properties of Cartilage.—Cartilage or gristle is
closely allied to connective tissue. It is tough, but at
the same time extremely elastic, and these properties
render it very useful in joints, as will presently be shown.
Like spongy bone it helps to prevent jolting, as, for ex-
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ample, in the backbone. Except when entering into
joints, cartilage 1s covered by a wvascular membrane,
called in this case the perichondrinm (Gk. péri, around ;
chondros, cartilage).

GENERAL PLAN OF THE SKELETON.

The numerous hones which make up the skeleton may
roughly be divided into three kinds—(1) long bones,
such as the femur, which are used as levers; (2) broad
flat bones, ike those of the brain case, which protect
delicate organs; and (3) short irregular bones, found in
parts like the wrist and ankle, where both strength and
capability for a limited amount of movement are requisite.

Axial and Appendicular Skeleton.—The bones
of the head, neck, and trunk constitute the skeleton of
the body, as distinguished from the limbs or appendages.
They comprise the skull, backbone or vertebral column,
ribs, and breast-bone or sternum. The last two support
the top, sides, and front of the thorax, as will appear on
reference to fig. 4. The bones of the limbs make up the
appendicular skeleton, and just as the upper and lower
limbs can be divided into corresponding regions (p. 10),
so can their bones be grouped in a similar manner. In
either case there are (1) bones constituting a girdle by
which the limb is fixed to the trunk, and (2) bones sup-
porting the fleshy movable part of the limb. The follow-
ing table gives a more detailed comparison. (Cp. fig. 4.)

TUrpeEr LiMB. Lower LimB.

I. Shoulder Girdle.—Alarge II. Hip Girdle.—A large, fiat,
flat shoulder-blade (scapula) be-  irregular hip-bone (os immomi-
hind and a rod-like collar-bone  natum).

(clavicle) in front.

II. Free Limb. II. Free Limb.

1. Upper-arm bone (humerus). 1. Thigh-bone (femur).

2. Forearm bones—(a) radius 2. Lower leg bones— (a) tibia
on thumb side, (b) ulna on little on great toe side, (b) fibula on
finger side. little toe side.

[There is nothing in the upper limb to represent the small knee-
pan (patella) on the front of the knee-joint.]
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Fig. 4.—Skeleton.
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Uprer LiIms, Lower Lims,
3. Short irregular wrist-bones 3. Shortirregularankle-bones
(carpal bones). (tarsal bones),
4. Bones of hand—(«) meta- 4, Bones of foot—(«) meta-

carpal bones supporting undi- tarsal bones supporting undi-
vided part of hand, (1) finger- vided part of foot, (4) toe-bones
bones (phalanges). (phalanges).

SKULL.

General Construction.—The greater part of the
skull consists of a rounded bony box, the brain-case or
cranium (Gk. cranion, skull), in which the brain is lodged.
Its dome-like roof, which is practically all that can he
seen in a top view of the skull, is adapted to resist very
considerable pressure. An egg-shell is difficult to crush
for a similar reason. In a front view of a skull it is the
cranium which constitutes the forehead and roofs the
eye-sockets (orbits), while the cranium also makes up
the back of the skull. A view of the base of the skull
(fig. 6) shows the floor of the cranium pierced by a large
roundish hole, the foramen magnum (L. for large hole),
through which the spinal cord is continued into the hrain.

The rest of the skull 1s known as the facial portion.
It completes the orbits, walls the cavities of the nose,
and includes the framework of the jaws and roof of the
mouth.

Bones of the Cranium.—A large frontal (L. frons,
frontis, front) bone (fig. 5) roofs the orbits and the nasal
cavities in part, makes up the forehead, and constitutes
the front of the cranial roof and side-walls. Just behind
it come two arched parietal (L. paries, wall) bones,
which complete the roof, continue the side-walls, and
form part of the back of the brain-case. The transverse
join behind the frontal is known as a suture (L. sufurus.
seam), this name being given because there are two
jagged interlocking edges, looking something like an
irregular row of stitches. Such an union is extremely
firm, and its strength is increased by the fact that the
edges are bevelled. The two parietals are connected to-
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gether by a longitudinal suture of similar kind. Behind
the parietals and united with them by a transverse suture
is situated the large oceipital (L. ob, against ; caput, head)
bone, which makes up the back of the cranium and also
the hinder part of its floor (figs. 5 and 6). Below 1t 1s
perforated by the foramen magnum, and on each side of
this there is a smooth oval projection or oceipital condyle

Fig. 5,—Bones of the Skull. Fig, 6.—The Base of the Skull.

F, Frontal; P, parietal; Oec, oceipital; F. M. Foramen magnum ; ai, occipital
T, temporal; 8, sphenoid; 0O, orhit condyle; sph, sphenocid; v, vomer;
0. Mx.. uEper maxillary; M, malar; p, palate hone; &p, palatine plate
N, nasal; L, Mx., lower maxillary, of maxilla; zy, zygomatic arch,

(Gk. condulos, knuckle-like knob), which fits into a cor-
responding pit on the top joint of the backbone. The
side-wall of the cranium below the parietal is mainly
formed by a moderately large temporal (L. fempora,
temples) bone, so called because of its relation to the
region above the ear known as the ‘temple’. This bone
is divided into three distinct regions:—(a) a squamous
part above, uniting by suture with the parietal, and
overlapping this bone in a scale-like way, hence its name
(L. squama, fish-scale); (b) a mastoid part (Gk. mastos,
breast) behind, constituting the small rounded projection
which can easily be felt just behind the ear; (¢) an ex-
ceedingly dense petrous (Gk. péfrds, stone) part below,
which ‘encloses the essential parts of the organs of hear-
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ing, and projects somewhat into the cranial cavity. A
bony bar, the zygoma (Gk. zugoma, bar), projects for-
wards from the squamous portion, and makes up the
hinder part of the zygomatic arch (fig. 6), which runs
back from the orbit. On the under side of the zygoma,
just at its root, there is a transverse hollow into which
the lower jaw is jointed. Behind this glenoid eavity
(Gk. gléné, socket ; eidis, resemblance) will be noticed, in
the petrous portion, a rounded hole with jagged edges.
This 1s the external opening of the ear.

The floor of the eranium, in front of the ocecipital, is
made up by two very irregular bones, the sphenoid and
ethmoid. The sphenoid (Gk. sphin, a wedge) receives its
name because 1t 1s wedged in between the other hones
of the skull. It consists of an irregular central part
which unites with the occipital behind, and two wing-like
projections on each side, of which the smaller front one
1s called the ‘lesser wing’, and the larger back one the
‘greater wing’. DBesides this there i1s a double plate
projecting downward on each side, and acting as a but-
tress to support the hinder part of the palate and upper
jaw. The greater wings help not only to floor the
cranium, but also to make up its side-walls (fig. 5, 5) and
to bound the orbit. The lesser wings also help to floor
the cranium and roof in the back of the orhit.

The ethmoid bone (Gk. ¢thmds, sieve; eidis, resem-
blance), which will be more fully considered in connee-
tion with the sense of smell, is much smaller than the
sphenoid, and consists of three parts:—(1) a horizontal
eribriform plate (L. cribrum, sieve; forma, resemblance),
perforated by numerous small holes and completing the
cranial floor in front of the sphenoid; (2) a vertical plate
of hone between the upper parts of the right and left
cavities of the nose; (3) an irregular spongy lateral mass
on each side of this, divided into serolllike superior and
middle spongy or turbinated bones (fig. 84).

Structure of the Cranial Bones.—If these bones
were of uniform texture throughout a comparatively
slight blow on the head would dangerously jar the brain.
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As it is, however, they consist of three layers or ¢ tables’
(1) an outer layer of dense bone, () a layer of spongy
bone, the diploe (Gk. diploé, doubling), by which shocks
are broken (cp. p. 19), and (c) a thin mner layer of dense
bone.

Bones of the Face.—The most important of these
are the two upper maxillary (L. mawille, jaw-bone) or
upper jaw-bones. They present below a crescentic mar-
gin, containing the sockets in which the upper teeth are
lodged, and the greater part of the hard palate (fig. 6,
sp) is formed by two shelf-like outgrowths from them,
which meet one another in the middle line. The upper
maxillary bones also assist in bounding the orbits and
wall in the nasal eavities outside and below. The lower
and outer walls and margins of each orbit are completed
by a thick, strong malar (L. mala, cheek) or cheek-hone,
which unites behind with the zygoma to complete the
zygomatic arch. Another and very small bone, the
lachrymal (L. luchryma, tear), makes up a small part of
the inner wall of the orbit, just within the margin. It
is grooved so as to allow of the passage of a little tube,
the lachrymal duct, which conduets tears into the nose.

Several small bones connected with the nasal cavities
have to be mentioned. Two curved nasal bones help to
roof them in, and a vertical plate of bone, named from
its shape in side view, the vomer (L. vomer, ploughshare),
stretches from the under side of the sphenoid and vertical
ethmoid plate to the upper side of the bony palate. The
sharp end of the vomer is directed forwards, and it
largely makes up the bony part of the partition between
right and left nasal cavities. An elongated inferier
(L. anferus, below) spongy bone projects into each of
these cavities from its outer wall, below the lateral
mass of the ethmoid. Lastly, there is an irregular palate
hone on each side, consisting of a vertical plate, which
forms part of the outer wall of the corresponding nasal
.cavity, and a horizontal shelf, which makes up, with its
tellow, the posterior part of the bony palate (fig. 6).

The large and strong lower maxillary bone or lower
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Jaw consists of a horseshoe-shaped part in which the lower
teeth are embedded, and of a nearly vertical ramus (L.
for branch) at each end of this. In side view, therefore,
the lower jaw is somewhat L shaped (fig. 5.) At the
top of each ramus there is a smooth, elongated condyle,
which fits into the corresponding glenoid fossa. A large
coronoid process (L. corona, crown ; Gk. eidos, resemblance)
projects from the front of the ramus. In a dog or cat
the lower jaw can only move up and down like a hinge,
the condyle on each side being transverse and forming
a hinge-joint with its glenoid cavity. But in man the
condyles are placed obliquely so that the lower jaw can
be moved from side to side, or forwards and backwards,
as well as up and down. This enables the food to be
very thoroughly chewed.

Number of Bones in the Skull.—There are 8
bones in the cranium (not including the minute ear-
bones), i.e. 4 wunpaired—Ifrontal, occipital, sphenoid,
ethmoid; and 2 pamred—parietal and temporal. The
bones of the face are 14 in number, i.e. 2 unpaired—
vomer, inferior maxillary ; and 6 pared—superior maxil-
lary, malar, lachrymal, nasal, inferior spongy bone, and
palate bone.

Hyoid Bone.—In connection with the skull 1t is
convenient to deal with the bone which receives its name
from its resemblance to the Greek u (GFk. v, u; eidos).
It is situated at the root of the tongue with the legs of
the v directed backwards and upwards, and its curved
front part (‘body’) can be felt below the jaw just above
the projection known as ¢ Adam’s apple’, which is part
of the organ of voice or larynx (Gk. laru(n)gz, throat).

BACKBONE, SPINE, OR VERTEBRAL COLUMN,

General Structure.—The backbone (figs. 1 and
7) is a hollow curved rod made up of a number of
bones placed one on top of the other and locked to-
gether in such a way as to combine strength with a
certain amount of flexibility. Its curved shape makes
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it very much stronger than it would be if straight, and

also converts it Into a
spring by which shocks
are broken instead of
being transmitted up-
wards to the brain. It
should also be noticed
that the backbone broad-
ens out below, which
enables it more easily to
bear the weight of the
body.

Vertebrae. — This
name (from L. verfo, 1
turn) is given to the
pieces which make up
the backbone because
they allow of a certain
amountof twisting move-
ment, especially in the
neck and loins. 33 ver-
tebrae can be recognized
in all; («) T cervical (L.
cerviz, neck) or neck ver-
tebrae; (b) 12 rib-bearing,
thoracic, or chest verte-
brae; (¢) 5 lumbar (L.
lumbus, loin) or loin ver-
tebrae; () 5 sacral ver-
tebrae, closely fused to-
gether into a broad bone,
the sacrum (L. os sacrum,
sacred bone, from sup-
posed ocecult properties),
and (¢) 4 small coccygeal
or tail vertebrae fused
nto a little eurved bone,

Atlas Vertebra &=—& i3

Axis Vertebra g ‘L‘l:‘ )
b The first seven
'j 7 Vertebrae be-

SR long to_the
;J j\ IJI;;:Z : ﬂltid m::
. o called Cervi-
el S ey calVertebrae.
i “JI#: "ﬁ:
i :ﬁ
B &y
Y T
2N ,i
£ S T | ¢
i~ 13
‘ﬂ*""‘?i The next
' twelve Verte-

Fm' [  FRroOxT brae i

known as the
Thoracic Ver-
tebrae.

[MTwelve ribs
are joined to
these on ench
gide.]

The remaining
Y& sepuarate
Yertebroe are
called Lum-
bar or Loin
Yertebrae.

Sacrum s

Fig. 7.—The Vertebral Column.

the coceyx (Gk. for cuckoo), so named from a faneiful
resemblance to a cuckoo’s beak.
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Parts of a Vertebra.—One of the thoracic may
conveniently be taken as an example (fig. 8). It is a ring
of bone, the cavity of which (/) forms part of the spinal
canal. The front of the ring is very much thickened
both from front to back and from top to bottom (a)
into the body or eentrum of the vertebra. The bodies of
successive vertebrae are placed on top of one another like
a pile of pill-boxes filled with sponge (to represent the
internal spongy bone). Their surfaces are not, however,
In contact but are separated by pads of cartilage, which
allow of a lmited amount of move-
ment and also act like ‘buffers’ in
preventing jolts. These pads are
known, from their position, as in-
tervertebral discs (L. infer, be-
tween).

The posterior part of the verte-
bral ring, the neural arch (fig. 8, b ¢
¢), bounds part of the sides and

Fig. 8.—A Thoracic Vertebra.  back of the spinal canal. From it a
number of projections or processes
arise. Some of these, the articular processes (7) lock
the arch with its neighbours—others, the transverse
processes (¢), at the sides, and the neural spine (d) at
the back, increase the surface to which museles can be
attached, and are firmly united by ligaments (cp. p. 17)
Holes, the invertebral foramina, through which the spinal
nerves run, are left between successive arches,

Differencesbetween Vertebrae.—Thedescription
just given will apply in the main to the lnmbar vertebrae
and the last five of the cervical. The two first cervieal
vertebrae are, however, modified in such a manner as to
let the head move very freely on the neek. The upper
of these two vertebrae is called the atlas (fig. 9), a name
fancifully given because it supports the rounded skull
as the giant Atlas was supposed by the ancients to
support the globe. The skull, in faet, is balanced on the
top of the atlas with so near an approach to accuracy
that very little effort is necessary to keep it held up.




BACKBONE, SPINE, OR VERTEBRAL COLUMN., 29

The balance is not, however, guife accurate. There are
two smooth cups which receive the occipital condyles
(p. 23), and form with them a hinge-joint which allows
nodding movements to be freely executed. The atlas is
more like a ring than any of the other vertebrae. By
means of a transverse
ligament the cavity of
the ring is divided nto
a large back part(spinal)
and a small front part
through which a bony
peg passes. This peg, e

the Od{}ﬂtﬂld process Fig. 9.—Top View of Atlas Vertebra.
('Gk*'ﬁdﬂus! {jdﬂ?ltﬁs, tﬂﬂthj o, b, The two smooth hollows on which the skull
cids, resemblance) pro. st i sy r g i i the
jects from the body of

the second or axis vertebra, so named because it consti-
tutes a pivot or axis on which the skull with the atlas
can turn from side to side. The peg is firmly held in
place by ligaments, some of which, the ‘check’ liga-
ments, run from it to the occipital bone. There are
smooth surfaces upon it
which play against corre-
sponding ones on the atlas,
making the movements easy.
The odontoid peg is really
a part of the atlas which
has fused with the body of
the axis. This is proved
b}f the “‘ﬂ}f 1t dE?EIDPS ﬂ'l}d Fig. 10.—Axig Vertebra, 0d, Odontoid
by comparison with certain Drocess.

other animals. It is also

worth noting that the atlas has scareely any neural spine,
as this would interfere with backward movements of the
head, while its transverse processes are very large for
the attachment of muscles which help to move the head.
For the same reason as the last the spine of the axis is
specially large. This is also the case with the spine
of the seventh cervical vertebra, from which an elastic
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ligament (ligamentum nuchae=1L. for neck ligament)
runs to the skull and assists in keeping the head erect.

This ligament is immensely developed in such animals
as the ox, where the work of keeping the head horizontal
by muscular effort alone would be too exacting. It is
called by butchers the “pax wax”.

RIBS AND STERNUM.

Together with the thoracic vertebrae these constitute
a bony cage by which the walls of the thorax are sup-
ported and protection given to the important organs
contained in this region (figs. 4 and 11).

Breastbone or Sternum (Gk. sternon, breast).—
This is a flat bone running down the middle of the
thoracic wall (fig. 11). Its upper end (o) is broadened
out to support the collar-bones, and a piece of cartilage
(¢) 1s attached to its lower end.

Ribs (fig. 11).—These are 12 pairs of long curved
bones, with sharp edges above and below, and flat sur-
faces externally and internally. Each rib is jointed on
to the backbone behind and has a costal cartilage (c)
attached to it in front. The curved form of the ribs
gives them great strength and elasticity, thus enabling
the chest to withstand without injury very hard blows
or considerable pressure. The first seven pairs of ribs
(1-7) are termed ‘true’, because their cartilages are
united directly to the sternum. These ribs increase in
length from first to seventh, so as to increase the volume
of the thorax. As a consequence of this the sternum,
as seen in side view, is directed not only downwards
but also somewhat outwards. The last five pairs of
ribs, known as ‘false’, because their cartilages do nof
unite directly with the sternum (see fig. 11), decrease in
length from above downwards. The last two pairs (f, f)
are termed ‘floating’ ribs because their front ends are
only supported by muscle. The cartilages of the first
three pairs of false ribs are connected with those of the
last pair of true ribs (see fig. 11).
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Movements of Wall of Thorax during Breath-
ing.—It is not enough that the walls of the thorax
should be firm and strong, they must a:lso be able to
move so as to alter its volume, as otherwise the passage
of air into and out of the lungs which occurs in breath-
ing would be impossible.
The ribs and sternum can
be moved in such a way
that the size of the chest
from side to side and front
to back alternately 1n-
creases and diminishes.
It must be remembered
that, in a state of rest
(fig. 11), the ribs slant
downwards and forwards
from back to front. They
are hinged upon the back-
bone, which is relatively
fixed. It is clear that if
the ribs with the sternum
are swung upwards upon
these hinges the size of
the chest must be increased
from back to front. This
actually occurs during
inspiration (L. in, 1in;
spiro, I breathe) or breath-
ing in of air, as may be 1
seen by watching another L o
person’s chest or placing 5pper yatebeue enclosed o brackets g
a hand upon one’s own  LEATOnE Tefters expiained In text,
chest. During this upward
movement the chest also increases in volume from sido
to side, as may be realized by placing a thumb on each
side of the chest and taking a deep breath, when the
thumbs will be forced outwards. This results from the
fact that during inspiration each rib rotates upwards
on an axis corresponding to the line joining its ends.
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When air is expired (L. ez, out: spiro, 1 breathe) or
breathed out, movements take place which are the oppo-
site of those just described. '

Intercostal Muscles (L. inter, hetween, costa, rib).
—The spaces between the ribs are filled up by oblique
muscle fibres to which this name has been applied.
There are two layers of these muscles, an outer, the

PO
A Fig. 12.—Model to illustrate Respi-
ratory Movements of Chest, arranged
to demonstrate action of External

Intercostals,

4 B, Relatively fixed har representing
backbone; £, 6 1, laths representing
ribs, and pivoted at &, F, 6, H; -CD,
movable rod representing sternum :
11 is an elastic band on the stretch)
representing external intercostals.
The band in shortening pulls the moy-
alble xod 2p inte position indicated
by dots, a weight w being adjusted to
prevent too great eélevation. Mo de-
monstrate action of internal inter-
costals 11 is removed, the rods are
placed in dotted position, and kept
there by a second weight at end of
i thread passing from the hook HE
over the pulley p, A second elastic
band, shorter than the distance 2’ 2,
is then attached to pegs at the points
25, ¥, By its shortening the movable
rod is pulled down. Note that 1°1'is
shorter than 11, and 2.2 than 2'2'.
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external imtercostals, in which the fibres run downwards
and forwards, and an inner, the internal intercostals,
with fibres running in the contrary direction. The two
sets of fibres consequently cross one another like the
two strokes of an X. In order to understand the action
of these fibres it must be remembered that when a
muscle contracts (p. 14) it becomes shorter and tends to
bring together the parts to which its ends are attached.
By means of a simple model devised more than a century
and a half ago, and depicted in fig. 12, it may be shown
that the external intercostals 7aise the ribs, and are
therefore inspiratory muscles, while the internal inter-
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costals pull them down, and are therefore, probably,
expiratory muscles. Expiration, however, is largely a
matter of return to the position of rest as a result of the
elasticity of the parts, aided by their weight.

SKELETON OF UPPER LIMB.

Shoulder Girdle (figs. 4, 11, 13).—This consists of
collar bone or clavicle, and shoulder blade or secapula.
The former, named from its resemblance to an antique
key (L. claviculus, a small key), is an fshaped bone
stretching horizontally from
the broad upper end of the
sternum to the scapula. It
supports the shoulder, and
as in other cases the eurved
shape gives greater strength
and elasticity, enabling it
both to stand considerable
shocks and, like a spring,
to break their force. As
the important blood-vessels
and nerves of the arm pass
under it this is a matter
of great importance. The
scapula. (L. name) is a FEI—OuELrE otihe dight Seapuln
triangular bone (fig. 13) i Ena s ks netorabn
situated at the back of
the thorax, with its shortest side directed upwards.
Powerful muscles for moving the arm are attached to
it, besides which it furnishes a shallow cup, the glenoid
cavity, to which the bone of the upper arm is articu-
lated. The outer end of the clavicle is connected
with an arched process of the scapula known as the
acromion (Gk. alkrim, top; amds, ﬂ{mulder) because 1t
forms the top of the shoulder. It is the free end of a
prominent ridge or ‘spine’ which runs across the
scapula, and it protects the shoulder joint besides pre-
venting dislocation in an upward direction.

(M26) c

.  Guresomn
w0 Caviry
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Free Limb (figs. 14-16).—The humerus (L. fiumerus,
shoulder) or upper arm bone (fig. 14) consists, like all
long bones, of a shaft and two enlarged arficulor ends
which help to form joints. It is also convenient in a
case like this to call the end nearer the body prozimal
(L. prozime next) and the other end distal (L. distans,
distant). The proximal
end of the humerus is
mainly constituted by a
large rounded surface
known as the head,
which articulates with
the glenoid cavity to
form a ball-and-socket
joint. The head is
much larger than the
cavity and this enables
very extensive move-
ments to be executed,
but at the same time
makes the shoulder
joint easy to put out,
Note also that the head
is set on obliguely so as
to facilitate a rotatory e
movement INwards,  pig. 15.—Bones of
which is specially useful T
Fig.—Humeris  ip the case of the arm. headi: v, min,

I heads & seapula;  The distal end of the Jecnonol

humerus presents a *
smooth pulley-shaped surface for articulation with the
radius and ulna.

Radius and Ulna (fig. 15).—These bones respec-
tively support the thumb-side and little-finger-side of
the forearm. The radius (L. for spoke of a wheel) has
a small proximal end (‘head’) upon which is a shallow
cup for articulation with part of the pulley-shaped end
of the humerus. The distal end of the radius broadens
out to form a support for the greater part of the hand.
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The ulna, as its name implies (Gk. dléné, elbow), plays
an important part in the formation of the elbow, its
large proximal end articulating by means of a deep
smooth cavity with the greater part of the pulley-like
surface presented by the humerus. Behind this cavity
the ulna is produced into a large process, the olecranon
(Gk. oléné, elbow ; krands, helmet), which constitutes the
sharp point of the bent elbow. It gives attachment to
an important muscle by which
the arm is straightened, pro-
tects the elbow-joint, and pre-
vents the forearm from being
bent back too far. The com-
paratively small distal end
(“head’) of the ulna helps to
support the wrist.

Supination and Prona-
tion.—A very perfect hinge-
joint is formed by the union
of the humerus and ulna, but
the head of the radius is so
constructed as to allow of a
certain amount of twisting i
movement. Keep the upper  Fig.16—Bones of the Hand, from
arm still and turn the pa]m A dotted h’nn]undingrtoal shows the
upwards (supine position) as  Eosition of one carpal bonewhich
in the right arm of fig. 4. The
radius and ulna are now parallel and the thumb is outside.
Now turn the back of the hand upwards (prone position)
like the left arm in fig. 4. By this movement the radius,
carrying the hand with it, will have been twisted over
the ulna, bringing the thumb to the inner side. During
the twisting a smooth surface running round the head
of the radius plays in a smooth hollow on the inner side
of the ulna.

. The wrist (fig. 16, 1-8) is supported by & small
irregular carpal bones, collectively termed the carpus
(Gk. karpos, wrist), which are articulated together so as
to combine strength with great flexibility. The presence
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of so many bones is also of importance in preventing
jarring from the shocks to which the hand is especially
Liable.

The 5 slender metacarpal bones (fig. 16, mi) collec-
tively called the metacarpus (Gk. méta, next ; barpis), which
support the undivided part of the hand are, like other
long bones, made up of central shafts and swollen articu-
lar ends which enter into joints. The first metacarpal,
which is the one supporting the thumb, articulates with
a saddle-shaped surface
on one of the carpal
bones. This allows of
very great freedom of
movement, so that the
thumb can he opposed
to the other digits, thus
~ enabling a number of
* useful movements to be
executed, which would
otherwise be difficult or
impossible.  This may

Fig. 17.—The Pelvic Bones. }JE rEﬂliZﬂd h}, Elt;tem]]t-
L i T iy i tig piel upiai pin wath
the fingers of one hand.

The digits are completed by small bones, phalanges
(fig. 16, p), similar to but shorter than the metacarpals.
There are two phalanges for the thumb and three for
cach of the fingers. The end phalanges are the smallest
and their free extremities are thick and rough so as to
better support the tips of the digits. Owing to the
inequality in length of thumb and fingers their tips can
all be easily brought together in a way which is of use
for innumerable purposes.

Mg, g,

SKELETON OF LOWER LIMB.

Hip Girdle.—This is constituted on each side by a
large irregular bone, the os innominatum (L. for un-
named bone) closely united with its fellow and with the
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sacrum to form an arch-like structure, the pelvis, so
named from its resemblance to a basin (L. pelvis, basin).
The sacrum is the keystone of this arch, which supports
the weight of the trunk, and transmits it to the thigh-

hones. On the outer side of
| i
'-'."' ]'lrl }“'mfll!'r;}“.l' {

each inmominate bone there
is a deep cavity, the aceta-
bulum (L. for vinegar cup),
with which the thigh-bone axr-
ticulates. Important organs
are contained in the cavity
of the pelvis, and are thus to
a large extent protected.

Fig. 18.—Leg Bones.

F, Femur; H, head ; Lg, ligament; R. L., round ligamaent: O. i i i
i » Lig, ligamen . L., araent; 0. 1., 3
P, patella; Th, t,1l_-i;|; lI.lfwzul; F'b, fibula; H’; I;cnncf. LA

Free Limb (figs. 18-20).—The thigh-]
: . . 20). gh-bone or femur
(L. for thigh), is the longest and strongest in the body.
It corresponds to the humerus, and like it consists (fig. 18)
of a proximal end provided with a rounded head, a



38 ELEMENTARY PHYSIOLOGY,

shaft, and a pulley-like distal end. The smooth globular
- head is not placed in a line with the shaft but on the
end of an oblique ‘neck’. The result of this arrange-
ment 1s to keep the legs wider apart, thus making it
easier to balance the body—to form an arch bv which
the weight of the body is transmitted to the legs—and
to afford more advantageous attachments for muscles.
_ Hip-joint.—In comparing this with the shoulder
joint the first noteworthy point is the depth of the cup-
like acetabulum, as compared with
the shallow glenoid cavity. In
fact the head of the femur fits so
accurately into its socket that at-
mospheric pressure alone is suffi-
clent to keep it in place and to
support the weight of the leg. The
joint 1s also kept firm by ligaments,
one of which, the round ligament
(igamentum teres) runs from the
head of the femur to the aceta-
bulum (fig. 18). The result of the
arrangements described is to some-
what limit the freedom of move-
ment at the hip as compared with
the shoulder, while at the same
time there is greater firmness and
far less likelihood of diclocation.
Tibia and Fibula (fig. 18).
The tibia is much the larger of
these two bones. Its proximal end
is a broad head which articulates with the femur, while
its rather narrower distal end plays an important part
in the formation of the ankle-joint. The slender fibula
presents a small head above, which does not, however,
help to form the knee-joint. Its lower end 1s somewhat
broader and enters into the ankle-joint.
Knee-joint and Patella.—The knee, like the elbow,
is a hinge-joint, which, however, is here protected in
front by a special bone, the knee-pan or patella (fig. 18),

Fig. 19.—DBones of the Foot.
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which also gives a better leverage to the muscles which
straighten the leg.

The bones of the ankle or tarsus (Gk. farsis, ankle)
are seven in number (fig. 19, 1-7). They are much
stronger and more massive than the wrist-bones, as they
have to support the weight of the body, but, as in the
case of the wrist, flexibility and power of breaking
shocks result from the presence of a number of bones
jointed together. The two
largest of these bones are the 1
huckle-bone or astragalus ]
(Gk. astragalds, ankle-bone)
which has a pulley-like sur g
face above for articulation A - .
with the leg-bones
(fig. 19,

ey

Fig. 20.—Bones of the Foot, from the side.

A, Tibia; B, astragalus; ¢, os caleis; p and k, other tarsal bones; ¥, metatarsal bone of
great toe; ¢ and b, phalanges of great toe.

and the heel-bone or calcaneum (L. calz, caleis, heel), which
projects backwards to form the heel (fig. 19, 1; fig. 20, ¢).

The metatarsals (fig. 19, m) and phalanges (fig. 19, p),
which constitute the framework of the toes, are the
same in number as the corresponding bones of the
fingers (p. 35), but the proportions are very different.
The great toe is relatively very large (figs. 19 and 20),
and cannot be opposed to the other digits, while the
phalanges are comparatively short.

Arches of the Foot.—As may be seen from fig. 20
the tarsus and metatarsus together are arranged as a
flexible arch from before backwards, and a similar arch
from side to side is formed by the tarsal bones. This
flexible double arch combines great strength with a
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large amount of springiness. It is worth noting that

the parts of the foot which touch the ground are the

heel, outer side, and toes. The great toe, in particular,

E&{S;l a great deal to do with supporting the weight of the
ody.

JOINTS.

The connections between the hones and cartilages of
which the skeleton mainly consists are known as joints
or articulations (L. arficulus, joint), and they are roughly
divisible into imperfect and perfect.

Imperfect Joints allow of no movement at all, as in

the case of the union by suture of the skull bones—or
else of limited movement, like that permitted between
Perfect Joints are all distinguished by the fact that
they present smooth cartilage-covered surfaces playing
against one another.

The passage of the

///}%%) one another is ren-
7 dered still freer by
the presence of a

Fig. 21.—Diagrammatic Section througha synovial (Gk. sun,

T Gothod I the Bz ), and they ans pallod apare so nets brame, which covers
fhoy o syhoial nemprue naleh s adloued e them and produces
a small amount of

though not of an oily nature. The membrane forms a
sort of bag placed between the opposed surfaces (fig. 21),
but under ordinary circumstances the cavity of the bag
is reduced to almost nothing. As in the case of some
strong connective tissue, bands, or ligaments of very
varying shape. Perfect joints are of various kinds,
according to the kind of movement allowed by the shape
of the articular surfaces. The most important are the

the vertebrae (p. 28).
smooth surfaces over
Synovial Joint. with, ao, egg) nmen-
lubricating synovial fluid, popularly termed *joint oil’,
imperfect joints the parts are connected together by
following. (1) Hinge-joints, such as those at the elbow,
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knee, and ankle, where pulley-shaped surfaces work in
corresponding hollows and allow of alternate bending
(flexion) and straightening (extension). Another exam-
ple is the joint between the occipital bone and atlas. A
variety of this kind of union is found in.the double hinge
joint, where two saddle-shaped surfaces play against
one another, as is the case with the metacarpal of the
thumb and its corresponding carpal bone; (2) Ball-and-
socket joints, like those of the shoulder and hip, allow
of movement in all directions, a rounded surface fitting
into a cup; (3) Pivot joints permit of rotation, as best
seen in the joint between atlas and axis, where the
odontoid process of the latter constitutes the pivot.
There is also a pivot joint at the elbow, between humerus
and radius, in virtue of which the forearm can be brought
into the position of pronation (p. 35).

BONES AS LEVERS. MUSCLES AND MUSCULAR
MOVEMENTS.

A general idea of the nature of muscles has already
been given (p. 14), as well as an example of their action
(p- 32) in bringing about movement. A few further
details may now be entered upon. The different move-
ments of the limbs, for instance, are brought about by
the action of very numerous muscles varying in size and
shape, and attached to the bones. In all cases the con-
traction of any special muscle means that the two bones
to which it is attached are brought closer together, the
exact nature of the movement depending on the kind of
joint between the bones. Some 240 distinct muscles
exist in the human body, and of these 126 belong to
the head, neck, and trunk, 112 to the limbs.

Biceps Muscle (fig. 22).—This may be taken as
an example of a limb muscle. It is a spindle-shaped

iece of flesh readily felt in the front of the upper arm.
ts use 1s to flex or bend the arm by its contraction,
and the shortening with corresponding thickening which
takes place during this process may readily be noted in
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the position indicated when the forearm is bent up.
The muscle is covered by a firm sheath of connective
tissue, and when this is dissected away it can be divided
into a number of smaller parts running longitudinall

-~ and also invested by connective tissuc. Each of these
parts again is a bundle or fasciculus
(L. for small bundle) of minute cylin-
drical threads termed muscle fibres, the
presence of which gives a kind of
‘grain’ to the flesh. Connective tissue
penetrates into the muscle bundles, and
in the supporting framework constituted
by this tissue within and between the
bundles blood-vessels and nerves branch.
il As will be seen from fig. 22 the central
A thick part (belly) of the biceps is divided
| into two longitudinally, each half taper-
ing above into a strong fibrous cord of
bluish-white colour, known as a tendon
and attached to the scapula. The
biceps tapers below into a third tendon
which is fixed to the upper end of the
radius. Tendons somewhat resemble
ligaments, being, like them, made of
dense fibrous connective tissue. Their
use is to enable a large number of
muscles to be attached to a compara-
tively small surface of bone, an arrange-
ment which favours compactness and
enables a muscle with a long slender

Fig. 22.—Biceps Muscle : :
of the Arm. tendon to act from a considerable dis-

nw', Belly; 00', origin;  tanee.  The hand, for example, would

I, insertion.

be a large and clumsy structure if
all the muscles which move it were attached directly to
its bones. As it is many of these are situated in the
forearm and only their slender tendons are found in the
hand itself, where they may readily be felt as firm
cords (fig. 23). _
In a muscle such as the biceps the end attached to the
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relatively fixed part is the origin (double in this case),
while the other end attached to the relatively movable
part is the insertion. T

Bones as Levers.—A lever (L. levo, I raise) is

Fig. 28.—Muscles and Tendons of the Hand.

defined in mechanics as a rigid bar (not necessarily rod-
shaped) moving about a relatively fixed point. This
last is termed the fulerum (¥), while the power (p),
which brings about the

movement is applied at an- ;- ry ﬁ

other point, and the weight
(W) or resistance to be
overcome 1is situated at a
third. Three classes of levers
are distinguished according
to the relative position of fulerum, power, and weight.
These are:——

(1) First Class (fig. 24). Fulerum in the middle (PFW).

(2) Second Class (fig. 25). Weight in the middle (PWF).

W

Fig. 24.—Lever of First
Class.
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(3) Third Class (fig. 26). Power in the middle (rrw).
It is important to remember that a lever may be
curved and of irregular

shape.

./:-
y
i
“r
{

-

F»

ﬁ g
w
Fig. 25.—Lever of SBecond Class.

w
Fig. 26.—Lever of Third Class.

Examples of Levers.

(1) First Class. (a)

Fig. 27.—Insertion of Calf-muscle.

A poker as commonly used, ¥
being where it rests on the bar
of the grate; (b) The skull as
balanced on top of the back-
bone. P=muscles attached to
back of head, F at occipital con-
dyles, w = weightof head; (¢) The
pelvis as balanced on the thigh-
bones and prevented from falling :
forwards. P = muscles attucheg
to back part of pelvis, F at
acetabula, W =weight of body;:
(d) The foot, when in sitting:
posture one leg is thrown over:
the other and toes tapped once:
on ground. P=calf-muscle n--
serted into heel-bone (figs. 27
and 28) by tendon of Achilles.
F at anklejoint. W =weight of!
foot.

(2) Second Class. (¢) A
wheelbarrow supported by the

handles. P = force applied at handles, W = weight off
barrow and its contents, F at place where wheel rests:
on ground. (b) The foot as used when body is supported!
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on toes (fig. 28). P =calf-muscle applied to heel bone,
w = weight of body, F at tips of toes.
(3) Third Class. («) The forearm when
being bent (fig. 29) at elbow joint,
P = biceps muscle, W = weight of forearm
and anything there may happen to be
in the hand. () The foot used for press-
ing down the pedal of a piano, the heel
resting on the ground. ¥ at heel, P=
weight of leg acting in the middle of
. foot and pushing it down, W = force over-
- come by the toes in lowering the pedal.
Levers of the first class are sometimes
called levers of stability, because they
help to keep the body and its parts in
a steady position, while those of the
second class are levers of power, hecause
they are best adapted for doing heavy
work, and those of the third class, levers
of rapidity, because a comparatively
quick movement is brought about by a
small muscular contraction. It must
be remembered, on
the other hand,
that rapidity of
movementis gained
by the expenditure
of a relatively large
amount of force.

Fig. 29,

Flexor and Extensor Muscles.— Those muscles
which bend or flex a limb or part of a limb are con-
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veniently termed flexors, while those which straighten or
extend such parts are known as extensors.

Upright Position of Body.—The vertical position
of the body is only maintained at the expense of con-
siderable muscular effort. Putting it broadly, there are
numerous museles situated in the front of the neck,
trunk, and legs, which tend to pull the body forwards,
and others placed at the back which tend to pull the
body backwards. These two sets of muscles counteract
one another and prevent the body from falling either
forwards or backwards. In rather greater detail the
facts may be stated as follows:—

Muscles tending to pull Muscles tending to pull
body forwards. body backwards.
(M =muscles.)

M. of front of neck.......

Flat m. forming wall of ; opposed by
ABAOTHeN. ... i s v

Extensor m. on front of Haunch m. and flexor m.
CpEEE. b e vy £ opposed by :3 on back of thigh.

Extensor m. on front of \
lower dew... . it (

Voluntary and Involuntary Muscles.—All the
muscles so far deseribed, i.e. those which constitute the
‘flesh’, are called voluntary, because they are under
the direct control of the will. They are also known as
red muscle, from their colour, which is due to plentiful
blood supply. Another kind of muscle, however, exists
in the body, to which the terms involuntary and white
are applied. It makes up a large part of the walls of
the internal organs, is pale in colour, and not under the
control of the will.

Tonic Condition of the Muscles.—Under ordin-
ary circumstances the muscles of the body is in a half-
contracted or tonic condition, as a result of nervous
action. There is, therefore, a possibility of more vigor-
ous contraction on the one hand, as when a muscle is
used to bring about movement, or less vigorous contrac-
tion in the other, as when a person falls down as a result
of a blow on the head.

ﬁ M. running down back of
vertebral column.

opposed by | Flexor m. of calf.
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Connective Tissue. This is a convenient place
to give a few further details about this tissue which has
already been frequently mentioned. A rough distinetion
is drawn between white and yellow connective tissue.
(1) White connective tissue is tough and inelastie, and
1s seen 1n its purest form in tendons and most ligaments.
Other examples are periosteum (p. 17), and perichon-
drium (p. 20), and the firm sheaths which invest muscles
(p- 42). It yields gelatin on boiling or treatment with
weak acid. (2) Yellow connective tissue is best exem-
plified by the ligamentum nuchae (p. 30), and differs
markedly from the white in its great elasticity and the
fact that it is unaffected by boiling or by the action of
weak acid.,

Cartilage and bone are closely allied to connective
tissue, and fat may be regarded as a modified form of it.

CHAPTER III.
FOOD. DIGESTIVE ORGANS.

. A preliminary notion of the subjects forming the head-
ing of this chapter has already been given (p. 14), and
further information upon them will now be given.

Composition of Food.—Food is the material from
which the ever-wasting body is as constantly repaired
and additions made during growth derived. In repair-
Ing a steam engine the same materials are employed as
t}mse used in its original construction, i.e. steel, brass,
&c. The human body is, in a sense, a growing, self-
repairing machine, and it is necessary to know what it is
made of in order to understand the nature of the food
used for repairs and growth.

Ultimate Composition of Body.—By means of
dissection the hody can be divided into tissues (o 1)
and a further analysis can be made by the chemist and
15 made in nature during the processes of decay. " But
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at this stage a few elementary chemical considerations
become necessary.

Elements and Compounds.—Air, water, the solid
fru,mewm-kl of the globe, and the hodies of organisms, are
resolvable into some seventy kinds of material which are
termed elements, since no means are at present known
of breaking them up into simpler substances. Six of
these elements are of primary importance as regards the
composition of the human body. They are:—oxygen
(O), nitrogen (N), hydrogen (H), ecarbon (C), sulphur (S),
and phosphorus (P), of which the first three are gases
and the last three solids under ordinary conditions. The
letters i parentheses are the abbreviations or ‘symbols’
used to express these elements. :

A compound is a substance formed by the intimate
union of two or more elements in definite proportions,
and differing in properties from its components. Water,
for instance, is composed of 8 parts of oxygen and 1 part
of hydrogen, by weight, or 1 and 2 parts respectively, by
volume. It differs obviously from its components, he-
ing a liquid under ordinary conditions when the tem-
perature is between 32° F. and 212° F., while both
oxygen and hydrogen are gases under the same condi-
tions. Some of the chemical differences will appear later.
Again, carbon dioxide, commonly called carbenic acid
gas, and familiarly known as causing the effervescence
of soda-water or ginger-beer, consists of 12 parts by
weight of carbon plus 32 of oxygen. Carbon includes
the solid substances known as diamond, charcoal, and
graphite (black-lead).

Atomic Theory.-——Chemical facts are most simply
explained by supposing the various elements to be ulti-
mately composed of excessively minute particles termed
atoms, which have different weights in ditferent elements.
The atoms of the lightest known element, the gas hydro-
gen, are taken as the standard of comparison, and hydro-
gen is said to have the atomic weight 1. When, there-
fore, the atomic weight of oxygen is stated to be 16, 1t 1s
meant that an atom of oxygen is sixteen times as heavy
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as a hydrogen atom, and similarly for the other elements.
The above furnishes an explanation of the fact mentioned
above that a compound is made up of two or more ele-
ments united in definite proportions. '

Molecules.—The smallest amount of a compound
that can exist as such is termed a molecule (L. molecula,
a small mass). This consists of atoms of the constituent
elements, and if by any means these atoms are separated
trom one another the molecule is said to be decomposed.
Under ordinary eircumstances an element, too, is supposed
to be made of molecules, but in this case the atoms con-
stituting the molecule are all of the same kind.

Chemical Formula.—The method of expressing a
compound by an abbreviated expression, or chemical
formula, will now be readily understood. Thus H,O
stands for water, and means that every molecule of that
substance consists of two atoms of hydrogen united to
one of oxygen. It is unnecessary to write the 1. It
also expresses the fact that water is composed of (a) 2
volumes of hydrogen gas+1 volume of oxygen gas, (b)
2 parts by weight of hydrogen+ 16 parts by weight of
oxygen. Similarly CO, = carbon dioxide, in which every
molecule consists of one carbon atem + two oxygen atoms.
The properties of the chief elements making up the human
body may now be instructively considered.

Acids and Alkalies.!—The former name is given to
certain hydrogen compounds which in many cases redden
blue litmus paper, and which commonly have a sour taste.
Alkalies, on the other hand, turn red litmus blue, and
possess a soapy taste. Litmus is a vegetable colouring
matter.

Oxyge_n.—A fomic weight, 16. This element, which,
under ordinary circumstances, is a gas, is more abundant
than any other. Mixed with other gases 1t makes up
about one-fifth the volume of the air, and it is combined
with hydrogen to form water, of which it constitutes
eight-ninths by weight. About 46 per cent, by weight,

! These definitions are very incomplete, but may answer the present pur-
pose. For further details chemical text-books can be consulted.

(M 26) D
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of the solid part of the earth is made up of it, and some-
thing like two-thirds by weight of the human body.
Preparation.—Certain compounds of which oxygen is a
constituent can be decomposed by heat, the oxygen being
driven off. One of these compounds is the red oxide of
mercury, HgO, Hg being the symbol for mercury or
quicksilver abbreviated from its Latin name lydrargyrum.
From this oxide oxygen was
first prepared, but the com-
pound commonly used in
the laboratory is chlorate of

[ 1

Fig. 30.—Apparatus for Preparing and Collecting l'}xﬂ_:en from Chlorate of Potash,
as it is generally done in the Laboratory,

potash, which gives off the gas in abundance when heated.
The addition of a small quantity of black oxide of man-
gamese enables the action to take place at a lower tem-
perature. The apparatus employed is represented in fig.
30. The chlorate of potash is placed in a glass flask, the
mouth of which is closed by a perforated cork. One end
of a suitably curved glass tube is fixed into the hole in
the cork, while the other end dips into a vessel of water,
in which a glass jar, previously filled with water, has been
inverted. The flask is now heated by means of a Bunsen
gas burner or spirit lamp, and oxygen soon begins to come
off in a rapid stream of bubbles from the submerged
end of the tube. After allowing a short time to elapse,
so that the air in the flask and tube may have time to
escape, the bubbles may be allowed to ascend into the jar.
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When this is full its mouth is closed by a greased glass
plate, after which it is removed and placed right way up
on the table. Several jars so collected will serve for
studying the properties of oxygen. That it is colourless
and odourless can easily be observed, while a glowing
splinter of wood or dip candle with a glowing wick 1s
rekindled if introduced into the jar, and goes on burning
with greatly increased brightness. Oxygen is therefore
a vigorous supporter of combustion, which fact may fur-
ther be demonstrated by burning in it (¢) fragment
of charcoal, (0) a small quantity
of flowers of sulphur placed in a
small iron spoon. In the last two
experiments the oxygen unites
with the carbon to form carbon
dioxide, and with the sulphur to
form sulphur diozide, a gas posses-
sing a peculiarly piercing smell.
The oxygen is said to oxidize!
the carbon and sulphur, the pro-
cess being one of oxidation,' or :
union of oxygen with some other Fig. 31.Preparation of
substance. i

One of the main objects of breathing is te take oxygen
from the air into the body (p. 16).

Nitrogen.—dtomic weight, 14. This element, like
oxygen, 18 a gas under ordinary circumstances. It con-
stitutes about four-fifths by volume of the air, and is a
very important component of the human body. Prepara-
tin.—The simplest method is to get rid of the oxygen in
a small quantity of air by burning phosphorus in it. A
small fragment of this substance is placed on a small tin
saucer floating in a vessel of water (fig. 31), covered by a
stoppered bell jar, and ignited with a red hot wire pushed
in at the top of the jar, from which the stopper is momen-
tarily removed. The burning phosphorus gives off dense
white fumes of a compound (p%msphorus pentoxide) formed

1 The meaning of these terms has been somewhat i i
1 at extended by chemists, hut
this does not concern the student of elementary physiology. ; ’
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by union of the oxygen with it. These dissolve in the
water, and the nitrogen of the air is left behind in the
Jar. At the end of the experiment the water will have
risen so as to fill about one-fifth of the jar, thus proving
that the removed oxygen made up that proportion of the
air.  Nitrogen thus obtained is easily observed to be a
colourless, odourless gas, which does 7ot support combus-
tion, and does not itself burn.
$) Hydrogen.— Atomic weight, 1.
Like the preceding elements this,
too, 1s a gas under ordinary con-
ditions. It makes up one-eighth
by weight of water, or two-thirds

I.1[|
II|

|
[

[

[l
|

%l,g/
“
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I o — [ —|

Fig. 32. —Apparatus for Preparing and Collecting Hydrogen.

by volume. Preparation.—Water ean be decomposed into
1ts constituent elements, oxygen and hydrogen, by means
of an eleetric eurrent, but the most eonvenient method of
preparing hydrogen is by allowing zine to act upon dilute
sulphurie acid (oil of vitriol). The apparatus employed is
shown in fig. 32.  On the left is a bottle in which some
fragments of zine are placed and which is closed by a
doubly-perforated tightly-fitting eork. One hole of this is
provided with a long tube, ending above in a small funnel,
through which dilute sulphuric acid is poured, while from
the other hole a eurved delivery tube runs to the gas-col-
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lecting arrangement shown on the right. When sulphuric
acid 1s poured into the zine a brisk effervescence ensues,
due to decomposition of the acid with escape of its hydro-
gen. Care must be taken to let all the air escape before the
gas is collected, as a mixture of hydrogen and air is highly
explosive. The collected gas i1s quickly proved to be
colourless and odourless, and its properties must next he
tested as regards combustion. A lighted candle-end sup-
ported on a bent wire and raised into a jar of hydrogen
held upside down at once goes out, but the hydrogen
itself takes fire and burns with a pale bluish flame at the
mouth of the jar. If a tube drawn out into a fine point
is substituted for the delivery tube a burning jet of
hydrogen will be obtained on applying a match. The
mmside of a small beaker held over the jet will quickly
be dimmed with moisture, the hydrogen having been
oxidized into water by the oxygen of the air. Great
care must be taken to let all the air escape before per-
forming this experiment. This will not have taken
place till the gas collected in a small test-tube inverted
over the unlit jet burns quietly. Hydrogen, therefore,
like nitrogen, does nof support the combustion of a candle,
but, unlike nitrogen, can be set on fire. The film of
moisture seen on the inner side of the glass of a just lit
lamp results from union of the hydrogen of the oil with
the oxygen of the air to form water.

Carbon.—Afomic weight, 12. This is a solid element
existing in the three forms of charcoal, graphite (black-
lead), and diamond. It is a very characteristic component
of plants and animals, and is known in such an immense
number of compounds that the study of these constitutes
a distinet branch, organic chemistry, so named because
these compounds were first known as resulting from the
life of organisms.

Sulphur (Brimstone).—dfomic weight, 32. This
element is familiarly known as a yellow solid, which
burns with a pale blue flame, being oxidized into sul-
phur dioxide during the process (p. 51).

Phosphorus.— 4fomic weight, 31. The commonest
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form of this element is a pale wax-like solid, exceedingly
inflammable, for which reason it is usually kept under
water and must not he handled with the fingers.

Certain other elements of importance in the human
body will be mentioned later on.

Chemical Classification of Food-stuffs.—It is
a matter of common knowledge that the food does not
consist of elements. The necessary carbon, for example,
could not be obtained from a meal of charcoal. In fact
the food is made up for the most part of very complex
organic compounds, obtained by herbivorous animals
from plants, by carnivorous forms from animals, and by
omnivorous forms, like ourselves, from both sources.
The animal kingdom is ultimately dependent upon green
plants, which are able to build up their complex bodies
out of simple inorganic compounds.

It is convenient to divide foods into

FOODS.

-

I. NITROGENOUS. 1I. NON-NITROGENOUS,

Proteids or Albuminoids,

consisting of the elements

N,C,H,O,S, and some-
times P.

[ I I '
(1) Carbohydrates. (2) Fats. (3) Mineral Salts. (4) ?gr,

consisting of the elements

¢,0, H.

Nitrogenous Foods.—Theseembrace alarge number
of exceedingly complex substances known as proteids (Gk.
wats, first ; eidos, shape), or albuminoids, using the terms
in their broadest sense. They make up the greater
part of lean meat, eggs, and cheese. A proteid com-
pound is called complex because each molecule contains
a very large number of atoms, and so little is known
about these bodies that their chemical formule are
matters of speculation, and hence their properties cannot
be predicted by the chemist. The percentage compost-
tion is fairly well known, and has been calculated at
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i H. N. 0, )
515 @0 152 208 0

to 54°5 73 170 28:5 £

3
0

and some of them contain a small quantity of phosphorus
as an essential constituent.

The following are examples of proteids, the substances
containing them being named:—myosin and syntonin,
lean meat; albumin, white of egg; cusein, cheese; fibrin,
in clotted blood; gelatin, obtained by boiling connective
tissue and bones; gluten, the sticky substance left be-
hind when flour is kneaded in a fine muslin bag under a
tap; lequmin, in peas, beans, and lentils.

Carbohydrates.—These are composed of carbon,
hydrogen, and oxygen, the last two being in the same
proportion as in water (H,0). Starch, sugar, and gum
are examples.

Fats.—These also consist of carbon, hydrogen, and
oxygen, but they contain a larger proportion of hydrogen
than the last kind of food. All fatty and oily substances
are included here.

Mineral Salts.—The bones and teeth owe their
hardness to mineral matter, chiefly consisting of ‘bone
earth’ or phosphate of lime, and partly of carbonate
of lime. The former is a compound made up of phos-
phorus, oxygen, and a metallic element, ealeium (Ca),
while the latter, of which chalk is a form, contains cal-
cium, carbon, and oxygen. These compounds of lime
are necessary food constituents.

Another indispensable compound is common salt,
sodium chloride (NaCl), each molecule of which con-
tains one atom of a metallic element, sodinm (Na from
L. natriwum), and one of a gaseous element, chlorine (Cl).

Compounds of iron are also necessary.

When a body is cremated the ‘ash’ left behind con-
sists of the mineral salts.

Water (H,0).—This makes up the greater part of
the body, and is consequently a necessary food com-
pound.

Percentage Composition of the Body.— The
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six classes of compounds just described enter into the
composition of the body in the following proportions:—

Proteids Carbohydrates Fats Mineral Salts Water
Fos

Per cent, 180 0-1 154 bh 61-0
/ Parts of Digestive Or-

M oo gans and their Arrange-

- \ p ment.— Reference should be

| made to what has been said

| on page 15. The alimen-
| tary canal or food-tube is

li represented diagrammatically
' Hils in fig. 33, from which it will
| be seen that it is by no means

i of uniform ecalibre, and to
. this may be added that its
walls are not of uniform
thickness. The stomach and
intestines do mot lie loose
in the abdominal cavity, but
are fixed to its posterior wall
by folds, known as the
mesentery (Gk. m/sis, middle:
entéron, bowel), of a moist,
shining membrane.  The
cavity is lined by a similar
membrane, the peritoneum
(Gk. peéri, around; feind, 1
streteh) with which the
mesentery is continuous, and
of which it may be regarded
as a part. The whole of the
alimentary canal is lined by
a sort of soft skin, the mueous
membrane, which is of a red-
dish colour, richly provided
with blood-vessels, and, ex-
Fig. 33—Alimentary Conl, including cept that belonging to the

tomach (St), smail (D to I) and large ver EE!ISiTiT’E.
e trmes. mouth, not very
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The junction between skin and mucous membrane is
seen at the lips. ‘

Nature of Digestion.—The food is broken .dc-wn
mechanically in the alimentary canal and also subjected

#

there to the chemical action of several digestive juices.
As aresult of this the mutritious part of the food 1s
‘digested ’, d.e. either
dissolved or brought
into a finely divided
condition. The innu-
tritious and undigested
remains of the food
pass out of the body as
the faeces, which for the
most part do not result
from the waste of the
body itself.

Mouth (fig. 34).—
The fleshy lips which
bound the mouth open-
ing constitute the front
wall of the mouth. The
roof of the mouth is
known as the palate,
and its front part (),
supported by the maxil-

Fig. Bdr.:-{:"-_ec;timh Ell’ﬁll‘i;'irﬁ;'_'.\fi:lulth ﬂgd Nasal
IELFV and 1}&1&1;111{-: b{]llES, BN ey

18 "t,he hard pala,tg he- t Tongue; ph, pharynx; ep, epiglottis; g, gullet;
]

w, windpipe. For other references gee text.

hind which is the fleshy
soft palate (/). This is continued backwards and down-
wards as the posterior boundary of the mouth, and 1t
ends below in a small rounded projection, the uvula (u),
easily seen on looking into the widely-opened mouth.
The limits of the hard palate are marked out by a pro
jecting ridge, the upper gum, in which the upper teeth
are imbedded. The roof of the mouth is at the same
time the floor of the nasal cavities (n). The side walls
of the mouth are the muscular cheeks, while the tongue
(f) rises up from 1its floor, the outer margin of which is
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marked by the lower gum, in which the lower teeth are
imbedded. The tongue is almost entirely composed of
voluntary muscle.

Teeth. —These are the hardest structures in the
body, and consist chiefly of phosphate of lime. The
first teeth, present in the child, are 20 in number and

make wup the
i TR milk dentition.
yih ,:‘.ruﬂ | The second or

_ . i permanent denti-
(& el tion (fig. 35) con-
K sists of 32 teeth.
There are three
sorts of milk
teeth: (o) inei-
sors or cutting
teeth, placed in

- front, (/) canines,
Fig. 85.—8ide View of Jaw with Permanent Teeth. Bone g1 (¢) gl‘ind-

cub away to show their roots. 2 z
ing teeth, milk
molars. The relative number may conveniently be

expressed by a dental formula as follows:—

2 d=24

= e T

s
N R

20

[

where i=1incisor, ¢=canine, and m.m.=milk molar. In
each fraction the numerator gives the upper and the
denominator the lower teeth, while the dashes stand
between the teeth of opposite sides.

Permanent Teeth (figs. 30 and 36).—The milk
incisors and canines are succeeded by the same number
of permanent incisors and canines, the milk molars by the
same number of permanent teeth termed in this case
bicuspids or premolars. Behind these last come three
permanent molars on each side above and below. These
have no predecessors in the milk dentition. The dental

formula 1s

S

[ 4]
o]
(W ]

] c+ p— = 3 j]n.'”l- = § T}‘!-- —_—

1- 2 -

3

e 92— o
1 §=

[
{ )
B2
Ca
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where p.m. = premolar and m. = molar. The four hinder-
most molars are the ‘wisdom’ teeth, and it is only 1n

some cases that they are all cut.

Fig. 36.—Kinds of Teeth. This figure shows the eight teeth in one half of a jaw.

Structure of Teeth (fig. 37).—The projecting part
of a tooth is the erown (chisel-edged in incisors, pointed

in canines, and with a grinding
surface in the other kinds), while
the rest of it is made up of one
or more tapering fangs imbedded
in the jaw. Inecisors, canines,
and premolars possess a single
fang, molars, two or three. The
slightly-narrowed junction be-
tween crown and fang is called
the neck.

A magnified section through
a molar tooth is represented in
fig. 37, which shows the central
pulp cavity present within the
crown and continued into the
fangs. The ‘pulp’, which occu-
ples the cavity, consists of a
tramework of connective tissue
traversed by blood-vessels and
nerves, which enter it by means

Fig. 87.—Section of a Tooth.

Cr., Crown; N, neck; FF, fangs;
B, Lf:luljgn cavity; E, enamel;
D, dentine; Cm., cement.

of a small hole situated at the tip of each fang (not seen

in figure).

The greater part of the tooth is made up of dentine
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(L. dens, tooth) or ivory, covered by an extremely hard
substance—enamel—in the crown, and by a layer of
bone in the fangs. This last is termed cement. Enamel
contains 964 per cent, and dentine 72 per cent of mineral
salts, the rest consisting of animal matter.

- Pharynx (fig. 34, ph).—This name (Gk. for throat)
1s given to the second section of the alimentary canal,
into which the mouth opens behind. It is a tube of
about 4} inches long, which lies immediately in front
of the upper cervical vertebrae, and may be considered
as the dilated upper end of the gullet. There are seven
openings communicating with the cavity of the pharynx:
(1) the opening from the mouth, on each side of which
1s a small oval swelling, the tonsil; (2 and 3) two small
apertures, the posterior nares (L. nares, nostrils); one at
the back of each nasal cavity; (4 and 5) on each side,
close to the preceding, the small opening of one of the
Eustachian tubes, which communicate with the drums
of the ears; (6) the glottis, (Gk. name for it) or aper-
ture of the larynx below; and (7) the opening at the
lower end of the pharynx, where it becomes continuous
with the gullet. A flexible flap, the epiglottis (Gk.
épi, upon ; glittis) projects upwards in front of the glottis
at the root of the tongue (fig. 34, ep). Air breathed in
through the nose passes back in the nasal cavities,
through the posterior nares into the pharynx and thence
through the glottis. Air breathed out through the nose,
takes the same course in reverse order.

Gullet or (Esophagus.— This is a thick-walled tube,
some 9 or 10 inches long, which runs just in front of
the backbone through the neck and upper part of the
thorax, comes a little forwards in the lower part of the
thorax, pierces the diaphragm, and becomes continuous
with the stomach.

The stomach (fig. 38) is a muscular, somewhat pear-
shaped sac lying across the upper part of the abdominal
cavity, with its long axis sloping downwards from left
to right, and its broad end to the left. This broad part
of the stomach is termed the eardiac (Gk. cardia, heart)
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end, while the other extremity, which is thicker walled,
and passes into the intestine, is known as the pylorie
(Gk. pyliros, gate-keeper) end. The gullet opens into
the upper side of the stomach at the junection of the
cardiae and pyloric portions. When fully distended the
adult stomach 1s capable of holding about two quarts.

The small intestine (fig. 39, def) is a greatly con-
voluted and rather
thin-walled tube,
situated in the
middle and lower
part of the abdo-
men. It is about
20 feet long and
rather broader
(nearly 2 inches)
at 1ts beginning ,
than at its eng
(about 1} inch).
The first part of
the small intestine,
that  succeeding
the stomach, 1is
known as the duo- Fig. 38.—Stomach, &c.
dﬂﬂ:ﬂm (L !:hfm‘ (E, Gullet; 5t., stomach; P, pylorie
deni, t"-'s’Gl"r*E:, i.e. ::thféi:tujl;ilu{':;ilg:ull-hlmlder; B, bLile
12 finger-breadths
long), and forms an U-shaped loop about 10 inches
long. It is followed by the jejunum (L. jejunus, empty :
because commonly found so) which constitutes about
two-fifths of the rest of the small intestine, and this by
the ileum (Gk. eiled, 1 coil) which is the last part of it.
These three regions are not sharply marked off from
one another as the gullet is from the stomach or the
stomach from the duodenum.

Large Intestine (fig. 39).—The ileum ends in the
lower part of the abdomen, on the right hand side, and
there opens obliquely into the large intestine, which is
from 5 to 6 feet long and of greater diameter than the

opening ; D, duo-
Eul.:t; Pn., pan-
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small intestine, as its name indicates. The large intes-
tine begins in a rounded pouch, the esecum (L. for blind)
situated below the opening of the ileum and continued
into a narrow process, the vermiform appendix (L. for
worm-shaped appendage). The caecum passes above into

a, The gullet, or esophagus, which
is continued from the back
part of the mouth to

b, The stomach.

¢, The pylorus, the small end of the
gtomach where it opens into
the first part of the small in-
testine. At the pylorus is a
thickened portion of the sto-
mach wall, which acts as a
valve to prevent the food leav-
ing the stomach till the proper
time.

dd, The duodenum or commence-
ment of the small intestine,

ee e, The second part of the
small intestine, called
the jejunum.

f11f, The third and ter-
minal portion of the
small intestine, termed
the 1lenm.

g, The ceeeum. This is the
commencement of the
large intestine, and be-
tween it and the ileum
there exists a valve
which prevents the re-
turn of any of the contents of
the large intestines back into
the small. This is called the
ileg-coecal valve,

h, A round worm-like process of
the ceecum, which 15 termed
the vermiform process,

i, The first portion of the large in-
testine, called the ascending
colon,

K, The transverse colon.

I, The descending colon.

m, A part of the large intestine
which is curved on itself, some-
what in the form of the letter
S, and termed the sigmoid
flexure of the colon.

a1, The termination of the large
intestine and alimentary canal,
named the rectum.

Fig. 39.—The Alimentary Canal.

the colon (Gk. colon, division), which is distinguished by
its puckered walls, and runs up the right side ot the
abdomen, across at a lower level than the stomach, a}*xd
then down the right side, ending in an S-shaped twist,
the sigmoid flexure (Gk. =, capital S; eudds, resemblance).
The last eight inches or so of the large intestine occupy
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the back part of the pelvic cavity, and constitute the
rectum (L. for straight), which has thicker walls than
the colon, and is not puckered.

Structure of Alimentary Canal.—A common
plan of structure is exhibited by gullet, stomach, and
intestine, to explain which it will be found convenient
to begin with the small intestine (fig. 40). Thisis made up
of four coats or layers, which ,
are, from without inwards,
(1) a thin serous coat consist-
ing of peritoneum (p. 56),
(2) a coat of involuntary or
pale muscle (p. 46) made up of
an external layer of fibres run-
ning longitudinally (¢), and an
internal ‘cireular’layer in which
the fibres run transversely
(d), (3) a thin submucous cowt
(¢) of coarse connective tissue
traversed by good-sized blood-
vessels, (4) the mucous mem-
brane (ab). The last coat 1s
easily peeled off owing to the
ready tearing of the sub-

: 5 £ Fig. 40.—Microscopical Structure of
mucous tissue. When a piece of the Small Intestine, as seen in cross

3 5 A section.
small intestine is cut open and

examined under water the mucous membrane will be
seen to form transverse folds, and to have a velvety look.
Examination with a simple lens will demonstrate innumer-
able minute finger-like projections, the villi (L. willus,
shaggy hair), shown in figs. 40¢a, 41, 42, and 51. Be-
tween these villi an immense number of deep tubular
pits can be made out in a thin slice or section by aid of
the microscope. These are called the glands of Lieber-
kihn (after an anatomist of that name). The mucous
membrane consists of an exceedingly thin layer of muscle
externally, then of fine connective tissue traversed by
blood-vessels, nerves, and other structures, and, lastly, of
cpithelium, which lines the cavity of the intestine. The
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term epithelium (Gk. é¢pi, upon ; thalls, 1 grow) is applied
to a kind of tissue which forms layers covering surfaces
and lining cavities. The epidermis or outer part of the
skin is of this nature, and so is the innermost layer of
all parts of the mucous membrane. Examination of
epithelilum by means of the mieroscope shows that it
consists of minute elements known as eells, the nature of
which varies in different cases. Cells are the units of
structure, and not only epithelinm but all the other
tissues consist of them, and
of other parts produced by

Fig. 42.—A Yillas of the
[ i Bmall Intestine, largely

Fig, 41.—Piece of Inner Surface of magnified. «a, Columnar
Intestine, showing the Villi mag- cells; ¢, goblet cell, modi-
nified. fied columnar.

them or from them. A cell essentially consists of a
minute portion of the living substance, protoplasm (Gk.
protds, first; plasma, anything formed), on which all the
funetions of the body depend. A small particle of the
protoplasm is of special nature, and constitutes what is
known as the nucleus (L. for kernel). Fig. 42 repre-
sents part of a longitudinal section through a villus as
seen under the microscope. It is covered by simple
columnar epithelium—simple, because consisting of a
single layer of cells; columnar, because these cells are
shaped like little columns or prisms set at right angles
to the surface. The epithelium lining the stomach, small
intestine, and large intestine is, in the main, of this kind.

A gland is to be defined as a more or less complicated

— it




FOOD. DIGESTIVE ORGANS. 65

pocket or pouch of mucous membrane, the epithelium of
which is able to form or secrete some special substance
or substances from the blood with which the organ is
supplied. Single cells may also constitute glands, as is
the case with goblet cells (fig. 42, ¢), which secrete mucus
and are abundantly present in the epithelium of mucous
membrane.

The glands of Lieberkithn are among the simplest,
and their secretion is known as intestinal juice.

The large intestine chiefly differs from the small
intestine in the absence of willi, but glands of Lieber-
kiihn are present as before, and their minute openings
can be seen with a lens. The puckered appearance of
the colon is due to the layer of longitudinal muscle being
thickened into three flat bands which are shorter than
the part of the wall between them, and cause 1t to be
thrown into pouches. A similar appearance can be pro-
duced in, say, the sleeve of a dress, by taking three
broad pieces of elastic rather shorter than it, and, while
keeping them stretched to the same length, sewing them
to it. If the pieces of elastic are now allowed to shorten
the sleeve will be thrown into pouch-like folds.

Where the ileum opens into the cacum there is an
1leo-ceecal valve, consisting of two folds of mucous mem-
brane, which project into the cavity of the caecum and
prevent the contents of the large intestine from passing
back into the ilenm. At the end of the rectum its layer
of circular muscle is thickened into a ring-muscle or
sphincter (Gk. sphi(n)gd, 1 choke), which, together with a
similar ring of voluntary muscle placed below it, serves
to keep the external opening closed.

The relatively very thick wall of the stomach possesses
a well-developed muscular coat, which, in the upper part
of the organ, includes a layer of obligue fibres within the
eircular ones.

The mucous membrane is thick, smooth, and, except
when the stomach is full, thrown into a number of longi-
tudinal folds, or rugee (L. ruga, wrinkle). On examina-
fion with a lens innumerable minute pits can be seen,

(M 26) E
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which mark the openings of the gastrie or peptic glands
These, like the glands of Liebge.rkiihn, a,rI; P;:ulmgiar de-
pressions, and in a section (fig. 43) are seen to he packed
very closely together. Their ends are branched, and
lined (fig. 43, A) with glandular
epithelium, by which the gastric
Juice 1s secreted.

The glandular cells are of two
kinds, (1) central or chief cells,
somewhat cubical in shape, (2)
ovoid parietal cells (black in the
figure). The latter are absent in

Fig. 43.—The Mucous Membrane of the Stomach in section, highly magnified.

& points to the surface, g to one of the tubular glands, of which a indicates the central
canal. A is a much more highly magnified view of one gland, which is represented
as giving off branches. It shows the colummar epithelium of the surface dipping
down into the duect d of the gland, from which two tubes branch off. Each tube is
lined with squarish cells, and there is a minute central passage. Here and there
are seen other St.{!l:-ncial cells (coloured black in figure) called parietal cells, which are
supposed to produce the acid of the gastric juice.

the glands of the pyloric part of the stomach. That part
of each gland which opens on the surface of the mucous
membrane may be called the duet (L. ductus, aqueduct).
It carries off the gastric juice secreted by the rest of the
gland, and is lined by simple columnar epithelium, which
also covers that part of the mucous membrane which lies
between the glands. _
At the junction of stomach and duodenum a pyloric
sphincter is formed by a special thickening of the cir-

- . .
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cular muscle layer. It projects inwards as a sort of
cireular ridge, forming a valve known as the pylorus
(Gk. pulords, gatekeeper) because it guards the opening
between stomach and intestine.

The gullet is constructed on the same plan as stomach
and intestine, but differs in the following points:—(1)
There is no serous coat; (2) The well-developed muscular
coat consists of red or voluntary muscle in its upper
part; (3) The epithelium which lines the mucous mem-
brane 1s stratified (L. stra-
tum, layer) epithelium, con-

Fig. 4.—Stratified Squamous Epithe- Fig. 45.—Isolated Cells of Squa-
linm, [Klein.] mous Epithelinm.

sisting of several layers of cells, which become more and
more flattened as the surface is approached (cp. fig. 44).

The pharynx resembles the upper part of the gullet
in structure, and the mucous membrane of the mouth is
also lined by stratified epithelium, of which some de-
tached cells are represented in fig. 45. The dark area in
the centre of each cell represents the nucleus.

The glands so far described are all minute and 1m-
bedded in the mucous membrane. There are, however,
a number of large glands, which have arisen as out-
growths of the alimentary canal, and now lie entirely
outside it, pouring their secretions into it by special
ducts. These glands are the salivary glands opening
mmto the mouth, liver and pancreas opening into the
duodentim.

There are three pairs of salivary glands, all situated
in the head and secreting the saliva or spittle. The
largest pair are the parotid glands (Gk. para, beside;
ous, 0tos, ear), situated below the skin in front of the ear
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(fig. 46, PP’'), and sending a duct (d) forwards to open
into the side of the mouth. The submaxillary glands
(L. sub, below; maxilla, jaw) lie below and within the
back of the lower jaw (sm). Their duets run forwards
and open close together on theé floor of the mouth on a
small elevation situated not far behind the middle in-
cisors. The sublingual glands (L. sub, below; lingua,
tongue) are less than half
the size of the preceding.
They lie, one on each side,
in a ridge which runs along
the front part of the floor
of the mouth between the
tongune and teeth. Each
possesses a number of ducts,
of which the largest opens
near thatof the submaxillary
duct, while others open into
that duet, and the remainder
on the surface of the ridge.

The structure of the sali-
vary glands can be under-
stood by reference to fig. 47.

Fig. 46.—The Salivary Glands. A simple tubular gland is

g B, o e v epreambed by L 2 pand (5

possess little pouch-like out-

growths, and are said to be sacculafed (L. sacculus, little

bag); while 6 is still further complicated, having under-

gone branching. This last kind 1is termed racemose (L.

racemus, bunch of grapes), because there 1s a vague re-
semblance to a bunch of grapes.

A salivary gland consists of a large number of small
rounded lobules (diminutive of lobe) each of which has the
structure represented in 6, and the main duct is formed
by the union of smaller ducts from these lobules, Just
as a river is formed by the union of tributaries.

The entire gland is lined by simple epithelium, made
up in the pouches or alveoli (L. alveolus, a small re-
ceptacle) of the lobules of large cells which secrete the
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saliva. The lobules and ducts are hound together by a
framework of connective tissue traversed by blood-vessels

and nerves. '

The liver is an exceedingly large gland, of a reddish-
brown colour, situated in the upper part of the abdomen
(fig. 3), where its convex upper surface fits closely against

Fig. 47.—Diagram of
the Structure of Secra-
ting Glands.

The continuons line
represents the outer
boundary of the con-
nective tissue of mu-
cous membrane, The
dotted line repre-
gente the position of
the epithelium. The
irregnlar line shows
the position of the
blood-vessels, 1shows
the simple tmbular
gland. 2 indicates
how the mouth may
become shut and a
gac formed. 3 repre-
sents o coilad tabe.
4 and 5 indicate the
formation of recesses
to produce 4 saccu-
lated gland, and § is
a plan of part of a
TaCemose eland.
[Bharpey.]

the diaphragm, and its irregular somewhat concave lower
surface rests on the stomach, part of the intestines, and
other organs. It weighs about 31 lbs, and measures
about 11 inches from side to side, 6 to 7 inches from
front to back, and 3} inches from above downwards in
its thickest part, which is to the right. The liver is
divided into right and left lobes, which are of very unequal
size, the former being much the larger of the two.
When turned up (fig. 48) a pear-shaped bag, the gall-
bladder (g) is seen firmly attached to the middle of the
right lobe. By the union of a duet from each lobe, an
hepatic duct (G. hépar, liver) is formed (fig. 38), which
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receives the eystic duct (Gk. custos, bag) from the gall-
bladder, and later on unites with the pancreatic duct
to form the common bile-duct, which opens into the
duodenum three or
four inches beyond
the pylorus.
Structure  of
the Liver.—The
liver consists of an
enormous number
of minute lobules,
which can be seen
with a lens on a
cut surface as poly-

_ T . gonal areas from
Fig. 48.—RBelations of the Btomach to the Liver, TIE to EIT 'Df an illﬂ]}.

Pancreas, and Spleen.
broad. Each of

these lobules again consists, as may be made out by
- means of the microscope, of a very large number of liver-
cells (fig. 49), which must be regarded as having the
nature of glandular epithelium. Between these cells
the finest branches of the hepatic ducts
unite together as a delicate network.
It is a condition even more complicated
than the one represented in fig. 47, 6.
Imagine a minute very much branched
tube lined with epithelium, then sup-
pose the branches to unite into a net-
work, and a rough idea will be gained
of the nature of a liver lobule. This
_ accords, too, with the facts of develop-
Lives (very much mag. ment, for the liver is, to begin with,
nified ), with chaunels ()

for the bile between. & simple pouch growing out of the duo-
denum. As in the case of other organs,

the liver is supported by a connective tissue framework
traversed by blood-vessels, nerves, &e.

The pancreas or sweetbread is a reddish yellow lobu-
lated gland about 7 inches long and 1} inches average
breadth, which can be seen running across the back of
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the abdominal cavity when the stomach is lifted up (fig.
48). The head, or broad right-hand end of the pancreas
(k) occupies the loop of the duodenum, while 1ts narrow
left-hand end or fail touches the spleen (sp), a flat, oval
body, reddish in colour, and attached to the cardiac end
of the stomach. The pancreatic duct, formed by union of
smaller ducts from the various lobules, runs for the most
part in the substance of the gland, and finally joins the
hepatic duct (fig. 38). In structure the pancreas closely
resembles a salivary gland.

CHAPTER 1V.

DIGESTION AND ABSORPTION.

The structure of the digestive organs and the nature
of food having been treated in some detail, we may now
consider what actually takes place in the alimentary
canal during digestion.

Digestion in the Mouth.—Here the food undergoes
chewing or mastication, and i1s mixed with the saliva,
which not only softens, and thus makes it more easy to
break down, but also exerts a very important chemical
action. The sharp edges of the incisors divide the food,
while the irregular erowns of the grinding teeth work
against each other like millstones. During the chewing
process both cheeks and tongue assist in mixing up the
food and keeping it between the teeth. The lower jaw
1s so articulated that it can move in various ways, of
which only the up and down movements need further
consideration here. It is raised mainly by the action of
two muscles, the temporal and masseter. The temporal
muscle 1s somewhat fan-shaped, and takes origin from
the surface of the temporal hone. It narrows below,
runs down the inner side of the zygomatic arch, and is
inserted into the coronoid process partly by means of a
tendon and partly directly. This muscle can be seen
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and felt contracting in the temple every time the jaw is
raised. The masseter is a squarish muscle arising from
the zygomatic arch and inserted into the outer side of
the ramus of the lower jaw, where its contractions can
easily be detected by sight or touch. Part of this musele
can be seen in fig. 46. The lower jaw acts as a lever of
the third class (p. 44) when it is being pulled up, the
fulerum being at the joint, the power being supplied by
the muscles described, and the weight being that of the
lower jaw together with the resistance to chewing pre-
sented by the food. The downward movement of the
lower jaw is partly the result of its own weight and
partly due to muscular action, the most important musele
concerned being the digastrie (Gk. dis, twice ; gaster, belly).
This has an elongated form, and consists of a fleshy por-
tion or belly at each end and a tendon in the middle.
The posterior end of the muscle takes origin from the
temporal bone not far from the occipital condyle, and
the anterior end is inserted into the under side of the
chin, while the tendon is fixed to the hyoid bone.
Saliva, the secretion of which is greatly increased by
the presence of food in the mouth, is a turbid, glairy,
alkaline fluid which consists almost entirely of water,
with only about 1 per cent of solid matter. By far its
most important constituent is an organic substance known
as ptyalin (Gr. ptualon, spittle), which is present in only
very minute quantity and possesses the remarkable
power of converting starch into sugar—not the article of
ordinary use, but a kind known as maltose, because pre-
sent in malt. This may easily be proved by keeping a
small quantity of starch paste in the mouth for a short
time, when it will be found to acquire a sweet taste. The
chemical process that goes on is a kind of fermentation :
which name is applied to ecases where certain complex
bodies known as ferments, in this case ptyalin, bring about
chemical change without being at the same time appre-
ciably used up. Hence a small amount of ferment can
2o on acting for a very long time, which is a matter of
great convenience in physiological work. The action of
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saliva can be studied outside the body, and two important
facts established thereby: (1) starch is digested by 1t more
rapidly at the temperature of the body than at a lower
one; (2) boiled saliva has no effect on starch, the ptyalin
being destroyed by a high temperature. Saliva has
practically no action on proteids and fats, but some ot the
mineral salts dissolve in it, as does any sugar which may
be present. It must be remembered that the objeet of
digestion is to dissolve the food as far as possible; hence
the importance of the amylolytic (Gk. amulin, starch;
Litikos, able to break up) ferment ptyalin, which converts
practically insoluble starch into readily soluble sugar.

Swallowing or Deglutition (L. deglutio, I swallow).
This is the mechanical proeess by which food passes from
the mouth through the pharynx and gullet to the stomach.
It is much facilitated by the softening and moistening
action exerted by the saliva. In swallowing, and the
subsequent passage of the food through stomach and in-
testines, the muscular coat is the active agent, especially
the eircular layer of fibres, which is better developed than
the longitudinal layer. It is elear that contraction of the
tormer will narrow the cavity of the alimentary canal,
and this contraction takes place in a wave-like manner,
so that the food is gradually squeezed onwards. This
kind of movement is known as the peristaltic action (Gk.
péristaltikos, clasping and compressing). The longitudinal
layer does not contract at the same time as the eircular
layer, and its exact use is not clearly understood, but its
contraction in any part of the digestive tube would .
undoubtedly shorten and broaden that part.  After,
therefore, a given region has been narrowed by the ecir-
cular layer it would probably be enlarged .':Lgefin by the
longitudinal layer. h

The first and voluntary part of swallowing carries the
food back on the upper side of the tongue to the hegin-
ning of the pharynx, and now begins the second part of
the process, over which the will has no control, and which
consists in a gradual squeezing of the food downwards by
peristaltic action. It must clearly be understood that the
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food does not (except, as a rule, in the case of liquids)
simply fall down into the stomach, for swallowing can be
effected when the body is placed head downwards, and
grazing amimals habitually swallow upwards. During
the passage of the food through the pharynx it is impor-
tant that none of it should get into the posterior nares or
glottis. The former contingency is guarded against by
the soft palate, which is pulled upwards and backwards
80 as to touch the back wall of the pharynx, while food
1s prevented from passing down into the windpipe by the
epiglottis, which is bent back so as to cover the glottis
and form a bridge over which the food can pass. These
arrangements are sometimes upset ;—on the one hand, a
sudden fit of coughing may force food up into the nasal
cavities, on the other, an attempt to speak during eating
may cause the epiglottis to spring up and fragments to
pass into the glottis. The expression ‘going the wrong
way ° 1s familiarly applied to the latter phenomenon.
Digestion in the Stomach.—The movements pro-
duced by the muscular layers are here much more com-
plicated. To begin with, the food undergoes a gentle
‘churning’ movement until it is reduced to a greyish
pulp, the chyme (Gr. chumos, pulp). As digestion pro-
ceeds peristaltic movements proper take place in the
pyloric end of the stomach, by which successive portions
of chyme are squeezed into the duodenum, the pyloric
sphincter relaxing so as to allow of this. Nothing but
pulpy material, however, is allowed to pass on, for the
contact of large fragments causes the sphincter to contract
again. The presence of food in the stomach leads to a
flow of blood to the mucous membrane and to the secre-
tion of considerable quantities of gastric juice. This is
a clear acid fluid containing a very small percentage of
dissolved solids. The acidity is due to the presence of
L per cent of hydrochloric acid (HCI), and the most im-
portant of the dissolved solids are two ferments, pepsin
and rennin. The acid is believed to be secreted by the
parietal cells of the gastric glands and the ferments by
the central cells (p. 66). Pepsin (Gk. pépts, I digest)
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possesses the important property of being able to convert
proteids into a soluble form termed peptone. Rennin is
a milk-curdling ferment, that is to say, it converts the
proteid substance casein (L. caseus, cheese), which 1s dis-
solved in milk, into a solid form, this ‘curd’ being then
digested by the pepsin. Gastric juice is only of import-
ance in so far as 1t digests proteids in virtue of its pepsin,
which, from the nature of its action, is termed proteolytic
ferment (profeid, Gk. lutikds, able to break up). The
ptyalin carried down into the stomach being only able to
work in an alkaline solution, first of all ceases to act on
starch, and is then destroyed by the acid of the gastric
juice.

Digestion in the Intestine. — The acid chyme,
coming over Into the intestine from the stomach, is
gradually moved on by peristaltic action, and is subject
to the action of bile, pancreatic juice, and intestinal
juice. Digestion is practically completed by the time
the end of the small intestine 1s reached.

Bile or Gall is an alkaline fluid of golden red colour,
and consisting of 86 per cent of water, with 14 per cent
of other constituents, of which certain complex organic
compounds known as bile-salts make up the greater
part. Digestion is aided in several ways by this secre-
tion. It neutralizes and so stops the action of the gastric
juice which comes with the chyme into the intestine,
and in this way assists the pancreatic juice. On starch
and proteids bile has no action, but it helps to emulsify
fats and oils, i.e. to break them down into very small
globules. Besides this, it has an antiseptic action, pre-
venting the contents of the intestine from becoming
putrid.

Pancreatic juice is a much more important secretion.
It is a clear alkaline fluid containing about 31 per cent
of dissolved solids, including three different ferments,
which act respectively on starch, proteids, and fats. The
first gf _the ferments, amylopsin (Gk. amulon, starch;
0pis, Juice), acts in the same way as ptyalin, while the
second, trypsin (Gk. thrupsis, dissolving), behaves like
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pepsin, except that it is mueh more powerful, and can
only act in an alkaline solution. The remaining ferment,
steapsin, causes part of the fats to break down into
soluble substances. Besides this, panereatic juice in
conjunction with bile converts a good deal of the fat
into an emulsion known as chyle (Gk. chulis, juice).
This i1s a milky fluid in which innumerable minute
globules of fat are suspended. It may be noted here
that milk itself is a kind of natural emulsion.

Intestinal juice has a feeble digestive action, but
comparatively little is definitely known about it.

ABSORPTION OF DIGESTED FOOD.

The digestion of the food is followed by its absorption
into the blood-vessels and certain other tubes, lacteals,
which ramify in the mucous
membrane.

In the case of the parts of
the food which are reduced
to solution, the process 1s
one of diffusion (L. diffusus,
spread out), a term used to
signify the mixing which
takes place when two liquids
or two gases are in direct
contact with one another, or
else are separated by a por-
ous partition or a moist mem-
brane. Fig. 50 represents
a simple piece of apparatus,
called a dialyser (Gk. dia,
through ; lusis, setting free),
by which diffusion of the
last kind can be demonstrated. A piece of bladder or
vegetable parchment is tied on to a thistle funnel, which
is then partly filled with a mixture of treacle and water,
and immersed in a vessel of water, so that the levels of
the inside and outside fluids are the same. After a short

LTI

Fig. oo.—Dialyser.
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time, the treacle will rise in the'stalk of the funnel (fig.
50), and the outside water will acquire a sweet taste.
There has in fact been a passage or diffusion through
the membrane in both directions, but more water has
passed in than treacle ont. Underneath the epithelium
of stomach and intestine there i1s a close network of very
minute blood-vessels (capillaries), which may be com-
pared to the funnel in fig. 50, while the blood in them
corresponds  to  the
treacle.  The delicate
walls of these wvessels,
plus the epithelium, an-
swer to the moist mem-
brane, while the dis-
solved contents of the
digestive tube are equi-
valent to the water in
the outer vessel. The
importance of converting
msoluble non-diffusible
starch and proteid into
soluble, diffusible sugar £ 2L G ety marnined;

and peptone will now he & Showing lucteal; u, showing artery, capil-
realized. Absorption of

digested food begins in the stomach and ends in the
large intestine, but is mainly carried on in the small
intestine. This part of the digestive tube offers an enor-
mous absorptive surface, as a result of its great length
and the presence of innumerable villi. Two villi are
drawn diagrammatically in fig. 51, and in the one on
the right the network of blood-vessels is shown.

The emulsified fats do not diffuse in the proper sense
of the word, but the minute globules, of which they are
composed, make their way, how is not fully known,
into minute branched tubes, one of which is contained
in each villus (fig. 51, 4). These tubes are known as the
lacteal rootlets, hecanse they are the beginnings, as it
were, of the lacteals, tubes distinct from the blood-vessels,
which ramify in the mucous membrane and mesentery
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(cp. chap. V.). The name lacteal (L. lac, milk) is given
because, after a meal into which fat largely enters, they
have been seen to contain a milky fluid, chyle. This
chiefly consists of the digested fats. :

Different Varieties of Diet.—It has been calcu-
lated that an adult man of average weight requires 300
grains of nitrogen and 4500 grains of carbon in every
day’s food. The other necessary elements can he for
the present left out of consideration. There are three
chief ways of getting the quantities required: (1) by a
pure proteid diet, (2) by a vegetable diet, (3) by a
mixed diet.

(1) Proteid Diet.—Supposing a man tries to live on
nothing but fairly lean cooked meat. This contains
about 22 per cent proteid matter and 7 per cent fat.
About half of the former is carbon and % nitrogen.
The fat contains 80 per cent carbon. Working this out,
a pound (7000 grains) of cooked meat contains 1162
grains of carbon and 231 grains of nitrogen. To get the
requisite 4500 grains of carbon, it would therefore he
necessary to eat about 3 lbs. 4 oz. of the meat. This,
however, would contain 1126 grains of nitrogen, 7.e. 895
~more than are required. The digestion and execretion
of this unnecessary nitrogen would throw a large amount
of useless work on the organs concerned.

PERCENTAGE (CoMPOSITION OF VARIOUS FoOD-STUFFS.

: | :
| Water. | Nitrogenous. |Starch. | Sugar.| Fat. | Sults_i
| |
Bread. .c....ccnn. | 3% 81 474 | 36 | 16| 23
Wheat-flour,..... 15 108 66:3 | 42 20 17 |
Oatmesal; ......00- 15 126 b84 | 54 66| 30
Potatoes, ......... 75 2:1 188 | 32 | 02| 07 |
[ s e 13 63 791 | 04 0 5de | 1025
P  devesns it 15 230 654 | 20 21 [ 2% I’
Cow's milk,......| 86 41 B 5 T )
Cheese,............| 368 835 i Bl B (g
Fairly lean | i
cooked meat,... 66 220 ?‘{_'J 5"?
1 [T B Rt T 74 140 | T2 0 P
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(2) In considering the possibilities of a vegetabie diet,
oatmeal porridge (without milk) may be taken as an
example, for it contains a good deal of proteid matter,
and this is the only source from which the requsite
nitrogen can be obtained. The following are the data
necessary for the calculation:

Oatmeal contains 12 per cent of proteids, 63 per cent
of carbohydrates, and 5 per cent of fat. Proteids con-
tain 50 per cent C and 15 per cent N; carbohydrates
contain 40 per cent C, and fats 80 per cent C. A pound
(7000 grains) of dry oatmeal will therefore yield 2464
grains C, but only 126 grains N. To get the 300 grains
of N it would therefore be necessary to make 2% lbs.
of dry oatmeal into porridge for the day’s food. This
would give, in round numbers, 1500 grains of carbon
too much. A similar objection to the one given under
(1) would therefore apply here also.

Oatmeal, however, is a very favourable example of
vegetable food. If potatoes were taken, 134 lbs. would
be required daily to make up the necessary quantity of
nitrogen.

(3) A mixed diet obviates the disadvantage men-
tioned above, enabling the necessary amount of carbon
and nitrogen to be gained without excess of either. For
example, 2 Ibs. of bread, together with # lb. of cooked meat,
would be a sufficient daily ration, and contain no excess
of either carbon or nitrogen. Besides this, a mixed diet
1s found to be more digestible, more appetizing, and
more economical.

Average Mixed Diet.—The average amount required
daily by an adult has been estimated as follows :—

0z. avoirdupois.

rProteidsjii.. .. 4%y =46 oz. of food in the ordi-
L B OV v e vt 3 nary moist condition
e [Uarlmh};dmtns,..,14j: +
Salts,.....coccoeene.. 1 | 25 pints of water taken as

Water, .......3% pints.)  liquid.

It must be remembered that the majority of the
articles used as food are themselves of mixed nature.
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Salts, for example, are contained in meat, hread,
vegetables, and most drinking water, so that it will only
be necessary in the case of a rational mixed diet to
supplement this amount by using ordinary table salt,
Thi_s& will be clearly apprehended from the table on
p. 78.

CHAPTER V.

CIRCULATORY ORGANS AND CIRCULATION.

The Circalatory Organs, which have already heen
briefly referred to (p. 15), consist of the Blood System
and the Lymph System, named respectively from the
liguids they contain.

The Blood System is a closed set of tubes through
which the blood circulates, and these tubes are sub-
divided into (1) the heart, acting as a force pump, (2)
arteries, vessels in which the blood is going from thé
heart, (3) veins, vessels in which the blood is going fo
or towards the heart, and (4) capillaries, excessively
minute vessels forming metworks between the smallest
branches of the arteries and vemns. It is of the greatest
mportance to notice that the arteries and veins, having
comparatively thick walls, are of use only as carriers of
blood, for no diffusion can take place through their walls.
It 1s far otherwise with the capillaries, the walls of which
are exceedingly thin, so that diffusion ecan take place
through them in both directions. Thus, as previously
explained, most of the products of digestion diffuse info
the capillaries underlying the epithelium of the stomach
and intestines. Similarly, as will be shown in the sequel,
oxygen gas diffuses #nfo the capillaries of the lungs.

Again, in the various tissues of the body, the muscles, for =

example, products of waste diffuse info these minute
tubes. On the other hand, we get diffusion ouf ¢f the
capillaries (1) of nutritive substances to the various tis-
sues for nse in their repair and growth, or in the pre-
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paration of secretions, (2) of waste products to the ex-
cretory organs.

The Lymph System contains a clear fluid, the lymph,
which fills the large cavities of the body, e.g. the body
cavity, and also the minute chinks and spaces which
occur in all the tissues. It consequently bathes these
tissues and acts as a medium between them and the
blood contained in the capillaries, for it must be remem-
bered that the tissues are oufside the capillaries. Imagine
a fine-grained piece of wet sponge and imbedded in it
a number of small parchment-walled tubes containing
liquid. The sponge will roughly represent a piece of
tissue, the water permeating it lymph, the tubes capil-
laries, and the liquid contained in them blood. Diffusion
can take place through the walls of the tubes in both
directions, just as is the case with capillaries. Lymph,
however, is not entirely contained in irregular spaces,
but also in narrow tubes, the lymphatics, which drain
these spaces. The lacteals already mentioned (p. 77)
are examples of these tubes. The lymphatics ultimately
open into the blood-system.

THE BLOOD SYSTEM.

The blood, which constitutes about ; of the total hody
weight, consists of an alkaline fluid, the plasma (Gk. for
anything formed), and of a vast number of microscopic
bodies, the blood corpuscles, suspended in it. These
corpuscles are of two kinds, red, to which the colour of
the blood is due, and colourless or white. A magnified
drop of blood is represented in fig. 52. The red cor-
puscles are there seen to be circular dises rather thinner
in the middle which causes them to appear dark there
when viewed flatways. In shed blood they are apt to
stick together like piles of coin. One of these corpuscles
18 only .%o of an inch broad, i.e. 3200 of them placed
side by side would only extend an inch. The greatest
thickness is about a quarter the breadth. There are

about 12 Ibs. of blood in an average hody, and this quan-
(M 26) F
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tity will contain some thirty hillion red corpuscles. [If
these were placed side by side with their edges touchine.
t-hﬂji' would extend, in round numbers, IETU,UUU ]"Iliif_'.::
or, In other words, six times round the earth. A red
corpuscle appears yellowish under the microscope, as
does a thin layer of blood to the naked eye, the familiar

Fig. 52, —A Drop of Blood, seen under a Microscope magnifying 350 diameters,

i, Red corpuscle seen edgeways; b, do, seen flatways; ¢, white corpuscle.

red colour being due to the passage of light through a
large number of corpuscles. A distinetion is drawn be-
tween the framework or stroma (Gk. for anything spread
out) of the corpuscle and the substance hamoglobin
(Gk. haima, blood ; globin, a kind of proteid) which per-
meates the stroma, and is the cause of the red colour.
Both components are of proteid nature. Haemoglobin is
of very great importance, since it acts as an oxygen-
Jarrier,

The colourless or white corpuscles, often termed leu-
cocytes (Gk. leukos, clear; kufis, small box), are rather
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larger than the red corpuscles, being on an average 5B
of an inch in diameter. They are also less numerous
than the red, in the proportion of 1 to 350. In shed
blood, allowed to cool below the temperature of the body,
they appear as irregular spheres, but when in the body,
or even out of it if kept warm, they exhibit a constant
change of shape, and are able to creep along by thrusting
out blunt prolongations (fig. 53). Leucocytes consist of
protoplasm, and con-
tain a nucleus (cp.
p- 64), not shown,
however, in the accom-
panying figures. i

Blood plasma has ¢ j4
a very variable com- 5
position, as will readily -
be lll"ldﬁ‘{"st[}()d from E‘ig.b&—ﬁi’hituﬂﬁiﬁ;‘: :,:%Eﬂﬁﬁ}f 1ts successive
what has already been
said (p. 80). It contains nutritive substances derived
from the digested food, and waste products derived from
the tissues. The latter will be discussed elsewhere.

One of the most remarkable powers possessed by blood
is that of clotting or coagulation, which is a matter of
the greatest practical importance in stopping the bleeding
from cuts, &c. If some human blood 1s shed from the
body into a cup or other suitable vessel, it is to begin with
quite fluid, but in two or three minutes becomes viseid,
and from five to ten minutes later sets into a jelly. A
few minutes subsequent to this drops of a pale yellowish
fluid begin to exude from the jelly, and this process con-
tinues until in from one to several hours, the blood has
completely coagulated, and consists of a red elot floating
in a pale yellow fluid, the serum (L. for whey). Exami-
nation of a small portion of the clot under the micro-
scope shows that it consists of innumerable delicate fibres
interlacing in all directions and binding the corpuscles
into a firm mass. These fibres consist of a proteid which,
from the manner of its occurrence, is termed fibrin, and
which is not present in uncoagulated blood. The follow-
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ing table shows the relation between the two kinds of
blood :—

Ordinary [ plasma |5 o0 }ﬂua ulated
fibrin g
Blood. { A ]. clot Blood.

Formation of Fibrin. —This question is hy no
means fully understood, but fibrin appears to arise as a
result of ferment action (p. 72) exerted by a proteid
known as fibrin ferment on another proteid fibrinogen
(fibrin; Gk. génnao, 1 produce) present in the plasma.
The leucocytes play some part in the matter, probably
having to do with the formation of fibrin ferment. When
blood coagulates fibrin is produced from fibrinogen by
the action of the fibrin ferment. Its fibres then shrink,
squeezing out the serum, but entangling the corpuscles.
If fresh drawn blood is ‘whipped’ with a feather or
bundle of twigs, the formation of fibrin will be hastened,
and it will adhere to the twigs as formed, the ¢ whipped
blood’ left behind consisting of corpuscles + serum.

Coagulation is hastened or retarded by various con-

ditions, of which the most important are the following:—

Hastened by Retarded by
1. Contact with foreign bodies, 1. Contact with living walls of
e.. when whipped with twigs. vessels. This prevents it
2. Heating to 102°—131° F. altogether. :

2. Cooling to freezing point or
heating to 133" F.

3. Addition of wvarious sub-
stances, ¢.g. common salt.

The Heart is a hollow muscle, bluntly conical in shape,
and situated in the thorax between the lungs with its apex
directed downwards and to the left (fig. 54). The lower
end of the heart rests on the upper side of the diaphragm,
and it is mainly kept in position by the large blood-
vessels which enter or leave its broad upper end or base.
The weight of the heart is about 9 or 10 oz., and its size

roughly equivalent to the fist of the individual. It 1s

contained in a membranous bag, the pericardium (Gk.
peri, round ; kardia, heart), the wall of which consists of

|

|
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an inner layer closely investing the heart and a much
firmer outer layer. Between the two 1s a pericardial
space filled with clear lymph known as the pericardial
ﬂuidl - - = .

“ A good idea of the pericardium will be obtained if

Fig. 54.—The Heart with its Blood-vessels and the Lungs.

A, The lungs pulled aside in front to show the heart, B, and the bronchi, 6, 6; o, the
aorta; o, the pulmonary artery; &, the superior vena cava, formed by the junction
of the veins (subclavian) from the right and left sides, &, &; », the windpipe;
1, I, veing from the head and neck (jugular) joining x, k; ", B, arteries (carotid) to
hend and neck; a, 7, arteries (snbelavian) passing to right and left gides; p, p, ribs;
q, left coronary artery; n, right auricle.

one takes two thin paper bags, of which one is slightly
smaller than the other, so that one may be contained
within the other, both being fully distended. Now
slightly fold back the edge of the mouth of the inner
bag and gum it all round to the edge of the mouth of
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the outer one. There is now made a double bag with
an nner and an outer layer, and a small space between
them, completely shut off from the outside. Suppose
the closed fist to be just large enough to fill the inner
bag, it will represent the heart, to which the inner layer
of the pericardium is adherent. The wrist will repre-
sent the great vessels passing off from the heart, around
which the neck of the double bag extends.”—M‘Gregor-
Robertson.
The heart does not contain one continuous cavity, but
four chambers—right and left auricles, and right and
left ventricles. The relative
Base position of these is indicated
by the accompanying dia-
gram (fig. 55), which shows
that the heart is divided
into (1) right and left
halves by a longitudinal par-
tition, and (2) basal and
apical halves by a transverse
partition. Fourchambers are
thus constituted ; but while
Ty BT e the longitudinal partition
Ventricles. 1s quite complete, so that
there is no direct communication
between right and left halves, the transverse partition has
a hole (auriculo-ventricular opening) in it on each side,
so that the right and left auricles respectively communi-
cate with the right and left ventricles, as indicated by
the arrows. The wall of the heart is chiefly made up
of bundles of muscular fibres arranged in a very complex
manner, but chiefly taking an oblique direction. When
they contract the contained cavities are diminished in
size (cf. p. 73) and the blood squeezed out of them. The
walls of the different chambers are not of the same thick-
ness (figs. 55 and 60), but are proportionate to the work
that has to be done in each case. The auricles, which
occupy the base of the heart, are so named (L. auricula,
little ear) because to each of them a little flap is attached
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(fig. 57) which has been compared to a dog’s ear. Their
walls are comparatively thin, and collapse when the heart
is taken out of the body, unless special precautions are
taken to prevent it. The function of the auricles is to
receive blood from certain veins and squeeze it into the
corresponding ventricles. Their walls are thin because
this work is comparatively light. The ventricles (L. ven-
triculus, little belly) receive blood from the auricles and
pump it out of the heart into certain arteries. This being
‘severer work than that done by the auricles, their walls
are thicker; and since the left ventricle has the harder
work to do, its walls are thicker than those of the right
ventricle (figs. 55 and 60).

These preliminaries being understood, further details
will now be given, it being also remembered that veins
carry blood fo the heart, and arteries carry blood from it.
Besides this the terms pure and impure blood require
explanation. Impure blood is that coming from the
body at large, to the tissues of which it has given up
much of its oxygen, while in return it has received from
them carbon dioxide (CO,), as well as other waste pro-
ducts which need not be considered in this connection.
Pure blood is that which comes from the lungs, where it
has got rid of its excess of CO, and absorbed its full
amount of oxygen. Impure blood is bluish violet, pure
blood bright scarlet in colour. In popular language the
terms venous and arterial are often used instead of impure
and pure, veins and arteries being defined in a corre-
sponding way as vessels containing impure and pure
blood respectively. This in the main accords with the
facts of human physiology; but as some veins contain
pure blood and some arteries impure blood, it is best to
drop the terms venous and arterial altogether, and to
define veins and arteries with reference to the direction
of blood-flow in them. If this is not done the beginner
18 sure to be confused more or less. In fics. A—D the
parts containing impure blood are coloured purple, and
those containing pure blood are coloured red. It will
be seen at a glance that the right side of the heart con-
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tains nothing but impure and the left side nothing but
pure blood.

External Characters of the Heart (fig. B). At
the base are seen the large veins which enter the auri-
cles and the large arteries which leave the ventricles.
(1) Veins. Two large veins, the superior and inferior
vena cava (L. for upper and lower empty veins), return
the impure blood of the body to the right auricle, and
tour much smaller pulmonary veins (L. pulmo, lung)
return pure blood tfrom the lungs into the left auricle.
(2) Arteries. The large pulmonary artery opens out of
the right ventricle and carries its impure blood to the
lungs, while the pure blood from the left ventricle is
carried off by the aorta (Gk. adirg, I carry), which is the
largest artery in the body. A groove marks off the
auricles from the ventricles, and the boundary between
right and left ventricles is also indicated by a groove.
The front or ventral side of the heart, shown in fig. 57,
can be distinguished by the fact that the aorta and pul-
monary artery begin there, while the inferior cava and
pulmonary veins open into the dorsal side or back. The
easiest way of distinguishing right and left is to notice
that the walls of the right ventricle are comparatively
soft, while the left ventricle extends into the extreme
apex of the heart (compare figs. B and 60) and the aorta
curves round to the left (fig. B).

Interior of the Heart (figs. ¢, b, and 60).—When
the right auricle is cut open two large and one smaller
openings info it and one large opening ouf of it can be
distinguished. The two large openings nto 1t are those
of the superior and inferior vena cava, the latter being
guarded (see fig. D) by a crescentic flap, the Eustachian
valve. Just below this is the smaller opening (not
shown in the figure), that of the coronary sinus, which
is guarded by a membranous fold, the Thebesian valve.
The large opening out of the auricle is the right aurl-
culo - ventricular opening, leading into the right ven-
tricle. _

There are two openings in the wall of the right ven-
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tricle, the one just mentioned as opening into it, and
the opening of the pulmonary artery out of it. Both
are guarded by valves which secure the flow of blood in
one direction only. That belonging to the auriculo-
ventricular opening is termed the tricuspid valve (L.
tres, three; cuspis,
point) because 1t
consists of three
firm membranous
flaps, triangular
in shape, which
are attached to
the fibrous mar-
gin of the orifice
and project into
the ventricle.
When the ven
tricle contracts,
these flaps (pre-
viously floated up
by the blood) are
driven  towards
one another, so as
to prevent the

blood from flow-
' Fig. 680.—The Heart opened from the front to show

il].g b.ﬂ.ﬂ'l{ il'lt.ﬂ thﬂ- its Chambers.

auricle. The flaps »and n Bient oo Lo et e et gl
ould, . howewer;, o e o O h oy
be 1 Gl'ﬂed bélﬂk veins; M, termination of longitudinal septum; p, pa-
; . pillary muscle,

into the auricle

by the pressure of the blood if there were not a further
arrangement to prevent it. The inner wall of the ven-
tricle presents a number of fleshy projections (the
columne carnez = L. for fleshy columns), some of which,
the papillary muscles, are conical or cylindrical in shape
and stick out into the cavity of the ventricle. Numerous
exceedingly tough fibrous cords (chorde tendinese = L.
tor tendinous cords), resembling tendons in nature, run

from the papillary muscles to the flaps of the valve and
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prevent them from being driven into the auricle. The
action of the papillary muscles is not fully understood,
but they probably contract before the rest of the ven-
tricular wall and commence the closure of the valve by
drawing the flaps together.

The semilunar valves at the origin of the pulmonary
artery allow the blood to flow out of the ventricle, but
prevent its return. They are three little firm mem-
branous pouches (best seen in fig. 60), often called
‘ watch-pocket” valves, because they resemble in shape
the watch-pockets often seen fastened up in bed-rooms
for holding a watch at night. The cavities of these
pouches are turned fowards the cavity of the artery.
When blood passes out of the ventricle they collapse and
offer no resistance, but when blood tries to force its way
back into the ventricle they are bulged out so as to meet
one another and stop the passage. But three curved
pouches like these would still leave a minute aperture in
the middle, if it were not for three little thickenings,
one of which is situated on the edge of each pouch, just
at 1ts centre.

Within the left auricle will be noted the four small
openings of the pulmonary veins info the cavity, and
leading out of it the left auriculo-ventricular opening,
which is rather smaller than the right. The interior of
the left ventricle resembles in many respects that of the
right ventricle, there being one aperture into and one out
of it, but the left auriculo-ventricular valve is guarded by
two flaps only, hence the name bicuspid, or else mitral
valve, from a fancied resemblance to a bishop’s mitre.
The origin of the aorta is guarded by three semilunar
or watch-pocket valves similar to those already described.
These and the mitral valve act in the same way as the
corresponding structures on the right side of the heart.

The action of the heart involves a regularly recurring
series of events which together make up what is termed
a cardiac revolution or cyele, or ‘beat’, occupying in
an average adult £ of a second, i.e. the heart beating 75
times a minute. First of all the short auricular systole
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(Gk. sustéllo, I contract) aceurs, the two auricles contract-
ing together and squeezing their blood into the ventricles,
then follows the longer ventricular systole, during which
the ventricles pump blood into the pulmonary artery and
aorta—and, lastly, comes a still longer pause. While
the auricles are contracting, and during the pause, the
ventricles are relaxing, and similarly the auricles are re-
laxing while the ventricles are contracting, and during
the pause. The term diastole (Gk. di, apart; stells, 1
place) is applied to this relaxation. The relation in time
of these events for an average cardiac cycle may con-
veniently be expressed by the following diagram, where
the eight divisions of the line are equivalent to tenths of
a second. (A.S.=auricular systole.)

e CARDIAC CYCLE >
AR,
.—F'~---..I Ventricular Fi}'stolel-é— —— Pause ._.__}l
| | | | | -
. . | I I S
Yentricular Diastole |&——— Auricular | Diastole I >
............... | -:E veveee-e—— - Ventricular Diastole

........

Thus during the first tenth of a second the ventricles
are finishing up a relaxation commenced in the previous
cycle (indicated by dotted line to left), then they con-
tract for % of a second, and then begin a period of re-
laxation which ends during the next cyele (as indicated
by the dotted line to right). It further appears that the
auricles rest for § their time and the ventricles for 2. It
must not be supposed that blood enters the ventricles
only during the auricular systole: it flows into them
during the pause as well. In other words, blood is
passing from auricles into ventricles, eacept during the
ventricular systole, at which time the tricuspid and
mitral valves are closed. The semilunar valves are only
open during the last two-thirds of the ventricular systole..

The contraction of the heart, and more particularly of
the ventricles, causes it to he jerked upwards and for-
wards so that during the ventricular systole its apex is
projected against the wall of the chest, between the fifth
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and sixth ribs on the left side. This phenomenon is
known as the cardiac impulse, or ‘beating’ of the heart.
Besides this, the contraction of the heart is accompanied
by sounds, which can be heard through a stethoscope
applied to the chest. There is (1) a long dull sound, heard
during the contraction of the ventricles, and (2) after a
brief pause a short sharp sound, immediately following
their contraction. Muscles give out sounds when con-
tracting, and the first sound is probably in part such a
‘muscular sound ’; due to contraction of the walls of the
ventricles. It may, however, be partly due to vibration of
the flaps of the tricuspid and mitral valves. The second
sound 1s undoubtedly due to the closure of the semilunar
valves.

Work of the Heart.-—It is usual to estimate work
in foot-pounds, a foot-pound being the work done in
raising a pound through the distance of a foot. Measured
in this way an average heart, during twenty-four hours,
does an amount of work equal to that required to raise
an average adult (weighing 154 lbs.) to a height of § of
a mile—i.e. about 268,800 foot-pounds. Three-quarters
of this work is done by the left ventricle.

BLOOD-VESSELS AND COURSE OF THE CIRCULATION.

It will already have been realized from the last few
pages that the heart is so constructed as to allow the
blood to flow in one direction only. When the auricles
contract the blood does not flow back into the veins
but into the ventricles, because this is the easier course.
When the ventricles contract the tricuspid and mitral
valves close so that the blood cannot flow back into the
auricles, and is therefore forced into the pulmonary
artery and aorta. It is prevented by the semilunar
valves from returning to the ventricles.

Course of the Circulation (fig. 56).—It will now
be convenient to trace the course of the blood when it
leaves the heart. The impure blood received by the
right ventricle from the right auricle is pumped into the
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pulmonary artery, which divides into two branches, one
for each lung. These branches divide repeatedly nto
smaller and smaller arteries, which at last open into the
network of capillaries by which the lungs are permeated.
In these capillaries the blood is purified, and then flows
into minute veins which unite into larger and larger
trunks till at last the four pulmonary veins are reached,
which open into the left auricle. That part of the circu-
lation, so far described, is often known as the lesser, or
pulmonary circulation.

The pure blood entering the left auricle passes on into
the left ventricle and thence into the aorta, which con-
veys it to all parts of the body except the lungs. The
eurved beginming of the aorta (wreh of the aorta) gives off
branches to the heart itself (coronary arteries), to the neck
and head (carotid arteries), and to the upper limbs (sub-
cluvian arteries) (fig. 54). The rest of 1t, known from its
position as the dorsal aorta, runs just in front of the back-
bone through thorax and abdomen, giving off numerous
branches in its course. In the lower part of the abdomen
the aorta divides into two iliae arteries for the lower limbs
(fig. 71). All the branches of the aorta divide and re-
divide into smaller and smaller arteries till capillaries
are reached. In these capillaries the blood hecomes im-
pure and then passes into minute veins, which, by their
repeated union, originate trunks of larger and larger size.

 Finally the blood enters the veins which open into the

right auricle. These are (1) the coronary sinus, formed
by the union of branches from the wall of the heart
itself, (2) the superior vena cava, formed by union of
veins from the head, neck, and upper limbs, and (3) the
inferior vena cava, made up of tributary veins from the
trunk and lower limhs. The last vein is the largest in
the body. In the abdomen it runs along the right side
of the aorta, but in the thorax it is situated a little dis-
tance in front of it. That part of the blood system just
described is often termed the greater or systemic circu-
lation. Two subordinate parts of it require further notice,
w.e. those constituting the coronary and portal systems.
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Coronary System.—The large amount of work done
by the heart renders it specially necessary that arrange-
ments should be made for supplying it with pure and
nourishing blood, and for carrying away its waste pro-
ducts. The heart is not able, as might be supposed, to
absorb the necessary amount of nutritious material and
oxygen from the blood contained within it, nor can all
1ts waste products make their way into that blood.

Two coronary arteries, coming off from the very be-
ginning of the aorta, branch up in the walls of the heart
and supply them with blood, while their waste products
are carried off by coronary veins, the most important
of which unite to form the coronary sinus. The shortest
course by which any portion of blood can pass from the
left to the right side of the heart is by means of the
coronary vessels. (These vessels are seen branching on
surface of heart in fig. 57.)

Portal System.—The veins which carry away the
blood from the stomach, intestines, pancreas, and spleen
unite together into a large trunk known as the portal
vein. This, instead of opening into a still larger vein,
runs to the liver and breaks up into smaller veins which
divide repeatedly in the tissues of that organ, ultimately
communicating with its capillaries. From these capil-
laries small veins again begin, and by their union give
rise to two or three large hepatie veins, which open into.
the inferior vena cava. The longest course by which a
portion of blood can pass from the left to the right side
of the heart is through the portal system. The liver is
not only supplied with impure blood by means of the
portal vein, but also with pure blood by means of the
hepatic artery, which comes off from a branch of the
aorta. The question naturally arises—why should the
blood from the digestive organs go through the liver?
In answering this question it must be remembered that
this blood contains all the products of digestion except
the digested fat, and it appears that the liver takes up
and stores the digested carbohydrates for the use of the
body, dealing them out again as required.
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Structure of Blood-vessels.—Arteries and veins
have been so far regarded as vessels carrying blood from
and to the heart respectively, the portal vein being an
exception in so far that it breaks up again mto small
veins in the substance of the liver. Capillaries have
been defined as exceedingly small vessels intervening
between the smallest arteries and the smallest veins.
The structural differences between these three kinds of
blood-vessel may now be con-

sidered. Capillaries, which

Fig. 62.—Structure of an
Fig. 61.—The Structure of Capillaries. Artery.

it is convenient to consider first, make up networks
(ep. fig. 51) with meshes of various sizes and shapes in
all parts of the body except the epidermis (including
hair and nails) epithelinm, teeth, and cartilage. The
name capillary (L. capillus, hair) is rather an unfortunate
one, as these vessels are very much smaller than hairs,
being not more than from ;%5 to 544 of an inch in
diameter. The smallest therefore will only allow the
red corpuscles to squeeze through them in single file.
- The exceedingly thin walls of capillaries are made up of

simple squamous epithelium, i.c. a single layer of flat-
tened epithelial cells (fig. 61). A small artery (fig. 62)
will not only be much larger than a capillary, but its
walls will be much thicker and composed of several
coats. These are: (1) a lining layer of epithelium () like
- that of the capillary walls; (2) an elastic membrane; (3)
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layer of involuntary muscle () consisting of fibres running
m a circular direction ; (4) a layer (¢) of fibrous connective
tissue. A small vein will possess the same layers, but
its walls will be thinner, as the elastic and muscular parts
of 1t are not so well developed as in an artery. The
difference between the large veins and arteries will be
still more marked. In dissecting such an animal as a
rabbit or cat, the difference between the thin-walled
veins and the thick-walled arteries is very apparent.
The former will be full of blood, while the latter are
pale and almost empty since at death their muscular
walls contract and force out the blood into the veins.
Another important distinetion is that veins are provided
with valves here and there during their course, while
arteries are not. These valves are pouch-like folds of
the veins which act in much the same way as the semi-
lunar valves, and prevent the blood from flowing back
away from the heart.  These valves can easily be
demonstrated in any one of the long blue veins which
can be seen running from the hand along the front of
the forearm. If a finger tip is firmly pressed on one of
these and carried along it towards the hand, a little
swelling will arise at some point in the vein in front of
the finger tip. This swelling marks the position of a
valve. The pressure of the finger has, in faet, been forcing
the blood the wrong way, and closed the valve, so that
the vein is made to swell up by pressure of the blood
unable to pass it. Each of the valves usually consists of
two pouches. In comparing small arteries with large,
the former are distinguished by the relatively large
amount of muscle in their walls, and the latter by the
abundance of their elastic tissue.

Character of the Circulation in the Blood-
vessels.—Owing to the difference in size and structure
hetween the different kinds of blood-vessel, and to the
different position which these have as regards the heart,
it is not to be expected that blood shou d flow through
them in exactly the same way. Arteries are nearer the
heart than the other vessels, and when one of them is
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cut, the blood comes out in spurts which correspond to
the beats of the heart. Veins, on the other hand, are
furthest from the heart, -and it is therefore not sur-
prising that when one of them is cut the blood should
flow out continuously and more slowly. .

These last-mentioned facts are of great practical 1m-
portance, as in case of an injury severing a blood-vessel,
they enable one to determine whether it is an artery or
vein. In the former case the bleeding may be stopped
by applying pressure on the heart-side of the injury, and
in the latter by applying it on the side away from the
heart. The rate of flow depends partly upon the near-
ness to the heart, and partly upon the amount of friction
offered by the walls of the blood-vessels. In a large
artery, such as the carotid of a dog, the blood may flow
at the rate of from 12 to 20 inches per second, but as the
arteries divide again and again the rate gradually di-
minishes, just as a river runs more slowly when it breaks
up into a number of channels or broadens into a lake.
In the smallest arteries the flow is probably only a small
fraction of an inch per second. The capillaries present
a very great resistance to the passage of blood, for to
force liquid through them is almost like forcing it
through a piece of sponge, and the rate of flow is esti-
mated at rather less than 2 inches per minute. As the
blood begins to pass from the capillaries into the small
veins, its pace quickens, and finally in the largest veins,
such, for example, as the jugular of the dog, it reaches
the rate of some 8 inches per second.

Proofs of the Circulation.—The structure of the
heart and the presence of valves in the veins are enough
in themselves to prove that blood circulates through the
blood-system in the direction that has already been
described. Injection of coloured liquids into the vessels
of dead bodies also proves that the heart and blood-
vessels are adapted for conducting blood by a particular
course. But in addition to this, the circulation of the
blood can be easily demonstrated in the living body.

The best means of doing this is to observe the trans-
(3 26) G
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parent web of a frog’s foot under a low power of the
microscope. Here the blood can actually be seen flowing
from small arteries into capillaries, and from capillaries
into veins.  The arteries can be easily recognized,
because in them the blood always flows from larger to
smaller branches, while the contrary is true for the
veins. It is also noticeable that the red corpuscles (here
very large, oval, and nucleated) keep, where possible, in
the centre of the stream, while the white corpuscles roll
along the walls of the vessels on the margins of the
stream. Another proof of the circulation is found in the
facts already given about the flow of blood from cut
arteries and veins. To this may be added that soluble
substances, injected into a blood-vessel or absorbed from
the alimentary canal, soon make their way all over the
system. !

The elasticity of the arteries, especially the large
ones, plays an important part in the cireulation. If
with an india-rubber syringe, used to represent the
heart, water is forced by a series of strokes into a tube
with inelastic walls, say a glass or lead tube, it will flow
out at the other end in jerks, and this will happen even
if the resistance is increased by plugging the end of the
tube with a piece of sponge. The same transmission in |
jerks will happen if an india-rubber tube is substituted,
unless the resistance is increased by blocking its end
with sponge or in some other manner. In that case the
tube will swell up with each stroke of the syringe, and
there will be a steady flow of water from its far end.
In fact, the force of each stroke is partly expended in
driving the water forwards and partly in dilating the
tube, while before the next stroke, the elastic wall of the
tube will return to its former condition, driving on the
liquid as it does so. Exactly the same kind of thing
happens in the case of the elastic arteries.

When the ventricles contract, part of the force goes to
expand their walls, which recoil again during the ven-
tricular diastole, and continue the pumping work. The
blood therefore flows with a fairly even current, instead
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Fig. 63.—The Thoracic Duct and Lymphatic Vessels.
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of being propelled in a series of jerks, as would be the
case if the walls of the arteries were inelastic. What is
known as the pulse simply consists of the alternate
expansion and recoil of the
elastic walls of the arteries,
as the ventricles alternately
contract and relax.

The muscular layer in the
walls of the arteries, especi-
ally of the smaller ones,
serves another purpose: that
of regulating their size. The
fibres of this layer run in a
circular way, so that when
they contract the artery is
narrowed. Their state of
contraction 1s regulated by
certain nerves, known from
their function as vaso-motor
(L. vas, vessel ; motor, mover)
nerves. Under ordinary cir-
cumstances these fibres are
in a tonic or half-contracted
state, but they can be made
to contract more or to con-
tract less, as a result of which
the artery is narrowed or
widened respectively. In
this way the amount of blood

: _ supplied tothedifferent parts
B e S e of the body is regulated.
i et 0,6, o he chest n tront

of the arm-pit d, above the collar-bone LYMPHATIC SYSTEM.

and wmmuuimiing with the arm-pit
e, f, ¢, ¢ point to lymphatic vessels form-

I e s S IRt noh | mecassary -~ 1or

the elementary student to
know much more about this system than has already
heen explained on pp. 77 and 81. The lacteals, which be-
long to the intestine and carry away the digested fats
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from it, run in the mesentery, and ultimately enter
the lower end of the thoracic duet (figs. 63, 213), a
tube about as thick as a crow-quill, which lies along
the front of the backbone, from the second lumbar
vertebra to the base of the neck, and opens into the
left subclavian vein (near 3). Nearly all parts of
the body are traversed by lymphatics, which are quite
similar to the lacteals in struecture, and for the most
part open into the thoracic duct (4). Both lacteals
and ordinary lymphatics resemble small veins in struc-
ture, and contain numerous valves. Unlike veins, how-
ever, they remain of about the same size in all parts
of their course, and here and there they traverse small
swellings (fig. 64) known as lymphatie, or in the case of
the lacteals, as mesenteric glands. These are not glands
in the sense already defined (p. 64), and since they
possess no ducts, are often called ‘ductless glands .
Their function is to produce new leucocytes.

The spleen (fig. 48) is usually reckoned to belong to
the lymphatic system, and is another example of a
‘ductless gland’.  Its duty appears to be that of
destroying used up red corpuscles which are no longer
fit to circulate in the blood-vessels.

CHAPTER VI

RESPIRATORY ORGANS AND RESPIRATION.

The physiological meaning of breathing or respiration
has already been briefly explained (p. 15) as the means
by which the blood maintains its supply of oxygen, and
gets rid of its excess of carbon dioxide, together with a
great deal of water. The lungs are two red spongy
bodies, which together weigh about 21 Ibs. in the adult,
and fill during life the greater part of the cavity of the
thorax, one on each side of the heart (fig. 54). Each
lung is somewhat conical in shape, with a blunt apex
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above and a concave base below, where it fits against the
diaphragm. The other side is convex, and fits closely
against the wall of the thorax, while the inner side is
concave in correspondence with the convex shape of the
heart. The left lung is divided into upper and lower
lobes, and the right lung into upper, middle, and lower
lobes. Just as the heart is suspended in the thorax by
the great blood-vessels at its base, being free elsewhere,
so 18 each lung suspended by the large blood-vessels
which enter and leave it, and by one of the two branches
of the windpipe (bronchi, fig. 65, B,c). All these
structures are attached to what is known as the ‘root’
of the lung, situated rather above the middle of its inner
side. Except at their roots, the lungs are quite free.
It has been explained that the heart is contained in a
double bag, the pericardium (p. 85), and in the same
way each lung is contained in a similar bag, called in
this case the pleura (Gk. plewra, side). The outer layer
of each pleura lines its half of the thorax much as the
peritoneum lines the abdomen, abuts against one side of
the pericardium, and, where not separated by the heart,
comes into contact with the corresponding layer of the
other pleura. The inner layer of the pleura closely in-
vests the lung, at the root of which it becomes continuous
with the outer layer. During life the two layers are in
close contact, but there is a small amount of lymph
between them, so that they are kept moist, and can
easily glide over one another during the movements of
breathing. ) o
The windpipe or trachea (fig. 65, o), by which air is
carried to and from the lungs, 1s a tube rather less than
an inch broad, which runs down the front of the neck
into the upper part of the thorax, where it forks into
two smaller tubes, the bronchi (Gk. brinchis, 1_1-‘111(11}11]&:},
one for each lung (B, ¢). The top of the windpipe is
much enlarged, and constitutes the larynx, or organ of
voice, into which the glottis (p. ) opens. The larynx
is supported by several cartilages, of which the largest
is the thyroid cartilage (Gk. thureds, shield: eidds, re-
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semblance), constituting the projection, specially large 1n
men, known as ‘Adam’s apple’. Below this comes a
ring-shaped ericoid cartilage (Gk. Arikis, ring; eidos),
broad behind and narrow m front. The windpipe can
easily be felt along the front of the neck as a firm tube
with a wall raised up into ridges, which have earned for

>

Fig. 65.—Bronchial Tubes.

~it the name trachea (Gk. frachus, rough). These ridges
are due to the presence of hoops of cartilage, by which
its walls are supported in front and at the sides, and
which prevent it from collapsing, which would interfere
with breathing. The back of the windpipe, however,
where it abuts upon the gullet, is soft and membranous,
80 that it does not interfere with swallowing. The walls
of the bronchi are stiffened in the same way. If either
the right or left bronchus is followed into its lung, it
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will be found (fig. 65) to hranch repeatedly into bron.
chial tubes (v), the smallest of whigh are }:;Jmut o of
an inch in diameter. The larger tubes have their walls
stiffened by pieces of cartilage, but this is not the case
with the smallest branches, the walls of which are deli.
cate and membranous. If one of these smallest bronchil
tubes is followed up, it will be found to end blindly in a
group of air-sacs (fig. 66) much wider than itself.” The

Fig. 66.—Air-cells of the Lung.

II. A couple of air-sacs connected with one of the smallest bronchial tubes (a).
Air-sac in section; A, A, h, central cavity; e, e, ¢, ¢, cavities of air-cells: b, one

of smallest bronchial tubes,

wall of each air-sac is raised into a large number of
rounded projections known as air-cells (6). If the sur-
face of the lung is examined carefully, it will be found to
present a mottled appearance, due to its division into an
immense number of minute lobules varying from } to §
an inch in diameter. Each of these lobules consists of a
number of groups of air-sacs, bound together by con-
nective tissue.

The complicated arrangement of branching tubes, of
which the lungs mainly consist, is lined throughout by
mucous membrane covered by epithellum. In the
trachea, bronchi, and bronchial tubes the epithelium is
mainly composed of columnar cells, placed at right angles
to the surface, and covered on their free ends by short
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threads (about 5% of an inch long) of protoplasm, known
as cilia (L. cilium, eyelash) (fig. 67). Each cilium possesses
the power of contractility, but this is not shown, as in
the case of a muscle-fibre, by shortening with equivalent
thickening, but by alternate bending and straightening
in a very regular manner. The cilia which line the air-
passages all work together in such a way as to sweep
mucus and foreign particles towards the glottis. They
constitute, in fact, an arrangement by which the air-
passages are kept clean. This 1s a
matter of very great importance, as
all sorts of solid impurities are being
constantly taken in with the air that
is breathed. The epithelium, which
lines the air-sacs, is simple and squa- 4
mous, consisting of a single delicate & -pfesef bilinted
layer of flattened cells. Immediately

outside this layer are situated the capillaries of the lungs
as a very close network.

Movements of Respiration.—It has already been
explained (p. 31) how, by the movements of the ribs and
sternum the size of the chest can be increased from side
to side and from before backwards. The diaphragm,
which forms the floor of the chest, is also capable of
movements which inerease its size from top to bottom.
The centre of the diaphragm is of the nature of a tendon,
and remains almost at rest below the heart during
breathing, but its margins are made up of muscle, which,
when 1t contracts, flattens out, so as to increase the
capacity of the chest. This process is aided by two
muscular masses known as pillars of the diaphragm,
which run from its dorsal region to the front side of the
lumbar vertebrae. During inspiration the ribs and
sternum move upwards and forwards, and at the same
time the diaphragm contracts, so that the dimensions of
the chest are increased in all three directions. During
expiration, the ribs and sternum move downwards and
backwards, and the diaphragm ceases to contract, he-
coming convex again. In this way the dimensions of the
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chest diminish in all directions. The lungs contain a
great deal of elastic connective tissue, which, during life,
1s always kept on the stretch, so that the lungs are, as it
were, constantly trying to contract. If in a freshly
killed rabbit the abdomen is carefully opened and the
liver pulled back, the pink lungs will be seen through
the transparent diaphragm fitting closely against the
wall of the thorax. If now the diaphragm is punctured
on one side, the lung on that side will shrink to a com-
paratively small size, in virtue of its elasticity. The
uninjured thorax may be regarded-as an air-tight box,
and the lungs are kept expanded by the pressure of the
air in the air-passages. They could not shrink away
from the wall of the thorax without causing a vacuum
between the two layers of the pleure, and their elas-
ticity is not sufficiently powerful to effect this. When,
however, the wall of the thorax is injured, the pressure
in the air-passages is neutralized by a corresponding
pressure on the outside of the lung concerned, its elas-
ticity comes into play, and it consequently shrinks.
From what has been said, it follows that when the
capacity of the chest is increased by movement of its
walls, the lungs must enlarge to a corresponding
extent, and air must at the same time enter them.
The lungs diminish in size as a matter of course when
the chest does so, and air consequently passes out
of them. ‘

Air can pass in and out of the lungs either by way of
the mouth or of the nose, both of which courses can
be understood from fig. 34. The inward course in the
former case is — mouth-opening—mouth—pharynx—
glottis; in the latter—nostrils—nasal cavities—posterior
nares—pharynx—glottis. The outward course is the same
as the preceding read the other way round. Breathing
through the nose is more natural and more desirable
than breathing through the mouth. The average rate
of breathing in the adult is about 17 times a minute,
about 30 cubic inches of tidal air passing in and out
each time. As after an ordinary inspiration the lungs

- S — M- e T——



RESPIRATORY ORGANS AND RESPIRATION. 107

contain 230 cubic inches of air, it will easily be realized
that the tidal air only passes in and out of the larger
air-passages, an arrangement by which injury of the
more delicate parts of the lung is guarded against. If
a very full breath is taken, about 100 cubic inches of
air can be drawn in, besides the tidal air. This is called
complemental air. On the other hand, the deepest
possible expiration expels 100 cubic inches of supple-
mental air in addition to the tidal air. But even after
this, 100 cubic inches of air still remain in j:he lungs,
constituting what has been called the residual air.
Under no circumstances can this air, which fills the
smallest bronchial tubes and the air-sacs, be directly
renewed. The lungs are in fact so extremely spongy,
that even when removed from the body and shrunk by
their own elasticity far beyond what can ever take place
during life, they still contain a great deal of air, and
readily float on water. The following table will help to
make matters clearer:—

Cu. in. Air in langs.
After fullest inspir.

‘Vital (Complemental air (€100 | (o .. R+S+T+C.
Capacity’ l Tidal air (1),.ce.e-vonn 30 ety m]s-%:-ﬂ quT
= C+T + S | Supplemental air (8),.100 Aftenoraindryiepin

A R+S.
Residual air (R),. .....100 | After fullest expiration, R.
330

Differences between Inspired and Expired
Air.—Since breathing goes on for the sake of obtaiming
oxygen and getting rid of carbon dioxide, 1t is to be
expected that expired air should contain less oxygen and
more carbon dioxide than inspired air. This is actually
the case.

At this stage it is desirable to enter rather more fully
than has yet been done into the chemical composition of
air.  Perfectly dry air consists approximately of the
following gases, mixed, not united together, so that each
retains its own properties:——
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Volumes,
D;yg‘&n, .............................. 2096
Nitrogen,......... A R 7900
Carbon dioxide,......... it 04

100-00

Ordinary air, however, is never perfectly dry, but
contains a very variable amount of water vapour, to the
condensation of which fog, clouds, rain, &ec., are due.
Oxygen and nitrogen have been already studied to some
extent (pp. 49, 51), and some details regarding carbon
dioxide made be added here.

Carbon Dioxide, or Carbonic Acid Gas, is a compound
the molecule of which consists of 1 atom of carbon plus
2 atoms of oxygen, and which therefore has the formula
CO,. Limestone or chalk (carbonate of lime) may be
regarded as a compound consisting of CO, and quicklime
chemically united. The formula for quicklime i1s CaO,
i.e. a molecule of this compound contains 1 atom of
calcilum plus 1 atom of oxygen. A molecule of chalk
contains the same atoms as 1 molecule CO, plus 1 mole-
cule CaO, and its formula is consequently CaCO..
When chalk or limestone is burnt in a kiln it 1s broken
down into CaO and CO.,.

On the other hand, quicklime left exposed to the air
gradually becomes reconverted into carbonate of lime
by uniting with its carbon dioxide. Both the processes
may be represented by the following chemical equation:

by heat
= =
CaCO; = CaO + CO,
carbonate of lime quicklime and carbon dioxide.
é—

Read from left to right in the direction of the upper
arrow, this expresses the breaking down or analysis of
(aCO,, while read in the other direction it expresses the
building up or synthesis of the same compound.

Carbon dioxide can be more conveniently obtained
from chalk, limestone, or marble, by the action of an
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acid, the apparatus employed being represented in fig. 63.
Some bits of limestone are put into the flask shown on
the right-hand side, and hydrochloric acid poured in by
the thistle funnel. Brisk effervescence ensues, owing
to the liberation of carbon dioxide, which is conducted
by means of the doubly bent tube to the bottom of the
jar shown on the left hand side. The gas can be col-
lected in this way because it is relatively heavy, and so
gradually displaces the
air in the jar. If before o3
generating the gas, three
lighted candle ends of =3
different lengths have |
been placed in the jar,
they will be seen to go
out one after the other, Ak
the shortest first, as the A
carbon dioxide gradually | ‘
displaces the air. It is - 1‘
thus proved that this gas
does not support com- 1‘ ”HH

' |

ﬂ

|

|
s

bustion nor itself burn. e _
Another experiment 1s N i =S
impﬁrtantj ]]EGHI]SE it’ Fig. 88.—Apparatuz for the Preparation and
serves as' a useful test Squiimorbals fud s oo Gl
for the presence of carbon
dioxide. A small of quantity of lime-water (prepared
by shaking up some quicklime with water and then
filtering) is placed in a collecting jar, and carbon dioxide
is passed through the liquid, which at once becomes
milky, and if allowed to stand, a white sediment is de-
posited. This sediment consists of carbonate of lime
formed by union of the CO, with the lime dissolved in
the water, as in the chemical equation given above read
from right to lefr. It need only be added that CO, is col-
ourless, with a slighf pungent smell, and a faint acid taste.
We are now in a position to prove that the air breathed
out contains more carbon dioxide than the air breathed
in. Two bottles, in each of which a little lime-water has
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been placed, are provided with tubes as shown in fig 69,
A full inspiration is then taken through one hottle (&),
and immediately afterwards a full expiration through
the other bottle. This process is repeated two or three
times. The lime-water in B remains clear, that in ¢
soon becomes milky. In fact 4 per cent by volume of
expired air consists of CO,; i.e. 100 times as much as in
inspired air.
! — Asregards oxygen there
To Lungs are about 16 volumes of
it in 100 volumes of ex-
pired air, so that the air
taken into the lungs loses
nearly a quarter of 1ts oxy-
gen there. Expired air
also differs from inspired
air in containing a larger
amount of water vapour,
with which in fact it is
otk : saturated. The film which
r{e?ﬁ;ﬁ‘;'{_u%ﬁﬁ%"l'iﬂf':Efﬁ'ﬁ;;.f}ﬂf#f "iri dims a looking-glass when
e ot ot o b througtie, and thin.  fnaathed . mupon. -and: ) the
cloud formed by the breath
on a cold day are caused by the condensation of this
moisture. The air breathed out also contains a small
amount of volatile organic matter, which easily putrefies,
and is the cause of the ‘stufty’ smell so noticeable in badly-
ventilated rooms. Ventilation is necessary because it
keeps up the supply of oxygen and gets rid of the carbon
dioxide and organic matter present in expired air. Both
of these are injurious to health, especially the latter.
When the CO, in the air of a room rises to ‘08 per cent,!
the air may be regarded as unwholesome chiefly because
organic matter is then present to a poisonous extent.
ixpired air is also much warmer than inspired air, its
temperature being about 97° F., which is very nearly
that of the body.

==

m—

{

@

1 1 oz, of lime-water shaken up with the air of the room in a 10-oz. bottle
will turn milky if this percentage is exceeded.
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Daily Gains and Losses.—Reckoning the tidal
air as 30 inches, about 425 cubic feet of air pass through
the lungs of an average adult in every 24 hmurs,l 1200
grains of oxygen are absorbed, while }4,40() grains of
CO, and of water are given out. This CO, with the
accompanying organic matter, is enough to render 27,600
cubic feet of air unfit for respiration, and this amount
therefore is the daily minimum required. Calculating
on this basis, a room which is constantly occupied should
not only be well ventilated, but be large enough to allow
at least 800 cubic feet of space to each adult.

Changes which the Blood undergoes in the
Lungs.—It has already been explained that the move-
ments of breathing only renew the air in the larger
air-passages. That in the air-sacs and smaller bronchial
tubes is kept pure by ordinary gaseous diffusion. That
is to say, when two gases or mixtures of gases are in
direct contact currents pass in both directions until the
entire volume is of the same composition. In this way
the air-sacs can get rid of their carbon dioxide and water
vapour while at the same time their supply of oxygen is
renewed.

To understand the exchange of gases between the
blood and the air in the airsacs an addition must be
made to what was said about diffusion on p. 76. It
appears that, if a liquid with dissolved gases is separated
by a moist animal membrane from a gas or mixture of
gases, diffusion will take place through the membrane
in both directions. Thus, if a moist bladder, containing
water with carbon dioxide dissolved in it, were placed in
a vessel of oxygen—(1) carbon dioxide would diffuse out
of the water, through the bladder info the oxygen, (2) oxy-
gen would diffuse fhrough the bladder into the water,
which would dissolve it. A similar exchange takes place
between the blood and the air in the air-sacs, which will
be understood when it is remembered that the blood in
tae capillaries of the lungs is only separated from the air
in the air-sacs by the extremely thin walls of the capil-
laries and by the delicate epithelium which lines the
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sacs. The total surface represented by the lining of all
the air-sacs is about equal to 100 times the area of the
skin, and the spongy structure of the lungs may bhe re-
garded as an arrangement by which the blood is brought
very near to the air over a very large area with great
economy of space. A similar gain of absorptive surface
without sacrificing compactness has already been seen in
the case of the small intestine (p. 77).

The oxygen which the blood dispenses to the tissues
is carried by the complex substance heemoglobin, to
which the red corpuscles owe their colour. Hzmoglobin
consists of a proteid substance, globin, united with a red
colouring matter, heematin, in which the elements carbon,
hydrogen, nitrogen, oxygen, and iron occur. The pecu-
liarity which renders it useful as an oxygen-carrier is
that part of its oxygen is held in a state of loose chemical
combination, i.e. is readily parted with to the tissues.
It is called oxy-heemoglobin when this loosely-held oxy-
gen is present, and is then of a bright scarlet colour,
but after parting with this oxygen it becomes of a dark
purple colour, and is known as reduced heemoglobin.
The term ‘reduced’ is the exact opposite to oxidized,
and 1s applied to compounds from which the oxygen has
been more or less removed. Pure blood, as found in all
arteries except the pulmonary, is of a bright scarlet
colour owing to the presence of oxy-h@moglobin, while
impure blood, as found in all veins except the pulmonary,
is dark purple because its hemoglobin has been reduced.
Hence when a blood-vessel is cut the colour of the
blood flowing out is one means of determining whether
an artery or vein has been injured. In the capillaries
of the general bodx the oxy - hemoglobin of the pure
blood, supplied by the branches of the aorta, is largely
converted into reduced heemoglobin by the action of the
surrounding tissues, which have a strong affinity for
oxygen, causing that part of it which is loosely held to
be liberated from chemical combination, after which it
passes by diffusion through the delicate capillary walls
into the surrounding lymph. In the lung-capillaries, on
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the other hand, the reduced hemoglobin in the impure
blood brought by the pulmonary artery is once more
converted into oxy-haemoglobin, the necessary oxygen
diffusing into the capillaries from the air in the air-sacs.

The carbon dioxide of the blood is partly dissolved in
the plasma and partly chemically united with the mineral
salts contained in it. In the tissues the carbon dioxide
formed as a product of waste passes into the lymph, and
from it into the capillaries. The impure blood reaching
the lungs gets rid of carbon dioxide, which diffuses from
the lung capillaries into the air-saecs. The water-vapour
and organic matter in the expired air have a similar
source.

It is therefore in the capillaries of the general body
that pure (‘arterial’) blood is converted into impure
(‘venous’), while the converse process takes place in the
capillaries of the lungs.

The conversion of impure into pure blood, so far as
amount of oxygen 1s concerned, can easily be effected
outside the body altogether, by simply exposing it to
the air. Its purple colour soon gives place to bright
scarlet as the reduced hamoglobin takes up oxygen from
the air and becomes oxy-hamoglobin. The process can
be hastened by shaking up with air, or still better with
oxygen. It is also possible to convert pure into impure
blood outside the body, by addition of a strong reducing
agent, ¢, some substance having a strong affinity for
oxygen. Such a substance is found in ferrous sulphate
(green vitriol), and if some of this is added to pure blood
the bright scarlet colour is changed for a dull purple.
Oxygen has been withdrawn from the oxy-hemoglobin,
converting 1t into reduced hemoglobin.

Suﬂ'ncanpn or Asphyxia (Gk. for stopping of pulse)
takes place if the same air is breathed over and over
again, if some gas (other than oxygen) or mixture of
gases (not containing oxygen) is substituted for air,
or if breathing is stopped altogether by closure of the
trachea. In such cases there is oxygen starvation, with

poisoning by the waste products of respiration, and it
(M26) H
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may be in the second case by the substituted gas inhaled.
It will be sufficient to consider the case where the same
air 1s repeatedly breathed. As it becomes impure the
breathing becomes more rapid, fuller, and more laboured.
Then follows a stage marked by difficulty of breathing,
dyspneea (Gk. dus, bad ; pnég, I breathe), where the muscles
concerned in expiration contract violently, and convul-
sions finally set in. The last stage is one of complete
exhaustion, with occasional attempts at breathing which
become feebler and feebler till at last death ensues.
Upon dissection all the blood is found to be dark, for its
heemoglobin is entirely reduced. The great veins, the
right side of the heart, and the pulmonary artery are
gorged with blood, while the left side of the heart is
nearly empty.

Coughing is generally the result of irritation of the
larynx or trachea. It consists of a deep inspiration with
closure of the glottis, followed by a rapid and more or
less violent expiration through the mouth. Irritating
substances are got rid of in this way.

Sneezing resembles coughing, but in this case the
eyes or nasal cavities are irritated, and expiration takes
place through the nose.

CHAPTER VIL

URINARY ORGANS AND THE EXCRETION OF NITRO-
GENOUS WASTE.

The constant waste which goes on in the body for the
purpose of producing the energy and heat necessary to
life leads to the production of three chief waste products:
water, carbon dioxide, and urea. The respiratory crgans,
as explained in the last chapter, get rid of nearly all the
carbon dioxide and a great deal of the water, while at the
same time they are the means by which the necessary
process of waste is rendered possible, since they introduce

oxygen into the body. The urinary organs, including
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under this name the kidneys and related parts, have the
function of excreting water together with urea, which is
a nitrogenous waste product brought to the kidneys m
the blood.

The clear amber-coloured liquid, urine, excreted by
the kidneys, consists, therefore, of water with various
substances dissolved in it, of which the most important
is urea. Its composition given in greater detail is as

follows:—
In 1000 parts.

Water, ... & $955
Dissolved solids consisting of,—

UREA, ... 28:3
(Other nitrogenous substances, i i
Sodium chloride (common salt), s L 1Ee0
Other salts, &c., 68

— 42

1000

Urine is slightly aeid, and when allowed to decompose
gives off a peculiar pungent odour due to the formation
of ammonia. From 50 to 60 fluid ounces are excreted
by the kidneys during every 24 hours, containing about
512 grains of urea.

Urea, when obtained in the solid form, erystallizes in
four-sided prisms or in delicate white needles. Its chemi-
cal formula is N,H,CO, and it therefore contains the ele-
ments nitrogen, hydrogen, carbon, and oxygen, the first
making up nearly half its weight. In decomposing urine
1t 1s converted into ammonium earbonate (N,H.CO,),
the substance familiarly known as ‘smelling salts’, by
union of 2 molecules of water with 1 molecule of urea:
N,H,CO + H,0 + H,0 =N,H,CO,. Each molecule of
ammonium carbonate then readily breaks down into 2
molecules of ammonia (NH,), 1 molecule of water (H,0),
and 1 molecule of carbon dioxide (CO,). g

Urea may thus be regarded as the end product re-
sulting within the body from the breaking down of
its proteid constituents, and it then undergoes further
changes, outside the body, leading to the production of
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a still simpler nitrogenous bhody, ammonia. It ma
added that when thf body dies J';1’11(1 its soft parts degm?f
pose, the ultimate products are water, carbon dioxide,
and ammonia. It is therefore desirable to learn some-
thing more about this last compound,

Ammonia is a gaseous compound the molecule of
which contains 1 atom of nitrogen
united with 3 atoms of hydrogen,
and 1t therefore has the formula

Fig. 70.—Apparatus for preparing and collecting Ammonia Gas from sal-ammoniae
and slaked lime. The collecting bottle is empty and inverted to receive the gas from

the delivery-tube.

NH,, as already mentioned. Water dissolves ammonia
very readily, and chemists sell it in this form, for which the
popular name is ‘spirits of hartshorn’. The extremely
penetrating odour of this solution is familiar to most
people, and the similar odour given off by common smell-
g salts is also due to the liberation of this gas. Am-
monia is usually prepared on a small scale in the labora-
tory by means of the apparatus represented in fig. 70.
A mixture consisting of 1 part of sal-ammoniac (NH,CI)
to 2 parts of slaked lime (CaH,0,) is placed in the flask
on the right and gentle heat applied. Ammonia is then
given off, and, being about twice as light as air, can be
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passed through a bent tube and collected in a jar turned
upside down, as shown on the left. The gas thus obtained
will be found to be transparent and to possess a peculiar
pungent odour. It will put out a lighted candle-end
raised into it by means of a wire, and will not itself take
fire. If the end of the tube leading from the flask is

Fig. 71. — 8how-
ing the Kidneys
and the Structures
in conuection with
them.

w, w, Ureters; =,
urinary bladder.
In the centre of
the figure (to
right) is seen the
dorsal aorta (a),
giving off the
renal arteries and
forking below in-
to iline arteries.
The inferior vena
cava (v) is also
seen, miade up by
union of the iliac
veing below and
receiving renal
veing from kid-
TEVE,

allowed to dip into a vessel of water, a solution of am-
monia will be prepared. Both as a gas and in solution
ammonia is strongly alkaline, .e. it will turn red litmus
paper blue or neutralize acids.

The Kidneys (fig. 71) are two dark red bodies of
characteristic shape, situated at the back of the abdom-
inal cavity, one on each side of the backbone. Their upper
ends are on about the same level as the last thoracic
vertebra, and they are behind the peritoneum, which
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therefore only covers their front surfaces, Fach kidney
18 about 4 inches long, 24 inches broad, and 1} inches
thick, with a weight of 41 ounces or rather less. On its
inner side there is a notch, the hilus, from which a firm-
walled tube runs down to open into the back of the
urinary bladder. This tube is the duct which carries off
the urine from the kid-
ney, and it is known as
the ureter. The urinary
bladder, which acts as a
temporary receptacle for
the urine, is a rounded
sac with firm translucent
walls, containing layers
of iInvoluntary muscle.
The bladder, when mo-
derately full, contains
about a pint of liquid.
It communicates with the
exterior at its lower end
by a tube, the urethra,
the beginning of which
is kept closed by a
sphincter muscle (p. 65),

Structure of the
G Y R s Rianoy = Tte datuey
isseen the cut end of a branch of the renal vein 18 covered ]J}T a firm

—below it, the cut end of a by h of the renal 0
Sy, haloll - carier i nsddlie T v Chbronsiweoats whish o ean

readily be peeled off.
When cut through longitudinally from side to side the
cut surface presents the appearance represented in fig. 72.
The outer part or cortex (L. for bark) is soft, dark red
in colour, and granular-looking, while the inner part or
medulla (L. for marrow) is firmer, paler, and marked by
fine streaks diverging towards the cortex. The medulla
is divided into a number of conical masses or ‘ pyramids’,
of which 12 or more are generally present. The broad
ends of the pyramids are continuous with the cortex,
while their narrow ends constitute a number of rounded

-
———
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elevations, the urinary papillee, which project mnto a
cavity (pelvis) formed on the inner side of the kidney
by expansion of the ureter at the hilus. _ *

If the surface of a urinary papilla is examined with a
lens, a number of minute apertures can be seen, which are
rendered more obvious by squeezing, when minute drops
of urine ooze from them. The kidney is in fact made up
of an enormous number of microscopic uriniferous tubules
by which the urine is excreted. Each of these tubules
begins in the cortex with a
small round Malpighian
body visible as a red spot by
means of a lens, It then
twists about in a very com-
plex way and finally runs
straight through the me-
dulla, uniting as it does so
with other similar tubules
till a rather wider tube is
formed which opens on a
urinary papilla by means of
one of the minute apertures

R Fig. 73.—Malpighian Body of Kidney,
already mentioned. The " with 1ts tuft of vessels.

Sbl'iﬂtﬂd EI.P[]EE.-I'E.HC'E ﬂf the ¢ and b, Cells of capsule formed by dilated

end of tubule e. The wide vessel is the

medulla is due to the  afferent: the narrow oneis the efferent.

i : Very largely magnified.
straight course which the

tubules take as they converge to the urinary papille.
The tubules are lined throughout by a layer of simple
epithelium, the character of which varies in different
places. The only regions which need be considered
further here are the Malpighian body and the thickened
part of the tubule running in the cortex. A Mal-
pighian body (fig. 73) is a rounded structure lined by
flattened epithelium and having a tuft of capillaries, the
glomerulus (L. for small skein of thread), pushed into it,
so to speak. The glomerulus is not, however, inside the
cavity of the capsule, but has much the same relation to
it that the heart has to the pericardium (p. 85). The
thickened part of the tubule is lined by glandular
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epithelium, a small part of which is shown in fig. 74.
Since the uriniferous tubules excrete the urine from the
blood, it is desirable to have some notion of the arrange-
ment of the blood-vessels of the kidney. A renal artery
(fig. 71) runs from the aorta to the hilus, and divides up
into smaller and smaller branches. Some of these run in
the cortex and give off twigs to the glomeruli (wide
vessel in fig. 73). The blood is carried off from each
glomerulus by a minute vein (narrow vessel in fig. 73),
which at once breaks up in the same way as a portal
vemn and becomes
continuous with a
network of capil-
laries, by which the
thickened parts of
P e e i
R A R Bl G Ol eleselysurnounded.
From this network,
and from capillaries in the medulla, small veins arise
which by successive union finally produce the renal vein,
which runs from the hilus into the inferior vena cava
(fig. 71). The blood in this vein is the purest in the
body, as far as nitrogenous waste is concerned.

The water and inorganic salts of the urine appear to
be filtered out of the blood in the glomeruli into the
beginnings of the uriniferous tubules. It must be re-
membered, however, that we have to deal in this case
with a living filter that has the power of regulating what
shall pass through it and what shall not. If it were not
for this all the dissolved substances in the blood would
be able to filter through into the tubules, which is very
far from being the case. The glandular epithelium lining
the thickeneg part of the tubules appears to have the
function of separating urea and certain other nitrogenous
substances from the blood in the surrounding capillary
network. From the epithelium they pass into the cavi-
ties of the tubules, which are constantly being washed
out by the fluid filtered through the glomeruli.
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CHAPTER VIIL

THE SKIN AND ITS FUNCTIONS —METABOLISM AND
ANIMAL HEAT.

The skin has already been mentioned on p. 14 as an
important protective organ, and its division into epider-
mis and dermis was there explained. Other important
functions are performed by the skin besides the one just
mentioned. Itisan excretory organ—the excretion being
called perspiration or sweat,—it helps to regulate the
temperature of the body, and it is the organ of touch.

The structure of a magnified section of skin, taken at
right angles to the surface, is represented in fig. 75. The
epidermis (ab) is comparatively thin, but varies in thick-
ness in different parts of the body. It is thickest (about
S of an inch) on parts exposed to pressure, such as the
palms of the hands and soles of the feet: in some places
1t 1s not more than ;1. of an inch thick. The under sur-
face of the epidermis is irregular and moulded upon the
correspondingly shaped upper surface of the dermis (¢).
Epidermis is a form of stratified epithelinm, and is made
up of numerous layers of cells which are more or less
rounded near the dermis, but externally are scale-like
and constitute what is called the horny layer ().
The deeper part of the epidermis contains pigment,
and is termed the Malpighian layer (). Hairs belong to
the epidermis, and may be looked upon as compressed
piles of dead cells in the form of horny secales. Each
hair grows out of a narrow pouch, the hair-sac (see
fig. 75) which is lined by epidermis hut. projects down
into the dermis. The hair grows by addition of material
to its base. Two or more little pouches, the sebaceous
glands (f), open into the hairsac. They are lined by
glandular epithelinm and secrete a greasy substance
which acts as a natural pomatum. The nails of the
fingers and toes are of much the same nature as hairs,
and are developed in a similar way. They are as it were
enormously large flat hairs. The sebaceous glands are
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not the most important ones belonging to the skin.
If the tip of a finger or thumb is carefully examined a
number of delicate ridges will be seen arranged in a
peculiar manner. It is owing to these ridges that the
print of a dirty finger or thumb has a well-known and
characteristic appearance. If by means of a fairly strong
lens, one of these ridges is carefully examined, a row of
minute holes will be seen run-
ning along 1t. These are the
openings of the sweat-glands,
by which the sweat is excreted.
Each of these glands is an ex-
ceedingly delicate tubule about
1 of an inch long, the beginning
of which is coiled up into a
kind of ball (¢) in the deeper
part of the dermis, or in the
subcutaneous (L. sub, below:
cutis, skin) tissue (¢'d) which
lies below it. This coiled part
is lined by glandular epithelium.
The rest of the tubule, which
may be called its duct, runs
~ with a wavy course (¢') through
Fig, 76.—The Btructureof the 8kl the dermis, and then, twisting
like a corkscrew, pierces the

epidermis to end by one of the pores already mentioned.
The epithelium lining the gland belongs to the epidermis.
Sweat-glands are found in almost all parts of the skin,
but are not equally numerous in every region. They
are most abundant in the palms of the hands and soles
of the feet, where about 3000 are found to the square
inch. Where least abundant, as in the skin of the back,
about 400 of them occur to the square inch. There must
be between two and three million of them altogether, and
if unravelled and placed end to end in a straight line
they would stretch a distance of not less than ten miles.
The dermis (fig. 75 from just below b to ¢) is much
thicker than the epidermis and passes without sharp
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houndary internally into the subcutaneous tissue (c'd),
which is of similar texture, but distinguished by contain-
ing a good deal of fat (oval areasin the figure). The outer
surface of the dermis is irregular, and in the sensitive
parts of the skin raised into numerous minute papille.
[t is the arrangement of these in a regular manner that
gives rise to the ridges on the fingers mentioned above.
The dermis consists of a felt-work of connective tissue,
traversed by numerous blood-vessels, lymphatics, and
nerves. It therefore bleeds when injured, and 1s sensi-
tive.

Excretion by the Skin.—Sweat is an acid hiquid,
the composition of which resembles that of very much
diluted urine. 1000 parts by volume consist of 988 parts
of water with 12 parts of dissolved solids. Of these last
nearly 3 consist of sodium chloride, less than 1 of urea,
and the rest of small quantities of various salts and
organic compounds. Under ordinary circumstances the
sweat evaporates into the surrounding air as soon as it
reaches the surface of the skin, and in this form i1s known
as ‘insensible perspiration’, but when violent exercise
is taken, or the body is exposed to a high temperature,
drops of sweat collect on the skin, constituting ‘sensible
perspiration’. In fact, under such circumstances, the
sweat is secreted more rapidly than it can be got rid of
by evaporation. About 2 pounds of sweat are excreted
every 24 hours.

Regulation of Body Temperature by means
of the Skin.—Under all circumstances, the healthy
human body maintains a constant temperature of about
98:6° F. as measured by means of a thermometer placed
in the arm-pit. The temperature of the blood is about
100-6° F. But the heat produced in the body constantly
varies in amount, being more, for example, when a great
deal of exercise is taken, and less when but few move-
ments are made. A regulating apparatus is therefore
required, and this is constituted by the skin, working
under the control of the nervous system. Heat is being
continually given off from the surface of the skin by
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radiation, and also as a result of the evaporation of sweat.
The latter point will be realized by remembering how
cold the skin feels if damped with warm water, and then
allowed to dry by letting this evaporate. A similar
etfect 1s brought about by meansof the perspiration. When
too much heat is produced in the body the skin becomes
red and hot, while at the same time the production of
sweat is largely increased. Two things have happened
leading to this result—(1) the vaso-motor nerves, which
regulate the size of the arteries supplying the skin, have
caused these to increase in size (p. 100) and to bring
more blood, (2) special secretory nerves have stimulated
the sweat-glands to produce more sweat. An attempt is
being made, n fact, to get rid of as much heat as possible
from the surface of the skin. It is now moist and un-
usually full of blood, conditions which favour the escape
of heat through it. It is also clear that the increased
secretion of sweat leads to a greater loss of heat by means
of evaporation. Exactly the opposite kind of thing takes
place if the loss of heat has to be reduced, as, for example,
in cold weather if little exercise is taken. The skin may
then be pale and cold, and the sweat reduced in amount.
The arteries supplying the skin are contracted by the
influence of the vaso-motor nerves, and the sweat glands
are not stimulated to extra secretion. The primary use
of clothes in this climate is to assist the skin in prevent-
ing loss of heat.

METABOLISM.

The actual living substance of the body, protoplasm (Gk.
protos, first; plasma, something formed), is of exceed-
ingly complex chemical nature and very unstable, z.¢. very
liable to break down into simpler substances. It is known
to consist very largely of proteids, and probably of carbo-
hydrates and fats as well. The body also contains a
large number of lifeless substances, some of which are on
their way to become protoplasm while some have resulted
from its breaking down in various ways. The term
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Metabolism (Gk. métabolé, change) is conveniently applied
to the entire cycle of changes by which the digested
food is converted into protoplasm on the one hand, and
by which waste products are ultimately produced on the
other by breaking down of protoplasm. The up-building
processes may be grouped under the heading Constructive
Metabolism, and the down-breaking processes under the
heading Destructive Metabolism. The former involves
the absorption of heat and the conversion of actual or
kinetic energy into stored or potential emergy. The
latter is associated with the conversion of potential into
kinetic energy, which appears as heat and mechanical
work. These facts can be represented diagrammatically
as follows.— (K.E. = Kinetic energy; P.E. = potential

L ) : b
/ — Protoplasm—— m

Pt | e

Foﬁd Waste f‘ruduets

The diagram is made like a staircase to indicate that
there are a number of upward steps between food and
protoplasm and a number of downward steps between
protoplasm and waste products. But this i1s not all, for
it appears that a considerable part of the food is not
built up into protoplasm at all, but is slowly oxidized
into waste products, with conversion of potential energy
into heat and mechanical work. We may compare the
living body to an imaginary steam-engine (cp. p. 47)
which does work and keeps up its heat partly by the
combustion of fuel and partly by the combustion of its
own walls. We must further suppose this steam-engine
to possess the power of repairing its walls from part of
the fuel as rapidly as they are burnt away, and thus,
though the shape of the engine would be maintained, the
materials making it up would be constantly altering.
Another way of expressing the fact that living matter
1s constantly being broken down is to say that all parts
of the body continually undergo ‘local death’, but it
must not be forgotten that this is compensated by con-
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stant renewal. Death in the ordinary sense or ¢ general
death’ in the physiological sense means the stoppage of
the various functions that distinguish the body as a whole,
but not the immediate death of all the tissues. In the
dead body destructive metabolism continues to go on
without any counterbalancing constructive metabolism.

Animal Heat.—As stated above, one of the results
of metabolism is the production of heat, and it must now
be emphasized that the down-breaking processes which
liberate 1t are of the nature of slow combustion or oxida-
tion. Hence the necessity for taking in free oxygen,
which, so to speak, seizes on the carbon and hydrogen
in the compounds found within the body, and unites
with them to form carbon dioxide and water. In the
oxidation of the nitrogenous compounds the ultimate
product, so far as concerns nitrogen, is urea.

Most of the heat of the body is produced by the meta-
bolism of the muscles, and a considerable amount in the
glands, but more or less of it is liberated in all parts of
the body. The circulatory organs among their many
functions include that of heat distribution, just as air
and water currents distribute heat and so tend to equalize
the temperature of the earth. Heat is lost from the sur-
face of the skin, and with the faeces, urine, and expired
air. The regulation of heat by means of the skin has
already been sufficiently explained.

Work done by the Body.—The actual energy set
free, by the processes of oxidation already described, is
largely manifested in the external work done by the
body in locomotion, &e., and in the internal work per-
formed by the various organs. The average day’s exter-
nal work performed by an industrious workman has been
estimated at 483 foot-tons, work equal to that expended
in raising 483 tons one foot or 1 ton 483 feet.
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CHAPTER IX.

THE NERVOUS SYSTEM AND ITS FUNCTIONS.

The Nervous System includes those structures by
means of which all the organs of the body (p. 16) are
correlated, and caused to work in harmony with one
another and the surroundings. This is necessary, be-
cause, in accordance with the principle of division of
physiological labour (p. 13), different parts are special-
ized for performing the functions of digestion, respira-
tion, circulation, &c., and if they worked independently
of one another the most disastrous results would at once
follow. The nervous system, in fact, undertakes the
direction and control of the whole body, and all the
higher manifestations of life are dependent upon it.
Take such an apparently simple matter as the mainten-
ance of the erect position (p. 46). This depends upon
the constant transmission of what may figuratively be
called ‘orders’, from the nervous system to the muscles
concerned. When a person goes into a dead faint some
of the actions of the nervous system are temporarily
suspended, including the sending out of these orders, and,
as a result, the erect position is no longer maintained.
More serious interference with the nervous system may
lead to stoppage of the heart or of the respiratory move-
ments, and in that case death ensues unless the interfer-
ence is of extremely brief duration.

The organs now being dealt with, consist of (1) the
Central Nervous System, including the brain, spinal cord,
and sympathetic ganglia—and (2) the Peripheral Ner-
vous System, including the nerves by which these parts
are brought in relation to the other organs of the body.
It will not be convenient, however, to completely sepa-
rate the consideration of the two.
~ The Cerebro-spinal Axis, under which name Brain and
Spinal Cord are included, is contained in the dorsal
cavity or neural canal (fig. 1), bounded by the verte-
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brae and bones of the skull. It is surrounded by three
membranes, all mainly composed of connective tissue.
The most external of these, the dura mater (L. for hard
mother) lines the neural cavity and is very firm and
tough.  Within it is a very narrow sudural space filled
with lymph, and resembling in its characters the space
between the two layers of the pericardium or the two
layers of a pleura. Now follows an extremely delicate
arachnoid membrane, which received its name (Gk.

Fig. 76.—8ection of 8pinal Cord, with Roots of Spinal Nerves. Front View.

arachnés, spider’s web; eidds, resemblance) from the
numerous delicate strands of connective tissue which
run across the large sub-arachnoid space situated below
it. This space is filled with clear cerebro-spinal fluid,
which is like lymph in apperance, but contains no cor-
puscles and differs in composition. The third membrane
1s the pia mater (L. for tender mother), which is fairly
delicate and closely invests both brain and spinal cord,
supporting numerous blood-vessels taking blood to and
from them.

The Spinal Cord or Spinal Marrow is a cylindrical
mass of nervous matter about 18 inches long. It is con-
tinous above with the brain, at the foramen magnum,
and tapers below into a filament, the filum terminale (L.
for end thread). When examined more closely a deep
longitudinal groove or fissure isobserved running along the
front, and a similar one along the back of the cord (fig. 76)
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In a cross section (fig. 77) it is seen that these two fissures
(1 and 11) are deep clefts by which the cord is divided
into right and left halves, connected by a narrow central
bridge, which is traversed by a narrow central canal (cc).
Each half is marked externally by two longitudinal
grooves dividing it into anterior (Ac), lateral (LC to LO),
and posterior (pc) ‘columns’ (fig. 76). Further in-
spection of a cross section will show that the cord 1s not
made of the same kind of material throughout. There

Fig. 77.—Cross Section of the Spinal Cord, front side above. Partly dingrammatic.
Magnitied. For references see text.

is an outer part consisting of a white substance and an
internal core of rather darker colour. These two kinds
of material are respectively known as ¢white’ and
‘grey ' matter, and without going into detail it may be
stated that the former is made up of exceedingly delicate
nerve fibres, the largest of which are not more than '
of an inch in breadth ( = 24 the breadth of a red corpuscle),
while the latter largely consists of nerve cells, the very
largest of which are about 5} of an inch broad, and just
visible to the naked eye. Most nerve cells, however, are
smaller than this: a breadth of % of an inch may be
taken as the average. The grey matter of the spinal cord,
as seen in cross section, presents an outline which has been
compared to a butterfly, or to two crescents placed back
to back and united by a transverse band (fig. 77). The
two ends of each crescent may be conveniently spoken of

as the anterior cornu and posterior cornu (L. cornu,
(M26) I
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horn) respectively. The spinal cord gives origin to a
large number of spinal nerves, which supply the neck,
trunk, limbs, and part of the head. Each such nerve is
made up by the union of two ‘roots’ or bundles of nerve
fibres, as shown in figs. 76 and 77, one placed in front
and the other at the back. The anterior root (ar) arises
opposite the anterior cornu of the grey matter, at the
junction of the anterior and lateral columns, while the
posterior root (pr) takes origin opposite the posterior
cornu, at the junction of the lateral and posterior columns.
Upon this root there is a small swelling or spinal
ganglion (g) (Gk. for small tumour), in which, as in all
similarly-named masses, nerve cells are found. The two
roots unite together in an intervertebral foramen (p. 28)
to form the trunk (sp) of a spinal nerve, which almost at
once begins to give off branches. There are thirty-one
pairs of spinal nerves in all, named from the vertebral
regions to which they belong. The roots of the lower
spinal nerves have to run downwards in the spinal canal
for some time before they get to their intervertebral
foramina, and, together with the filam terminale, look
something like a horse’s tail, on which account the collec-
tive name of cauda equina (L. for horse’s tail) has been
given to these structures. The nerve fibres which make
up a spinal nerve begin in the grey matter, as is shown
in fig. 77. They are then bound up by connective tissue
into the roots, and these are united in the same way into
the spinal nerve. Some of the upper spinal nerves unite
on each side into a network or plexus (L. for woven),
from which the nerves for the corresponding upper limb
are given off, and a similar plexus supplying the lower limb
is formed on each side by union of some of the lower
nerves. A phrenic nerve (Gk. phrén, midriff) runs back
on each side from the spinal nerves of the neck to the
diaphragm. If a spinal nerve is traced to its distribution
its branches will be found to have two chief destinations,
(1) to the muscles, (2) to the skin, which thus are con-
nected with the spinal cord, and by its means with the
brain. It must be noted that the grey matter of these
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organs is the part which gives them a right to be called
¢central’, is, in short, the tissue by which the direction
and management of the body are carried on. The grey
matter may be figuratively compared to a complicated
collection of telegraphic offices, some of greater and some
of less importance, the headquarters being in the bram.
Various ganglia lying outside the neural canal altogether
may be looked upon as outlying offices. But just as
telegraphic offices are placed in communication by means
of wires so are the various masses of grey matter connected
with one another, and with other parts of the body, by
means of nerve-fibres. The simile must not be pressed
too far, and it must not be forgotten that the nerve-
fibres are alive. When an electric current passes along
a wire the minute molecules which make up the wire
successively undergo some kind of vibration, a kind of
limited movement which brings them back to the same
spot again, just as is the case with a pendulum. When
what 1s called a ‘nerve impulse’ passes along a nerve
fibre something of a similar kind happens, but its exact
nature 1s not known. Most of the nerve-fibres which can
be traced into muscle may be called efferent fibres (L.
ex, from; fero, I carry), because they carry nerve impulses
Jrom the grey matter; and since these impulses cause the
muscle to contract, and therefore to move, these fibres
may further be termed motor. It is found that, if the
motor nerve supplying a muscle be cut, that musecle no
longer contracts under ordinary circumstances. In other
words the muscles of the body only do their work under
the direction of the central nervous system. This is
exemplified in certain injuries to the hand, whereby the
nerves supplying some of the finger muscles are cut
through, with the result that the power of working those
muscles is lost. In the case of most of the fibres trace-
able into the skin, impulses are carried fo the central
organs, and such fibres are therefore termed afferent (L.
ad, to; fero, I carry). Their duty is to convey informa-
tion, so to speak, to the grey matter, and since the result
1s often a sensation, it may be of contact or of heat, many
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of them get the name of sensory fibres. Notice here,
however, that all afferent fibres are not sensory, nor are
all efferent fibres motor.

Functions of the Roots of the Spinal Nerves.-—
The peculiar double way in which the spinal nerves arise
naturally suggests that the two roots are of different
physiological nature, and the following experiments prove
that this is actually the case.. It must be borne in mind
that a stimulus (L. stimulus, goad) is any agency by which
nerve impulses are started or modified, and a nerve is
said to be stimulated when such an agency is brought to
bear upon it.—(1) When bo#h roots of a spinal nerve are
cut, feeling and the power of movement are both lost in
the part supplied. From this the conclusion is drawn
that feeling and power of movement are alike dependent
upon nerve-supply. (2) When the anferior root only is
cut the power of movement is lost while feeling remains.
When, on the other hand, the posterior root is cut, feel-
ing 1s lost but the power of movement remains. The
conclusion i1s therefore drawn that the anterior root
consists of motor fibres and the posterior root of sensory
fibres, the two roots uniting together to form a mixed
nerve, 7.¢. one in which fibres of both kinds are present.
(3) The foregoing conclusions can be wverified by stimu-
lating the cut ends of the roots and observing the effects.
Such stimulation may be mechanical, e¢.g. by pinching
with a pair of forceps, thermal by application of heat or
cold, chemical as by application of acid, or electrical by
means of a galvanic current. If the proxzimal end (i.e.
the one connected with the spinal cord) of an anferior
root is stimulated no obvious result follows, but if the
distal end (i.e. the one connected with the nerve trunk)
is stimulated contractions of the museles at once take place.
If, on the contrary, the provimal end of a posterior root
be cut, there will be manifestations of pain, while no
obvious result follows stimulation of the distal end. It
is clear that, when no obvious effect results from stimu-
lation, an attempt is made to send impulses the wrong
way, while when an obvious result is obtained it must be
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supposed that merve impulses are being set up in the
same direction as under normal conditions. In other
words, the fibres of the anterior root carry impulses out-
wards towards the muscles, while those of the posterior
root carry impulses inwards towards the spinal cord.
Thus the former conclusion is borne out, that these roots
are respectively made up of motor
and sensory fibres. \
Muscle-nerve Preparation.
—The action of motor nerves on
muscles can be very conveniently
studied in what is known as a
muscle-nerve preparation from the
body of the frog. In thisand other
cold-blooded animals the tissues
remain alive for a long time after
the animal has been killed (p. 126),
even when removed from the body
altogether. A frog, rendered in-
sensible by ether, is killed by
destruction of the brain or by de-
capitation. One of the hind legs
is skinned, and the muscles of the
back of the thigh separated from
one another. A large sciatic nerve
will then be seen running close :
to the femur. This nerveis traced  Fie, - Musclenerye bre-
fl()'!-'v'ﬂ. iﬂtﬂ thE lil-l‘gll ﬂﬂ-lf-mﬂﬁﬂlﬂ F, S8tump of femur; sc. n., scia-
(gastrocnemius), to which it gives fC BT S
branches. The muscle in question ik iower tendonof muscle;
is dissected out with the lower end
of the femur to which i1t is attached above, and with a
piece of the sciatic nerve. A muscle-nerve preparation
(fig. 78) is thus obtained in which stimulation of the
nerve by appropriate means causes the musele to contract.
In applying stimuli to the nerve we are, so to speak, play-
ing the part of the central nervous system, and sending
nerve impulses along it to the muscle.

Functions of the Spinal Cord.—The spinal cord
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serves as a means of communication between the brain
and those parts of the body which .are supplied by the
spinal nerves. In virtue of its grey matter it is also
able to do independent work in bringing about what are
known as reflex actions, the nature of which will he
explained in a subsequent paragraph.

That the cord conducts nerve impulses to and from
the brain is proved by cases where it has been divided
or badly crushed (as when the back is ‘broken’ by an
accident) so that the part of it below the injury is cut
off from the brain. In such cases feeling and power of
movement are lost in
those parts which receive
their nerve-supply from
the piece of cord so dis-
connected.

Reflex actions are those
which result from the ap-
plication of a stimulus
and are independent of
the will. The nervous
apparatus necessary for

Fig 79.—Dingram of Reflex Action. thG perfﬂrmance gf 51_1[:]1
A simple case represented by non-dotted part o1 getjon consists of 9

—1, sensory surface; 2, afferent nerve; 3,

nerve-centre s 4, efferent nerve; 5, muscle. p:—ll"tS:(l} an ﬂﬁ&rﬁﬂtﬂﬁr?e_;

The entire dingram represents a morg come- 5
plex case, where other centres, 6 and 9, (2) a nerve-centre, 1.e. a

efferent nerves, 7 and 10, and muscles, 8 and

o atiate the dirsotion S n iﬂ:ﬂlaﬂ"w group of nerve-cells acting
together; (3) an efferent

nerve (fig. 79). A good example of reflex action is the
drawing up of the leg which takes place when the sole of
the foot is tickled in a sleeping person. In this case the
sensory nerves of the tickled skin represent (1), part of
the grey matter of the spinal cord constitutes (2), and the
motor nerves of the muscles concerned correspond to (3).
As the result of tickling nerve impulses are set up in (1),
travel to (2), and are, so to speak, ‘reflected * downwards
along (3). Reflex actions like the one described can be
effected in cases of broken back, thus proving that the
spinal cord is able to do certain work without the aid
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of the brain. The student must, however, be cautioned
against supposing that what takes places 1s the simple
transmission of a nerve impulse, for no doubt this im-
pulse is modified to a greater or less extent by the
structures through which 1t passes.

The grey matter of the spinal cord can he mapped
out into a very large number of nerve-centres, which
have special duties. These centres are, however, all
connected together, like so many telegraphic offices, and
when necessary can co-operate together in various ways.
Here again the frog is a very convenient animal upon
which to demonstrate. After destruction of the brain
the frog is hung up by the lower jaw, and in a few
seconds remains quite motionless, and would do so till
all the tissues died if external stimuli were not brought
to bear upon it. If, now, one of the toes is pinched the
leg i1s drawn up. A small piece of blotting-paper, soaked
in dilute acid, 1s next placed on the skin of the back and
sensory nerves thereby stimulated. Movements of the
legs follow, directed to the removal of the piece of paper,
and 1if this is not at once effected the movements become
more vigorous, and spread to other parts till the whole
body 1s convulsed. Physiologically expressed, a larger
and larger number of nerve-centres work together for
the same end; the muscles controlled by these centres,
through motor nerves, being brought into action. (Cp.
fig. 79.)

The Brain (fig. 80) is the most important organ in
the body, and as such it is not surprising that its struc-
ture should be exceedingly complex. It consists of (1)
a central axis, which may be considered as an enlarged
continuation of the spinal cord, (2) of large oulgrowths
from this axis. These outgrowths are so large that
they overlap and very largely conceal the axis.

(1) The Axis of the Brain is divisible into 3 parts,
as follows:—(«) The medulla oblongata (L. for oblong
marrow) or spinal bulb, the lower end of the axis, and
therefore directly continuous with the spinal cord which
1t resembles in structure, consisting like it of white
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matter externally and grey matter internally. Its upper
end is, however, very much larger than the cord.
Within the bulb there is a good-sized cavity, the 4th
ventricle, continuous with the very narrow central
canal which runs along the centre of the cord. () The
mid brain, a small region containing a narrow tubular
cavity, the iter (L. #fer, road) continuous with the

— =

f | !:fj

II.I f

.|I.'.'_.|'

Fig. 80.—Median Longitudinal Section of the Brain.

A A, Left cerebral hemisphere; B, corpus callosum; ¢, "twixt brain; p &, medulla oblon-
gata; Pe, cerebellum, the cut surface of which shows the arbor vitm; H, optic lobes.

4th ventricle. The roof of this cavity is raised into 4
small rounded elevations, the optic lobes, while its
floor 1s thickened into two longitudinal masses of white
matter, known as the crura cerebri (L. for legs of the
brain). Grey matter is present round the iter, and in
the optic lobes. (¢) The 'twixt brain, a larger region
constituting the top of the axis. It contains a vertical
slit-like cavity, the 3rd ventricle, continuous below with
the iter. The side-walls of this cavity are called the
optic thalami (L. thalamus, bed), and a good deal of
grey matter is contained within them.
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(2) Outgrowths. These are (a) the cerebellum, and
(b) the cerebral hemispheres. b

(«) The Cerebellum (L. for little brain) is a large out-
orowth from the back of the bulb, and its surface 1s
marked by very numerous fissures which extend for a
long way into its substance. When the cerebellum 1s
cut- through it
is found that
most of 1ts grey
matter forms a
surface layer or
erust, which fol-
lows the com-
plex fissures
and gives rise
to a tree-like
appearance (ar-
bor vite = L.
for tree of life).
This layer 1is
the cortex (L.
for bark) of
the cerebellum,
and the fissures
are to be re-
garded as a
means of In-
creasing 1ts ex-
tent within
small bulk.

(b) The Cerebral Hemispheres, together forming the
Cerebrum, are outgrowths from the ‘twixt brain. They
are of very large size, and this is chiefly why the human
brain differs so markedly in appearance from that of a
rabbit, or still more from that of a frog. They make up
the greater part of the brain, and are flattened where they
abut against one another, but strongly curved elsewhere
(fig. 81). The exterior of the hemispheres 1s marked by
very numerous winding grooves, having a complicated

Fig. 81.—View of Upper Surface of the Brain.

A A, Great longitudinal fissure; B8, cerebral hemispheres.
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arrangement The rounded elevations between these
grooves are termed the cerebral convolutions, and owing
to their presence the hemispheres possess a surface much
greater than would otherwise be the case. FEach hemi-
sphere contains a relatively small cavity of complicated
shape, known as a lateral ventricle, and communicating
by a small hole with the 3rd ventricle. As in the case
of the cerebellum, the grey matter of the hemispheres is

Fig. 82.—Brain and Roots of Cranial Nerves, numbered in order.

chiefly present as a surface layer, and this cerebral ﬂurt?x
is greatly increased in extent by the presence of convo-
lutions. ~ Below the cortex comes a large amount of
white matter, imbedded in which are some m_mparatlvely
small masses of grey matter. The two hemispheres are
connected together across the middle line by a broad
hand of white matter known as the corpus callosum
. for hard body). s
(LT}?E white ma,g:n::ar of the various parts of the brain just
deseribed consists of an immense m}mher of nerve-fibres,
serving to connect together the different tracts of grey
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matter, in which it has been estimated that there are some
millions of nerve-cells. These are grouped mto a very
large number of nerve-centres, performing different

offices. :
Cranial Nerves (fig. 82). Twelve pairs of nerves
are given off from the brain. They are as follows :—

I -
Nature Use. Arise from

Name, ‘ of filbres. |

|

' i cerebral
| I Olfactory i sensory | nerve of smell

| .

hem.
"twixt and
mid brain
11, Oculomotor | motor | nerve for most eyeball |mid brain

11. Optic sensory ' nerve of sight

| muscles { _
1v. Pathetic motor | nerve for one of the eyeball | mid brain
muscles
v. Trigeminal | mixed | sensory n. for skin of face, | bulb
| part of mouth and nose, |
| and teeth, Motor n. for |
i jaw muscles !
| v1. Abducent | motor | nerve for one of the eyeball bulb
- muscles
viL. Facial motor | nerve for muscles of face bulb
. viin. Auditory | sensory | nerve of hearing ~ bulb
. 1x. Glosso- mixed | nerveof taste(!)jand motor u.| bulb
{ pharyngeal for muscles of pharynx
‘ X. Vagus | mixed | sends branches to larynx, | bulb
| heart, lungs, liver, and |
‘ ‘ stomach .
XI. Spinal motor | nerve for some of the neck bulb
| Accessory | muscles

| XIL Hypoglossal  motor | nerve for muscles of tongue bulb

It will be seen from the above that the cranial nerves,
unlike the spinal ones, differ very much from one another
in function, some being purely motor, others purely
sensory, and only three of them mixed. They take
origin from the grey matter within the brain.

Functions of the Brain.—Experiments similar to
those described on page 135, show what a frog, deprived
of its brain, is able to do by means of the spinal cord
alone. The statement of what it can not do will give a
rough idea of the functions of its brain. It must be ex-
plained that those actions are conveniently named spon-
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taneous or automatic which start in a nerve-centre as the
result of internal stimuli, and are not, like reflex actions,
directly dependent on stimuli affecting afferent nerves.
Such of these actions as depend on what we call ‘will’,
are termed voluntary. A brainless frog is incapable of
performing any voluntary actions, and apparently unable
to effect any other kind of spontaneous action. It cannot
feed, breathe, croak, swim, or crawl, either spontaneously
or as a result of reflex action, nor can it even support
itself upon its limbs. It may, therefore, be concluded that
all the most complex activities of the body depend upon
the brain, as do the possession of will, power of feeling,
and intelligence. The same thing appears to be true of
the higher animals, such as cat, dog, and rabbit, and of
ourselves, with this limitation, that the spinal cord has
a limited power of giving rise to spontaneous though not
to voluntary actions.

Division of physiological labour in the Brain.
Even without observation and experiment, the com-
plex structure of the brain would lead us to suspeet that
its work is subdivided among its various parts (p. 13).

The bulb gives rise, as will have been noticed, to the
greater number of cranial nerves, and this is correlated
with its very great functional importance. It acts (1) as
a conductor of nerve impulses between the spinal cord
and other parts of the brain; and (2) it contains a num-
ber of important nerve-centres, largely of reflex nature.

With regard to the bulb as a conductor, it need only
be noticed that the nerve-fibres of its white matter cross
over from one side to the other; from which it follows
that injury of one side of the brain often results in
paralysis of the opposite side of the body.

The chief nerve-centres in the bhulb are those which
work the movements of respiration, regulate the action
of the heart, control the vaso-motor nerves, and bring
ahout coughing, sneezing, and swallowing. The respira-
tory centre is situated just below the foor of the 4th
ventricle, and its importance is shown by the fact that,
when it is injured, breathing at once stops, and death
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ensues. There are subordinate centres in the spinal cord
which work under its control. Under ordinary circum-
stances, this centre appears to be automatie, working
independently of impulses conveyed along afferent nerves,
but varying its action according to the state of the blood
circulating in the vessels of the bulb. The phenomena of
asphyxia (p. 113) depend upon this. The blood in ques-
tion quickly becomes impure, and this first stimulates
the centre to increased activity, so that the movements
of respiration become more violent in the attempt to get
more oxygen and get rid of the accumulating carbon
dioxide. The centre is then exhausted, as a result of
these unusual efforts and the poisonous influence of the
impure blood. The branches of the vagus nerve (L.
vagus, wandering—in reference to its long course) which
supply the respiratory organs, consist mainly of afferent
fibres conveying nerve impulses to the respiratory centre,
which accelerate, or retard, or even stop its action. The
centre must be regarded as a reflex one in so far as its
action 1s influenced by these afferent impulses.

The mid brain and ’twixt brain act as a means of
communication between the bulb and cerebellum on the
one hand, and the cerebral hemispheres on the other.
They also, in virtue of their grey matter, have to do
with vision.

Functions of the Cerebral Hemispheres.——
What the brain of a frog is able to do as a whole has
already been stated (p. 140), and it appears that a very
great deal can be done by the brain minus the hemi-
spheres.

Frogs, from which the hemispheres have heen care-
fully removed, have been kept alive for many months
and subjected to observation and experiment,  Such
an animal, unlike one from which the entire brain
has been removed, is able to support itself upon 1its
limbs and to breathe normally. The cireulatory organs
t_lu their work properly, and so do the fligest—ivé mﬁans,
if food is placed in the mouth. Complex actions, li]{ehlenp
Ing, crawling, swimming, and croaking, can all be carried
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out, but only by reflex action as the result of the application
of external stimuli. Left to itself, however, the animal
~does not move, and shows no signs of intelligence.
Nor is there any reason to suppose that it can ‘feel’,
in the ordinary sense of the word. The conclusion is
therefore reached that ‘will’, intelligence, and feeling
or sensation depend upon the presence of the hemi-
spheres. They, too, possess the power of stopping or
inhibiting (L. inhibeo, 1 restrain) reflex movements that,
when they are removed, always take place after certain
stimuli have been applied. Thus, when the hemispheres
are gone, the frog can unfailingly be made to crawl up a
board on which it is placed, by slanting the board so that
it would otherwise slip off. But place an uninjured frog
on a board and do the same; the result 1s quite uncer-
tain. Ten to one the animal leaps away.

One must, however, be cautious in applying to higher
animals results obtained from the frog, and it must be
remembered that the cerebral hemispheres work in the
closest harmony with the other parts of the brain.
But it is quite safe, nevertheless, to regard them as con-
taining the supreme nerve-centres.

Cortex of the Hemispheres.—The grey matter
making up the cortex has been mapped out into nerve-
centres, some of which are ‘motor’ and some ‘sensory .
The former have to do with initiating voluntary move-
ments, and the latter are concerned with smell, hearing,
sight, &c., as will be explained in the next chapter.

The central part of the Sympathetic Nervous System
consists of two cords, situated one on each side of the
backbone, and dilated at intervals into sympathetic
ganglia or collections of nerve-cells. By means of
cross-branches these ganglia are connected with the
spinal and some of the cranial nerves. There are other
important sympathetic ganglia besides those described.
The sympathetic nervous system supplies the internal
organs and blood-vessels, which it controls and regulates
to some extent independently, but subject to the control
of the brain and spinal cord.




THE SENSE ORGANS AND SENSATION. 143

General working of the Nervous System.—
Examples have already been given of reflex actions for
some of which the nerve-centres lie in the spinal cord,
while for others they are situated in the brain. It
remains to be said that a large number of wvery complex
reflex actions are continually being performed, which
may be called acquired reflexes, since they were, to
begin with, only effected by constant attempts under the
direction of the will. For instance, a boy sees a bun in
a shop window, goes in, buys, and eats it. Here we have
an extremely elaborate set of actions.  Sensations of
sight, started by the stimulation of the retina by the
image of the bun focussed there, lead to changes in the
grey matter of the brain of unknown but no doubt very
complex nature. These again lead to the partly volun-
tary movements of walking into the shop, buying the
bun, and carrying it to the mouth; involving the action
of various nerve-centres, efferent nerves, and muscles.
But the details of these actions, the various movements
of legs, arms, and jaws are largely effected without any
effort of the will as the result of external stimuli, e.g.
contact with ground, bun, &e., and are therefore reflez.
They are also acquired reflex actions—a new-born child
could not carry them out.

CHAPTER X.
THE SENSE ORGANS AND SENSATION.

We are, when awake, in what may be termed a con-
gﬂinus state, that is, we are more or less aware of what
1s going on in and outside of our bodies. The opposite
1s the case in profound sleep, or during a dead faint,
when we are said to be unconmseious. Our awareness
of current events is due to constant alterations or
changes in our state of consciousness, to which the
name ‘feelings’ or ‘sensations’ (L. sensus, faculty of per-
cerving external objects) may be applied.
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Thus we may speak of sensations of pain, hunger,
warmth, contact, &c., while the various smells, tastes,
sounds, and sights we smell, taste, hear, and see are
examples of the same thing. All sensations result from
molecular changes in the grey matter of the brain,
preceded in the ordinary course of things by nerve
impulses conveyed #o the brain along sensory nerve-
fibres. Thus, sensations of pain arise (p. 132) if, in a
spinal nerve, the central stump of the cut dorsal root be
stimulated. The part of the brain’s grey matter in-
volved in sensation is the cortex of the hemispheres.

Sensations are of two kinds, general and special.
General sensations are those which, like hunger, thirst,
fatigue, &c., give information about the condition of the
body, but give no direct information about our sur-
roundings. Special sensations, on the contrary, let us
know what is going on outside ourselves, and here are
included the ‘five senses’ of touch, taste, smell, hearing,
and sight. These special sensations have a great deal in
common, and 1t will be convenient to take them first.
Their importance is obvious, as without them, or some
of them, it would be 1mpossible to live without constant
aid from others. And again, the training of the special
senses 1s of enormous importance in education, especially
in its earlier stages, while without them communication
between one mind and another would be, so far as we
know, impossible.

All special sensations involve three things—(1) a
sense-organ, the essential part of which consists of sense-
cells or end-organs capable of being acted upon by one
or more particular kinds of external stimulus; (2) a sen-
sory nerve, the fibres of which are continuous with the
sense-cells; (3) one or more sensory nerve-centres in the
brain. The external agent or stimulus is in a state of
vibration (p. 131), and it ‘acts upon’ the sense-cells by
throwing their molecules into a state of vibration. The
changes taking place in the rest of the sensory apparatus
are also of the nature of molecular vibration. Just as
in buildings there are special arrangements, such as
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knockers, bells, speaking-tubes, telephones, windows, &c.,
by means of which those inside can obtain more or less
accurate knowledge of what goes on outside, so in the
body, sense-organs are present for a similar purpose.

SENSE OF TOUCH.

The sense-organ of touch is the skin, together with the
linings of the mouth and cavities of the nose. As to the
end-organs of the skin a good deal of uncertainty exists,
but there can be no doubt that some
sensations of touch begin in touch
corpuscles (fig. 83). These are ovoid
bodies, about 4§ of an inch long,
found in the papillae of the dermis
(p. 123) in certain parts of the body.
They are particularly numerous in
the palms of the hands and soles of
the feet, and it has heen calculated
that in the finger-tips about 50 of
them oceur within an area % of an
inch square. They are also abundant
in the tip of the tongue. Such a cor-
puscle is an aggregate of numerous _ bi
epithelial cells, and a couple of sen- gy & _agnitiea View
sory nerve-fibres come into close rela- %{;ﬁ:ﬂ D n N g
tion with it. It may be emphasized
here that all the end-organs helonging to the special
sense-organs are modifications of epithelium.

The sensory nerves for touch are the trigeminal for
most of the head, and the sensory parts of the spinal
nerves for the rest of the body. These nerves branch
up in the skin, and the trigeminal also sends branches
to the lining of the nasal cavities and mouth, and to the
pulp of the teeth (p. 59).

Sensations of Touch.—These result from the
action of three kinds of stimuli—(1) contact, (2) pres-
sure, (3) changes of temperature—which give rise to
corresponding sensations.

(M 26) K

]
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(1) Sensations of Contact result when the skin
touches, or is touched by, external objects. Vibrations
are set up in the end-organs, as a result of which affer-
ent impulses travel along the sensory nerves, and as
a further and final result part of the grey matter of the
cortex undergoes changes, and then, buf not till then, the
‘sensation’ of contact arises. One or two important
points with reference to this and all other kinds of special
sensation require to be noticed here. (1) If, say, the
book you are reading is touched with the tip of your
left forefinger a sensation of contact follows, and, if
asked to state what you feel and where you feel it, you
would probably say that you experienced a feeling of
smoothness, or it might be roughmess, in the finger-tip.
In other words, the sensation is supposed to take place
in the sense-organ. But, in reality, the sensation takes
place in the brain, and it is only as the result of experience
that we learn to localize sensations in the sense-organs,
and to realize that they teach us something about our
surroundings. There is no reason to think that a new-
born child understands the meaning of its sensations
developed as the result of the action of various external
stimuli. Take the case of an electric bell placed in an
inner room and made to ring by pressing a stud on the
front door. If a savage, who knew nothing of such
arrangements, were placed in this room and the bell
rang, he would not realize that the sound had anything
to do with the outside of the house. But the same
savage, after undergoing a certain amount of training,
would soon learn, when he heard the same sound, to
think at once of the stud, and to know that someone
was pressing it. The bell would no longer be thought
of. Call the house the body, the stud a sense-organ,
the wire a sensory nerve, the bell a sensory nerve-
centre in the brain, the sound a sensation, and the
savage the mind, and the force of the illustration will
appear. (2) It will now be understood that a sensation
gives no information about external things, except when
compared by the mind with past experiences of the
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same kind. It naturally follows that if a new experience

roduces the same sensations as an old experience we
shall be deceived, and think the new experience is only
another sample of the old one. Thus, if the second
finger is crossed over the first, and the two finger-tips
are then applied to the tip of the nose and moved about
a little, the result will be a distinct impression that the
nose has fwo tips! This is because one small body 1s
touching parts of the skin which, under ordinary circum-
stances, can only be touched at the same time by fwo
small bodies.

Acuteness of the Sense of Contact in different regions.
This has been estimated by taking a pair of compasses
with blunted points and finding, for different regions, the
smallest distance apart at which the points gave rise to
two distinet impressions. Some of the results, in frac-
tions of an inch are as follows:—Tip of tongue, 5';; tip

of forefinger, {; red surface of lower lip, §; tip of nose,

1. palm of hand, {%;; back of hand, 1}; middle of
thigh, 21. It appears from this that those parts are
most sensitive which are actively used in touch. And,
as might be expected, such parts are the best off as
regards sensory nerves and end-organs. Another kind
of sensitiveness goes with this, 7.e. knowledge as to the
exact position of the point touched.

(2) Pressure Sense.—Sensations of pressure arise
when weights are laid upon the skin, and it is possible
in this way to tell, within certain limits, which is the
heavier of two given weights. The forehead and back
of the hand are among the most sensitive parts in dis-
tinguishing small pressures, while the fingers and back
of the foot appreciate most readily small differences
between weights.

(3) Temperature Sense.—If the temperature of the
skin is raised a sensation of ‘heat’ results, but if its
temperature is lowered the sensation produced is one of
cold. The parts most sensitive in this respect are: tip
of tongue, eyelids, cheeks, lips, and neck.

There is reason to believe that sensations of contact,
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pressure, and temperature result from the stimulation of
different end-organs and different sensory nerves, One
reason for thinking this is that any particular part is
not equally sensitive to the three different kinds of
stimulus.

SENSE OF TASTE,

The tongue is the chief organ of taste in virtue of
special sense-cells belonging to the stratified epithelium
by which it is covered. The surface of the tongue is
raised into three kinds of minute projections or papillae

Fig. 84.—Section of Circumvallate Papillee of the Tongue—highly magnified.

1 A, Section of the central papillu; B B, section of the surrounding elevation; Pa, pa-
pilla of the true skin; Ep, layer of stratified squamous epithelinm: T, taste buds
1I and IIT represent very highly magnified views of cells of the taste buds.

—(1) Filiform papillee (L. filum, thread; forma, shape)
which are the most numerous. They are cylindrical in
shape, and about {5 of an inch long. (2) Fungiform
papille, shorter, broader, and much less numerous
than the preceding. They are somewhat mushroom-
shaped, hence their name (L. fungus, mushroom; formua),
and may often be detected as bright red spots. (3)
Circumvallate papillee, which are the largest and least
numerous kind, there only being about a dozen of them,
arranged in the form of a backwardly-pointing V on the
back of the tongue. Each is surrounded by a deep groove,
and this again by a ridge (L. cirewm, around ; vallum, wall).

The end-organs of taste are slender taste-cells (fig. 54),
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contained in oval taste-buds imbedded in the epithelium
of the fungiform and circumvallate papille.

The sensory nerves for taste are usually considered to
be (1) a lingual branch of the trigeminal, supplying the
front part of the tongue; (2) the glosso-pharyngeal nerve,
supplying the back part of the tongue. The taste-cells
are probably continuous with fibres of the latter.

Sensations of Taste.—Some of what we call
‘tastes’, in the ordinary sense of the word, are due
to the fact that the tongue is also an organ of touch,
while others, especially those called ‘flavours’, depend
more or less on the sense of smell. A person suffering
from a cold in the head often complains that his food is
‘tasteless’, the fact of the case being that he can taste
but not smell as usual. That it is possible to smell the
food in the mouth will be realized if it is remembered
that the nasal cavities communicate with the pharynx by
means of the posterior nares (p. 60). ‘Burning’ tastes
are examples of tastes depending on the sense of touch.

From a physiological standpoint the only true tastes
are those known as sweet, bitter, salt, sour or acid, and
alkaline (taste of saltpetre). Tastes of this kind cannot
arise unless the substances producing them are in a state
of solution. This can easily be shown by wiping the
surface of the tongue quite dry with a handkerchief and
placing a ecrystal of sugar upon it. No sweet taste will
be experienced until the tongue gets damp again and the
sugar begins to dissolve.

There are very probably different end-organs for differ-
ent tastes, as In most cases the tip of the tongue is most
readily affected by sweet and saline substances, its sides
by acids, and its back by bitters. This view is further
supported by the fact that by chewing the leaves of a
certain Indian plant (Gymnema sylvestre) the power of
tasting sweets and bitters is for the time being lost, while
other tastes are unaffected.

Differences of opinion exist as to whether the lingual
or glosso-pharyngeal is the nerve of taste, or whether hoth
assist in this sense. Disease of one trigeminal leads to
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loss of taste in the corresponding half of the tongue, but
no such result follows disease of the glosso-pharyngeal.
From this it may be concluded that the former is the true
nerve of taste, and the glosso-pharyngeal fibres which
supply taste-cells probably belong to it. It is no unusual
thing for fibres from the root of one nerve to pass over
into another nerve.

The tongue is not the only organ of taste, for taste-
buds are also found in the epithelium covering the soft
palate.

What has already been said about sensations arising
in the brain, as the result of vibrations set up in sense-
cells and sensory nerves (p. 146), applies to taste as well as
to touch. Substances in solution are known to be in a
state of molecular vibration, and this is communicated to
the taste-cells. The organ of taste has been aptly de-
seribed as a sentinel placed at the beginning of the
digestive tube.

SENSE OF SMELL.

The nose is usually called the organ of smell, and this
1s true in so far as part of the epithelium lining the nasal
cavities contains the olfactory end-organs. Each nasal
cavity communicates with the exterior by a nostril or
external naris, and with the pharynx at the back by one
of the posterior nares. The cavity is largely blocked up
by the three turbinated bones which project from its
outer side (fig. 85). It is lined by mucous membrane,
the extent of which is increased by the presence of these
bones. The lower part of the cavity merely serves as a
passage for the breath, and is therefore called the re-
spiratory portion, while the upper part constitutes the
olfactory portion. This latter region is lined by yellow-
ish epithelium, containing numerous slender olfactory
cells, which are the end-organs for smell.

The sensory nerve for smell is the olfactory, the
branches of which pass through the holes in the cribri-
form plate, and divide up in the olfactory mucous mem-
brane (fig. 85, 1), their fibres ultimately becoming
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continuous with the olfactory cells. The lining of each
nasal cavity is also supplied by branches of the trigeminal.

Sensations of smell are produced when certain gases
or vapours come into contact with the epithelium lining
the nasal cavities. What are called ‘smells’ in ordinary
language are not all of similar physiological nature (cp.
p. 149). For example, pungent smells, like that of smell-
ing-salts, are brought
about by the stimula-
tion of end-organs
connected with the
fibres of the trige-
minal, and may be
looked upon as due
to a refined sense of
touch. True smells,
stimulating the olfac-
tory cells, may be
classified as fragrant
or the contrary. To
the former belong the
odour of musk, la-
vender, and the like;
to the latter, putrid

Fig. 85 —Distribution of Nerves over interior
E’l.]’ld GthBI" 1nn plﬂﬂﬁ&ﬂt of Left Nasal Cavity, outer wall.
odours. ! Sﬂi‘[ﬁllg l, 1, Branches of nerve of smell—olfactory nerve; 2,

5 3,7, 9, trigeminal branches to nasal cavity; 4, 5, 6,
in order the better to ditfo to palate. L

perceive any given

smell, draws the odorous gas or vapour into the nasal
cavities, where it comes into contact with the end-organs
of smell.

The organ of smell guards the beginning of the breath-
ing passages, and warns us against foul-smelling air,
which is generally more or less injurious to health. This
is one reason why we should breathe through the nose,
another being that the air is both filtered and warmed in
passing through the complicated nasal cavities, the open-
ings into which are protected by stiff hairs. In this way
a good deal of dust can be kept out of the windpipe and
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its branches, and there is less danger of chilling, with
cold, cough, or sore throat as the result. The organ of
smell is also a check on the digestive organs, preventing
us, e.g., from eating such harmful substances as putrid
meat. The ‘flavour’ of food (p. 149) is due more to
smell than taste.

SENSE OF HEARING.

It will have been remarked that the delicate end-
organs of touch, taste, and smell have a more or less
sheltered position, and the same is true in a much greater
degree for the complicated and extremely delicate struc-

Fig. 86.—Mode of Propagation of a Pulse,

tures which make up the essential part of the organ of
hearing. These structures are, in fact, sitnuated within a
cavity hollowed out in the densest part of each temporal
bone.

The stimulus giving rise to sensations of hearing con-
sists of to-and-fro vibrations, or ‘pulses’ of the air, set
up by sounding bodies, such as bells, tuning-forks, or the
larynx. Fig. 86 is a piece of apparatus designed to
explain the meaning of a ‘pulse’. A number of wooden
balls, with pieces of spiral spring between them, hang
from a wire. If the first ball is struck the first piece of
spring is compressed, and in lengthening again pushes the
first ball backward and the second ball forward, thus
compressing the second piece of spring, and so on. In
this way a to-and-fro vibration travels on till the last ball
is affected. Something like this happens when a sound-
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ing body, say a straight spring held in a vice (fig. 87), 1s
made to produce a sound. It vibrates to and fro, and
this vibration travels from it, through the air, as sound-
waves.

The organ of hearing consists of (1) a sound-conduct-
ing part, by means of
which vibrations in the air
are transmitted to (2) the
essential auditory struc-
tures, containing the end-
organs of hearing and sup-
plied by the auditory
nerve, which is the sensory
nerve for this sense.

The Sound-conducting
part (fig. 88) is necessary
owing to the fact that the
essential parts are placed
so far from the surface of
the body. It includes the
regions usually known as
the external and middle
ears. (1) The external
ear consists of (a) the outer
flap, to which the name
‘ear’ is given in ordinary
language, while technically
1t 1s known as concha (L.
for shell), and (b) a slightly-
curved passage, the exter- :
nal au dljitﬂryg Reat (i Tli%{ %ﬁ?ﬂdﬂﬁfs“ﬂﬁoﬁfﬁﬁﬁ fxeiin
meatus, passage), which
runs into the head for a distance of rather more than an
inch. (2) The middle ear consists of the tympanic
cavity (L. fympenum, drum), or ‘drum’ of the ear, and
of structures connected with it. This cavity is separated
by a firm tympanic membrane from the external audi-
tory meatus. It is largely bounded by the temporal
bone, and communicates with the pharynx by means of

Fig. 87.—Vibration of Straight Spring.
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the Eustachian tube. Three little hones (fig. 89) the
auditory ossicles (L. ossiculum, little bone), named, from
their shape, hammer, anvil, and stirrup, stretch across
the drum. The handle of the hammer is fixed to the

Fig. 88.—Diagrams of Auditory Organs (natural size).

Parts cut through are shaded, the close shading indicating the temporal bone. Mem-
branous labyrinth dotted. Ty, Tympanic eavity; X is placed by fenestra rotunda;
viiL, anditory nerve. Arrows indicate direction in which sound-waves and resultaut
nerve impulses pass, A is after Schwalbe, and B is a still simpler diagram.

tympanic membrane, while the foot-plate of the stirrup
1s fixed in the inner wall of the tympanic cavity.

The Essential Auditory structures or Internal Ear
consist of a bag filled with clear fluid (endolymph) and
contained in a cavity larger than itself within the temporal
bone. This cavity is also filled with fluid (perilymph).
It will make matters easier if the bag is first thought
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of as being simple in shape (fig. 88, B). The con.
taining cavity is separated by bone from the drum
except in two places, known as ‘windows’ or fenestre,
which are filled up with membrane, or otherwise the
perilymph would escape into the drum. The upper
window, on account of its shape, is known as the fenestra
ovalis (L. for oval window), and the stirrup foot-plate is
fixed into its membrane. The lower
window, being round, is called the
fenestra rotunda (L. for round window).
It remains to be added that the bag 1s
lined by epithelium, which at certain
spots contains numerous slender audi-
tory cells (fig. 90), each provided with
one or more ‘auditory hairs’ projecting
into the endolymph, in which are sus-
pended minute calcareous particles or i 89—Farbones.
otoliths (Gk. ous, dtJs, ear; lithds, stone). b Zepeighs 54 &
The auditory nerve runs from the brain  JEargiemg paace o
to the bag, and its fibres in all proba- St nte tne e
bility become continuous with the audi- g he stirrup is given
tory cells.

We are now in a position to understand how Sensa-
tions of Sound are started. Sound waves, collected to
some extent by the concha, travel along the external
auditory meatus, and cause the tympanic membrane to
vibrate. By means of these vibrations the auditory
ossicles are moved, and the foot-plate of the stirrup
pulls the membrane of the fenestra ovalis backwards and
forwards, so that waves are set up in the perilymph.
From this vibrations pass through the wall of the bag
and affect the endolymph, by the movements of which
the auditory hairs and cells are caused to vibrate so
as to stimulate the fibres of the auditory nerve. The
1mpulses, passing along the nerve to the brain, affect the
grey matter making up the sensory centres for hearing
situated in the cerebral cortex, and sensations of hearing
are the result. The path taken by the vibrations in-
volved in this sense js therefore as follows:—concha—




r-
156 ELEMENTARY PHYSIOLOGY.

external auditory meatus—tympanic membrane—audi-
tory ossmles—-—peml}fmph~—end01}'mph—auditm'y hairs—
auditory cells—auditory nerve—brain. Sounds can also
reach the auditory bag by transmission through the
bones of the head. This may he proved by closing the
ears with cotton-wool, and then holding between the
teeth the handle of a vibrating tuningfork, when the
sound given out will be heard distinctly. A few other
points need mention.—(1) The Eustachian tube indirectly

Fig. 80.—Membranous
7¢  Labyrinth (much mag-
nified),

A, Right labyrinth, seen
from the inner side; v,
utriculus® s, sacenlus:
a.t., p.v., and A, anterior
vertical, posterior verti-
cal, and horizontal semi-
circular canals; o a, am-
pulle; B, longitudinal
section, through an am-
pulla; awu, auditory cells:
n, fibres of aunditory
nerve,

places the drum in communication with the external air,
so that this presses with the same force on both sides of
the tympanic membrane, which would otherwise bulge
outwards or inwards, according to circumstances, and
lead to giddiness or other unpleasant sensations. (2)
The membrane filling the fenestra rotunda bulges in or
out as the membrane of the fenestra ovalis is pulled
out or pushed in, and so the perilymph is prevented
from agitating the auditory bag too violently. (3) The
otoliths are not found in all parts of the endolymph,
but in a kind of mucous substance which is present in
the region of the auditory hairs. This substance, per-
haps, prevents the hairs from vibrating too much, while
the otoliths may help to make them vibrate.

So far the auditory bag has been described as if it
were of simple construction. This, however, 18 by no
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means the case, as its name of membranous labyrinth
indicates, and as will be seen from fig. 90. It consists
of (1) a utricle (L. utriculus, little bag), and (2) a saccule
(L. sacculus, little bag), only connected by a Y-shaped
tube—and also of (3) three curved semiecircular canals
connected with (1), and (4) a spirally-coiled tube, the
cochlea (Gk. edchlias, snail shell) connected with (2).
One end of each semi-
circular canal is swollen
into an ovoid ampulla (L.
for flask). Auditory cells
occur in a patch in the
utricle, a patch in the
saccule, on a ridge in each
ampulla (fig. 90), and in
the cochlea, where their
arrangement is very com-
plex.

The cavity containing
the labyrinth is of the
same general shape, and
it is bounded by a layer
of specially hard bone, | Fig. 9.—Bony Labyrinth of the right side;

- the upper figure magnified, the lower of the
from which the softer naturalsize. ;

l'":”le ﬂthlsicle can -I-]EI 2. Fenestra ovalis: 90, fenestra rotunda; 3, 4, b,

: : hony Eemiciru:ulur canals w ith ampullee ***%;
[.’-hlppﬂd E‘l,‘i‘."ﬂ,.}’, lﬂﬂ'\’lﬂg 6, B, 7, bony cochlen; utricle and saccule

4 lodged in central mass termed * vestibule ™.
what is known as the
‘bony labyrinth' (fig. 91). This contains the mem-
branous labyrinth suspended in perilymph.

SENSE OF SIGHT.

_ The organ of sight or eye has to be near the surface,
in order to perform its functions, but is protected in an
elaborate way by its position, and by various accessory
structures. The orbit, in which the eyeball is contained,
15 extremely strong, and the front of the eyeball is
protected by the eyelids and eyelashes, while the eye-
brows prevent sweat from running down into the eyes.
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The eyeball is a good deal smaller than the cavity of
the orbit, and the spare space is partly filled up by soft
fat, which acts as a protective packing, and also allows
the eye to be moved by means of its special muscles.
The front of the eye is kept clean by the secretion of the
tear-gland, which is situated in the upper and outer
part of the orbit, and opens by small ducts in the inner

Fig. 02.—Longitudinal Vertical Section of the Eye.

A, Cornea; B, aqueous humour; ¢, pupil; o, iris; E, lens; F, Suspensory ll_game_l;t.;
&, ciliary process; m, sclerotic; 1, choroid; K, retina; 1, Vitreous humonr, uqt-_a_ul_e
which the hyaloid membrane is indicated by a fine white line; M, optic nerve; x,
inferior rectus; o, the superior rectus muscle; p, muscle which raises the upper
eyelid,

side of the upper eyelid. It resembles a salivary gland
in structure, and its secretion, after washing the front of
the eye, passes into a small tear sac situated near the
inner corner of the eye, by means of a minute duct open-
ing on the edge of each eyelid close to the inner corner.
From the tear sac the ‘tears’, under ordinary circum-
stances, pass down by a tear-duct into the nasal cavity.
Structure of the Eyeball (fig. 92).—The pract-lcal
examination of a sheep’s eye by cutting into it will show
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that it consists of a firm wall, enclosing softer structures
in somewhat the same way as the skin of a ripe goose-
berry surrounds a semi-fluid pulp. This wall consists of
4 coatings of very different thickness and nature. (1)
The outermost coat, known as the ‘white of the eye’
or sclerotic (Gk. skléros, hard) is of protective nature,
and consequently thick and tough. In front the eye-
ball is more strongly curved than elsewhere and here
a circular piece of
the sclerotic 1s
transparent, and
is known as the
cornea (L. corneus,
horny), which may
be regarded as a
window by which
light enters the
eye. (2) Within
the sclerotic comes
a thinner choroid
coat (Gk. chorion,
membrane; eidds,
resemblance), con-
taining numerous
blood-vessels, and Fis Sgrt o oy Ko e and Poptl (e
a great deal of pig-

ment. This coat does not line the cornea, but in the front
of the eye becomes continuous with a flat muscular parti-
tion, the iris (L. for rainbow), by which the eye is divided
into a smaller anterior chamber, and a very much larger
posterior chamber. This partition is pigmented, and is
the grey or blue or brown part which gives to the eye
much of its characteristic appearance. In the centre of
the iris there is a circular hole, the pupil (L. pupille, has
same meaning), through which light can pass into the
interior of the eye. The size of this varies according to
circumstances, and it may be seen as a black patch in
the centre of the iris. It looks black because the dark
interior of the eye is seen through it. The choroid is
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thickened at the hack of the iris, and raised into a
number of radiating ciliary processes (fig. 93). (3) A
delicate transparent membrane, the retina (L. refe, net),
constitutes the third and most important coat of the
eye. It extends on to the back of the iris, but only that
part of it lining the posterior two-thirds of the eye is
of physiological importance. If this part of the eye is
looked at from inside a small, yellowish depression will
be seen exactly in the middle (fig. 94). This is the
yellow spot, and a little
to the inner side of this
there is a small area, the
blind spot, from which
fibres and small blood-ves-
sels can be seen to radiate.
The retina can easily be
separated from the cho-
roid except at this spot, the
reason being that the optic
nerve here becomes con-
tinuous with the retina
after passing through the
Fig. 94—Back Half of Eyeball. sclerotic and choroid. The
fibres of the optic nerve
branch up in the retina, and form a layer in that part of
1t furthest away from the choroid. Fig. 95 represents a
section through the thickness of the retina, immensely
magnified. Beginning on the outside (i.e. next the
choroid), the following structures are seen:—(«) A layer
of cells containing pigment. (0) A layer of modified
epithelinm made up of elongated cells called the rods
and cones. These are the end-organs of sight. (¢)
Several layers of less importance. (d) A layer of nerve-
cells. (¢) A layer made up of the fibres of the optic
nerve. The most important point to grasp is that fhe
rods and cones are connected in a round-about way, by
means of the intermediate structures, with the fibres of the
optic nerve. ‘
(4) The fourth and last coat of the eyeball is the
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thin, transparent, highly-elastic hyaloid membrane (Gk.
Jwalos, glass; eidds), inside the retina. This membrane
adheres closely in front to the ciliary processes, so that
it is thrown into folds, and then splits into anterior and
posterior layers, known as suspensory ligaments (fig. 98)
because they

are continuous “‘=%m+_ h\"_;r__._—:‘—_— Nerve-fibres.
with a capsule in  HEEe—reli=—lmmT=
' el O, T_,——-'? T T

which 1s sus-
pended the crys-
tallinelens. This
is a firm, glassy,
elastic body,
looking like a
small magnify-
ing - glass, and
possessing  con-
vex front and
back surfaces. It
is therefore said
to be biconvex sTeRTaTa
(L. bis, twice; (Gl OIea)¢
convexus, arched). ' Ol ¥
The anterior
chamber in front
of the lens is T RATE R R ae
filled with a HEREER G RS R PR
watery llql.lld, i . il i Cones.
the aqueous hu- m Rods.
mMoTr (L‘ ﬂgﬂ-ﬂ, ﬂg‘ﬂigﬁth pig-
water;  hwmor,
moisture); and
the posterior chamber behind the lens contains a trans-
parent jelly, the wvitreous humour (L. witrum, glass;
hawmor).

Sensations of Sight result when the rods and cones
are acted upon by light, which is the special stimulus for
this sense. Light is supposed to consist of vibrations of

a particular kind, traversing an impalpable substance,
(3 26) L

% G Nerve-cells,
- | l' 1 -I-' 1l i:-'-'- ""1--Al
e A B :iﬁ
L) L AL

Fig. 95.—The Microscopie Structure of the Retina,
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ether' (L. aether, sky), which is supposed to pervade
space. Light does not, like sound, depend on the pre-
sence of air, and hence, by means of the sense of sight,
we are able to obtain information about bodies at vast
distances away from the earth. The eye not only enables
us to distinguish between degrees of brightness and kinds
of colour, but also to distinguish the shape of surrounding
bodies. It is, in fact, an optical instrument presenting
many points of resemblance to a photographer’s camera,

et b i
AT

\A
Fig. 96.—Formation of Inverted Image on Screen by Biconvex Lens.

: inverted image of which, B a, is formed by the lens M. The lines repre-
3 “Egu}i“fﬁheéﬁﬂrﬁfﬁf BOIME ::?ﬁ;he light-rays passing from the object through the lens.

and the retina may be regarded as a sensitive screen upon
which images of surrounding objects are thrown, mainly
owing to the action of the crystalline lens. ;
Action of Lenses.—The waves or undulations
which constitute light travel in straight lmes, and are
called ‘lightrays’. A ‘sunbeam’ passing through a
chink into a room is a collection of such rays, the course
of which is made visible by means of the dust which they
(luminate. A lens (L. for lentil) is a piece of glass or
other transparent solid with two surfaces, one of whlc]h,
at least, is curved. If both are curved ﬂu'tw:ards the
lens is biconvex. Take an ordinary magnifying-glass,
which is a lens of this kind, hold it up to the window,

1 Not to be confused with the volatile substance of the same name sold by
chemists !
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and put a piece of white paper behind 1it. It will then
be found that, af a certain distance, a little picture of the
objects outside the window will be clearly outlined on
the screen, but up-side-down. This is illustrated by
fig. 96. The rays of light in fact are bent or refracted
(L. refractus, bent) into a new path so as to bring this
about. A photographer’s camera is arranged on this
principle, the lens being fitted into the front of a dark
box, at the back of which the screen is placed. The eye,

Fig. 97.—Formation of Image on the back of the Eyeball.

Rays of light proceed from the points g, u, v of the arrow and are focussed by the
lens and humours of the eye to form an image, p, m, k, which is smaller than
the object and inverted.

again, may be regarded as a spherical camera with a lens
in front, and a curved screen, the retina, behind (fig. 97).
Since the cornea, aqueous humour, and vitreous humour
assist the lens in refracting the rays so as to form
images, all four together may be called the ‘refracting
structures’ of the eye. Lightrays are reflected (L.
reflecto, I turn back) from the surfaces of bodies just as
tennis-balls rebound from a wall, and it is owing to such
rays that we see objects which are not (like the sun,
stars, flames of lamps, &ec.) self-luminous. Thus, the
moon is seen because the rays of the sun are reflected
from it. The pigment of the eye prevents the light
which enters from being reflected from one part to
another, which would produce a ‘dazzling’ effect, and
prevent clear vision,
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Accommodation.—By experimenting with a .lens
and sheet of paper it will soon be found that clear
pictures of mear objects can only be formed when the
paper s further from the lens than is necessary for
distant objects. In a photographer’s camera the distance
between lens and screen can be altered at pleasure,
according to the distance of the objects to be taken.
Such an arrangement would be very inconvenient in
the eye, and is not the one used. But in the camera
another method is possible. Suppose it arranged so as
to take distant objects, and that it is required to take a
near object without altering the distance between lens and
screen. 'This can be done by using a lens with one or both
sides more strongly curved. Now a healthy human eye is
so arranged that, when no effort is being employed, distant
objects are clearly seen, and ‘accommodation’ to near
objects must in this case be managed not only without
altering the distance between lens and screens (i.e. retina)
but also without changing the lens. This, at first sight,
seems to be impossible; but the lens of the eye is not
rigid like a piece of glass but elastic, so that its shape can
be alfered, which comes to the same thing as changing
the lens of a camera. When we are looking at distant
objects the lens i1s kept on the strefch by its suspensory
ligaments. If these could be slackened the lens, being
elastic, would become more convex, and nearer objects
would be clearly seen. In looking at objects within a
distance of 71 yards, we are conscious of a feeling of
effort. 'This is because we are using a muscle, the ciliary
muscle, which accommodates the eye to near objects
by slackening the suspensory ligaments. This is ex-
plained by fig. 98. The ciliary muscle takes origin from
the circular junction of cornea and sclerotic, and is in-
serted into the thickened part of the choroid, which bears
the ciliary processes, to which it must be remembered
the suspensory ligaments are closely attached. When
this muscle contracts the choroid is drawn forward, the
suspensory ligaments are slackened, and the front of
the lens becomes more convex. The nearer the object




SENSE OF SIGHT. 165

that is being looked at the greater the contraction.
That the choroid 4s pulled forwards as described has been
proved, for just-killed animals, by sticking a long needle
into the eyeball (see fig. 98) so that its point is lodged
in the choroid. The ciliary muscle is then made to con-
tract by stimulating the nerves which supply it, and the
head of the needle is seen to move backwards, which
means that its point and the choroid move jforwards.

Cilia

muscie

Vitreous | humownr

DISTANT NEAR

Fig. 98.—Diagram to illustrate Accommodation.
On the right side the adjustment for near objects is shown, and on the left that for

distant objects. 1, Position of needle pushed through into choroid coat before
accommodation; 2, position of the same after accommodation.

That the shape of the lens-front does alter during
accommodation is easily proved by holding a candle on
one side of the face of another person, in a darkened
room. Three images of the candle-flame can then be
seen in the front of the eye ;—(1) a bright, upright image
from the front of the cornea, (2) a similar but larger
and rather duller image from front of lens, (3) a small,
dim inverted image from back of lens. When the eye is
being accommodated for near objects (1) and (3) remain
unaltered, but (2) gets smaller. This proves that the
front of the lens is altering its shape and becoming more
convex.

The iris regulates the amount of light which enters
the eye, undergoing changes by which the pupil is made
larger or smaller, as the case may be. When the eye is
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exposed to a bright light the pupil becomes very small,
while in a dim light it is of considerable size. In a
camera a similar end is attained by plates of metal called
diaphragms, each of which is perforated by a hole. One
of these plates is put in front of the lens. The iris
18 partly made up of circularly-arranged muscle fibres,
and when these contract the pupil narrows. Enlarge-
ment of the pupil is due to radially-arranged elastic
fibres which are put on the stretch when the pupil is
narrowed, and come into play when the muscle-fibres
cease to contract. Narrowing of the pupil takes place
when near objects are looked at as well as when the light
1s strong, the object being to prevent light-rays from
entering, which would not help to make a distinct
picture.

The alterations in size of the pupil are brought about
by reflex action—the stimulus being light, the afferent
nerve the optic, the nerve-centre part of the grey matter
of the mid brain, and the efferent nerves («) oculomotor
for narrowing, () sympathetic for enlargement.

Proofs that the Rods and Cones are the End-
organs for Sight.—These structures resemble what
are known to be end-organs in other cases, and they are
connected with the optic nervefibres. But they are
turned away from the light, and definite proof of their
function is therefore necessary. One argument is de-
rived from the blind spot (p. 167), where rods and cones
are entirely absent. Closing one eye look fixedly at the
a in fig. 99, when the A will also be seen. Now slowly
move the book first towards then away from the eye.
It will be found that at a certain distance the A dis-
appears from view. It can be proved that in this
position the image of A falls on the blind spot, which,
therefore, is not sensitive to light, and receives its name
on that account. The fibres of the optic nerve are more
numerous here than elsewhere, and it is therefore proved
that they are not the structures acted upon directly by
light, while the probability of the rods and cones being
the end-organs is increased. Further, the yellow spot 1s
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the area where sight is most acute, and here the retina
consists of cones only, and of nerve-fibres directly con-
tinuous with them. Such fibres are less abundant here
than elsewhere. It would seem from this that the cones
at any rate are probably end-organs for sight, and as
some animals possess no cones but only rods, it seems
reasonable to suppose that these also are visual end-
organs. The evidence described, taken collectively, is
sutficient proof as to the functions of the rods and cones,
and confirmation is given by a simple experiment. If a
white surface is looked at in a dark room, where the only
source of light is a candle placed on one side of the

.|

a A

Fig. 80,—To show the * blind spot ™.

head, a sort of branching figure will be seen, which moves
as the candle is moved. This figure 1s the shadow of the
blood-vessels of the retina, and it must be seen by means
of end-organs placed behind these vessels. This is the
position of the rods and cones. We must, therefore,
conclude that light, after passing through the cornea,
aqueous humour, lens, vitreous humour, and hyaloid
membrane, traverses the transparent retina and stimulates
the rods and cones, which again affect the fibres of the
optic nerve so that afferent impulses are set up. These
travel to the brain, and in part of the cortex of the hemi-
spheres changes take place leading to visual sensations.
The movements of the eyeball are brought about by
six band-like muscles. Four of these, the rectus muscles
(L. for straight) arise close together from the back of the
orbit and are inserted into the sclerotic above, below, to
the inner side, and to the outer side, being respectively
known as superior, inferior, infernal, and external rectus
muscles. The two former are shown in fig. 92. Their
respective use is to move the eyeball up, down, inwards,
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and outwards. The two remaining muscles are the
supertor and inferior oblique, by which twisting move-
ments are given to the eyeball. The former arises from
the back of the orbit, runs along its inner side, and then
passes through a little fibrous loop to be inserted into
the upper side of the eyeball. The inferior oblique takes
origin from the inner wall of the orbit, runs under the
inferior rectus, and is inserted into the outer side of the
eyeball.

Long Sight and Short Sight.—Most old people
and a fair number of young ones are ‘long-sighted’, hy
which is meant that the eye has to be accommodated
even to distant objects by means of the ciliary muscle,
while by no effort can very near objects be clearly seen.
In an old person the meaning of this commonly is, that
the lens has lost some of its elasticity, and cannot, there-
fore, be made convex enough for near work. In young
persons the probability is that the eye is too short from
front to back. The remedy, in either case, is the use of
spectacles with conver glasses, which, in the first case,
make up for the deficiency in the lens, and in the second,
so add to its power that the shortness of the eye is got
over.

Short-sighted eyes are foo long from front to back, and
are therefore permanently accommodated for near objects.
Efforts of accommodation are of no use for distant objects,
and, indeed, only focus the eye for sfill nearer objects.
The remedy is the use of concave glasses, by which the
power of the lens is diminished, and which comes to the
same thing as substituting a weaker lens suited for the
unusual length of the eye.

General Sensations.—It is only necessary to add
. to what has been said on p. 144, that pain, one kind of
general sensation, results when the end-organs of a
sensory nerve are stimulated too strongly, or when the
nerve itself is stimulated. This is not true, however,
for the nerves of sight and hearing with their end-
organs, and perhaps not for those of smell and taste.
If, for example, the optic nerve is injured, a sensation of
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light and not of pain is the result. The name Muscular
Sense is given to the sensations of effort, experienced when
muscles are used. It is mainly by this sense that we
estimate the amount of a weight held in the hand, and
in doing so we move the hand up and down, so as to
bring numerous museles into action. We are thus better
able to judge of the effort put forth. The relative
weights of two objects can be determined with consider-
able accuracy by balancing them one against the other
in the two hands. It is known that muscles are supplied
with sensory as well as with motor nerves, and the
former are no doubt connected with the muscular sense.

CHAPTER XI

PRACTICAL WORK
I. CHEMISTRY.

An elementary knowledge of apparatus, &c., is assumed.
Directions for preparation of oxygen, &c., have been
given in the body of the book. For physiological
chemistry see Section IV. Students who have not been
through a chemical course are strongly recommended to
read Harrison and Bailey's Chemistry for All (Blackie).

II. SKELETON AND MODELS.

1. Skeleton.—(1) A human skeleton should be very
carefully studied, and its parts drawn in an unruled note-
book. A medical half-set will answer most purposes, but
for teaching a class a fully articulated skeleton is very
desirable. In any case a bisected skull to show interior
will prove a valuable addition. It is a good plan to
mark the boundaries of the bones with a thin line of
red enamel paint. Skeletons or parts of them can be
obtained at a reasonable price from H. Meller, anatomist,
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2 Churchill Street, Stockport Road, Manchester. (2)
Prepare rabbit bones as divected on pp. 18 and 19.

2. Models.—Excellent models of brain, eye, skin
section, &c., are made by many firms on the Continent.
It is best to buy these direct, and Dr. Fritsch, Wladis-
lawsgasse, Prague, can be thoroughly recommended.
Catalogue will be sent post free on application.

ITI. DISSECTION.

1. Instruments, &c.—The minimum required is—
a large scalpel, a small scalpel, a pair of large forceps,
a pair of small forceps, bone forceps, a pair of small
scissors, a pair of large scissors, a seeker, a razor, a
German-silver blowpipe, and two mounted needles.
These can be bought separately, and kept rolled up in
a piece of wash-leather or in an American leather case.
All of them, with two razors and two scalpels in addition,
can be obtained in box for 25s. from C. Baker, 244 High
Holborn. Good work can be done with penknife, ordi-
nary scissors, and mounted bodkin (as seeker), but there
are no substitutes for forceps and bone forceps.

A watchmaker's eye-glass is most useful in dissecting
small structures, and a threefold lens for examination of
villi, kidney, &c.

Frogs and parts of larger animals are best dissected
under water in a pie-dish. They should be pinned on a
piece of cork or soft hoard, weighted with sheet-lead.
Pins should always be pushed in obliquely. -

Drawing appliances are indispensable, and it 1s ad-
vantageous to indicate different structures by different
colours, using pencils with coloured leads (nof crayons).
Vessels—containing pure blood, red,—contaiing impure
blood, blue; nerves, green; liver, brown; and so on.
Letter everything.

9. Dissection.—(1) Dissect along blood-vessels and
nerves, and avoid seizing them with forceps. (2) Re-
member dissection largely consists in removal of connec-
tive tissue. (3) Keep dissection clean by sponge and
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tap. (4) When large blood-vessels have to be cut, make
two ligatures near together, and cut between. Liga-
ture by tying a thread round and pulling tight, but
don’t overdo this. (5) Draw everything Attention 1s
thus compelled and memory aided. (6) For classwork
rough home-made diagrams, on large scale, and black-
board drawings in white and coloured chalks are most
useful.!

3. Directions for Dissecting a Rabbit, to Il-
lustrate General Arrangement and Structure of
Organs.—The best way of killing a rabbit is to place it
in as small a box as will conveniently hold 1it, having
previously placed on the floor of the box a small piece of
sponge or cotton-wool, saturated with a teaspoonful of
chloroform. The box should be as nearly air-tight as
possible.

N.B. is used to call attention to points where the
rabbit differs markedly in structure from man.,

(1) Lay the animal on its back.on o board or deal table,
fully extend its limbs, and fiz them by means of nails through
the paws. Feel sternum and ribs through skin, and thus
recognize positions of thorax and relatively large abdo-
men.

(2) With the large scalpel make a longitudinal median cut
through the skin of the thorax, continuing it forwards to chin
and backwards to end of abdomen. A convenient plan is to
push the handle of a scalpel under skin, through first incision,
and then to cut down upon it, continuing same process in both
durections,  Separate the skin from underlying structures by
means of scalpel, and pin down the flap on each side. ‘
~ Nore.—(3) The muscles of the neck and a large, dark
Jugular vein on each side. (4) Powerful museles cover-
ing the wall of the thorax, and largely concealing the
ribs and sternum. (5) The soft, museular walls of the
abdomen.

! Excellent diagrams are made to order by H. W. Gilbert Willi
Canterbury Road, Croydon, Y . t Williams, 5
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ABDOMEN.,

(6) With the large forceps pinch up part of the abdominal
wall near the middle line. With the scissors, held horizon-
tally, cut through the pinched-up part,  Prolong with the
scissors the oval aperture thus made to sternum in front, and
to end of abdomen behind. Make transverse cuts in front,
and pin back flaps. The intestines of the rabbit are
relatively much larger than those of man, and the posi-
tion of parts as now seen is not exactly the same in
every case. NOTE.—Disturbing the position of the organs
when mecessary, but not tearing or cutting anything. (7)
The large, brownish-red liver in front, largely over-
lapping. (8) The bluish-white stomach. (9) The
narrow, pinkish, much-convoluted small intestine. (10)
N.B.—The large, greenish csecum, marked externally
by a spiral groove, and continued into a pale, finger-like
vermiform appendix. (11) The much narrower, greenish
colon, with pouched walls. (12) The pale, narrow, thick-
walled reectum, usually containing balls of faeces. (13)
The membranous folds of mesentery by which the various
organs are suspended, continuous with (14) the perito-
neum, a moist, shining membrane lining the abdominal
cavity. (15) Veins and arteries in the mesentery. Each
vein is generally accompanied by an artery, the former
being full of blood and relatively large, the latter small,
pale, and empty. (16) Pull back the liver. NOTE.—(17)
The diaphragm, with muscular margins and translucent
tendinous centre. Two masses of muscle, the pillars of
the diaphragm, run back from its dorsal part to the ventral
side of the backbone. (18) The pink lungs seen through
the centre of the diaphragm. (19) Perforate one side of
the diaphragm with a scalpel, and the corresponding lung
will be seen to shrink away.

(20) Turn the intestines over to the right side. N.B.—
Right and left are used in the sense of the animal’s right
and left. NoreE.—(21) The red, tongue-like spleen
attached to the cardiac end of the stomach. (22) The
left kidney, attached to the dorsal wall of the abdomen
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a little way behind the liver. (23) The left ureter, a
small, pale tube, running from the hilus of the kidney to
(24) the pear-shaped urinary bladder, which can easily
be made out in the posterior part of the abdomen. (25)
The large, dark inferior vena cava, running in the middle
line along the ventral side of the backbone. Traceit back,
and notice that it is formed by union of large veins from
legs and other parts. (26) The aorta, a bluish vessel, much
smaller than the preceding, and running alongside it.
Branches are seen running from it into the mesentery,
and posteriorly it forks into the main arteries for the legs.

(27) Twrn the intestines over to the left side and make
out the right kidney and right ureter.

(28) Jwrn the liver forwards. NoOTE.—(29) The green-
ish-black, pear-shaped gall-bladder imbedded in a slit in
its right half. (30) The portal vein, branching in front
into the liver and traceable behind into the veins which
run in the mesentery.

THORAX,

(31) Cut away with scissors the middle part of the sternum
and enough of the ribs to expose the thoracic cavity, leaving
the diaphragm wwinjured, and not going to extreme front for
fear of injuring the large vessels. NOTE, disturbing the
parts when necessary, (32) The pink, shrunken lungs,
divided into lobes. (33) The heart enclosed in the peri-
cardium. (34) The thymus gland, a pinkish fatty-look-
iIng mass at the base of the heart. (35) The great blood-
vessels connected with the base of the heart. (36) The
dark inferior vena cava piercing the diaphragm and
running up to the heart. (37) The thick-walled gullet
running through the thorax, dorsal to the preceding, and
piercing the diaphragm to enter the stomach. (38) The
aorta running from heart along ventral side of backbone
and piercing diaphragm. (39) Two slender white cords,
the phrenie nerves, traversing the thorax to branch up
in the diaphragm. (40) Two similar cords, the vagus
nerves, one running along the left side of the gullet and
the other near its right side. (41) A pale, very slender



174 ELEMENTARY PHYSIOLOGY.

sympathetic cord running along each side of the back-
bone, just where the ribs begin, and swelling into a sympa-
thetic ganglion on the head of each rib. (42) The outer
layers of the right and left pleure lining their respec-
tive halves of the thorax (as the peritoneum does the
abdomen), and meeting to form a median partition,
except where separated by the heart. Note that the
pleuree resemble the peritoneum in texture and are
reflected on to the lungs to form an inner layer, just as
1t 1s reflected on to the digestive organs.

NECK,

(43) Carefully divide the muscles of the meck by a longi-
tudinal median cut, and separate from structures which lie
deeper.  Avoid injuring jugulars. NOTE. — (44) The
trachea in the middle line, and hoops of cartilage which
strengthen its walls. Trace it forwards and observe that
it expands into the larynx at front end of neck. (45)
A firm, narrow, pinkish common carotid artery running
along each side of trachea. (46) A slender white cord, the
vagus nerve, running close to the outer side of each com-
mon carotid. Traced forwards it swells into a ganglion,
the vagus ganglion, a little behind the angle of the jaw.

(47) Pull one common carotid gently wp with forceps. This
will put on the stretch a membrane connecting the artery
with other structures. Runningalong in the membrane
note the pale sympathetic cord. It is not unlikely to
be confounded with other structures, but may be recog-
nized with certainty by the fact that it swells in front
into a sympathetic ganglion (superior cervical g.) close to
the vagus ganglion, and into a similar sympathetic gan-
glion (posterior cervical g.) at the root of the neck.

DIGESTIVE ORGANS.

(48) Skin the left side of the head, cutting off left ean.
NorE.—(49) The left parotid gland, a soft lobulated
mass in front of and below the ear. (50) The two ovoid

pinkish submaxillary glands, lying between the two
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halves of the lower jaw, and seen by turning the head
back to its first position. _

(51) Remove the muscles from the left side of the lower
jaw, and carefully break it away so as to expose the mouth-
cavity. NoTE.—(52) N.B.—The teeth. (53) The tongue,
which differs in many points from human tongue, but
filiform papille can be seen in its front part, and a
couple of eircumvallate papillee on its upper side, very
far back. Also note on its side the left foliate papilla
(unrepresented in man), a small oblong area marked by
numerous oblique ridges. (54) The hard palate in front
of mouth-roof, followed behind by soft palate. N.B.—
There is no uvula.

[With the aid of a looking-glass make out the charac-
ters of your own mouth-cavity. Note at back soft palate,
uvula, and opening into pharynx, with tonsil on each side.
Identify and count teeth, allowing for those lost or not
yet cut. Note papille on tongue. Put a few drops of
vinegar upon it and note that fungiform papille swell up.
Lift up tongue and note ridge (p. 68) upon which the sub-
maxillary and sublingual duets open. |

(55) Cut back laterally about an inch behind the tongue,
along a paper roll pushed through the opening seen at the
back of the mouth. NOTE.-—(56) The pharynx, a small
chamber behind the mouth-cavity. On its floor, at the
base of the tongue, note (57) an elastic flap, the epiglottis.
(58) Behind this is a large aperture, the glottis, through
which the handle of the seeker can be passed down into
the trachea. (59) The beginning of the gullet just
behind the glottis.

(60) Pass a seeker forwards from pharynz above the soft
palate and make a median incision through the latter. The
seeker will have been pushed through the posterior nares
into a posterior nasal chamber which is now exposed.
Note on its side wall (61) the small aperture of the right
Eustachian tube. N.B.

(62) Carefully separate trachea from deeper structures.
Nore.—(63) The gullet running close to backbone. Cut
a slit in its wall and push knitting-needle wpwards through it
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into pharynx. Trace gullet down through thorax. (64)
Curefully remove diaphragm and trace gullet into stomach.
(65) Compare the latter with fig. 38. (66) Very care-
tully identify and pull out the U-shaped loop of the
duodenum. NoOTE.—(67) The narrow but firm bile-duct
running from liver into duodenum just beyond the py-
lorus. (68) N.B.—The pancreas, consisting of numerous
fat-like lobules of pinkish colour, situated in the folds
of mesentery enclosed by the U. (69) N.B. The short
pancreatic duet opening into the side of the U further
from stomach, about two inches beyond the bend.

(70) Ligature the gullet and rectum. Cut through gullet
above first ligature and through rectum below second. ERemove
stomach and intestines by cutting mesentery, leaving liver
behind, and follow these parts out from end to end, preferably
under water.

(71) Cut open and wash out stomach. Note character of
its walls and valvular constriction forming pylorus.
(72) Tear away mucous membrane from muscular layers.

(73) Remove a piece of small intestine. Cut open and pin
out under water to show internal surface. Note the velvety
appearance of this, due to innumerable villi, which can
be seen with the aid of lens.

CIRCULATORY ORGANS.

(74) Cut through outer layer of pericardium. Note
escape of pericardial fluid.

(75) Carefully tear away outer layer. Note that at base
of heart it is continued into an inner layer closely covering
the heart. G

(76) Break away remains of sternum and anterior 1ibs.
Remove thymus. NoTE.—(77) The jugular vein on each
side uniting with a subclavian vein from fore-limb to f03'131
superior vena cava. N.B.—Only one s.v.c. In man. (78)
With the aid of figs. 57-59 recognize the auricles, ven-
tricles, and pulmonary artery, tracing the last to the lungs.
(79) Turn the heart forwards and (80) trace aorta to heart.
Note (81) pulmonary veins running into left auricle
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from lungs. (82) Trace common carotids to arch of

aorta.
RESPIRATORY ORGANS.

(83) Carefully remove trachea and lungs. Note that
trachea bifurcates into bronchi. ;

(84) Tie a tube into trachea. Inflate the lungs by blowing.
Cease blowing and they collapse.

(85) Cut through one bronchus, and with seeker and scissors
follow it into substance of lung. Note that it branches, and
that the branches get smaller and more delicate.

(86) Examine a piece of the thoracic wall for the
intercostal muscles.

MUSCLES AND JOINTS.

(87) Skin one of the fore-limbs. Note the numerous -
muscles and the tendons connected with them. (88)
Carefully remove the muscles and examine shoulder and
elbow-joints. (89) Separate out the hwmerus. Note the
bluish layer of cartilage covering each end. (90) Use
the humerus for studying the characters of fresh bone
(cp. p- 18).

NERVOUS SYSTEM.

(91) Place the animal on its ventral surface, and clean the
skin and muscles from the skull and part of backbone. Start-
ing from junction of the two break away the voof of skull and
dorsal parts of vertebree, by means of bone forceps, the blades
of which must be kept horizontal. The brain (N.B.) and
part of spinal cord will thus be exposed and the dura
mater and pia mater (p. 128) seen. Note in the brain
(92) the two smooth cerebral hemispheres, hroadest
behind; (93) the narrow club-shaped olfactory lobes in
front of these; (94) behind the hemispheres, a convoluted
mass, the cerebellum, which rests on (95) the bulb (me-
dulla oblongata) which is continuous with the spinal cord.

(96) On the first day of dissection remove the brain and a
prece of spinal cord as follows:—Break away side walls of
skull and lift up brain in front with handle of scalpel. Work

(3026) M
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very carvefully backwards, cutting through the roots of the
cranial and spinal nerves as they appear.  Place the brain
and piece of cord on a piece of cotton-wool in strong spirit to
harden for a few days. In brain, then, (97) press hemi-
spheres apart and note the band-like corpus callosum
connecting them. (98) Bend the brain so as to separate
hemispheres and cerebellum, and note the optic lobes as
four small elevations. (99) Remove horizontal slices from
hemispheres, and note (100) the distinction between
grey and white matter, and (101) the lateral ventricles.
(102) Slice the cerebellum, and note the arbor vite
appearance (p. 137). (103) Remove the remains of the hemi-
spheres and cerebellum. Note the axis of the brain, which
substantially resembles that of the human brain. The
differences hetween the two brains chiefly lie in the
cerebral hemispheres.

(104) Note the spinal nerves in the axilla (arm-pit),
and frace them into the fore-limb.

SENSE ORGANS (Fresh Rabbit requived).

(105) NosSE. Break open one nasal cavity, and note the
(N.B.) turbinated bones covered by mucous membrane.
(106) Pass a seeker back into posterior nasal chamber, exposed
as directed in (51), (55), and (60). .

(107) Eve. Note upper, lower, and third eyelids, the
last folded up in anterior corner of eye. Seize with forceps
and draw over eye. In man the 3rd eyelid is represented
by the little red fold in the inner corner of the eye.
(108) Cut and break away voof of orbit, and note (109) the
four converging rectus muscles. (110) The superior
oblique muscle (cp. p. 167). (111) Lift up eyeball, and
note inferior oblique muscle. (112) Clear away muscles,
and note optic nerve running into back of eyeball.

(113) EAR. Skin left side of head, cut away left pinna,
and follow external audilory meatus into head, cutting or brealk-
ing away swrrounding structures. At end of meatus note
(114) the tympanic membrane. (115) Cut ths :‘ff‘.*.muﬁh,
and note (116) tympanic cavity and auditory ossicles.




PRACTICAL WORK—DIGESTION, 179
IV. DIGESTION.

The chemicals mentioned, and preparations by
Burroughs, Wellcome & Co., can be obtained from

any chemist.
[ ]

1. Properties of Starch, Sugar, and Proteids.

A. Starch.—Rub up a small quantity of powdered
starch with a little water. Thoroughly mix with about
200 times its volume of water, and boil for five minutes.
(«) Place a little of the starch mucilage thus obtained in
a test-tube. Add a few drops of iodine solution. It
becomes blue. (b) Touch your cuff with a drop of iodine
solution. It becomes blue, showing presence of starch.
(¢) Put some starch mucilage in a dialyzer ! (fig. 50), and
immerse in distilled water. After some time test the
water with iodine solution for starch. No resulf. The
mucilage has not diffused through the membrane.

B. Sugar. —Use malfose (malt-sugar) or glucose (grape-
sugar). Dissolve a little in distilled water. («) Put a
small quantity of this into a test-tube. Add four times
the volume of Fehling's solution, prepared af the time
from the Fehling test tabloids of Burroughs, Wellcome
& Co. Boil. Note the yellow or yellowish-red precipitate,
showing the presence of sugar.

(b) Place some sugar solution in a dialyzer, and after
some time sugar will be found in the surrounding water
by Fehling’s test. Sugar, therefore, diffuses.

C. Proteids.—Break the white of a fresh egg into a
cup and beat it well up. Shake well with 30 times its
volume of distilled water. Filter through flannel. (a)
Put some of the solution in a test-tube, and add a little
strong nitric acid. A white precipitate. Boil. It turns
yellow, and partly dissolves to form yellow solution. Let
cool, and add some strong ammonia. The colowr changes
o orange (xanthoproteic reaction). (b)) To a small

1 The prepared skins used in making sausages answer the purpose well,
after soaking in water. See that no visible holes are present.
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quantity of the solution add four times its volume of
acetic acid, and a few drops of strong solution of potas-
stum ferrocyanide. A precipitate. (c) Boil some of the
solution. It congulates.  (d) Place some of the solution
n a dialyzer, and after some time has elapsed test the
surrounding water for proteid by («) and (c). No result.
Proteids do not diffuse.

2. Saliva. Gastric Juice. Pancreatic Juice.

In all cases where the digestive action of these juices is
to be experimented on, stand the vessels containing the solutions
i water as hot as the hand can bear easily.

A. Saliva.—Wash out the mouth, and stimulate the
secretion of saliva by chewing a small piece of india-
rubber. Collect, filter, and dilute with five times its
volume of distilled water. (¢) Put a little starch-
mucilage in a test-tube. Add % the volume of saliva.
Leave for an hour, and then apply Fehling’s test.
Sugar will be found. Use same test with starch-mucilage
alone, and saliva alone. No result. (b) Put some starch-
mucilage mixed with saliva in a dialyzer, and leave for
some hours. Take some of surrounding water and apply
Fehling’s test. Sugar will be found. (c) Boil some saliva,
and add 1t to starch-mucilage. After some time apply
Fehling’s test. Noresull. The ptyalin has been destroyed.

B. Gastric Juice.—Use the pepsin preparations of
Burroughs, Wellcome & Co. i.e. “Pepsin in Scales ” or
else “Glycerinum Pepticum ”, adding as well some 0-2
per cent. hydrochloric acid. It is also instructive to
prepare peptic glycerine from the rabbit’s stomach.
Open quickl{, wash, scrape away the mucous membrane
in shreds, place the scrapings in strong glycerine for
eight days, pour off. Use in same way as other prepara-
tions. (@) Add a little pepsin to some white-of-egg
solution or blood-fibrin. Put in a dialyzer and leave for
some hours. (&) Apply xanthoproteic test to part of sur-
rounding water. Result as in 1, C, (a). (¢) Boil another
part. No result. (d) Test another part with acetic acid
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and potassium ferrocyanide. No resulf. Peptone, differ-
ing in many ways from proteid, has been formed, and has
diffused through the membrane. (e) Repeat the foregoing
experiments, having previously boiled the pepsin in a
little water. No result. The ferment has been destroyed.

C. Pancreatic Juice.—Use the Zymine Peptonizing
Powders of Burroughs, Wellcome & Co., and by employ-
ing method described, except that no acid is added,
prove that it can digest starch and proteid. Boiling, as
before, destroys the ferments. Glycerine pancreatic
extract may be prepared by mincing the pancreas of a
pig-and treating as in IV,, 2, B.

3. Emulsification of Fat.

Into a watch-glass pour some } per cent solution of
sodium carbonate. With a glass rod place a drop of
rancid o1l in the solution. Note that the drop gradually
gets milky, and the watch-glass will in the end be found
full of white fluid, which 1s an emulsion of fat. Examine
under the microscope, and note the minute fat globules.

4. Digestion of Milk.

1. Take two specimens, and treat one with pepsin
preparation and hydrochloric acid, the other with pepton-
1izing powder, according to method previously described.
In either case note (1) curdling, from action of a special
ferment; (2) dissolving of the curds with formation of peptone.

2. Procure some rennet, which is an extract from the
stomach of the calf, and contains rennin. (1) Add a
few drops to some warm milk, and note the curdling. (2)
Add some rennet to boiling milk. No resulf. The
rennin is destroyed by the heat.

V. THE HEART.

1. Structure of the Sheep’s Heart (cp. figs. 57-60).
—Procure a sheep’s “pluck ”, i.e. heart and lungs. (1)
Dissect away pericardium, and recognize auricles with
their appendages, ventricles, pulmonary artery, and
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coronary vessels branching on the surface of the heart.
The front (ventral) side can be distinguished by a furrow
filled with fat, running along boundary hetween ventricles.
Left side can be distinguished by the firmer feel of left
ventricle, which alone extends to apex.

(2) Trace pulmonary artery to lungs, and pulmonary veins
Sfrom them. Carefully cut lungs away. Note—(3) Superior
vena cava. (4) Inferior vena cava. (5) Coronary
sinus, opening close to (4).

(6) Ligature (4) and (5). Tie a short glass tube into (3),
and a larger one info pulmonary artery. Pour water into
the short tube and squeeze R. ventricle. Note that water
ascends in long tube, but does not run back, owing to
closure of pulmonary semilunar valves.

(T) Open right awricle by cutting along the superior and
inferior vene cavee. Note.—(8) The Eustachian valve,
a fold guarding the opening of the rv.c. (9) The
Thebesian valve, a similar fold guarding the opening of
the coronary sinus. (10) The auricular septum. (11)
The large right auriculo-ventricular opening.

(12) Cut open the left auricle. Note—(13) The open-
ings of the 2 (N.B.) pulmonary veins. (14) The auricular
septum. (15) The large left auriculo-ventricular opening.

(16) Pour water through the awricles into the ventricles.
Note that the flaps of the auriculo-ventricular valves
float up. :

(17) Cut across the ventricles, a short distance from
apex of heart. Notice the relative shape of the ventri-
cular cavities, and the relative thickness of the ventricular
walls.

(18) Cut away outer wall of right ventricle. Note—(19)
Tricuspid valve. (20) Papillary muscles and other
columna carnez. (21) Chorde tendines. (22) Pass a
seeker up into pulmonary artery. (23) Cut pulmonary artery
short. Note pulmonary semilunar valves. (24) Slit up
pulmonary artery, and examine valves more closely.

(25) Cut away outer wall of left ventricle and note
mitral valve, aortic semilunar valves, &c., as above.
(26) Note, in the opened aorta, two small holes just
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behind two of the semilunar valves. These lead into
the coronary arteries. :

The preceding directions will serve for the dissection
of the rabbit’s heart, if for “coronary sinus” *left
superior vena cava” is substituted.

2. Movements of the Heart.—(1) When a just-
killed rabbit is opened the heart will probably be seen
beating, and the alternate contraction of auricles and
ventricles can be noticed. (2) Chloroform and open «
frog in same way as described for rabbif. (N.B. There is
no diaphragm, and the structure differs in many other
ways from that of rabbit.) Note the heart in its peri-
cardium. It beats regularly, and will continue to do so
for some time, even if removed from the body. Dissect
away the pericardiwm, and note that the two dark thin-
walled auricles and the firm paler ventricle undergo
systole alternately.

3. Cardiac Impulse and Pulse.—(1) With the
right forefinger find the place between your left fifth and sixth
ribs, where the cardiac impulse is best felt. (2) With the
left forefinger feel the ‘pulse’ in the right wrist (ventral
surface, thumb side). Note the rhythmic swelling of
the artery which takes place. It can be seen with the
eye. (3) Place the right forefinger as in (1), and, at the
same time, the left forefinger as in (2). Note the time-
relation betweeen the pulse in the wrist and the cardiac
impulse.

VI. CoaguLATION OF BLoob.

(1) Let some of the blood from a freshly killed rat or
rabbit run into a small beaker.  Note the stages of coagu-
lation (cp. p. 83). (2) Prick yowr finger with a needle, and
transfer a drop of blood to a glass slide. Note that it soon
passes into the jelly stage. (3) Rapidly stir with a feather
some freshly shed blood. Note that threads of fibrin collect
on the feather, and that the remaining part of blood
(corpuscles and serum) remains liquid.
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VII. CIRCULATION OF Broop N WEB oF Frog’s Foor.

Cut out a small V-shaped piece from one end of a flat piece
of wood, such as the lid of a cigar box. Make a small calico
bag just large enough to hold a frog. Put a frog in i, except
one leg, and firmly tie to board by means of tape. Genlly
extend the leg, and fix the foot over the V slit by means of
pieces of thread tied to the toes at one end, and at the other
wound round pins stuck in the board. Examine the web
under the microscope, supporting the board by books, de.
Note the circulation in the web (p. 98), which should
be gently on the stretch, and kept damp with normal
salt solution (§ per cent). The frog-bag should be kept
wet with water.

VIII. RESPIRATION.

1. Movements of the Thoracic Walls.—(1)
Open the abdomen of a recently killed rabbit so as fo expose
the diaphragm. Lay bare the trachea, tie a tube into if, and
Sully inflate the lungs. Note meanwhile the movements
of the sternum, ribs, and diaphragm., Cease blowing, and
note the contrary movements. (2) Note the movements
of your own thorax during respiration. (3) Construct
the model represented in fig. 12, and satisfy yourself by
means of it as to the action of the intercostal muscles.

2. Differences between Inspired and Expired
Air.—(1) Breathe on a mirror or polished metal surface.
Note the film of moisture. (2) Prove the presence of
carbon dioxide in expired air. Cp. p. 110. (3) Pour a
little strong sulphuric acid on some form of organic matter,
e.g. a piece of white paper. Note the blackening that
ocecurs. (4) Breathe through a fairly long glass tube into a
small quantity of strong sulphuric acid placed in a beaker.
Note the blackening which takes place, owing to the
presence of organic matter.

IX.—NITROGENOUS EXCRETION.

1. Structure of Sheep’s Kidney.—(1) Remove faf,
&c. Note hilus and ureter. (2) Cut it through parallel
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to flatter sides (cp. fig. 72). Note darkred cortex,
striated medulla, urinary pyramids, urinary papille,

elvis. (3) Ezamine cortex with lens. Note the numerous
red dots. These are Malpighian bodies. (4) Ezamine
with lens uncut part of a wrinary papille. Note minute
openings of uriniferous tubules. Sjuecze, and note

escape of drops of urine. )
2. Urea.—As obtainable from chemist. (1) Note the

slender needle-like crystals. (2) Heat a small quantity mn
o test-tube. Note that it first melts and then gives oft

ammonia, recognizable by its smell.

X.—MUSCcLE AND NERVE.

1. To Pith a Frog.—Place it under a tumbler with
a piece of cotton-wool soaked in ether. As soon as it becomes
insensible take it out, and holding it in a cloth in the left hand,
bend down its head with the left forefinger. With the point
of a scalpel make a fairly deep, but narrvow, transverse cut
through skin and muscles at back of skull thus indicated.
Push « blunt needle forwards through foramen magnuwm (here
sitnated at back of skull) and move it about so as to destroy
brain. Thesame end may be attained by decapitating a
frog with stout scissors, leaving lower jaw uninjured.

N.B.—The preceding should not be done in the pre-
sence of an elementary class.

2. Reflex Action.—(1) Take a pithed or decapitated
frog, and note the lifeless attitude assumed (p. 140). (2)
Pass a bent pin through lower jaw and hang wp to retort stand
or other support. Note position. (3) Pinch one toe with
Jorceps.  The leg is drawn up. (4) Place a small piece of
blotting-paper soaked in acid on the skin of the back. Note
the reflex movements directed to removal of the blotting-
paper. (D) Destroy the spinal cord by pushing a wire down
newral canal. Reflex actions can no longer be set up.

3. Direct Stimulation of Motor Nerves.—(1)
Lay the frog on its back. Open it and twrn viscera aside.
Note the posterior spinal nerves as white cords running
along the back of the body. Pinch them with forceps.
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Note movements produced. (2) Lay the frog on its front.
Skin one thigh. Carefully separate muscles. Note the
large sciatic nerve of the leg running close to the femur.
Carefully dissect away muscles of the thigh, taking care not to
wjure the merve.  Cut through nerve as near body as possible.
Note movement which follows. Dissect out nerve without
dragging or touching i, by clearing away surrounding connect-
we tissue. Cut across femur and fix its cut end in a letter
clip (such as may be had for 1d.). Fiz clip so that leg is
horizontal and nerve hangs down. Pin a stiff slip of paper to
Joot. (3) Pinch end of merve. Note movement. (4) Cut
off pinched part of nerve and let the end dip into a watch-glass
containing saturated salt solution. Note movements gradu-
ally set up. (5) Remove salt solution, and cut away nerve.
Note result. (6) Make a muscle-nerve preparation (cp. p. 133
and fig. 78). Fix stump of femurin clip, and pass one of the
sinallest sized fish-hooks through the lower tendon. Load the
qut of the hook with one or two small split shot. Stimulate
the nerve as in 3, (3) and (4). Note twitching of the
muscle which results. These may be made more obvious
by fixing a straw fibre to the gut in a horizontal position.
The muscle-nerve preparation must be kept damp by
normal salt solution applied with a camel-hair brush.

XI.—ToucH.

1. Acuteness of the Sense of Contact.—//ifh
a pair of blunted compasses, the ends of which have been var-
nished, and a good scale of inches and fractions test the rela-
tive sensitiveness (p. 147) to contact of different parts.

2. Temperature Sense.—(1) Procure a small copper
rod about six inches long, and sharpen it at one end to a blunt
point.  Dip in hot water and gently apply the point here and
there to back of wrist and other parts of body. Note that at
certain “hot spots” the sensation of warmth is much
keener than elsewhere. (2) Delermine in similar way that
“cold spots™ exist.
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XL —TASTE,

1. Prepare solutions of quinine (strong), sugar (5 per
cent), common salt (10 per cent), and acetic acid (1 per
cent), and by means of small camel-lair b?'t.ishes {Ifﬁj?gy them
successively to different parts of the tongue. Note ditterences
in sensations experienced (p. 149). ‘

2. Perform experiment with sugar-crystal described on
p. 149.

XIIT. —SMELL.

Eat a piece of onion, holding the nose at the same time.
Note its comparative “tastelessness” under these condi-
tions (p. 149).

XIV.—HEARING.

Try the tuning-fork experiment described on p. 156.

XV.—SIGHT.

1. Dissection of Sheep or Bullock's Eye
(under water).—(1) Remove muscle, fat, &c. Note optic
nerve, sclerotic, cornea, iris, pupil. (2) Remove cornea.
Note escape of aqueous humour. Examine iris. (3)
With the handle of a scalpel gently separvate sclevotic from
underlying structures for half an inch all vound. Cut away
the part so separated. Note the ciliary muscle as a pale
band at the outer margin of the iris. (4) With a sharp
razor divide the eye into front and back halves. (5) Note
escape of jelly-like vitreous humour, surrounded by
hyaloid membrane. (6) In back half (ep. fig. 94) note
blind spot and yellow spot. (7) Peel away retina, which
will be seen as a delicate soft membrane. Note that it
adheres closely at blind spot. (8) Note pigmented choroid
thus exposed. Peel it away, and note sclerotic. (9) In
front half (cp. fig. 93) note ciliary processes and lens
in its capsule. (10) Remove lens, and note its elasticity.
(11) Peel away coats as hefore.
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2. Formation of Image.— Remove sclerotic from part
of the back of a fresh eye.  Fix eye in a tube of black paper
and direct cornea to window. Note inverted picture of
external objects seen on back of eye.

3. Accommodation.—(1) 7ry candle-flame image ex-
periment (p. 165) on another person. Note that when a
near object is looked at the second image alters its shape
and the pupil gets smaller. (2) Hold up one finger o little
way e Jront of your face. Note that you cannot see
both it and distant objects clearly at the'same time.
Note also the sense of effort experienced as you look
from distant objects to it.

4. Blind Spot.—Try experiment given on p. 167,
w-at!agpfs-ars of marks of different sizes, shapes, and distances
apart.

5. Narrowing of Iris in Near Vision.— Hold
up a pin before the face and look at it with one eye. Note that
when held very near its image is blwrred. Prick a pin-
hole in o piece of card and look at pin through it. Note that
1t can be held much nearer than before without blurring of
image (cp. p. 66).

XVI.—HistoLoagy.

1. Use of Compound Microscope.—(Fig. 100.)
Consists of a stand supporting a tubular body into the
ends of which lenses are fitted. The upper lenses are
contained in a movable eye-piece, the lower ones in an
objective, which screws on and off. The object to be
examined is placed on a glass slide and generally covered
with a very thin piece of glass, i.e. a cover-slip. The
horizontal plate projecting from the stand is the stage,
on which the slide is supported. It has a hole in its
centre through which light ean be directed by means of
a mirror placed below it. The amount of light can be
regulated by a diaphragm, revolving below the stage,
and perforated by holes of different size. Eye-pieces and
objectives are termed low or high according to the
amount they magnify. The higher the eye-piece the
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shorter it is and the smaller its upper lens. The higher
the objective the smaller its lens. Adjustment to the
right distance, or focussing, is effected (1) by twisting
the tube up and down in its sheath. This is the coarse
adjustment; (2) by
means of the fine adjust-
ment, worked by a screw
at the top of the stand.
The following points are
of great 1mportance:—
(1) Keep the lenses clean
by means of a piece of
wash-leather or old silk
handkerchief. (2) Use
low power first. (3)
Use a small hole of dia-
phragm when working
with high power. (4)
Focus by twisting tube
down till objective 1is
close to cover-glass, then
look through eye-piece
and slowly twist up
tube till object is seen.
Lastly, use fine adjust-
ment.

The microscope recom-
mended is Leitz’s small
one, represented in fig.
100, and supplied for
£3, 12s. 6d., carriage
paid, by Mr. Chas.

F Fig. 100.—Leitz's Student’s Microscope.
| , objective; 6, stage; 7, mirror; & fine ad-
born. It possesses high

z - justment.
and low eye-pieces, high

and low objectives, and is contained in a mahogany box.

2. Reagents.—The ones required for the purposes of
this book are as follows. They are best kept in 1 oz
bottles, provided with corks in which pieces of glass rod
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are fixed. (1) Normal (i.c. § per cent) solution of common
salt. Fresh tissuesare to be examined in this. (2) Weak
glycerine, i.e. half glycerine, half water. Tissues that
have been preserved in alcohol, &c., are to be examined
in this. (3) Acetic acid (1 per cent). Dissolves granules
and brings nucleus into view. (4) Eosin solution (5 per
cent). Can be replaced by red ink. Stains different parts
to different extent and helps to bring very transparent
structures into view.

3. Blood.—(1) Prick your finger and place a drop of
blood on a slide. Put on a cover-glass by resting one edge on
slide and gently lowering with needle. Under microscope
note (2) the enormous number of red corpuscles, the
shape of which may be made out as they roll over, (3) a
much smaller number of rather larger white corpuscles,
seen as rounded bodies. (4) As the blood coagulates note
that the red corpuscles adhere together in rolls (fig. 54).
(5) Mount a very small quantity of blood in @ mizture of acetic
acid and eosin. Note a deeply-stained particle, the nucleus,
in each white corpuscle. Nothing of the kind can be seen
in the red corpuscles.

4. Epithelium.—A, Squamous. (1) Scrape the inside
of the cheek with the handle of @ scalpel. Mount some of
the scrapings in normal salt solution. Note the flat nu-
cleated cells (fig. 45). (2) Run in a little acetic acid by
placing a drop of it on one side of the cover-glass and a frag-
ment of blotting-paper on the other. The nucleus becomes
more distinct. (3) Run in a drop of eosin, and after two
minutes follow by glycerine. Cells have stained, the nucler
most intensely. (4) Ezamine prepared specimen of cast
skin of frog or newt. Note nucleated cells united by their
edges. (5) Examine prepared section of skin. Note that
the epidermis consists of numerous layers of cells (fig. 83).
B, Columnar. (1) Gently scrape with a scalpel the inner
surface of a piece of rabbit's small intestine which has been cul
open and pinned out in 30 per cent alcohol for 24 hours. Tease
out (i.e. tear up with mounted needles) on slide in drop of
glycerine.  Cover and examine. Note cells (fig. 42). (2)
Run in eosin and follow up with more glycerine. Note
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staining, especially of nuclei. (3) Ezamine prepared
section of small intestine. Note villl covered by layer of
columnar epithelium. C, Ciliated. (1) Scrape roof of
mouth of freshly-lilled frog. Gently tease up in drop of nor-
mal salt solution. Note in clumps and isolated the broad
ciliated cells with active cilia. (2) Treat asin A, (3). (3)
Slit open trachea of just-killed rabbit. ~Gently scrape wnierior
and tease scrapings in normal salt solution. Note columnar
ciliated cells (fig. 67). (4) Treatasin A, (3). D, Glandular.
(1) Serape the surface of liver of just-killed frog or rabbit.
Tease in normal salt solution. Note the nucleated liver-
cells with squarish or polygonal outlines (fig. 49). (2)
Ezamine prepared section through cardiac end of stomach.
Note gastric glands (p. 43). (3) Ezamine prepared sec-
tion of pancreas. Note the tubules cut across i various
directions and presenting circular, oval, &c., outlines.
Note the large nucleated cells with squarish outlines, by
which tubules are lined. E, Sensory. (1) Ezamine pre-
pared section of retine. Note rods and cones (fig. 95).

Good prepared slides at a reasonable price can be
obtained from H. Meller, anatomist, 2 Churchill Street,
Stockport Road, Manchester.

CHAPTER XII.
DIGESTION IN THE O0X AND COW—SECRETION OF MILK.

The main principles of digestion and the processes by
which it is succeeded are the same for an ox or cow as for
a man, and these principles have already been explained
at some length in the preceding part of the book. The
food of an ox contains, as before, nitrogenous substances
(proteids), and non-nitrogenous substances (carbo-
hydrates, fats, salts, and water), which are subjected to
mechanical and chemical action within the alimentary
canal, and thereby reduced to a fit state for absorption
into the blood-vessels and lacteals,—in other words are
digested. The difference between man and the ox as
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regards digestion lies in this,—the former lives most
conveniently on a mixed diet, while the latter is entirely
herbivorous, and as a result the arrangement and struc-
ture ot the digestive organs are by no means similar in
the two cases.

DIGESTIVE ORGANS OF THE OX.

As in all animals which live exclusively on vegetable
food the alimentary canal is extremely long, the intestine
alone being some twenty times the length of the body.
This results from the fact
that vegetable food is very
bulky, and takes a long
time to digest, while at
the same time a very
large absorptive surface 1s
required in order to en-
sure the extraction of all
the digested matter. The

Fig. 101.—Crown of Grinder in Ox. I’Eglﬂﬂﬁ ﬂf t’he dlgﬂﬁtlve
[ L tube are,—mouth, pha-

e, Cement (dotted) ; d, dentine (shaded with -
lines); ¢, enamel {repreaei:t'f:-f I.'-Tack]‘.m I"} nx, gU-HBt':. Etﬂﬂlﬂﬂh,

small intestine, and large
intestine. Salivary glands, liver, and pancreas are pre-
sent, as 1n man.

Mouth.—The mouth opening is situated at the end
of a broad bare muzzle, and the upper lip is short. The
cavity of the mouth is large, and much elongated from
before backwards in accordance with the length of the
jaws, which are comparatively weak. As compared with
man the most striking differences are found in the tongue
and teeth. The large tongue is pointed in shape, and
its surface is rough owing to the presence of numerous
backwardly directed sharp-pointed papillee. As to the
teeth, upper incisors and canines are entirely absent,
their place being taken by a hard elastic pad against
which the lower incisors and canines! bite. The back

1 These canines are reckoned as the outermost incisors in most veterinary
works.
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teeth possess flat-ridged crowns adapted for grinding.
They are of the kind known as ‘composite ”, i.e. the
enamel layer is folded into the tooth as represented in
fig. 101, forming projecting ridges, the valleys between
which are filled up with cement. The dental formulae is

0=0 ' & ipso e

= g A Sy Ik S L = 32,
Well-developed submaxillary, sublingual, and parotid
salivary  glands

open into the
mouth-cavity.

Pharynx and
Gullet. — The
mouth opens be-
hind into a large
pharynx, and this
again 1s continued
into a long gullet
which traverses the
neck and thorax,
pierces the dia-
phragm, and is sue-
ceeded by the sto-
mach.

The Stomach
(fig. 102) is rela-
tively of enormous
size, being capable
of holding some 55
gallonsof food, and,
as in all animals
which ruminate or
“chew the cud”, is
of very complex nature. It consists (see fig. 102) of four
sub-divisions, as follows:—(1) the pa.ungh (rumen), a
large bag (pa.)with a capacity equal to 1% that of the entire
stomach. Its mucous membrane is raised into numerous

apillee ' ' 7 ar ' '
paj lf:;l 2&61‘1}{1 It communicates hy a large opening with
N

Fig. 102.—Stomach of Sheep, Exterior and Interior.
7. gullet.
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(2) the honey-comb bag (reticulum), the smallest compart-
ment (ief.), which receives its name from the fact that the
mucous membrane which lines it is raised up into folds
arranged like the cells of a honey-comh. A very small
aperture connects the cavity of the reticulum with that
of (3) the manyplies (psalter, omasum) (ps.), so named
because 1ts mucous membrane presents very numerous
flattened folds, something like the leaves of a book. (4)
The rennet stomach (reed, abomasum) (. st.), lined by
mucous membrane raised into folds which are transverse
at the upper end and longitudinal in the middle.

The first three chambers may be regarded as the
dilated lower end of the gullet, which they resemble in
the fact that they are lined by stratified pavement
epitheliim. The superficial cells of this epithelium
constitute a horny layer. 'The mucous membrane lining
the last chamber resembles that of the human stomach,
for it is covered by simple columnar epithelium, and
numerous gastric glands are imbedded in it. Such
glands are entirely absent from paunch, honey-comb
bag, and manyplies.

Intestines.—The small intestine is a relatively
narrow (4 to 4 of an inch) much convoluted tube, about
150 feet long, following the remnet stomach, which
communicates with it by a pyloric opening. Its mucous
membrane is raised into innumerable villi. As 1 man
the small intestine communicates by a valvular opening
with the much wider large intestine, which is from 30
to 40 feet long, and is divided into czecum, colon, and
rectum, the first of which is from 2 to 3 feet in length.
As might be anticipated, the intestines are packed into
the abdominal cavity in a way differing in many details
from that already described for man. \

The liver is a large compact brown organ placed in
the front part of the abdominal cavity and abutting
upon the right half of the diaphragm. :

A gall-bladder is present. The bile-duct opens into
the duodenum 2 feet or more beyond the pylorus. :

The pancreas is a broad flattened gland, situated in



PROCESSES OF DIGESTION IN THE OX. 195

the loop of the duodenum and pouring its secretion
into the small intestine by means of a pancreatic duet,
opening about 17 inches beyond the bile-duct, and tl}us
contrasting with the arrangement found in man (p. 70).

PROCESSES OF DIGESTION IN THE OX.

Reception of Food.—The rough, highly mobile
tongue plays a very important part in grazing, seizing
the herbage and drawing it into the mouth, where it 1s
divided by the incisors and canines of the lower jaw,
which bite against the hard pad that takes the place of
upper incisors. The tongue also assists in drinking,
acting as a kind of piston by which water is pumped
into the mouth.

Digestion in the Mouth.—In all animals which,
like the ox, “chew the cud” or ruminate, the food is
chewed twice i.e. (1) when taken into the mouth from
the exterior, and (2) when returned to the mouth as
“cud” after having been macerated for some time in
the paunch. The first chewing is very rapid, the grass,
&e., being swallowed after it has been subjected to two
or three strokes of the grinding-teeth. The second
chewing, on the contrary (“chewing the cud ”), is pro-
longed, and it has been estimated that during the 24
hours an ox spends, on the average, 3 hours in actual
feeding and 5 in rumination. During the latter
operation a characteristic attitude is assumed, the
animal lying a little to one side with legs bent up under
it. Two things connected with digestion in the mouth
are specially noteworthy, («) the action of teeth, () the
action of the saliva. (w)Action of the Teeth. —The way in
which the incisors are used has already been noticed.
The grinders act like millstones, serving to crush and
break down the food, while during this operation the
tongue and cheeks help to mix up the food, so as to
ensure thorough mastication. An efficient millstone is
not of the same hardness throughout, but wears away
unequally, and is consequently kept rough. A similar
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purpose 1s served by the presence of three distinct
materials of different degrees of hardness in the grind-
Ing teeth of the ox, for these materials (enamel, dentine,
cement, fig. 101) are ground down at different rates, and
consequently the crowns of the teeth are kept irregular.
During this process of chewing the jaws work from side
to side, not in a perfectly symmetrical way, but in a
one-sided manner, for a number of strokes are given,
say, from left to right, after which the direction will be
reversed, then follows a return to the first direction,
then a reversal, and so on. The joints between the con-
dyles of the lower jaw and the skull are comparatively
loose in correspondence with the nature of these side-to-
side movements. The condyles are convex from before
backwards and slightly concave from side to side, and
the surfaces against which they play are of corresponding
shape.

(b) Action of the Saliva.—As in the case of man the
secretion has both a mechanical and chemical action
(p- 72), but it is here of greater physiological import-
ance, for salivary digestion very largely t-a%zes place in
the paunch and honey-comb bag as well as in the mouth.
About a hundredweight of saliva is secreted during the
24 hours, something like % of this enormous quantity
being poured into the mouth while feeding and rumina-
tion are going on (8 hours). The reason for increased
flow of saliva at these times is found in the fact that the
secretion is stimulated by the presence of food in the
mouth, and by the movements of the jaws.

Digestion in the Stomach.—The food, when first
swallowed, passes for the most part into the paunch, but
also, to some extent, into the honey-comb bag, which also
has the special function of storing liquid. It then
undergoes a slow process of churning to and fro between
these two chambers of the stomach, and meanwhile the
saliva, with which it is soaked, exerts a softening and
dissolving action. The next process is the one so
characteristic of ox, sheep, goat, and related animals,—
i.. rumination, or ¢ chewing the cud”, in which portions




ABSORPTION OF DIGESTED FOOD. 197

of the softened and partly-digested food are returned to
the mouth, and there masticated more thoroughly, while,
at the same time, the saliva continues to act upon them.
This return of the food to the mouth is brought about
as a result of reflex nervous action (p. 134) by contrac-
tion of the paunch and reticulum, diaphragm, and
muscular walls of the abdomen. It can only take
place when the stomach is distended by food, and may
be compared to vomiting. The contraction of the
parts named forces a rounded “bolus” of food into
the lower end of the gullet, the muscular wall of
which contracts so as to carry the bolus back into the
mouth. This upward passage may readily be noted
in an animal engaged in rumination during the pauses
when the chewing action ceases. After the second
prolonged chewing the food is once more swallowed, and
those parts of it which are finely divided pass along a
muscular eesophageal groove running from the lower end
of the gullet to the manyplies, which acts as a kind of
strainer preventing any but small particles from entering
the fourth chamber or abomasum. It is only then that
true gastric digestion by means of the gastric juice takes
place, in the way described earlier (p. 74). There is
nothing in human digestion to parallel the processes
taking place in the paunch, reticulum, and manyplies,
which are, as it were, extra parts of the digestive ap-
paratus.

Digestion in the Intestines.-—This resembles, in
essential respects, the corresponding processes taking
place in the human intestines (p. 75), the chief chemical
agents being the bile and pancreatic juice.

ABSORPTION OF DIGESTED FOOD.

As a result of the mechanical and chemical agencies to
which it is subjected in the mouth, gullet, stomach, and
mtestines, a considerable part of the food is either dis-
solved, as in the case of proteids, sugar, and starch, or
reduced to a fine state of division, as is the case with
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fats. The final upshot is the same as in man, i.e. the
digested proteids, sugar, and starch are absorbed into
the capillaries of the alimentary canal, while the digested
fats pass into the lacteals, and ultimately reach the blood
system by way of the thoracic duct (see pp. 76-78).

FOOD.

In dealing with questions relating to the feeding of
any particular farm animal, it must be remembered that
a considerable part of the fodder is indigestible, and
passes out of the body in the dung. If, for example,
meadow hay is taken as the standard food for horned
stock, the chemical analysis, regarded by itself, would be
very misleading. It is necessary to supplement it by
other figures giving the proportions of the digestible con-
stituents, as in the following statement ! regarding
meadow hay of average quality :—

DIGESTIELE

CHEMICAL COMPOSITION. CONSTITUENTS.

Albumi- | Woody | Carbo- Fats. Albumi- | Carbo- |

noids. fibre. |hydrates. noids. |hydrates.| Fats.

Water. | Ash.

143 | 63 ‘ 97 263 414 | 25 54 407 | 1:0

It is found convenient to express the relation between
the digestible constituents by what is known as the
“g]lbuminoid ratio”, which is obtained as follows:—

Carbohydrates + (Fats x 21)

Albuminoids

[hus, for average meadow hay, the ratio is—
407 +5(14'D ) 453.:12 =8, or more fully expressed 1:8,
where 1 stands for the digestible albuminoids taken as
unity and 8 for the digestible carbohydrates and fats
calculated with reference to this. For different animals,

1 Taken from Wolff.
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and for different aims the necessary albuminoid ratio
differs, as appears from the following figures *:—

Oxen taking no exercise, 1:120
% e moderate exercise, (G il
Fattening oxen, lst period, ... 1: 65
= sl nEndill,; 1: 55

N N 1: 60

1: 54

Milch Kine,

A ratio is wide (e.g. 1:12) when the proportion of
albuminoids is small, narrow (e.g. 1:5°4) when it is large.
Taking the last example for further consideration, it
appears that the hay, of which the analysis is given above,
does not contain a sufficient quantity of albuminoid
matter to keep mileh kine in a proper condition, and it
would be necessary to supplement it with richer food,
such as oil-cake. It has been shown by a large number
of experiments that to maintain the ratio 1:54 in the
feeding of milch kine, it is necessary to give the follow-
ing daily amounts of albuminoids, &c., for every 1,000
Ibs. live weight 1:—

Total Organic DIGESTIBLE MATTER.
Substance. Albuminoids. | Carbohydrates. | Fats. | Total
| Ibs. Ibs, Ibs. Tbs, | Ibs.
240 25 12:5 040 ‘ 1540 J

As might be expected these proportions are those
actually found in good meadow grass, which is, there-
fore, a sufficient food in itself, but the same end may be
gained by using various mixtures, which can be easil
calculated when the kinds and quantities of the digestible
components of the food-stuffs employed are known.

1 Taken from Wolff,
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MILK.

Physical and Chemical Characters. — Milk is
an opaque opalescent liquid which, when seen in thin
layers, is of a bluish colour. It hasan alkaline reaction, is
sweetish to the taste, and pos-
sesses a characteristic odour.
When examined under the
microscope (fig. 103) it is found
to consist of innumerable fat-
globules floating in a liquid
plasma, and having an average
diameter of =g,z of an inch.
Milk is, in fact, a natural emul-
sion (see p. 76), consisting as it
does of finely-divided fat sus-
pended in a liquid. A pint
of milk contains more than
500,000 millions of such fat-
globules. Placed in a row these
would stretch about 8 miles.

The average percentage che-
mical composition of milk 1s as

IF‘ig. lu;s}.—Miik _{’!]].lnu Tfulwfbﬁrﬂ
(IT), much magnihed, 1e (otte rev e
]_mqi'i,ﬁs inII are 'E-u'lustrum corpuscles. fD]].{}'ﬂ S

Water, ... 87°0
Solids, consisting of—
1. Albuminoids (chiefly casein), 4
2. Carbohydrates (milk-sugar), 46
3. Pabss, ™A 37
4, Inorganic Salts, ' 07

The casein present in the milk plasma forms a denser
laver round each fat-globule, constituting a sort of enve-
lope. This can be broken down by shaking up the milk

with caustic potash or acetic acid, and if after this ether

1 A very volatile liquid which possesses in a marked degree the power of
dissolving fat or oil.
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is added it can get at the fat and readily dissolves 1,
whereas when shaken up with fresh milk not thus
treated it has no effect. The experiment is considered to
prove the presence of investments to the fat-globules, but
these coverings must not be thought of as firm skins.
Owing to the relative lightness of the fat-globules they
rise to the surface when milk is allowed to stand, and
make up a large part of the cream. :

Rennet, which is prepared from the fourth division of
the calf’s stomach, contains the ferment rennin, and when
added to milk this ferment causes the separation of the
curd, which mainly consists of casein. A similar process
takes place in the human stomach as the first stage in
the digestion of milk (p. 75).

It will be seen, from the preceding chemical analysis,
that milk contains representatives of all the essential
food-constituents, and these are in the proportion neces-
sary to constitute a perfect food for the young calt, as
indeed follows from the nature of the case. The albu-
minoid ratio (taking the whole as digestible) is easily
caleulated to be about 1: 3'4. A sucking calf does not
ruminate, in fact the first three chambers of its stomach
are only shghtly developed, and digestion is carried on
much In the same way as in a human being (p. T4).
Such a calf is obviously incapable of feeding on grass,
hay, and the like.

Structure of the Udder (fig. 104). — The cow’s
udder consists of four milk or mammary glands, each
provided with its own separate teat. The four glands
are bound together by a firm sheath of connective tissue,
which is continued into a firm vertical partition or sep-
tum which separates the glands of opposite sides. The
same kind of tissue divides less clearly the front gland
on each side from the corresponding back gland, and
enters into the glandular substance as a supporting
framework traversed by blood-vessels, nerves, and lym-
phatics. Each gland chiefly consists of a very large
number of branched tubules (somewhat on the plan of
fig. 47, 6), the twigs of which terminate blindly in small
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swellings placed to one side (some of these are seen at .
fig. 104), and lined by a single layer of glandular epi-
thelium. By the successive union of these tubules larger

Fig. 104.—Structure of Udder. [After Thanhoffer.]

One teat and part of adjacent gland are cut through. &I, Glandular tissue; 7, blind
fk ducts into milk cistern, Caf.; ¥,

endings of milk tubules; n, uamninf:g of large mi
1

folds in large milk ducts; Sph. sphincter muscle, cut through; Sk. skin of teat;
Ex. opening of teat-cavity to the exterior.

“milk-ducts” are constituted which open into a good-
sized “milk-cistern™ situated at the base of the teat.
This cavity narrows below to a small hole, which is
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usually kept closed by a sphineter or ring-muscle (Sp#.),
and below this again is another cavity opening to the
exterior by a narrow passage which runs to the end of
the teat (£a.).

Secretion of Milk. — The milk-glands are not
merely to be regarded as arrangements by which certain
materials are strained out of the blood. The milk-
tubules are very closely surrounded by a network of
capillary blood-vessels, and constitute a filtering apparatus
so far as the water contained in milk is concerned. But
that a great deal more than simple filtration takes place
follows from the fact that casein, milk-sugar, and butter-
fat are not present in blood, while there are considerable
differences between the two liquids as regards the inor-
ganic salts, milk containing, for example, far less sodium
chloride than blood, but being much richer as regards
potash compounds. In short, the protoplasm of the
glandular cells which line the blind ends of the milk-
tubules breaks down into the simpler chemical substances,
casein, milk-sugar, butter-fat, &c., which are therefore
produced much in the same way as the pepsin of gastric
juice or the ptyalin of saliva. But in this case there is
not only a chemical breaking-down of protoplasm, but
also a disintegration of the cells, which, so to speak, are
constantly “moulting”. For this reason milk has been
termed ‘“dissolved milk-gland”, using the expression
somewhat metaphorically. An interesting proof of this
1s found in the nature of colostrum, the fluid which is
secreted by the milk-glands just after the birth of the
calf, and which differs a good deal from milk in composi-
tion. If a drop of this is examined under the microscope
(fig. 103, II) it will be found to contain not only milk
globules but also larger bodies, colostrum corpuscles—
some spherical, some irregular—which are obviously
discarded cells. The constant breaking-down which
takes place in a milk-gland is counterbalanced by a
corresponding process of renewal and reconstruction,
the materials for which are supplied by the blood.

During milking the sphincter muscle of the teat is
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relaxed as the result of reflex action, so that the milk
can flow out of the milk cistern. It has also been com-
monly assumed that a large amount of milk is actually
secreted during milking, as another result of reflex action.
The main argument in favour of this view has been that
the cavities of the glands are not large enough to contain
the amount of milk actually yielded at one time. It
must be remembered, however, that these organs are
very elastic and capable of great distension, besides which
careful experiments recently made do not support the
usual view.

Factors Influencing the Amount and Quality
of Milk.—In this connection (1) the breed is of very
great importance, determining as it does the tendency of
the glands to secrete a greater or less total quantity, and
to produce milk more or less rich in butter-fat, &e. (2)
Diet. The essential point is that the food should be
rich in albuminoids, the most favourable ratio being 1: 5-4
(p. 199). It is quite a mistake to suppose that an in-
creased percentage of butter-fat in the milk results from
giving more fat or oil with the food. Careful experi-
ments made on the feeding of cows show that if anything
the tendency is the other way. From what has already
been said on the secretion of milk it follows that the
fat of the food does mnof pass as such into the milk, a
fact which enables the experiments quoted to be more
clearly understood. A reasonable amount of water taken
with the solid food increases the secretion of milk, and a
favourable influence is also exerted by common salt, of
which from 1 to 2 of an ounce may with advantage be
given daily to each cow. (3) The state of the general
health naturally exerts an important influence upon the
production of milk, for all the organs of the body are
more or less interdependent. It is therefore a matter of
practical importance to secure the health of cows not
only by feeding them properly but also by attending to
ventilation, cleanliness, and other matters of the kind.
Some interesting experiments made as to the effect
exerted by proper care of the coat may be taken as an
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illustration. The amount and quality of milk yielded
by a number of cows were carefully determined for two
periods of a fortnight each, no attention being paid to
the coat during one period, while during the other it
was carefully brushed and currycombed every day. In
the latter case the yield of milk was considerably greater,
and there was a distinct increase in the percentage of
butter-fat. As might be anticipated, the yield is dimin-
ished by exercise, the amount of which should not, there-
fore, be increased beyond that actually necessary for the
maintenance of health. (4) The quantity and quality
are not constant throughout the period of milk-yielding
or lactation. The maximum quantity is secreted during
several weeks after the birth of the calf, and then a
gradual diminution takes place. At the same time the
proportion of albuminoids gradually increases while the
proportion of sugar and butter-fat diminishes. For
English cattle the average period of lactation is 250
days, during which time about 2652 quarts of milk are
secreted.1 (5) Time of milking. The morning milk is
poorer in solids than the evening milk, while that ob-
tained at noon is richer than either. In other words, the
longer milk remains in the udder the poorer it is in
quality, though at the same the quantity is greater.
Experiment has also shown that three milkings per day
are more advantageous than two, the total yield being
greater and the percentage of butter-fat higher.

1Schmidt-Miilheim.
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2l =plural.

Abdomen, ro, 12, 15, 16, 61, 62, 69,
93, 10z, 106; of rabbit, 171, 172, 173,

I .

Aba;rptiun, chap. iv. ; of digested food,
76, 8o, 112, 197, 198; of oxygen,
16, 8o, 112,

Accommodation of eye, 164, 188.

Acetabulum, 37.

Acid, 49, 117, 132, 135; acetic, 18o,
187, 190, 200; carbonic, see Carbon
dioxide; hydrochloric [e» muriatic),
18, 74, 108, 180, 181; nitric, 179; sul-
phuric, 52, 53, 184; tastes, 149.

Acuteness of sense of contact, 147, 186.

““ Adam’s apple ", 26, 103.

Adjustments of microscope, 18g.

Afferent, 131, 132.

Air, 48, sz, 52, 53, 6o, 105, 106, 107,
112, 113, 114; cell, 104; comple-
mental, to7; expired, 107, 110, 126,
184; inspired, 107, 110, 184; passages,
106, 111; residual, ro7; sac, 104, 103,
111, 112, 113; Supplemental, 107;
tidal, 106, 107, 111.

Albumin, ss.

Albuminoid ratio, 198, 199, 201, 204.

Albuminoids, 198, 199, zoo, zo4, z03;
and see Proteids.

Alimentary canal, 15, 56, 63, 73, 77;
ufﬁux, 192; of rabbit, 172, 173, 174-
176.

Alkali, 49, 117,

Alkaline tastes, 149.

Alveolus, 68.

Ammonia, 115, 116, 179, 185,

Ammonium carbonate, r15.

Ampulla, r57.

Amylolytic, 73.

Amylopsin, 75.

Analysis, 47, 108; of hay, 198; of milk,
200; and see Composition.

Anatomy, 8.

Animal, 7, 53, 54; diet, 78; matter of
bone, 19.

Ankle, 10, 20, 41, 44.

Anvil, 154.

Appendages, of auricles, 86, 181,

Arachnoid membrane, 128.

Arbor vite, 137, 178.

Arch; of aorta, g3, 176, 177; of cranium,
a2z; of foot, 3g; of lower limb, 38;
neural, 28; zygomatic, 24.

Arm, 10, 41; arm-pit, 123.

Artery, 8o, 87, 95, 96, 97, 8, 100, 112,
124; aorta, 88, oo, 92, 93, 120, 173,
176; dorsal aorta, g3, 173; carotid,
93, 97, 174, 177; coronary, 93, 94, 183;
iliac, g3; pulmonary, 88, 8g, go, gz,
g3, 112, 176, 181, 182; of rabbit,
172, 173, I74,» 177; renal, 1zo; of
sheep, 181, 182, 183; subclavian, g3.

Articuﬂtion, see Joint,

Ash, 55, 108.

Asphyxia, 113.

Atlas, 28, 41.

Atom, 48, 34.

Atomic theory, 48.

Auricle, 86, By, 88, 89, go, o1, g2, 1871,
182, 183.

Auricular septum, 86, 182.

Auriculo-ventricular opening, 86, 8°
go, 182.

Automatic actions, 140.

Automatic nerve-centre, 14r.

Axis; vertebra, 29, 41; of brain, 13s,
136, 178.

Back, 9, 122; ““broken”, 134; of foot,
147; of hand, 147.

Backbone, see Vertebral column.

Baker, C., 170, 18g.

Bean, ss,

Beat, go.

Beating, gz.

Belly, see Abdomen; of a muscle, 42,
73

Biconvex lens, 161, 162.

Bicuspid teeth, 58.

Bile, 75, 76, 197; salts, 7s.

Biology, 7, 8

Bitter tastes, 149.

Black-lead, 48.

Bladder, 76; gall, 69,—of rabbit, 173,—
of ox, 194; urinary, 16, 118.

Bleeding, 83.

Blind spot, 160, 166, 167, 187, 188,

Blood, 13, 55, 65, 77, 80, 81, 83, 84, 86,
39, 91, 92, 94, 95, 96, 112, 120, 128,
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183, 190; corpuscles, Br, 1go; impure
(venous), 87, 88, 112, 113, 141; pure
(arterial), 87, B8, 112, 113; system,
Bo, B1; vessels, 14, 15, 17, 1B, 42, 56,
59, 63, 69, 76, 77, 8o, B4, 85, 02, g5,
101, 102, 141, 142, 150, 160, I70, 172,
173, 174, 176, 201, 203,

Blow-pipe, 170.

Body; composition of, 55; of vertebra. 28

Bone, 17, 47, 55; compact, 18, 19, 25,
composition of, 18; earth, 55; physical
properties of, 19, 25; spongy, 18, 19,
25.

Bones; astragalus (huckle), 3g; atlas,
28, 41; axis, 29, 41; calcaneum (heel),

3g; carpus (wrist), 22, 35, 41; clavicle |

(collar), zo, 30, 33; coccyx, 27; cramal,
22, 24; ethmoid (consisting of cribri-
form plate, vertical plate, and lateral
mass divided into upper and middle
turbinated bones), 24, 150; facial, 25;
femur, 17, 20, 37; fibula, =20, 38; flat,
20; frontal, 22; ﬁip girdle, 36; humer-
us, 2o, 34, 41; hyoid, 26, 72; innomi-
nate, zo, 36; irregular, 20; lachrymal,
25; as levers, 41; limb, 33, 36; lang,

20; malar, 25; maxillary (upper and®

lower), 25; metacarpus, =2z, 36, 41;
metatarsus, 22, 39; nasal, 25; oceipi-
tal, 23, 41; palate, 25; panetal, z2;
patella, 20, 38; pelvis, 37, 44; pha-
langes, 22, 36, 39; radius, 20, 34, 41;
ribs; =20, 27, 30, 3T, 92, 105, 1IB4;
sacrum, 27; scapula (shoulder blade),
20, 33; shoulder girdle, 33; sphenoid,
24; inferior spongy (turbinated), =25,
150; sternum (breastbone), 2o, 30, 31,
105, 184; tarsus (ankle), 22, 3g; tem-
poral (divided into mastoid, petrous,
and squamous parts), 23, 71, 72, 152,
154, 155; tibia (shin), 2o, 38; turbin-
ated (of rabbit), 178; ulna, 20, 34, 35;
vertebrae, 27, 28, 6o; vomer, 25; zy-
goma, z4; zygomatic arch, 24, 71, 72.

Brain, 131, 133, 134, 135-142, 743, 146,
150, 156; axis of, 135, 136; functions
of, 13g-142; mid, 136, 139, 147, 166:
outgrowths from, 137, 139; of rabbit,
177, 178; 'twixt, 136, 137, 130, 141

Bread, 78, 79, 80.

Breed of cows, 204.

Brimstone, see Sulphur.

Bronchial tubes, 104, 171.

Bronchus (#Z. bronchi), 102, 103; of
rabbit, 177.

Bullock's eye, 187.

Burroughs, Wellcome, & Co., 179, 180,

= EHT.

Butter-fat, zoo0, 201, 203, 204, 205.

Cacum, 62, 65; of ox, 194; of rabbit,
172,
Calcium (Ca), zs.
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Calf, 181, 201, 205.

Camera, 162, 163, 164.

Canal; alimentary, 15, 56, 63, 73, 77,—of
ox, 192,—of mr{i:;it. 172, 173, 174-176;
central canal of spinal cord, 129, 136;
Haversian, 18; neural, 127, 131;

~spinal, 28,

Candle, 51, 53, 109, 165, 188.

Canine teeth, 56; of ox, 193, 195,

Capillaries, 77, 80, 93, 94, 95, 97, 98,
105, I11, 112, 119, 120, 108, z03.

Capsule of lens, 161, 187.

Carbohydrates, s4, 55, 56, 79, 94, 124,
108, 199, 200.

Carbon, 48, 53, 54, 55, 78, 79, 108, 112,
113, 115; dioxide, 48, 49, 51, 87, 101,
107, 108, 109, 110, 111, 114, 184

Cardiac cycle (revolution), go, gr.

Cardiac end of stomach, 6o, 1g1.

Cardiac impulse, g2, 183.

Care of coat, in cows, 204, 203.

Carnivorous animals, 54.

Cartilage, 17, 18, 40, 47, 935, 177: pro-
perties of, 1g. 3P

Cartilages; costal, 3o0; cricoid, 103;
thyroid, 102; of trachea and bronchi,
103.

Casein, 55, 75, 200, 201, 203.

Cat, 8, 26, 140.

Cauda equina, 130.

Caustic potash, zoo.

Cavity: abdominal, 117, 172, 104; body
or ventral, 12, 81; dorsal, rr, 127,
128: glenoid, =24, 26, 33; mouth, see
Mouth; nasal, 25, 56, 60, 71, 74, 106,
114, 145, 149, 151, 158; pelvic, 63;
of pharynx, 6o; pulp, 59; of cows
teat, zoz; thoracic, o1, 173; of trunk,
11; tympanic, 153, 154, 155, 156, 176.

Cell, 64, 67, 83; auditory, 1535, 156, 157:
central (chief), 66; goblet, 65; liver,
70, 11; NErve, 129, 142, téo; olfactory,
150, 151; parietal, 66; sense, 144, 148,
151, 155; taste, 148; visual (rods and
cones), 160, 166, 167, 191.

Cement, 6o; in teeth of ox, 193, 196.

Central organs, 17, 127.

Centrum, =28. :

Cerebellum, 137; of rabbit, 178, 170.

Cerebral convolutions, 138.

Cerebral hemispheres (cerebrum), 137,
138, 130, 141, 142; of rabbit, 177, 178.

Chalk, 55, 108. )

Chamber: of eye, 159; posterior nasal,
175, 178.

Charcoal, 48, 51, 53, 54

Cheeks, 57, 71, 147; of 0%, 195.

Cheese, 54, 55, 78. { b

Chemistry, 48, 108, 160; orgamc, 53;
ph}'siolng-icall, 170-1B1.

Chest, 1o. el

Chewing, see Mastication.

Child, 19, 143, 146
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Chin, 72.

Chlorine (Cl), 55.

Chordz tendinez, 87, 182.

Choroid, 159, 164, 165, 187.

Chyle, 76, 78.

Chyme, 74, 75.

Cilium (p{. cilia), 105, 191.

Circulation, 15, chap. v., 183; course of
the, g2; in frog's foot, 184; greater
(e systemic), g3; lesser (o7 pulmon-
ary), 93; proofs of the, g7.

Circulatory organs, 15, chap. v., 126.

Classes of levers, 43, 45.

Cleanliness, go4.

Clot, 83.

Clothes, 124. h

Clotting, see Coagulation.

Clouds, 108.

Coagulation; of blood, 83, E?. 183.

Coats ; of blood-vessels; of eye, 159,
187, 188; of intestine, 63; of stomach,
6s, 176.

Cochlea, 157. ;

Cold, 132; cold-blooded animals, 133;
cold spots, 186.

Colds, 152. c

Colon, 62, 63, 65; of ox, 194; of rabbit,
172.

Colostrum, 203.

Coloured pencils, 170.

Columnze carnez, 8g, 182.

Columns of spinal cord, 129.

Combustion, 51, 53, 109, 125.

Compasses, 186.

Composite teeth, 193.

Composition; of air, ro8; of inspired
and expired air, 110; of body, 47:
of food, 47, 78; of hay, 198; of milk,
200; of sweat, 123; of urine, 115.

Compound, 48.

Concha, 10, 153, 155.

Condyle; ?f lower jaw, 26,—in ox, 196;
occipital, 23, 2.

Cunengaf Cells?4w;igual.

Consciousness, 143.

Contact, 131, 144, 145, 146, 147, 186.

Contractility, 14, 41, 72, 73, 105.

Contraction, 14; of muscles, see Con-
tractility.

Convulsions, 114, 134.

Cornea, 159, 165, 187, 188,

Cornu (#/. cornua); anterior and pos-
terior cornua, 1z9.

Corpus callosum, 138.

Corpuscles; blood, 81, 84; colostrum,
203; red, 81, 82, 83, 98, 1o1; touch,
145; white (o> colourless), 81, 83, 84,
g8, 1o01.

Correlation, 16, 127.

Cortex; of cerebellum, 137; of cerebrum,
138, 142, 144, 155, 167; of kidney, 118,
119, 120, 185.

Coughing, 74, 114, 140.
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Coughs, 152.

Cover-slips, 188, 1g0. : 2

Cow, Digestion and Secretion of Milk
in, chap. xii.

Cranium (brain-case), g, 20; bones of,
22,

Cream, zoI.

Cremation, 55.

Crown of tooth, 59.

Cricoid cartilage, 1o3.

Crura cerebri, 136. )

Cud, 195, 196, 197; chewing the cud,
see Rumination.

Curd, 75, 181, )

Cutting teeth, see Incisor teeth.

Death: general, 126, 127, 133, 140;
loeal, 125.

Decapitation, 133.

Decomposition, chemical, 49, 124.

Deglutition, see Swallowing.

Dentine, s59; in teeth of ox, 193, 196.

Dentition, 58.

Dermis, 14, 121, 122, 123, 145.

Diagrams, 171.

Dialyzer, 76, 179, 180.

Diamond, 48, 53.

Diaphragm, 12, 6o, 6g, 84, 102, 105, 130,
172, 173, 176, 1B4, 194; of microscope,
188, 18g.

Diastole, g1; auricular, g1; ventricular,
oI, 8.

Diet, 78-80, 192; of cows, 204.

Differentiation, 13.

Diffusion, 76, 77, 80, 111, 112, 179, 180,
181,

Digestible fodder constituents, 1g8.

Digestion, 14; chap. iv. 170-181; incow
and ox, chap. xii.; in the intestine, 75;
in the mouth, 71; nature of, 57; in the
stomach, 74-

Digestive organs, 15, chap. iii.; of cow
and ox, chap. xii.; of rabbit, 174-176.

Digit, 10, 11, 36.

Diploé, zs:

Dise, intervertebral, 28.

Dissecting dish, 170.

Dissection, 8, 170, 171; of eye, 187, 188;
of rabbit, 171-178; of sheep's heart,
181-183.

Distﬂl, 34

Distribution of heat, 126.

Division of labour, 13, 127, 140.

Dog, 8, 26, 140.

Dorsal, g.

Drawing, 170, 171.

Drinking, in ox, 195.

Drum of ear, see Cavity, tympanic.

Duct, 66; bile (of rabbit), 176,—{of ox),
194, 195; common bile, 70; cystic,
70; hepatic, 69, 71; lachrymal, =zs;
pancreatic, 7o, 71,—ofox, 195,—of rab-
bit, 136; parotid, 68; sublingual, 68,

0
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:Ts: submaxillary, 68, 175; of sweat-

gland, 122; tear, 158; thoracic, ro1,
1g8.

Dung, 1g8.

Duodenum, 61, 70, 71; of ox, 194, 105;
of rabbit, 176.

Dura mater, 128, 177.

Dust, 151.

Dyspnoza, 114.

Ear, 10, 23, 24, 67; external, 153; In-
ternal, 154-157; middle, 153, 154; of
rabbit, 178.

Education, 144.

Eggs, 54, 55, 78; white of egg, 179, 180,

Elasticﬁlty; of arteries, g8; u%%ungs, 106.

Elhﬂw_! 34 49; 41, 45.

Electric current, 131, 132.

Elements, 48.

Emulsion, 75, 76, 77, 181, 200.

Enamel, 60; in teeth of ox, 193, 196.

Endolymph, 154.

End-organs, see Cells, sense.

Energy, 14, 16, 114; kinetic (o7 actual),
14, 125; potential (or stored), 14, 125.

Eosin, 1g0.

Epidermis, 14, 64, g?, 121, 122.

Epiglottis, 6o, 74; of rabbit, 175.

Epithelium, 64, 65, 77, 80, g5; ciliated,
105, 191; columnar, 104, 190, I04;
glandular, 66, 70, 110, 120, 121, 191,
104, 202; Sensory, 145, 148, 151, 155,
191; simple, g5, 105, 11g; squamous,
105, 1go; stratified, 67, 121, 122, 148,
151, 190, T04.

Erect position, 127.

Ether, 185, 200; of space, 162. }

Eustachian tube, 6o, 154, 156; of rabbit,
I .

Exgesntric reference of 5en§_atinns, 140.

Excretion, 16, 81; chap. vii., 184, 185.

Excretory organs, 81, 121, 184, 185.

Exercise, 124, 205.

Expiration, 32, 105, 106, 107, 110, I14.

Extension, 41. :

Eye, 114, 157-168; eye of rabbit, 178;
eye of sheep (or bullock), 187, 188;
socket, see Orbit.

Eyeball, 158-161.

Eyebrow, 157.

Eyelash, 157.

Evelid, 147, 157, 158; of rabbit, 178
Eyepiece of m%c;'uscup:, 188, 189.

Face, g, 22, 139.

F=ces, 57, 126.

Fainting, 127, 743

Fang of a tooth, 59.

Fasciculus (pZ. fasciculi), 42.

Fat, 47, 54 55 56, 73, 75 76, 77, 78, 79,
g4, 100, 123, 124, 158, 182, 184, 187,

198, 199, 200, 201, 203, 204, 205; emul-

PHYSIOLOGY.

sification of, 181; globules of milk,

200, 201, 203.

Fatigue, 144.

Femfi]rjl of stock, 198, 194.

Fehling's solution, 179, 180,

Fenestra; ovalis, 155; rotunda, 153, 156

Ferment, 72, 73, 74 75, 76, 84, 180, 181,

Fermentation, 72, 73, 74, 75, 76, 84.

Ferrous sulphate, 113. -

Fibre; afferent nerve, 131, 141; efferent
nerve, 131; motor nerve, I3I, I132;
muscle, 42; nerve, 129, 130, 131; sen-
SOry nerve, 132, 144, 145; woody, 198,

Fibrin, ss, 83, 84, 181, 183; ferment, 84.

Fibrinogen, 84.

Filum terminale, 128.

Finger, 11, 36, 39, 121, 122, 145, 147.

Fissures of spinal cord, r28.

Flavours, 149, 152.

Flesh, see Muscle.

Flexion, 41.

Flexure, sigmoid, 62.

Flour, ss.

Flow of blood, rate of, g7.

Fluid; cerebro-spinal, 128; synovial, 40.

Fodder, 198, 199.

Fog, 108.

Food, 15; chap. 1., 71, 72, 73. 74, 758,
125; chemical classification of, 54, 78;
composition of, 47; mineral, 54, 55,
56, 73, 79; of stock, 198, 199; tube,
see Canal, alimentary.

Foot, 10, 44, 45, 121, 122, 145.

Foot-pound, gz.

Foot-ton, 126. :

Foramen (/. foramina); intervertebral,
28, 130; magnum, 22, 23, 128; nutri-
tive, 18.

Forceps, 170; bone, 170.

Forearm, 10, 41, 42, 45-

Formula; chemical, 4g; dental, 58,—of
ox, 193.

Fragrant smells, 151.

Fritsch, Dr., 170.

Frog, 98, 133, 135, 137, 139, 140, 141,
142, 183, 184, 185, 191.

IF?HI"“' 9.
ulcrum, 43.

Functicnsf?; general sketch of, 13.

Gall, see Bile. g :

Ganglion (# ganglia), 131; spinal, 130;
sympathetic, 127, 142, 174; Vagus, 174.

Gas, 76, 151.

Gastric juice, 66, 74, 75, 181, 182, 197-

Gelatin, 55.

Gilbert W‘?I'Eiargs, H W . TyL

Ginger-beer, 48.

Girgle, 20; hip, zo; shoulder, zo0.

Gland, 64, 65, 67, 08; ductless, ror;
gastric (peptic), 66, 191; of Lieber-
kithn, 63, 65: IEmphanc, To1; mesen-=
teric, 1o1; milk (mammary) gland of



INDEX.

cow, 201-204; parotid, 67, 174: sali-
vary, EE 68,—of ox, 193,—of rabbit,
174; sebaceous, rz1; sublingual, 68;
submaxillary, 68, 174:; sweat, 122,
124 tear, 158; thymus,—of rabbit,
173, 170

GIO;EIH, TII 12. i

Glomerulus (#/. glomeruli), 119, 120,

Glottis, 60, 74, 102, 105, 106, 114; of
rabbit, 175.

"Glucose (grape-sugar), 179.

Gluten, 55.

Glyecerine, 180, 181, 1g0.

Glycerinum pepticum, 18o.

Goat, 196.

Graphite, 48, 53.

Grass, 199, 2o1.

(Grazing, 74, 195. :

Grey matter, 131; of brain, 136, 137,
138, 142, 155, 166, 178; of spinal cord,
139, 134, 135.

Grinding teeth, 71; of ox, 193, 195, 196.
See alse Premolar and Molar.

Gristle, see Cartilage.

Growth, 15, 18.

Gullet (eesophagus), 15, 6o, 61, 63, 67,
73; of ox, 193; of rabbit, 173, 175.

Gum, s5.

Gums, 57, 58.

Gymnema sylvestre, 149.

H=>matin, 112.

H=moglobin, 82, 112, 113; Ooxy-, 113,
113; reduced, 112, 113, 114.

Hair, 14, 95, 12r1; auditory, 155, 156;
sac, 121

Hammer (malleus), 154.

Hand, 10, 42, 121, 122, 131, 145, 147.

Hartshorn, spirits of, 116.

Eaversiasn canals, 18.
ay, 198, 1g9g,.201.

Head, o, :n,gr o, 145; of femur, 37; of
fibula, 38; of humerus, 34; of radius,
34; of tibia, 38; of ulna, 3s.

Health of cows, 204,

Hearing, 17, 139, I44, 152-157, 187,

Heart, 8o, 84, 85, 86, 101, 102, 105, 114,
119, 127, 139, I40; external charac-
ters of, 88; interior of, 88, go; of rab-
bit, 173, 176, 183; of sheep, 181-183;
work of, g2.

Heat, 16, 108, 114; animal, chap. viii.,
131, 132,

Heel, 11, 39, 45.

Herbivorous animals, s54.

Hilus, 118, 119, 120, 184.

Hip, 10, 11, 38, 41.

Histology, 8, 188-1g1.

Honeycomb bag (reticulum), rg4, 196,
197.

Hot spots, 186,

Humours, aqueous and vitreous, 161,
163, 167, 187.
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Hydrogen, 48, 49, 52, 53, 54) 55, 112,
115, 116,

Ileum, 61, 65.

Illusions, 147. ! !

Image; formation of image in eye, 162.
163, 188; mirror, g.

Incisor teeth, 58, 68, 71; of ox, 193,

dia-
India-rubber, 180.

. Inhibition, 142.

Injury to blood-vessels, g7, 112.
Inorganic salts; of milk, 200, 203.
Insensible perspiration, 123.

Insertion of a muscle, 43.

Inspiration, 31, 105, 106, 107, 110, I14.

Intelligence, 140, 142.

Intestinal juice, 75, 76.

Intestine, 15, 56, 63, 67, 69, 77, 80, 04,
100; large, 15, 61, 62, 64, 65,—of ox,
194, 1g7,—of rabbit, 172, 176; small,
15, 61, 63, 64, 65, 191.

Iodine, 179.

Iris, 159, 160, 165, 187, 188.

Iron (Fe), 55, 112.

Iter, 136. :

Ivory, see Dentine.

Jaw, 9, 22, 24, 68, 71, 72, 196.

Jejunum, 61,

Joints, 17, 10, 40, 41; ankle, 41, 445
ball-and-socket, 34, 38, 41; elbow, 34,
40, 41, 45, 177; hinge, 26, 29, 35, 38,
40: double hinge, 41; hip, 11, 38, 41;
imperfect, 4o0; knee, 38, 41; lower
jaw, 71, 72, 196; oil, 4o; perfect, 4o;
pivot, 41; shoulder, 11, 34, 41, 177+
synovial, 4o.

Kidney, 15, 16, 115, 117, 118, ::g; of
rabbit, 172, 173; of sheep, 184, 18s.
Knee, 38, 41; pan (patella), 38.

Labyrinth ; bony, 157; membranous,
157.

Lactation, in cow, zos.

Lacteals, 75, 77, 78, 100, 101, 158.

Larynx, 6o, 102, 114, 139; of rabbit,
174.

Lavender, 151,

Leg, 10, 44, 45; movements of, 41.

Legumin, 5s.

Leitz microscope, 18g.

Lens, 162, 163, 164, 168; of eye, 161,
163, 164, 165, 167, 168; hand, 170; of
microscope, 188, 180.

Lentil, s.

Letter-clip, 186.

Leucocyte, see Corpuscle, white,

Lever, 20, 43, 44, 45 72

Ligament, 17, 42, 47; check, 29; liga-
mentum nuchae, 30, 47; round (liga-
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mentum teres), 38; suspensory liga-
‘ments of eye, 161, 164; transverse, 2g.

Light, 159, 162, 163, 165, 166, 167.

Limbs, 10, 11, 130.

Lime; carbonate of, 55, 108, 10g; phos-
phate of, 55, 58; slaked, 116; water,
109, 110,

Limestone, 108, 109.

Lips, 57, 147; of ox, 192,

Liquids, 76.

Litmus, 49, 117.

Liver, 15, 6%, 79 94. 95, 106, 139; of ox,
194; of rabbit, 172.

Lobe, 6g; olfactory lobe of rabbit, 177;
optic, 136,—of rabbit, 178.

Lobule, 68, 70, 104.

Long sight, 168.

Lungs, 1s, 16, B4, By, g3, 101, 102, 105,
106, 110, 111, 112, 139; of rabbit, 172,
173, 177, 184.

Lymph, 8o, 81, 85, 102, 112, 128: sys-
tem, 8o, 81.

Lymphatics, 81, o0, 123, 201.

Malpighian body, 119, 18s.

Malpighian layer, 121.

Malt, 72.

Maltose, 72, 179.

i"l:}anga?eae{, hlzi-:k oxide of, s0.
anyplies ter, omasum), 194, 197.

Marble, mEI.JEa g h 194, 197

Marrow, 18.

Mastication (chewing), 26, 71; in ox,
195, 196, 197.

Meat, 54, 55, 78, 79, Bo.

Meaﬁtus, external auditory, 153, 155,
156.

Mechanics, 8, 43.

Medulla; of kic?m:y. 118, 119, 120, 185;
oblongata, see Spinal bulb.

Meller, H., 160, 191.

Membrane; of brain and spinal cord,
128, 177; elastic, g5; hyaloid, 161, 167,
187; mucous, 56, 57, 63, 64, 65, 66,
67, 74, 76, 148, 150, 1Bo, 193, I94;
synovial, 40; tympanic, 153, 154, 155,
156, 178,

Merctiry (Hg.), so.

Mesentery, 56, ror; of rabbit, 172

Metabolism, chap. viil.; constructive
and destructive, 125, 126.

Microscope, 8, 98, 188, 18g.

Midriff, see Diaphragm.

Milk, 75, 76, 78, 79, 181, 200~205; char-
acters ﬂl', 200, ZOI; Ciﬁtﬂl‘n, 202, 204,
curdling ferment (rennin), 74, 1871,
zo1; ducts, zoz; (or mammarp?glands,
201-204; secretion of, 203, 204, 205;
sugar, 200, 203, 205; tubules, 201,
202, 203; variations in guantity and

uality of, 204, 205.

Milking, 204, 20s.

Millstones, 195.
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" Mineral; food,
of bone, 1g.
ganic salts.

Mixed diet, 79.

Mixed nerves, 132.

Mixtures of t"md3 for stock, 1gg.

Models, 170.

Molar teeth, s8.

Molecular vibrations, 131, 144, 150, 1571,
155, 167,

Molecule, 4g, 54.

Morphology, 7, 8.

Motor centres, 142.

Moulting, of milk-cells, zo3.

Mouth, 12, 15, 22, 57, 68, 71, 72, 106,
114, 139, 145; of ox, zg9z; of rabbit,
175,

Movement, 14, 134; of eyeball, 16
168; of heart, 183; of limbs, 1x; reﬂe:?cr:
135, 141; of respiration, 1cs, 127, 140,
184; voluntary, 142.

Mucus, 65, 10s.

Muscle, 14, 42, 63, o6, 133, 185, 186;
bundle (fasciculus), 4z; ﬁire. 42; in-
voluntary (white), 46, 63, 65, 67, 73,
05; nerve preparation, 8g, 182,
tn:énir: state of, 46; voluntary (red!, 46,
58, 67.

Muscles, 14, chap. ii., 84, 127, 130, 131,
177; biceps, 41; calf muscle (gastro-
cnemius), 44, .133; ciliary, 164, 165,
187; of diaphragm, ros, 172; digastric,
72; expiratory, 33, I1r4; extensor; 45:
eyeball, 13 ?153. 1451;, 168, 1?5:4=:=f
face, 139; Hlexor, 48; hollow, 84; in-
spiratory, '32; intercostal, 32, 177:
jaw, 71, 72, 139; masseter, 7I, 7%;
oblique, 168; papillary, 8g, go, 182; of
pharynx, 139; of rabbit, 171, 172, 174,
177, 178; rectus, 167; ring, see Sphinc-
ter; temporal, 71, 72; of tongue, 130;
maintaining upright position, 46.

Muscular sense, 16g.

Musk, 151.

Muzzle of ox, 1g2.

Myosin, 55.

54, 55, 50, 73, 70: matter
;:; also pﬁﬂh and Inor-

Nails, 10, 14, 05, 121. b

Nares; external (nostrils), 150; posterior,
6o, 74, 106, 149, 175.

Narrow albuminoid ratio, 19g.

Neck, 20, 12, 20, 6o, 102, 103, 130, 130,
147; of rabbit, 171, 174; of tooth, 50.

Needles, 170.

Nerve, 185, 186; centre, 134, 135, 130,
140, 141, 142, 143, 144, 155; impulse,
132, 133, 134, I35, 140, I44; muscle-
nerve preparation, 8g, go, 182.

Nerves, 17, 42, 59, 63, 69, 123, 127, 201;
abducent, 139; afferent, 134, 140, 166;
auditory, 139, 153, 155, 1506, 168;
cranial, 139, 140, 142; ciferent, 134,

166; facial, 139; glossopharyngeal,
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139, r49: hypoglossal, 139; lingual,
149; mixed, 132, 13g; motor, 139, 185;
oculo-motor, 139, 166; olfactory, 139,
150; optic, 139, 1bo, 166, 167, 168,
178, 187; pathetic, 139; phrenic, 130,
173: secretory, 124; Sensory, 139, I44,
145, 149, 150, 153, I55; spinal, 130,
132, 134, I42, 145, 178, 185; spinal
accessory, I3g; sciatic, 133, 186; sym-
pathetic, 17, 142, 166, 174; trigeminal,
139, 145, 149, T5I; vagus, I39, 141,
173, 174, Vaso-motor, 100, 124, I40.

Nervous system, 17, 123, chap. 1x.;
central, 127; peripheral, 127; of rab-
bit, 177, 178; sympathetic, 142, 174.

Nitrogen, 48, 51, 52, 54, 55, 78, 79, 108,
112, 115, 116,

Nitrogenous food, 54.

Nitro-glycerine, 14.

Non-nitrogenous food, 54.

Normal salt solution, 1go, 191.

Nose, 12, 22, 114, 1309, 145, 147, 150; of
rabbit, 178.

Nucleus, 64, 83, 190.

Oatmeal, 74, 79.

Objectives, 188, 180g.

Odours, 151,

(Esophagus, see Gullet.

Oil, 53, 85, 75, 181, 200; cake, 199.

Old people, 19.

Omasum, see Manyplies.

Omnivorous animals, 54.

Onion, 187.

Optic thalamus ( #Z. thalami), 136.

Orbit, 22, 24, 25, 157, 158, 168.

Organic matter, 110, 113, 184.

Organs, 7; general sketch of, 13.

Origin of a muscle, 43.

Ossicles, auditory, 154, 155, 178.

Otolith, 155, 156.

Ox, 8, 30; digestion in ox, chap. xii.

Oxidation, 5, 113, 125, 120.

Oxygen, 16, 48, 49, 50, 52, 53, 54, 55
87, ror1, 107, 108, 110, IIL, II2, II4,
IT5.

Oxy-hazmoglobin, 112, 113

Pain, 132, 144, 168,

Palate, 24; hard, 25, 57, 175; soft, 57,
74, 150, 175.

Palm of hand, rzz, 145, 147.

Pancreas, 70, 71, 04, 191; of ox, 194; of
pig, 181; of rabbit, 176.

Pancreatic juice, 735, 76, 181, 182, 197.

Papilla (p{ papillze); circumvallate,
148, 175; of dermis, 123, 145; filiform,
148, 175; foliate, 175; fungiform, 148,
175: of paunch, 193; of tongue, 148,
175; urinary, r1g, 185.

Parchment, vegetable, 76.

Paunch (rumen) of ox, 193, 195 196,
197.
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Pax wax, 3o0.

Peas, g5, 78.

Pedal of piano, 45.

Pelvis of kidney, 119, 185.

Pendulum, 13z.

Pepsin, 74, 75, 76, 180, 181.

Peptone, 75, 77, 181

Pericardium, 84, 85, 86, 102, 119, 128;
pericardial fluid, 85, 176: l:lfil'ilbh_lt.
173, 176; of sheep, 181; pericardial
space, 8s.

Perichondrium, 19, 47.

Perilymph, 154, 155, 156, 157.

Periosteum, 17, 18, 47.

Peristaltic action, 73, 74, 75- :

Peritoneum, 56, 63, 102, 117; of rabbit,
172,

Perspiration, 121, 123, 124, 157-

Pharynx, 15, 6o, 67, 73, 106, 149, 150,
153; of ox, 193; of rabbit, 175

Phosphorus, 48, 51, 53, 54, 55; pent-
oxide, 51.

Physics, 8.

Physiology, 7, 8.

Pia mater, 128, 177.

Pig, 11, 1B1.

Pigment, 121, 159, 160, 163.

Pillars of diaphragm, ros, 172.

Pins, 170.

Pithing of frog, 18s. ’

Plasma; blood, 81, 83, 84, 113; milk,
200.

Plants, 7, 53, 54-

Pleura (pf. pfeurae]l, 1oz, 106, 128; of
rabbit, 174.

Plexus, 130.

Pluck of sheep, 181.

Poker, 44.

Pomatum, 121.

Pores of skin, 122.

Forridge, 79.

Potash; caustic, 2zo00; chlorate of, s0.

Potassium ferrocyanide, 180, 181.

Potatoes, 78.

Power, 43; levers of power, 45.

Practical work, 8, chap. xi.

Premolar teeth, 58.

Preparation; of ammonia, 115; of car-
bon dioxide, 10g9; of hydrogen, 52; of
nitrogen, 51; of oxygen, so.

Pressure, 19, 22, 30, 33, 36, 38, 39, 121,
145, 147, Sense, 147.
rocess; acromial (acromion), 33; ar-
ticular, 28; ciliary, 160, 164, 187;
coronoid, 26, 71; odontoid, =2g9, 41;
olecranon, 35;: spinous (neural spine),
28; transverse, 28.

Pronation, 35, 41.

Protection, 13, 121.

Proteids, 54, 55, 56, 73, 77, 79, 82, 83,
84, 115, 124, 179, 180, 181, 197, 108

Proteolytic, 75.

Protoplasm, 64, 83, 105, 124, 125, 203.
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Proximal, 34.

Psalter, see 1Manypli&s.

Ptyalin, 72, 73, 75, 180.

Pulp of teeth, 50, 145.

Pulse, 1oo, 183; air pulses, 152,

Pungent smells, 151.

Pupil, 159, 165, 166, 187, 188,

Putrid smells, 151.

Pyloric end of stomach, 61, 66, 74

Pylugus, 67, 70; of ox, 194; ﬂf7 rabbit,
176.

Pyramids of kidney, 118, 18s.

Quicklime, 108, 109.
(Quinine, 187.

Rabbit, 8, 11, 17, 106, 137, 140; dis-
section of, 171-178.

Radiation, 124.

Rain, 108,

Ramus ( #. rami), 26, 72.

Rapidity, levers of, 45.

Rat, 183.

Razor, 170.

Reagents (chemical), 179, 189, 190.

Reception of food 1n ox, 195.

Rectum, 63; of ox, 194; of rabbit, 172.

Reduced haemoglobin, 112, 113, 114.

Reduction, 112, 113.

Reflection, 163.

Reflex action, 134, 140, 142, 166, 185,
197, 204; acquired, 143; nerve centre,

I.

Refraction, 163.

Regions; of body, ¢; of limbs, 10.

Renewal, 15.

Rennet, 181, 2o01.

Rennin, 74, 181, 201.

Repair, 18.

Respiration, 15, 51, chap. vi., 140, 184;
movements of, 31, 103, 184; rate of,

RIDE.
espiratory centre, 140, I4I. !

Respiratory organs, 15, 16; chap. vi,
114.

Reticulum, see Honeycomb bag.

Retina, 160, 166, 167, 187, 101.

Rice, 78.

Ridges on fingers, 122.

Rods, see Cells, visual.

Root; of lung, 192; of spinal nerve, 130,
132, 133, I44.

Rugz=, 65.

Rumen, see Paunch.

Rumination, 193, 195, 196, 197.

-Saccule, 157.

‘Sal-ammoniac, 116.

.Saliva, 67, 71, 72, 73, 180; of ox, 195,
196, 197. il L Y

gait, see Sodium chloride.

:Saltpetre, 149. ,

;Ea]tsp;& mi.m::a?l; of blood, 113; of milk,
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200; of sweat, 123; of urine, 115, 120,
See also Ash and Food, mineral.

Salt tastes, 149.

Sausage skins, 179,

Scalpel, 170.

Schmidt-Milheim, 20s.

Scissors, 170.

Sclerotic, 159, 187, 188.

Secretion, 65; of bile, 70, 75; of gastric
Juice, 66, 74; of intestinal juice, 65
of milk, 203, 204, 205; of pancreatic
Juice, 75; of saliva, 67, 68, 69, 72, 196.

Seeker, 170.

Sensation, 16, 132, 134, 140, 142, L43,
chap. x.

Sﬂnsée organs, 17, chap. x.; of rabbit,
178.

Sensible perspiration, 123.

Sensory centres, 142, I44.

Serous coat, 63.

Serum, 83, 84.

Shaft, 18, 19, 34, 37.

Sheath of muscle, 42, 47.

Sheep, 8, 11, 158, 181, 184, 106.

Shocks, breaking of, 19, 25, 27, 28, 33,
36, 39, 4o.

Short s?ght, 168.

Shoulder, 10, 11, 34, 41.

Sight, g, 17, 130, 144, 157-168, 187-188.

sigmoid flexure, 62.

Skeleton, 13, 21; chap. ii., 16g.

Skin, 14, 15, 16, 57, 64, 67; chap. viiL,
130, 131, 134, 139.

Skull, 20, 22, 26, 28, 40, 44, 128.

Sleep, 143.

Slides, 188, 190.

Smell, g, 17, 139, 144, 150-152, 157-168,
187.

Smefling salts, 115, 151,

Smells, 151.

Sneezing, 114, 140.

Sniffing, 151.

Soda-water, 48.

Sodium (Na), 55; carbonate, 181; chlor-
ide (NaCl), ss5, 115, 123, 186, 187, 190,
204.

Sole of foot, 12, 121, 145.

Solution, 73, 75, 76, 77, 159, 179, 180,
187, 197.

Sound; of heart, 92; muscle, gz; waves,
153, 155-

Sour tastes, 149

Spectacles, 168. 3

Sphincter; of bladder, 118; pyloric, 66,
74; of rectum, 6s; of cow’s teat, 203.

Spinal bulb (medulla oblongata), 135,
137, 141; of rabbit, 177.

Spinal cord, 11, re, 13, 17, 127, I29,
130, 133, 134; of rabbit, 177.

Spinal marrow, uerixfuinal cord.

Spine, see Vertebral column; neural,

*;:E, 2Q. y
Spittle, see Saliva.
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Spleen, 71, 94, 101, T72.

Spontaneous actions, I40.

Spring, vibrations of, 153.

Stability, levers of, 45.

Stage of microscope, 188, 189.

Stand of microscope, 188, 180,

Stargh. 55: 72, 73, 75, 77, 179 180, 197,
198.

Steam-engine, 47, 125.

Steapsin, 76.

Stethoscope, gz.

Stimulation, 132, 133, 145, 149, 151, I55,
161, 185, 186.

Stimulus (/. stimuli), 132, 133, 134,
135, 140, 142, 144, 145, 149, IST, 152,
155, 161, 166, 185, 186, 187.

Stirrup (stapes), 154, 155.

Stomach, 15, 56, 6o, 61, 62, 63, 65, 66,
67, 69, 71, 73, 74, 75, 77 80, 94, 139,
194; of ox, 193, 194; of rabbit, 172,
176, 180.

Stroma, 82.

Structure, 7.

Stuffiness, 110.

Sub-arachnoid space, 128,

Subdural space, 128.

Submucous coat, 63.

Suffocation, 113.

Sugar, 55, 72, 73, 77, 149, 179, 180, 187,
197, 193; grape-, see Glucose; malt-,
see Maltose; milk-, 200, 203, 205.

Sulphur (S), 48, 51, 53, 54, 55:; dioxide,
(SOy), 5.

Supination, 3s.

Support, 13.

Suture, 22.

Swallowing, 73, 103, 140.

Sweat, 121, 123, 124, 157.

Sweetbread, see Pancreas.

Sweet tastes, 149.

Symbols, chemical, 48.

Symmetry, 8, .

Sympathetic system, 17, 127, 14a3.

Synthesis, 108.

Syntonin, 5s.

Systole, go, gz, 183.

Taste, 17, 139, 144, 148, 150, 187; buds,
149.

Tastes, 149.

Tear, 25, 158; duct, 158; gland, 158;
sac, rs8.

F‘eats of cow, 201, 202, 203.

Teeth, 25, 55, 57, 58, 59, 71, 05, 139,
145 175; of ox, 192, 195, 196; of rab-
bit, 175,

Temperature; of blood, 123; of body, 15,
121, 123; of expired air, 110; Ssense,
147, 186.
emples, 23, 72.

Tendon, 42, 47, 72, 177; of Achilles, 44;
of diaphragm, 105.

Thigh, 10, 147.
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Thirst, 144.

Thorax, 10, 12, 15, 16, 20, 31, 33, bo,
84, 91, 92, 93, 101, 102, 106; of rabbit,
173, 174, 184.

Thumb, 11, 36, 41.

Throat, 12, 15, 16; sore, 152.

Thyroid cartilage, 102.

Tickling, 134.

Tissue, 17, 47, 8o, 126; connective, 17,
19, 42, 47, 55, 59, 63, 69, 96, 104, 106,
112, 123, 128, 170, 2o01; subcutaneous,
122, 123. Seealse Blood, Epithelium,
Muscle, and Nerve.

:I'm:s, 1T, 22, 30, 44, 45, 121, 122.
Tongue, 26, 57, 68, 71, 73, 139, 145, 147,
150, 175; of ox, 192; of rabbit, 17s.

Tonic condition of muscles, 46, 1oo.

Tonsil, 6o.

Touch, 17, 121, 144, 145-748, 186.

Trachea, 16, 74, 102, 103, 113, 114, I51;
of rabbit, 174, 177, 184.

Treacle, 76.

Trunk, 10, 11, 20, 130; of spinal nerve,
130.

Tubules; of milk gland, 201, 202; of
sweat gland, 122; unniferous, 119,
120, 185.

Udder of cow, 201, 204.

Unconsciousness, 143.

Upright position, 46.

Urea, 114, 115, 120, 123, 185.

Ureter, 16, 118, 119; of rabbit, 173; of
sheep, 184.

Urethra, 118.

Urinary organs, 16, chap. vii.

Urine, 115, 118, 119, 120, 123, 126, 185.

Utricle, 157.

Uwula, 57, 175.

See Fainting.

Valve; Eustachian, 88, 182; ileoczecal,
65; mitral (bicuspid), go, g1, g2, 182;
semilunar, (watc ~pnc£¢:t‘,l, 9o, 91, gz,
96, 112, 114, 182; Thehesian, 88, 182;
tricuspid, 89, g1, g2, 182; of veins, gf.

Vapour, 1571,

Vegetable diet, 7g.

Vein, 80, 87, B8, 94, 95, 96, 97, 98, 100;
inferior vena cava, 88, 93, 120, 173,
182; superior vena cava, 88, g3, 176,
182; coronary, g4; coronary sinus, 88,
93, 94, 182; hepatic, g4; jugular, g7,
176; portal, o4, g5, 173; pulmonary,
88, go, 93, 112, 176, 182; of rabbit,
172, 173, 176; renal, 120; of sheep,
182, 183; subclavian, 176,

Ventilation, 110, 111, z04.

Ventral, g.

Ventricles; of brain, 136, 138, 140, 178;
of heart, 86, 87, 88, 89, go, gz, 100,
181, 182, 183.

Vermiform appendix, 62; of ox, 1g94; of
rabbit, 172.
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Vertebral column, 12, 20, 26, 31, 60, 117,

128
Villus (g, villi), 63, 65, 77, 176, 191.
Vibrations; of air, 152; molecular, 131;
144, 150, 151, 155, 167; of sounding
bodies, 152, 153.
Vitriol, oil of, see Acid, sulphuric,
Voluntary actions, 140, 143

Warmth, 144.

Waste products, 14, 15, 16, 83, 94, 113,
114, chap. vil., 125

Watchmaker's eye-glass, 170.

Water, 48, 49, 52, 53, 54, 55, 56, 72, 75,
26, 79, 10I, I0Q, III, IL4, II5, 130,
123, 124, 198, 200, 203, 204; vapour,
110, 184.

Web of frog's foot, 184.

Wﬁ:ight, 43-

Wheat-flour, 78.

Whipped blood, 84.

PHYSIOLOGY.

White; of egg, 55, 179, 180; of the eye,
1%9;_[1‘53[[(::’ of brain, 136, 138, 178;
of spinal cord, 129. -

Wide albumineid ratio, 1gg.

Will, 17, 73, 134, 140, 142.
indpipe, see Trachea.

Wisdom teeth, s0.

Wolff, 198, 199.

Woody fibre, 1g8.

Work, gz, 125, 126.

'Wrist, 10, 20.

Wrong way, going the, 74.

Xanthoproteic reaction, 17g, 180.
Yellow spot, 160, 166, 187.

Zinc, 52.
Zoology, 7, 8.
Zymine peptonizing powder, 81




APPENDIX.

EXTRACT FROM THE DIRECTORY OF THE
SCIENCE AND ART DEPARTMENT.

SYLLABUS OF REQUIREMENTS IN HUMAN
PHYSIOLOGY .

FIRST STAGE OR ELEMENTARY COURSE.

Questions will be confined to the under-mentioned points in the
elements of anatomy and physiology.

Candidates are expected to have seen the corpuscles of the blood
under a microscope, magnifying about three or four hundred
diameters. It is also desirable that they shculd have made them-
selves acquainted in like manner with the general microscopic
characters of the cells constituting epithelium. Other details of
structure needing the use of a microscope will not be asked for.

The information demanded under “Chemical Preliminaries’ is
limited on the one hand to elementary and fundamental chemical
principles as applied to the animal body, and on the other to the
important properties of the chief chemical substances composing
the body and food. In respect to these points the answers must be
preecise, but no further chemical knowledge will be required.

No candidate will be allowed to pass who in the answers makes
gross errors concerning the general build of the body and the rela-
tions of its several parts, the structure and working of the heart
and the main facts of the circulation, the mechanical and chemical
changes of respiration, the chemical nature of food, its changes in
the alimentary canal, and its use in the body.

A, ANATOMICAL PRELIMINARIES,

The general build of the body.

The form, the position, and the uses of the following parts of the
skeleton:—skull, vertebre, ribs, sternum; scapula, clavicle, humerus,
radius, ulna, carpus, metacarpus, phalanges (of the hand); pelvis,
femur, tibia, fibula, tarsus, metatarsus, phalanges (of the foot).

The more obvious distinctive characters of skin, mucous mem-
brane, glands, connective tissue, tendon, ligament, cartilage, bone,
muscle, and nerve,
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The position in the body, and the general form and size, of the
following internal organs:—The brain and spinal cord; the pharynx,
gullet, stomach, and intestines; the salivary glands, the liver, and
the pancreas; the posterior nares, the larynx, trachea, and lungs ;
the diaphragm; the kidneys and the bladder; the heart and the

great vessels; the spleen. |

B. CHEMICAL PRELIMINARIES,

. The simpler chemical properties of carbon, oxygen, hydrogen, and
nitrogen; the meaning of the terms “element”, “compound”,
““decomposition ”, *oxidation ”, as illustrating elementary chemical
principles,

The composition, nature, and properties of air, water, carbon
dioxide (carbonie acid), and ammonia.

The chemical elements of which proteids, fats, and carbohydrates
are composed ; the general chemical properties of these substances,
and the relative proportions in which the several elements are pre-
sent in each of them.

The composition and general nature of urea,

C. GENERAL VIEW OF THE ANIMAL BoDY IN ACTION.

The movements of the body as the result of museular action.

Muscular action viewed as chemical change (oxidation) of the
muscle, whereby energy is set free, and waste of substance caused.

The blood as the agent’ which (a) removes the waste, and (b)
supplies fresh nutritive material to make good the waste.

The waste matter in the blood got rid of by the excretory organs,
The fresh nutritive material in the blood supplied to it from food
by means of the digestive organs.

The control of the muscles by the nervous system, consisting of
(@) sensory or afferent nerves, (b) the brain and spinal cord, (c)
motor or efferent nerves, _

The general functions of the brain and spinal cord,

The maintenance of the erect posture,

Local and general death,

D. Seroian PHYSIOLOGY.

a. THE Broon.—The form, size, and structure of the corpuscles

of the blood.

The general composition of the blood.
The phenomena presented by blood drawn from the body; clot-

ting of blood.

b, THE CirouLATORY SYSTEM,—The general structure of the
heart; the form and arrangement of its chambers; the nature of
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its walls; the form and position of its valves, The differences
between the right and left side of the heart.

The action of the heart as a force-pump.

The mode and action of the valves during the heart-beat.

The general difference between arteries, capillaries, and veins.

The course of the circulation and the reason why the blood moves
in only one direction, j _

The characters of and differences in the blood-flow in arteries,
capillaries, and veins,

The meaning of the * pulse”.

The evidence of the circulation obtainable in the living body.

¢. THE ALIMENTARY SYSTEM.—The general form and arrange-
ment of the alimentary canal in its several parts.

The more obvious characters of the mucous coat, and the differ-
ences in respect to it between the stomach and the small and large
intestine,

The relationship of the salivary and gastric glands, and of the
pancreas and liver, to the alimentary canal. The character and
uses of their secretions,

The general nature of food. The classification of food-stuffs,
The changes the several food-stuffs respectively undergo in the
alimentary canal, and how these are brought about.

The manner in which nutritive matters are absorbed and innutri-
tious matters got rid of from the alimentary canal,

The economy of a mixed diet.

d. THE Liver.—Position and general structure of the liver. The
blood supply to the liver,

The obvious characters and properties of hile,

¢. THE RESPIRATORY SYSTEM.—The arrangement of the ribs,
sternum, intercostal muscles, and diaphragm. The manner in which
the walls and floor of the chest change their position during the
respiratory movements,

Why air enters and leaves the chest during inspiration and
expiration respectively.

The course taken by the air when breathing through the nose.

In what respects the air which leaves the lungs differs from that
which enters them,

The obvious differences between venous and arterial blood.
Where and how venous blood is converted into arterial, and arterial
into venous blood in the body. How venous blood can be converted
into arterial blood out of the body.

The conditions which give rise to asphyxia,

J. THE URINARY SysTEM.—The structure of the kidney so far as
it is visible to the naked eye,

The composition of urine as far as its chief constituents are
concerned ; the significance of these as waste products.
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g. THE Ski¥.—The obvious differences between the dermis and
epidermis,

The general composition of sweat.

The more obvious functions of the skin,

h. ANIMAL HEeAT.—The sources of the heat of the body. The
manner in which heat is distributed through the body, and in which
the temperature of the body is regulated.

t. THE MUSCULAR SYSTEM AND ANIMAL MEcHANICS. — The
structure of muscle, of tendon, and of bone, so far as it can be
made out by the naked eye or a simple lens, The mode of attach-
ment of muscles to bones,

The nature of joints, with examples of ball-and-socket, hinge,
and pivot joints.

The different kinds of levers, with examples of them in the body.

The way in which muscles lead to the movements of the body.

k. Tue SensEs.—The different kinds of sensations.

The means of measuring the acuteness of the sense of touch in
various parts of the body.

The general structure of the organs of smell and taste, and the
manner in which their functions are performed.

The general structural arrangements of the eye-ball. Such char-
acters of the cornmea, sclerotie, choroid, iris, aqueous and vitreous
humours, crystalline lens and retina as can be observed by ordinary
dissection. The uses of the cornea, iris, and crystalline lens,

How the pupil is enlarged and made mnarrower, and for what
purposes.

The change undergone by the lens when looking from a distant
to a near object; the object of this change.

The blind spot, and what it teaches.

The essential facts as to the structural arrangements of the ear
so far as they are required to explain how sound-waves are conveyed
to the nerves of hearing.

[. Tur NErvous SysreEm.—The chief parts into which the brain
may be divided. 2

The structure of the spinal cord so far as it is visible to the
naked eye. The arrangement and the functions of the roots of
the spinal nerves. :

The general way in which the spinal cord is connected to the
brain by means of the spinal bulb or medulla oblongata.

The evidence that the spinal cord is capable of effecting reflex
action. :

The general phenomena presented by an animal deprived of 1ts
brain, as illustrating some of the more important functions of the

brain.
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EXAMINATION PAPERS IN HUMAN
PHYSIOLOGY.

GENERAL INSTRUCTIONS.

Put the number of the question before your answer.

The value attached to each question is shown in brackets after
the question, but a full and correct answer to an easy question will
in all cases secure a larger number of marks than an inccmplete or
inexact answer to a more difficult one.

Your name is not given to the Examiners, and you are forbidden
to write to them about your answers. . _

You are to confine your answers stricthy to the questions proposed.

The examination in this subject lasts for three hours.

MAY, 1894,
First Stage or Elementary Examination.,

INSTRUCTIONS.

You are permitted to attempt only eight questions,

1. Where and how is the diaphragm placed in the body? What
organs lie immediately above and what immediately below it?
What structures pass through it? How does the diaphragm work
in breathing, and what makes it work? (15.)

2. How would you place a heart in front of yourself so as to see
the left auricle most easily? What does the left aurcle look like as
seen from the outside, and what does its inside look like when laid
open? What blood-vessels enter the left auricle, and how is it con-
nected with the left ventricle? (15.)

3. What is the general shape and appearance of the stomach?
What is its general structure? In what way does the internal
lining of the stomach differ from that of the small intestine? What
changes does proteid food undergo in the stomach ? (15.)

4, How can you tell the difference between a large artery and a
vein of the same size as seen by dissection in a dead body? What
further differences are there between an artery and a vein besides
those you can make out by mere dissection? What are the special
uses of these differences? (15.)

5. What are lacteals, and where do they occur? What is in them
when an animal is fasting, and what is in them after a meal of mixed
food? How are their contents finally passed into the blood? (10.)

6. How can you show that there is a “blind spot™ in each of
your own eyes? What does the blind spot teach us as to the nature
of sight? (10.)
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. /- What movements can you make with your hand at the wrist
Jomt? How do the movements you can make with your foot at the
ankle joint differ from those you can make with your hand at the
wrist? What are the differences in the joints which cause the differ-
ence in the movements ? (10.)

8. What do you understand by a “reflex action”? What strue-
tures are essential for the occurrence of a reflex action? Give two
or three examples of reflex action as it may be observed in your own
body!? What is the use of reflex actions? (10.)

9. Of what two parts is the skin composed? What are the more
obvious and important differences between these two parts? What
are the chief uses of the skin to the body? (10.)

10. What are the various causes or conditions which make a per-
son breathe faster than usual? What is the exact cause and what
1s the real use in each case of the faster breathing? (10.)

11. What is the spinal bulb or medulla oblongata, and where is
it placed in the body? What is its form and general appearance?
What are its more important uses? (10.)

12. What part of the nose is used for smelling? What nerve is
used for smelling? With what part of the brain is this nerve con-
nected, and how does it pass from the brain to the nose? Why
cannot you either smell or taste properly when you have a bad cold
in your head? (10.)

MAY, 1895.

(Tnstructions as in 1894.)

1. What structures form the walls of the thorax or chest? What
organs lie inside the thorax? What movements do the walls make
during inspiration, and what movements do they make during
expiration? How are these movements produced ? (15.)

2. What differences of structure are there between the right and
left ventricle of a heart? To what differences in action do these
differences correspond? What is the form and structure of the
valve between the left auricle and left ventricle, and how does this
valve work so as to carry on the circulation of the blood ?  (15.)

3. Where and how is the spinal cord placed in the body? How
does it end above and how does it end below! What structures are
given off at repeated intervals from the spinal cord, and what are
the uses of these structures? (15.)

4, What are the essential differences between fats and carbo-
hydrates? Where and how are fats digested, where and how are
carbohydrates digested in the body ! ] (15.)

5. Describe the position and general structure of the liver. What
is there peculiar about the blood-supply to the liver? What is the
most obvious use of the liver, and what are the arrangements by

which that use is carried out? (10.)
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6. What changes can be seen to take place in blood after it is
drawn off from the body and kept for some time? What has taken
place in the blood to cause these changes which you can see? (10.)

7. Deseribe how the skull is attached to the spinal column or
backbone, and explain how this attachment enables you to (i) nod
your head up and down ; (ii) turn your head from side to su:hz.m }

8. What is the structure of a muscle and its tendon so far as
these can be made out by careful dissection, without having recourse
to a microscope? How are the muscles usually placed and attached
to the bones so as to lead to the movements of the body?  (10.)

9, Of what substances is sweat chiefly composed? By what organs
other than the skin are some of the constituents of sweat also got
rid of from the body? How does it come about that perspiration is
usually “insensible”, and what has happened when it becomes
“gensible” ? (10.)

10. If you cut through a large clot of blood or piece of lean meat,
the inside is of a much darker colour than the outside. Iixplain
why there 1s this difference of colour. What important facts do you
learn from the above observation ? (10.)

11. What is the pupil of the eye? When and by what means
does it become smaller, and when does it become larger? What are
the uses of the pupil becoming smaller and larger? (10.)

12. If you keep your leg or arm too long in a bent position it
often “goes to sleep”. What has happened in your leg or arm when
it has thus “gone to sleep”. and why is it nearly useless to you
while in this condition ? (10.)
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“The author is especially clear in his explanations, and his remarks are in
many cases accompanied with diagrams and illustrations, which are always of

at help to the reader studying the subject for the first time. As a text-book
or science schools, and suitable for those wishing to get a thorough insight into
the subject, the book will be sure to find favour."—Nature.

(57 A2
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‘" As 18 usual throughout this_uxuel!ent science series, every effort is made to
assist the student by the adoption of the simplest language and by leaving no
point unexplained.”—Daily Chronicle. '

“To the science student who has neglected his mathematics, such a text-book
should prove invaluable."—Educational Times.

A Text-Book of Heat. By Cuaries H. DrAPER, B.A, D.ScLond.,

Headmaster of the Boys' High School, Woolwich. Crown 8vo,
cloth, 4s. 6d.

“Dr. Draper has furnished uws with a Text-Book of Heat, well suited for
students 1n science colleges. Instead of the usual chapter or so, one-third of the
book is devoted to the principles of thermodynamics. The work is complete,
precise, and up to date. . . . The principles of thermodynamics are treated in
a simple mathematical manner, andd are worthy of the study of all students
having a slight knowledge of the caleulus. What makes-this part of the work of
especial value is the fact that Dr. Draper has wigely illustrated all his formulse
by numerical examples. Thus a beginner can appreciate that the theoretical
results have a practical value, besides knowing how to apply the formule to
specific cases that may arise. The illustrations—one hundred and twenty-eight
in number—are excellent and useful. We heartily congratulate Dr. Draper on
Lis book, and trust that it may meet with the sucecess that it deserves.”"—dJournal
of Education.

“We have already called attention to the excellent series of elementary text-
hooks on different branches of science which are being issued by this firm. A
high standard is maintained, and the authors do not coutent themselves with re-
arranging the contents of existing books and permetuating their errors. Dr.
Draper has produced an excellent introduction to the subject, having consulted
original authorities, and, at the same time, cared for the needs of practical
students. Illustrative examples abound.”"—Oxford Magazine.

“This is a very good text-book. It contains all the facts and methods which a
text-hook of heat is expected to contain, and also many which have not hitherto
usually been given, but without which the text book of the future will hardly be
considered complete. . . . In this book, the very latest and best methods are
given in nearly every case, and are generally illustrated by figures which are not
mere diagrams, but convey a good idea of the apparatus actually used.”—
University Correspondent,

““Dr. Draper has endeavoured in the present volume to dispense, as far as
possible, with higher mathematical problems, but in following out this plan he
has not sacrificed scientific method. TUp to a certain point, of course, he can
carry us without the higher branches of mathematics, but it needs great skill,
and we are glad to say that he has contrived to perform this task with most
tangible and happy results,”—Educational Review. ;

“ This is an excellent introduction to the study of heat, ]}mfuag]r illustrated,
and well adapted to non-mathematical readers.”— Educational Times.

i« The whole book is clear and concise to a degree, and not the least interest-
ing and valuable part of it will be found in the many illustrations.”—Daily

Chronicle.

The Arithmetic of Magnetism and Eleetrieity. DBy RosegT
(tuNN, Science Lecturer, Glasgow School Board. F'eap Svo, cloth,
2s. 6d.

“Will be found very useful by advanced students, and is certain to have an
excellent effect on the aceuracy of their work.”—University Correspondent.

“The arithmetical exercises are as they ounght to be, both n_mnel-m}ls ar:d
comprehensive, for only by a variety of illustrative exercises 1s it possi 1]131 0
permanently iimpress upon the mind the meaning of the fundamental laws under-
lying any science.”—Practical Engineer.
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“Tn Mr., Robert Gunn's Arithmetic of Magnetism and Electricity the student is
provided with an easy and intelligent means of solving the arithmetical questions
contained in the examination papers in the advanced stage of the Science and
Art Department. There are examples for illustration, and exercises (with
answers). It is by far the most useful book of the kind we know.”"—National
Observer.

““ A small text-book treated guantitatively, with numerous arithmetical ex-
amples. It appears to be very accurate.” —Athenaaum.

An Elementary Text-Book of Physiology (Zlementary and
Advanced). By J. M‘GREGOR-ROBERTSON, M.A., M.B., Lecturer in

Physiology, Queen Margaret College. F'cap 8vo, cloth, 4s.

A good system of arrangement and clear expressive exposition distinguish
this book. Definitions of terms are remarkably lucid and exact.” —Saturday
Review.

‘* All who wish to acquire anything short of a professional acquaintance with
physiology will, we are sure, find all they need set forth here in a very interesting
and attractive way. Difference in type is skilfully used to distinguish the ele-
mentary from the more abstruse sections, and copious and well-executed illustra-
tions aptly elucidate the text.” —Glasgow Herald.

“TIt is written with a fulness of knowledge, and illustrated with a copiousness
of illustration, that make it almost a medical text-book. For any purpose, short
of professional knowledge, it is an adequate manual. For its special purposes it
15 admirably adapted."—Educational Kews.

“That the book really is a readable one there can be no doubt, and for style
and general accuracy it is very satisfactory . . . the author is to be congratulated,
and especially =0 upon his treatment of certain leading topics.” -MNature.

A clear, well illustrated, and sound introduction to this science.”—University
Correspondent. .

“* Dr. Robertson writes physiology for beginners, but he writes as one who
knows the latest on the subject, and is all the more intelligible for such know-
ledze. The text is admirably clear, and it is profusely illustrated with woodcuts,
which are well executed.”—The Lancet.

The Student’s Introductory Text-Book of Systematie
Botany. By J. W. OLIVER, Lecturer in Botany at the Birmingham
Municipal Technical School. Crown 8vo, cloth, 4s. 6d.

“ This little book fulfils in a very excellent manner the main requirements of a
student’s text-book. It contains in a condensed yet clear form the cardinal facts
of vegetable morphology, set forth in logical order and lucid style. The author
has wisely chosen the natural and sensible method of commencing with the lowest
forms of vegetable life, and tracing the gradual evolution of the plant upwards to
its most complicated forms, and he has further given excellent descriptions of
readily accessible types, so that the student will easily be able to verify for him-
self all the more important statements. The book is, moreover, copiously and
well illustrated. . . . For the student for whom it is written it is calculated to
be of great service, and we can most cordially recommend it."—Oxford Magazine.

* Mr. Oliver evidently intends that his book should supply the needs of
students working for the advanced certificate of botany. He has certainly sup-
plied abundance of matter—nearly four hundred pages closely printed—and we
think that he has adopted the right method of treatment, namely, that of ascend-
ing from the simplest to the most complicated vegetable organisms. The histology
of plants has received careful attention, and the illustrations relating thereto are
very presentable. Mr. Oliver has not spared himself in preparing the index,
which is exceptionally full and judiciously arranged.”"—Science and Art.

_ “The aunthor's long and successful experience as a teacher has enabled him to
judge with aceuracy as to what is most needed, and in the selection of the matter
as well as in its arvangement, he has provided the student with a work which he



6 BLACKIE AND SON’S SCIENCE CATALOGUE

SCIENCE TEXT-BOOKS. ADVANCED SERIES— Contd.

will find invaluable in the early stages of his study. The diagrams are VEry
numerous, and are beautifully executed.”—Educational News.

It is an admirable and scholarly manual, and as such is certain to make its
own welcome in science classes as well as in the higher forms of schools. Illustra-
tions and diagrams are freely inserted in the text, and serve to render its explana-
tions clear."—The Speaker.

“We have much pleasure in recommending it to students about to enter on
advanced systematic work. . . . The illustrations are beautifully clear, and are
worthy of special attention.”—WUniversity Correspondent.

“*In short, this new introductory manual to systematic botany—which, by the
;:’a:-,', mtvery well illustrated—seems to us to form an admirable text-book."—The
ancet.

Earth-£dnowledge. A Text-Book of Physiography. By W. JErOME
HARRISON, F.G.S.,, and H, RowraND WAKEFIELD., 388 pages, f'cap
8vo, cloth, 35, Also in Two Parts: Part 1., 1s. 6d.; Part 1L, 2s.
;;Tthere can be no doubt about the usefulness of the book . . . it is excellent,”

—Nature.

“The matter is at once so gimply and so skilfully presented that the book will
be found a useful introduction to science in general.”—Glasgow Herald.

“The Earth Knowledge of Messrs. Harrison and Wakefield is an honest and
readable treatise on the science of physiography.”"—Knowledge.

‘“Bure to do some practical good to teachers as well as learners.”—Athenaum.

““This is an extremely valuable and interesting little book. 1t is the work of
practical teachers who are at the same time sound scientists. The geological
portions of the book are eminently reliable and quite up to the most modern
style of knowledge. We have tested the information by the most recent utter-
ances of our savants, and as a result, can confidently recommend the work.”—
Practical Teacher.

A Text-Book of Organiec Chemistry. By A. BERNTHSEN, Ph.D.
formerly Professor of Chemistry in the University of Heidelberg.
Translated by GEoree M‘Gowan, Ph.D. New Edition. Crown 8vo,
cloth, 7s. 6d.

“ This excellent treatize has been admirably translated, and a very useful addi-
tion has been made to the English scientific student’s library. As far as we have

tested it is accurate, and it is certainly sensible in arrangement and lucid in
style.”—Lancet. [See also page 2.

Deschanel’s Natural Philosophy. An Elementary Treatise
based on the Traité de Physique of A. Privar DEscHANEL, by Pro-
fessor J. D. EVERETT, M.A., D.C.L., F.R.8. 13th Edition. Medium 8vo,
cloth, 18s.; also in Parts, limp cloth, 4s. 6d. each. [See also page 2.

PART I.—Mechanics, Hydrostatics, &c. | PART IIL.—Electricity and Magnetism.

PART IT.—Heat. . PART IV.—Sound and Light.
¢ Probably the best hook on experimental physics we possess."—Academy.

¢ Systematically arranged, clearly written, and admirably illustr_ﬁ.ted, it forms
a model work for a class in experimental physics.”"—8aturday Review.

.
Elementary Text-Book of Physies. By Professor EVERETT,
M.A., D.C.L., F.R.S. Seventh Edition. F’cap 8vo, cloth, 3s. 6.
¢« After a careful examination we must pronounce this work unexceptionable,
both in the matter and the manner of its teachings."—Journal of Scienf:el.
“‘This hook of 300 pages well fulfils the author's intention of prrm'ldmg an
elementary text-book which may especially serve as an introduction. Tﬁature.
““ For the numerous class who wish to learn something of the main facts of
physies, this work will be found eminently serviceable,"—Athenaum.
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D&SEPigtivE Geometry: including Chapters on Plane Geometry
and Graphic Arithmetic. By Arex. B. Dopsig, BSc, * Young”
Assistant to the Professor of Civil and Mechanical Engineering,
Glasgow University. Crown 8vo, cloth, 2s, 6d.

Contd.

A little book possessing many good points, and one upon which great pains
have evidently been spent. There are about 350 diagrams in the book, all of
which have been carefully designed by the author, The diagrams and explana-
tory text are both extremely clear, and the problems well arranged. Elementary
courses in plane geometry and graphic arithmetic are included, and add to the
value of a book which we confidently recommend to the notice of teachers.”—
Nature.

“ Special features are Section II., giving the definitions of solid geometry in a
masterly way, the reduction of the number of problems to a minimmum, and the
clever and elaborate diagrams which have been designed by the writer himself.
Sections V. and VI. give introductions to the subjects of plane geometry and
graphic arithmetic."—Speaker.

“Includes elementary courses in plane geometry and graphic arithmetie, and
forms a useful and valuable addition to the series in which it appears.”—
Scotsman.

““Mr. Dobbie’s is an excellent little book of an elementary kind, in every way
suited to the use of students beginning the subject.”—School Guardian.

First Mathematical Course. Containing Arithmetic, Algebra,
and Euclid. F'cap 8vo, cloth, with Answers, 2s.; without Answers,
1s. 9d.; Answers separate, 6d.

** A capital handbook for junior students."—Academy.

**The value of the work depends chiefly on its exercises; and the collection is
admirably suited to the purpose for which it is intended."—Scots Observer.

“The explanations are necessarily condensed, but are clear and sufficient.
The very large number of exercises and problems greatly increases the value of
the book. "—Educational Times.

Theoretical Mechanies (Sorips and Liguins). By R. H. PINKER-
TON, B.A.,, Balliol College, Oxford. F’cap 8vo, cloth, 2s. Third Edi-
tion, suited to the amended Syllabus.

“Well suited for candidates in the Science and Art examinations. Tt contains
a vast number of capital exercises (with answers) for the student, with illustra-
tive examination papers by which to test his progress."—National Observer.

“The book may be used with profit by all elementary students of the subject.
Many examples, some of which are fully worked out, and a selection of questions
from the examination papers of the Department and the London Matriculation
are given."—Educational Times,

_ ‘"The book is replete with carefully worked out examples, so that the student
is largely independent of a teacher. Like all the works of this series we have
seen it is admirable. It is clear, concise, and practical, and well caleulated to
meet the purpose intended."—Practical Engineer.

“The proofs are given in a clear and logical manner, and many fully worked
out problems are added to the proofs to illnstrate the principles enunciated.
I'he engravings and diagrams are most abundant and admirably adapted to aid
the pupil in his study. We can speak of the volume in high terms, and can
strongly recommend it to the notice of those who take an interest in theoretical
mechanics, either as teachers or students. They will find the book a veritable
aid to a sonnd understanding of the subject.”—Schoolmaster.
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An Elementary Text-Book of Applied Mechanies. By
Davip AvpaNy Low (Whitworth Scholar), M.mstM.E. F'eap 8vo,
cloth, 2s.

‘A trustworthy and in all respects an excellent text-book.” — Practical
Teacher.

““This is an excellent little text-book. . . . The diagrams are especially
good, and the descriptive portions accompanying them are clear and concigse. A
striking and most useful feature will be found in the unusually large number of
examples following each chapter, typical examples also being worked out between
the articles. . . . The book is one which can be recommended, and will no
doubt be well received by teachers and students alike."—Nature.

“This is a very suitable text-book for students who are preparing for the
examinations of the Science and Art Department in applied mechanics. Care-

fully arranged exercises follow each chapter. The diagrams are clear and intelli-
gible."—Educational Times.

““The chapters are very full and accurate, and illustrated by an abundance of
guestions, some of which are solved as models, while the others are left for the
pupil’s practice."—8chool Guardian.

“We commend it highly for its clear and concise arrangement and method of

exposition, and for the large number of well-chosen examples w“i{:h are to be
found in it, and think it will be useful to a large class of students "—Industries.

Outlines of Natural Philosophy. (For subject Alternative
Physics.) By Professor J. D. EVEREIT, M.A., D.C.L, F.R.8. F'cap 8vo,
cloth, 4s.

Tt possesses all the systematic arrangement and lucidity of the author’s for-
mer publications, and the illustrations, which are abundant, leave nothing to be
desired."—Athenaeum.

‘¢ A ¢lass-hook that teachers will assuredly welcome for its lucid dealing with
the various branches. Special attention is devoted to electricity.”—Daily
Chronicle.

“ A text-book of high merit and utility.” —Scotsman. \

“The author has succeeded in avoiding technicalities, as far as is possible in a
book of this description; the explanations are concise and at the same time, with
very few exceptions, quite full enough.” —Literary World.

« My, Everett writes clearly as well as exactly, and his teaching is still further
wmplified and aided by the introduction of as many as 216 engravings on tvugd.
The book is admirably fitted to popularize a difficult but most valuable study.”—
Daily Review. : _

¢ The explanations are admirably lucid; there is a careful avoidance of techni-
calities; and in every branch of the science the very best methods have 'lh?}m
adopted to ensure a thorough grasp of the subject on the part of the student.” —
School Board Chronicle.

Light, Heat, and Sound. By Cuariks H. DRAPER, D.ScLond,
Ig-‘Iea.;lm aster of the Woolwich High School. F’eap 8vo, cloth, 2s.

“ Evidently prepared with great care.” —University Extension.

¢ A well printed and neatly illustrated book. The statements are clear and
accurate. We can cordially recommend it."—Practical Teacher. ”

¢« A yaluable addition to Blackie's series of science text-books. . . . For
fulness, accuracy, adaptability to its purpose, and we may add cheapness, we
strongly recommend this useful text-book. '—Schoolmaster.
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Magnetism and Eleetricity. By W. Jerome Harrisox and
CHARLES A. WHITE. F’eap 8vo, cloth, 2s,

“ We should award this volume a high place among books of its class. The
chapter on ‘ Potential ' is specially to be commended.”—Education.

“The subject is so gradually and so simply developed that it requires com-
paratively little effort to follow and to master the reasoning "—Educational
MNews.

Elementary Inorganic Chemistry. Theoretical and Practical.
With examples in Chemical Arithmetic. By Professor A. HuMBOLDT
SEXTON, F.R.8.E., F.LC., F.c.8. F'eap 8vo, cloth, 2s 6d. Specially
corrected to meet the 1894-95 Syllabus.

““ General principles are clearly laid down, and particular attention is devoted
to the important subject of chemical arithmetic."—Daily Chronicle.

“ A very well arranged and carefully written volume, and so far as it goes is
admirably adapted to impart asound knowledge of the general laws of the science
and of the nature and properties of many of the commoner substances. The
laws and generalizations are stated in a very clear and intelligible manner, any
exceptions to the general rules being noted, but no attempt being made to strain
any facts so as to make them conform to general rules.”—Pharmaceutical
Journal.

~ “Chemical Physics and Arithmetic receive a greater amount of attention than
is usual in such books; and the exercises, experiments, and guestions are well
selected.”"—National Observer.

“ Provides a very thorough conrse of study in all that is usually nnderstood by
‘elementary chemistry’. . . . In every respect the work is admirably adapted
to the needs of students. The chapters on chemical arithmetic are especially
full, the author giving due recognition to the importance of numerical work.”"—
School Board Chronicle.

“The book seems to us to be well up to date, and, in common with other
volmnes of the series, is very clearly printed. It is a welcome addition to a
valuable little series,"—Educational Review,

Chemistry for All, or Elementary Alternative Chemistry in accor-
dance with the Science and Art Syllabus. By W. Jerome Harrison,
F.G.8., and R. J. BaiLey. F'cap 8vo, cloth, 1s. 6.

“The matter contained in the bhook is aceurate, well arranged, and tersely
expressed. We can recommend this. Chemistry as one of the best, if not the best,
of its kind we have seen.” —Journal of Education.

“ Without the use of symbols and formule, the student will acquire from this
work a very fair knowledge of the subject, sufficient to enable him to pass on
without difficulty to the study of other sciences.”—University Correspondent.

** The little book before us might with profit be placed in the hands of all those
desirous of a sound acquaintance with the rudiments of chemical science. It is
clearly and simply written, the introduction of perplexing symbols and formulae
has been avoided, and many of the experiments, as will be obvious to the intelli-
gent reader, may be performed with the simplest of materials.”"—Lancet.

“Chemistry for All is the title of an admirable little primer which deals in a
clear and practical way with the elements of one of the most attractive branches
of science. . . . The young student iz not intimidated at the outset by the forbid-
ding hieroglyphics which bar the gates of knowledge in most books on chemistry.
Yet the treatise is the reverse of superficial, and those who master it will have
reason to congratulate themselves on having left behind the initial difficulties of
the science. The diagrams and other illustrations are not only nnmerous, but
of exceptional merit.”"—The Speaker. ’
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A Course of Qualitative Chemieal Analysis, Ixorcanic and
OrGanic, (Elementary and Advanced.) By Epcar E. HorwiLL,
¥.c.5, Lecturer in Chemistry at the Pupil Teachers’ Centre, Battersea,
Feap Svo, cloth, 25,  Specially corrected to meet the 1894-95 Syllabus.

“*We have been much struck with this little book. The method of approaching
the subject has the merit of originality; the arrangement is clear, the directions
concise, and the hand of the practical and experienced teacher plainly visible,
Science teachers in search of a book on gqualitative analysis are strongly recom-
mended to see this little work.”—Journal of Education.

* Amongst smaller school-books which call at least for a passing word of hearty
recognition is Qualitative Chemical Analysis, by Mr. Edgar Horwill, a text-book
which gives, in addition to exact information on the methods of chemical analy-
sis, many valuable hints to beginners.”—The Speaker.,

*The book is simply, clearly, and practically expounded in a manner that
should meet the needs of any beginner in chemistry."—Scotsman.

**The book is thoroughly practical, and does credit to the author.”—Science
and Art.

An Elementary Text-Book of Geology. By W. Jeroue Hag-
RISON, ¥.G.8,, Joint-Author of “ Earth-Knowledge ”, &c. F’cap 8vo,
cloth, 2s,

“ A elearly written, compact manual for elementary study of geology, and one
that commends itself to the scientific educator as well as to the scientist. The
opening chapters on the basis of geology are exceediugly satisfying, and the
arrangement of material throughout the book can hardly be improved."—Journal
of Education.

“This is one of Blackie's ‘Science Text-books', and one of the most excellent
specimens of that class of book that the beginner could have the good fortune to
meet with. A text-book usually tries to convey such a mass of information in a
small compass that it is bound to more or less pervert the truth by the mere pro-
cess of compression. Mr. Harrison has aimed at giving a wide, rather than a
full knowledge of his subject. In his definitions and explanations, he has taken
the greatest care really to meet the difficulties of the beginner, and has not been
content with hackneyed phrases.”—8pectator.

“ Singularly lucid in its explanations, and there is a crisp conciseness about
Mr. Harrison's style which makes us feel that we are in company with a teacher
who is successful as well as experienced.”—Education.

“The book is exceedingly well put together, and is the best text-book in this
branch of science for the beginner we have yet come across.”—Literary World.

¢ A good example of careful condensation and arrangement; small as the book
iz there is a unity about it, and the methodical hand of the teacher is apparent
throughout."—School Guardian.

Elementary Physiology. By Vincext T. MukcHE. Feap 8vo,
cloth, 2s.

““ We can confidently recommend this most admirable work.”—British Medical
Journal.

‘s This mannal is so simply worded, and yet so packed with information that it
will be found of the greatest use to young students. The sections are suitably
divided, and the four parts into which the book is split up are convenient for
study- There is an admirable feature about this little work which alone makes
it of unusual value; while the diagrams are printed in black, the names of the
geveral parts illustrated are printed in red.”—Education. :

“Tts teaching is sound, coneise, and up to date, and the cave with which the
little book is illustrated, leaves little to be desired either bv teacher or pupil."—

Hospital Gazette.
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Elementary Botany. By Joseru W. OLIVER, Lecturer on Botany
and Geology at the Birmingham Municipal Technical School. F’cap

8vo, cloth, 2s.

““Each part is well and carefully treated, the illustrations being particularly
good, though a large number have done good service before.”—University Corre-
spondent.

“The subject is clearly set out, and the book will certainly suit the require-
ments of those students for whom it is intended.”—Educational Times.

“ This well-written little manual bears a strong family likeness to the other
volumes of the series in the matter of admirably clear illustrations, pleasant t_'fg)e,
and good paper. Mr. Oliver deals first with general morphology, next with the
anatomy of plants, and then with their physiology. From this point he proceeds
to deal with flowers—their morphology and physiology—and in the concluding
chapters we have the classification and description treated. The illustrations are
very plentiful, and there is a capital index."—Education.

““The book is a credit to both author and publishers. It is distinguished by
accuracy, by remarkable clearness of statement, and, for its size, by great fulness,
The paper and print are all that could be desired, and the illustrations are excel-
lent. . . . Itis an enormous advantage to the young student to be able to obtain
in so small a compass, and for so low a price, the newest information upon critical
points. This feature alone places this little work far ahead of all competitors,
and as its merits become known, it will be ‘just the book I wanted' to both
teacher and student. . . . We strongly recommend to all concerned this capital
elementary botany, as providing not only a sure road to a ‘pass’, but also as
securing a sound knowledge of this interesting scignce."—Schoolmaster.

* May without exaggeration be pronounced to be one of the best of our existing
elementary treatises on botany.”"—Midland Naturalist.

Elementary Text-Book of Coal Mining. By Roserr PEEL,
Mining Engineer, Member of the North of England Institute of
Mining and Mechanical Engineers, and of the British Society of
Mining Students. With many illustrations, and a coloured Map of
the Coal Fields. ¥’cap 8vo, cloth, 2s. 6d.

** Elementary students of coal mining will find Mr. Peel's book a very excellent
guide in their early studies, and even advanced students may refer to it with
advantage. It deserves a place in all collections of mining literature."—Science
and Art of Mining. :

*The volume will be found extremely useful, and we have pleasure in recom-
mending it not only to those students who are desirous of becoming colliery
managers, but to all underground workers, for whom a knowledge of the nature
of their hazardous employment may be said to be absolutely necessary. The
book is well illustrated, and a useful glossary of mining terms has been added by
the author.”—Coal and Iron.

* Mr. Peel's class-book is the best we have seen, and will prove of the rreatest

service, as we have already suggested, to both the engineering student and the
working miner himself."—Daily Chronicle.

*“ We can recommend this admirable text-book to all who are entering upon the
study of the theory of coal mining.” —Colliery Manager.

' There is a completeness and a common sense abiout this book which we could
wish to see repeated in many similar text-books. . . . We would recommend
natural science teachers, teachers of commereial geography, and the like, to make
themselves acquainted with Mr. Peel's excellent manual, in order that they may
occasionally bring before their pupils a resumé of the great coal industry of this
country, and in doing this they will be much helped by the clear diagrams which
are contained in the work, and could be very easily reproduced upon the black-
board."—The Educational Review.
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““This little book is written on the right lines. Its author is an engineer who
has in his own person proved the value of a grasp of principles in carrying out
practical colliery work. He moreover seems to have had some experience in
teaching, and it is probably to this that he owes the clearness of statement and
sense of proportion which form a special merit of his handbook, At any rate,
he has supplied elementary students of coal mining with an excellent introduction
to the larger and more extensive treatises on the subject. The illustrations are
iltteupmg with the text—simple, intelligible, and without unnecessary detail.”—

enaaum.

Elements of Metallurgy. By W. Jerome HARRISON, ¥.6.5., and
WiLrtiam J. HagrricoN, Jun. Fully illustrated, 250 pages. F'cap
8vo, cloth, 2s. 6d. [Just Published.

Earth Knowledge. Parr I. A Texr-Book oF ELEMENTARY
PHyYs106RAPHY. By W. JEroME HaRRISON, F.6.8., and H. RowLAND
WakerigLnp., Fleap 8vo, cloth, 1s, 6d.

See reviews under Earth Knowledge on page 6.

Elementary Agriculture. Edited by R. P. WricHT, Professor
of Agriculture, Glasgow and West of Scotland Technical College.
F’eap 8vo, cloth, 1s. 6d.

“It is as useful and trustworthy a little treatise of the kind as we have seen.”
—Nature.

‘“ As a text-book it is thoroughly trustworthy. Professor Wright has compiled
the matter with great care and marked ability.”"—Irish Farming World.

“We have pleasure in bringing this useful little work before the notice of
those readers who have written to us for guidance as to the books they should
study. It is especially suited for that large body of students who have to get on
as best they can without ° class’ teaching, and by them the examination papers
will be found most valuable."—Farm and House.

““There must be hundreds of schools, in purely rural districts, to whose educa-
tional curriculum such a hand-book as this must be specially suitable.”—School
Board Chronicle.

Elementary Hygiene. By H. Rowraxp WaKEFIELD, Science
Demonstrator, Swansea School Board, Joint-Author of Earth- Know-

ledge, &e.  F’eap 8vo, eloth, 2s.

““ After careful examination, we are glad to say that this work is not only
accurate but embraces many of the latest ideas on these subjects. The suggestive
chapters on school hygiene should be of interest to every teacher. A good
system of arrangement and clear exposition are noteworthy features of the
book. The illustrations are thoroughly good and suited to the text.”"—dJournal
of Education.

“ There ean be no doubt as to the educational value of this lucid, orderly little
work, which, moreover, can be cordially recommended to those who have no fear
of examiners before their eyes. It isas interesting and easy to read as many a
popular magazine.” —Guardian,

“This is one of the very best elementary text-books of hygiene. It is clearly
and sensibly written, up to date, and well illustrated. The chapters on construc-
tion of dietaries, school epidemics, and school furniture are especially excellent.
—Educational Times.

“ A capital little book, and useful to everyhody. "—Educational News.
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GUIDES TO THE SCIENCE EXAMINATIONS.

A Series of Aids for Students preparing for the Examinations of the
Science and Art Department, with Hints how to work the Papers,
and ANswgERS TO QuEsTIONS. IEdited by W. J. HARRISON, Answers.
by leading Specialists in the respective subjects.

ELEMENTARY SERIES—&6d. each.

APPLIED MECHANICS (Ans. 1884-94). MAGNETISM AND ELECTRICITY (Ans.
THEORETICAL MECHANICS (1887-94). ’ 1883-04). ol fetaled
HEMISTRY (Ans. 1882-04).
BOTANY (Ans. 1884-94).
- : } FIRST STAGE MATHEMATICS (1883-04).
BHIBIGIOR IS v ) ALTERNATIVE CHEMISTRY (Ans. 1887-04)
PHYSIOGRAPHY (Ans. 1882-04). n el :

GEOLOGY (Ans. 1883-04).
AGRICULTURE (Ans. 1884-94). 4OUND {I.IGHT AND HEAT (Ans.

MINING (Ans. 1884-94), 1886-04).

METALLURGY (Ans. 1888-04). HYGIENE (Aus. 1886-94).
ADVANCED SERIES—g&d. each.

PHYSIOGRAPHY (Answers (1884-04). AGRICULTURE (Answers 1885-1804).

HYGIENE (Answers 1886-04). CHEMISTRY (Answers 1886-1804).

HEAT (Answers 1881-24). |

Test Papers in Mathematies. Adapted to the requirements of
Stage I. of the Science and -Art Department. Arranged by R.
RoBeEr1s. 32 Papers—480 Examples, Price 6d.

CHEMISTRY DEMONSTRATION SHEETS.

These present in bold outline the Apparatus used in the experiments of
a First Course, and underneath each Diagram is set down the
Chemical Formula of the experiment. Hight sheets in the Set,
printed on strong manilla (37" x 28”), on rollers; each sheet, 35, 6d.
The following are the several sheets:—

SHEET 1. Preparation of Gases: H, CO,, HaS.
., 2. Preparation of Nitrogen from Air and from Ammonia.

v 8. Preparation of Hydrogen from Steam. Metals which decompose
steam at a red heat—Fe, Mn, Cr, Zn, Ni, Co.

Preparation of Nitrous Oxide, :uld Preparation of Nitrie Oxide.
Manufacture of Sulphuric Acid Demonstrated.
Gravimetric Composition of Water.
Yolumetric Composition of Gases Hy,0, HC1, N.0.
Equivalence, Valency, or Atomicity Table.
Leduced facsimiles and full Progpectus on application.

H
-
S oo

o0

“We have no hesitation in saying that they are just what is wanted, and we
strongly recommend teachers to avail themselves of the great aid thus ‘afforded
at a comparatively small expense. Such figures hung on the walls of lecture-
rooms, so as to frequently present themselves to the eye of the student, will tend
to fix i 111 his memory the ideas and facts which it is the ohject of the charts to
convey."—Science and Art.
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BLACKIE'S SCIENCE FOR BEGINNERS.
Agriculture for Beginners. 144 pp., cloth, 15 Also in three
arts, paper 3d.; cloth, 4d. each,

Chemistry for Beginners. By W. Jerome Hagrrisox. 144 PP
cloth, 1s. Also in three Parts, paper, 4d.; cloth, 5d. each.

Animal Physiology for Beginners. By Viscext T. Murcug
144 pp., cloth, 1s. 6d. Also in Parts, Parr L, paper, 4d.; cloth, 5d.
Parts I1. and I1L, paper 5d.; cloth, 6d. each.

Mechanies for Beginners. 220 pp., cloth, 1s. 6d. Parr 1,
pnpher, 4d. ; cloth, dd. Parrs IL and III., paper, 5d.; cloth, 6d.
each,

Botany for Beginners. By Vincent T. Murent. 144 pp., cloth,
ls. Also in three Parts, paper, 3d.; cloth, 4d. each.

Magnetism and Eleetrieity for Beginners. By W. G.
BAKER, M.A. 144 pp., cloth, 1s. Also in three Parts, paper, 3d.;
cloth, 4d. each.

SCIENTIFIC AND TECHNICAL TREATISES,
HANDBOOKS, &c.

The Movements of Respiration and their Innervation in
the Rabbit. By Max MaARCKWALD, M.D. Translated by THoMAs
ARTHUR Hare. Illustrated. Super-royal 8vo, eloth, 10s,
¢ . . . Possesses so many points of importance which have hitherto been

overlooked, that we think all persons interested in this branch of medical science

should obtain it. The book contains quite a number of charts, all of which are

well executed and appropriate, which is a good deal more than can be said of
many similar works.”"—University Medical Magazine.

““The book is wonderfully well illustrated by tracings and its value is greatly
enhanced by their clearness and careful execution. We sincerely hope that all
interested in nervous mechanisms, even elsewhere than that of respiration, may
show their appreciation of the work. Many lines of original research open
themselves after a perusal of its pages, and questions of vital interest are
answered with clearness and exactitude.” — International Journal of the
Medical Sciences.

The Natural History of Plants: Their Forms, Growth, Repro-
duction, and Distribution. From the German of AxtoN KERNER
vON MARILAUN, Professor of Botany in the University of Vienna.
Translated by F. W. OLIVER, M.A., D.Sc,, Quain Professor of Botany in
University College, London, with assistance of MARIAN BUsK, B.Se,
and Mary Ewagrt, B.Se. With about 1000 original Woodeut Illus-
trations and Sixteen Plates in Colours. Issued in Sixteen Parts
imperial 8vo, published monthly, price 2s. 6d. each net; also in four
half-volumes, at intervals of four months, 12s. 6d. each net. [See p. 2.

¢ Professor Anton Kerner, of Vienna, has long been recognized as one of the
ablest exponents in Europe of the science of botany, and his Prianzenieben is a
standard work., . . . The irksome task of translation has been excellently
accomplished, and in a manner which preserves the literary charm of the original
text. Professor Kerner's book, though written on popular lines, is both sclrmIanv
and exaect in statement, though needless technicalities have been avoided."—The

Speaker.
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SCIENTIFIC TREATISES, &c.— Continued.

Seience Teaching in Schools. By Hexry DYER, M.A, D.Sc, &c.
With Appendix containing Science Curricula of various Educational

Institutions. Crown 8vo, cloth, 2s.

“Tt is pleasant to come across a hook so sensible and shrewd as Dr. Henry
Dyer's Science Teaching in Schools.”—The Speaker.

“Tt is really worthy of publication, purchase, perusal, and attention.”—
Educational News.

“ Dr, Dyer's hook deserves to be widely read, not only for its sound views on
science teaching, but for the enlightened and generous view which he takes of
education as a whole."—Glasgow Herald.

“We recommend to candidates of all grades for the office of teacher his
remarks on the place in education of experiments, examinations, and imagina-
tion."—Athenseum.

“One can see that the writer has an intelligent idea not only of the subjects
which should be included in a good scheme of education but also of the methods
of instruction necessary to be adopted.”—Schoolmaster.

The Steam Engine: A Treatise on Steam Engines and Boilers.
By Dawien Kinwear Crarx. Two vols., super-royal 8vo, cloth,

H0s. net.

“Mr, Clark's book is an improvement on former works in arrangement, in
concentration, in selection of subjects.”—The Engineer. 2

““Omne of the most comprehensive treatises on the steam engine yet published,
and may be relied upon as indicating the latest practice of engineers.”—Iron.

““ A work of the greatest value to all interested in the construction and use of
the steam engine. . . . It will, we think, be found indispensable in engineer-
ing works, and of the greatest value to the student."—The English Mechanic.

*This treatise amply sustains My, Clark’s reputation as an author. It is written
in the same clear and accurate style that characterizes his other works, and as
the bulk of the work and the numerous diagrams indicate, he has not, like many
other writers on the steam engine, sacrificed clearness to brevity. The work is
eminently a practical one. Altogether it is the most satisfactory general treatise
on the steam engine which has appeared in the English language.”—The En-
gineering and Mining Journal (New York).

A Manual of Rules, Tables, and Data, for MecHANICAL EN-
GINEERS. Based on the most recent investigations. By DANIEL
Kixyear Crarg, author of “ Railway Machinery”, &e. &e. Illus-
trated with numerous Diagrams. Fourth edition, large 8vo (1000 pp.),
cloth, 16s.; or half-bound, 20s.

“The book supplies a want long felt by mechanical engineers. It constitutes
the best volume of reference we know."—The Engineer.

““We regard the book as one which no mechanical engineer in regular practice
can afford to be without.”"—Engineering.

The Carpenter and Joiner’s Assistant. By James New-
LANDS, late Borough Engineer of Liverpool. Being a Comprehensive
Treatise, theoretical and practical, on the selection, preparation, and
strength of Materials, and the mechanical principles of Framing,
with their applications in Carpentry, Joinery, and Hand Railing, &ec. -
Illustrated by above 100 engraved Plates, and 700 figures in the
text. Super-royal 4to, half-morocco, £2, 15s.

“We know of no treatise on carpentry and joinery which at all approaches

this in merit. . . . We strongly urge our practical mechanics to obtain and
study it.”—Mechanics’ Magazine.
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SCIENTIFIC TREATISES, &c.—Confinued,

The Practical Measurer: A Series of Tables for the use of
Wood Merchants, Builders, Carpenters, Joiners, Sawyers, Plasterers
Painters, Glaziers, Masons, Bricklayers, &e. With a treatise on tln;,
Mensuration of Superficies and Solids, Illustrated with Diagrams
and Examples. By ALEXANDER PeEpDIE. Feap 8vo, bound, 7s. 6d.

The Agrieulturist’s Caleulator. A Series of Forty-five Tables
for Land Measuring, Draining, Manuring, Planting, Weight of Hay
and Cattle by Measurement, Building, &e.; forming a complete
Ready Reckoner for all engaged in Agriculture. 16th thousand.
Feap 8vo, bound, 9s.

e e

MATHEMATICS,

Euclid’s Elements of Geometry. With Notes, Examples, and
Exercises. Arranged by A. E. LayNe, m.A., Headmaster of Stafford
Grammar School; formerly Scholar of Sydney Sussex College, Cam-
bridge. Books I. to VI, with XI, and Appendix; and a wide
selection of Examination Papers. Crown 8vo, 4s. 6d.

Books 1. to IV. in one vol., 2s. 6d. Book I, 1s.; 11, 6d.; IIL,
1s.; IV., 6d.; V. and VI. together, 1s.; XL, 1s. 6d.

KEY to Book 1., 2s. 6d.; to complete Euelid, 5s.

The system of arrangement allows enunciation, figure, and proof to
be all in view together. Notes and Exercises are directly appended
to the propositions to which they refer.

“The demonstrations are neatly and concisely put, with a line for each step
in the argument, and we detect no violence done to the text. . . . From its
excellent arrangement, and the beauty of the type and diagrams, we should think
that Mr. Layng's Euclid will become a favourite with many teachers.”"—
Saturday Review.

“The special features of the work are the use of symbols, great clearness in
the arrangement of the argument, and the exercises at the end of each proposi-
tion, which are those of a practical teacher, who knows the capacity of an ordin-
ary schoolboy's intelligence. Those on the definitions are especially good, and
will prove most suggestive to young and inexperienced teachers.”"—Spectator.

““The subject is made really interesting as well as instructive. . . . The
more we have looked into this Kuelid the higher has been our appreciation of its
merits,"—Schoolmaster.

“This is one of the best Euclids, if not the very best, we have seen. There is
conciseness in the proofs which we have not yet met with, and the fact that the
text is so arranged that the enumeration, figure, and proof of each proposition
are all on view together, must prove of great assistance to the student. There
are also many additional examples, from easy to rather difficult, which add still
further to the value of the work. We need scarcely add that the printing is

excellent.”—Civil Service Gazette.
“« The nearest approach we have met with to the royal road to learning Ewelid s

Elements of Geometry, and we advise any whose lot it is to teach or study this
subject to put himself into possession of a copy at once.”—Teachers’ Aid.
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MATHEMATICS—Continued.

Blackie’s Euelid and Mensuration for Beginners. The
first two books of Kuclid (with Exercises), and easy Exercises in
Mensuration (with Answers). Cloth, 6d,

“Those who want a useful class-book for the subjects mentioned, and ave
pressed in point of price, may go farther and fare much worse. We can heartily
recommend this Fuclid and Mensuration to our readers."—Schoolmaster.

Elementary Mensuration, LiNes, Surraces, AND Sonmps, With
Numerous Exercises. By J. MaArTIN. F'eap 8vo, cloth limp, 10d.

“This will be a useful book in schools in which elementary mensuration is
systematically taught.”"—S8chool Guardian.

“ A valuable manual of mensuration. It pretends to nothing beyond the plain
rules of measuring; but as a practical guide to the measurements of everyday
life it will be found all that could be desired. The rules are plain, the illustra-
tions simple, and the exercises sufficiently numerous and varied to insure a
thorough understanding of the subject.” —Educational News.

Preliminary Algebra. By R. Wyke Bavriss, B.A., Vice-Principal
of the United Service Academy, Southsea, formerly Scholar and
Prizeman of Peterhouse, Cambridge. F'eap 8vo, cloth, 2s.

1t is one of the most concise, compact, and practical elementary handbooks
of alzebra to be met with,”"—The Bookman.

“This is distinctly a modern treatment of algebra. There is a freshness about
the volume which pleases us. 1In his treatment of factors the author has put
things so plainly that the student who does not understand the subject cannot
fail to get help here. 1In faet, all through the book methods are explained and
examples given which will prove of inestimable value to those weak in this sub-
ject. For elementary school use and preliminary purposes it is the book to
adopt.” —Teacher's Aid.

A capital little text-book, copiously supplied with definitions explanations,
and examples—worked and unworked.”—Board Teacher.

 Teachers of elementary mathematics should make a point of seeing this
book."—8choolmaster.

““The explanations are brief but clear, and the exercises thereon abundant.”—
Academical Review,

Algebraic Faectors. How 1o FIND THEM AND HOW T0 USE THEM ;
Factors in the Examination Room. By Dr. W. T. Knigar. F'eap
8vo, cloth, 2s. KEgy, 33 6d. :

~ “There is no doubt that a knowledge of algebraic factors is of the greatest

importance to a beginner in mathematics, and in Mr. Knight's little volume the

student will find an excellent manual for every-day practice. It certainly does

ill‘[ﬂti{:e to the subject, and may be confidently recommended.” —Educational
imes,

“* This book-—the general plan of which is to show the most useful methods of
obtaining factors, and to illustrate the more important uses to which they can he
put—will prove invaluable to young students. The formulme arve well arranged
with due regard to their comparative difficalty, and are applied first to simplé
expressions, and afterwards to those of a more intrvicate character.”—School
Guardian.
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MATHEMATICS—Continued.

Algebra: uvep 10 AND INCLUDING PROGRESSIONS AND SCALES OF
Norarron 3 for Schools, Science Classes, Pupil-Teachers, Students,

- &e. By J. G. Kgrg, m.a., Headmaster of Allan Glen’s Technical
School.  F’eap 8vo, cloth, 2s. 6d.

A well-arranged, clear, and useful little book.,”" —Athenaum.

*The book is admirably arranged, well printed, and answers to the * two-hours’
papers ' are given at the end.”"—Journal of Education. -

““The distinctive feature of this algebra is the way in which explanations and
examples are combined, The steps taken are easy and carefully graduated. A
pupil might take up the book and almost without the aid of a teacher, go
through it from beginning to end. It includes all that is necessary for any
examination in elementary algebra, up to and including quadratics, progressions,
ratios, and scales of notation. The explanations are remarkably clear and con-
cise, and the examples varied and plentiful. We have had great pleasure in
examining the work, and can cordially recommend it.”"—Practical Teacher.

Elementary Algebra. From Notation to BEasy Quadratic Equa-
tions. F'cap 8vo, cloth, 1s. 6d. With ANSWERS, 2s.

““ A very good book indeed. . . . The examples are numerous and the explana-
tions clear."—Schoolmaster.

“There is a large and good collection of exercises, several worked out for
illustration, numerons test papers and answers. The book is neatly got up, and
the compiler has made a judicious selection of book work."—Academy.

““1t is simple all the way along, and the exercises are not stiff beyond the usual
level of the examinations., There is a good supply of test papers.” —8chool
Board Guardian.

‘¢ As an introduction to the science, for both elementary and secondary schools,
it would be difficult to find one of equal merit."—Schoolmistress.

Blackie's Algebra for Beginners. From Notation to Simple
Hquations and Square Root. With ANswERs, cloth, 6d.

“The simple explanations and abundant examples supply ample means for
giving an excellent grounding in elementary algebra. Answers are appe:z:IE{[lnt
the end of the book. We wish the work the success that it well deserves. —

Schoolmaster.

Mathematical Wrinkles for Matrieulation and other
Exams. Consisting of Six Sets of London Matriculation Papers in

Mathematics, with full Solutions. By Dr. W. T. KNieur. IF'eap
8vo, cloth, 2s. 6d.

“The work is thoroughly done, and the result is a book likely to be very ser-
viceable to students.”—Academy.
“ The utility of such a work as this to matriculation candidates is obvious, and

we are of opinion that it will prove equally valuable to students preparing for
any examination in elementary mathematics.”"—School Guardian.

¢ . . Will be of great service to those who, having studied from the text-
hooks. with or without the aid of a teacher, are desirous of forming a fairly carrﬁx:t
eatim:;.te as to the difficulty of the subject, and their ability to pass through it."—
Board Teacher. .
i« A hook of ‘reminders’ and ‘suggestions .”—Journal of Education.
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MATHEMATICS—Continued.

Elementary Text-Book of Trigonometry. By R. H.
PINKERTON, B.A., Balliol College, Oxford; Lecturer, University

College, Cardiff. F'cap 8vo, cloth, 2s.

¢ An excellent elementary text-book likely to be found very useful as a means
of preparing for examinations. . . . The exposition and demonstration of
principles are remarkable for clearness and fulness, the Iwm’k favourably con-
trasting in this respect with the text-books of former days. '—Athenaeum.,

“ It everywhere shows evidence of thoughtful arrangement, and is not by any
means a rechauffé of previons works on the subject. . . . Clearness of
arrangement and of exposition commend the work to students who are reading
up for the science and art and similar examinations.”"—Academy.

“ Seems well adapted for ‘students preparing for University pass examinations,
and other examinations in which elementary trigonometry is needed’. We have
not detected any want of aceuracy in its pages.” —Saturday Review.

“We have little but praise to give Mr. Pinkerton's little book, treating, as it
does, in a lucid form, of plane trigonometry as now taught. One excellent
feature is the number of numerical examples supplied in it."—Knowledge.

An Introduction to the Differential and Integral Cal-
culus. With examples of applications to Mechanical Problems,
By W. J. MiLLAR, 0.E. F’cap 8vo, cloth, 1s. 6d.

“Will be helpful to engineering and mechanical students who have not the
time, nor perhaps the mathematical ability for advancing further into the
subject."—Academy.

‘Tt is clearly written, the examples are well chosen, and it is on the whole
wonderfully accurate. . . . We cordially hope that the little book may attain its
object of smoothing and rendering attractive to practical engineers the rather
forbidding pathway leading to the higher mathematics."—Mature.

““ His explanations of the elementary principles of the caleulus are clear, his
illustrations well chosen, . . . The book is pre-eminently a pleasant, handy, and
useful compendinm.”"—Journal of Education.

“This little treatise is worthy of the attention of mathematical students: its
merits are the simplicity of treatment, and the practical character of the ex-
amples."—Schoolmaster.

““This little book is deserving of recognition from engineer students, because
it embodies an effort to provide them with ‘an outline of the principles of the
caleulus’, and examples of these principles similar to those likely to occur in
practice. The value of such a work has long been admitted. . . . It is practical
from beginning to end." —Engineer,

‘“*A safe and easy introduction to our best works on mechanical philosophy,
and ought to find a place in every engineer's library . . . the cheapest eighteen
pence worth of pure and applied science recently published in the United King-
dom."—Indian Engineer.

Examination Arithmetie: Containing 1200 Arithmetical Pro-
blems and Exercises (with Answers). Classified by I 8. Harvgy.
Cloth, 2s. KEgy, containing the Problems fully worked out, cloth,
4s. 6.

“We have no hesitation in saying that of all the examination arithmetics
which have come under our notice—and they are not a few—this is by far the
best.”"—The Practical Teacher.
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MATHEMATICS—Continued.

Merecantile Arithmetic for Commercial and Continuation Classes.
By E. T. PickeriNG, Accountant to the Birmingham School Board,
formerly Lecturer on Mercantile Arithmetic at the Birmingham and
Midlands Institute. ¥ cap 8vo, 1s. 6d.

‘It is thoroughly practical, and in the explanations there is no waste of words,
The anthor is particularly lucid in his explanations of stocks and shares, foreign
exchanges, and the metric system."—Glasgow Herald.

‘“ Mr. Pickering's book will prove a treasure for those for whom it is intended.’
—Capitalist.

“ This book is an invaluable addition to the enormous library of arithmetical
treatises,”" —Educational News.

““As a preparation for a commercial life we know of no better book on this
subject in the market, and teachers who are conducting classes under the County
Councils in commercial subjects will find the materials of Mercantile Arithinetic
all r-iad_}r to their hands. We heartily recommend it to the profession.”—8chool-
master.

A Practical Arithmetie on an entirely new method for Schools,
Colleges, and Candidates preparing for Civil Service, University
Local, and other Examinations. By Jon~ JacksoN. Third Edition.
416 pp., f'cap 8vo, cloth, 4s.

“F¥rom the beginning to the end not fanciful quibbles, but operations of con-
stant occurrence in business transactions are provided for the student. The
book 1s a mine of examples."—Educational News.

“The new methods of working long division and proportion here set forth will
be found invaluable.” —Educational Times.

“This book . . . deserves to be commended as eminently practical and
scientific. . . . The rules laid down are lucid, and the methods exemplified
are simple in the extreme. . . . It is altogethier a very carefully prepared

educational manual, which we can thoroughly recommend to students of arith-
metic."—GCivil Service Gazette.

“ Any person who desires to become a good practical arithmetician, or to take
a respectable place at a public competition, should lose no time in procuring a
copy. "—Irish Teacher.

LONDON: BLACKIE & SON, Livmep, 50 OLD BAILEY, E.C.
GLASGOW AND DUBLIN. :















