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8 ANATOMY AND PHYSIOLOGY

already mentioned. Once more, if one could examine the
head when divided across above the ears and eyebrows into
upper and lower parts, one would find a cavity the walls of
which are constructed of similar materials. Of these several
materials we shall now speak.

THE SKIN AND ITS FUNCTIONS.

The skin consists of two parts: (1) The outer, called the
euticle or scarf-skin, which peecls off in large scales during
convalescence from scarlet fever and some other diseases, and
less visibly during washing of the hands ; (2) the cutis vera, or
the true skin, thicker and of finer texture. Itcontains nerves
and bloodvessels. Further, in the skin are hair tubes, or
follicles, especially numerous where the hair grows thick ; and
in these the roots of the hair receive nourishment and trans-
mit it to the hair. Lastly, in the skin are glands: (1) seba-
ceous (oily) glands, which lubricate the hair and give it a
natural gloss ; and (2) sweaf glands, from which wells out
perspiration over the surface of the skin.

The following are the functions of the skin: (1) To regulate
the temperature of the body. This is done by the blood-
vessels of the skin carrying blood to the surface of the
body, and the outpouring of sweat from the sweat-glands,
According to the state of dilatation or contraction of these
vessels, more or less blood is carried to the surface, and
consequently more or less heat given off by radiation. In
hot climates gas-stokers and firemen throw off as much
as 4 pounds of sweat in an hour, and yet their tempera-
ture is only about 98-4° F. (2) The skin drains off waste
matter by the sweat-glands, and its importance as a drainage
channel for waste matter should be clearly recognized.
(3) External sensation is communicated from the skin. When
people are frost-bitten they have no sensation in the part
affected. (4) The skin is a protection and support to under-
lying structures. (5) It has a slight power of absorption, and
that is why medicated ointments are rubbed into the skin.




FAT AND ITS FUNCTIONS |

FAT AND ITS FUNCTIONS.

Deeper than the skin is the fatty coat, which varies in
thickness in different individuals. It is composed of minute
fatty globules, in cells bound together in a fibrous meshwork.
These globules are in the living body in a fluid, oily state.
The functions of fat are: By its softness and elasticity the fat
is well suited to cover and protect the underlying muscular
structure, and in certain parts where padding is necessary it is
found in more abundance. Fat helps to maintain an equal
body-temperature, and is a protection from cold. It is also a
storehouse of fuel, and people deprived of food literally live
on their fat.

MUSCLE AND ITS FUNCTIONS.

This is the material which forms the flesh of animals. The
flesh, if carefully dissected, is seen to consist of several distinct
muscles, each enclosed in a sheath, and attached to the bones
at its extremities. The attachments are usually by sinews or
tendons, which are white and fibrous. The tendon attached to
the fixed bone is the tendon of origin, and that to the moving
bone the tendon of insertion. DBetween the origin and insertion
of the muscle is a joinf. The muscular structure of the body
makes up its chief bulk, and is nearly half the weight of the
body. The muscles, upwards of 500 in number, are mostly
under the control of the will, and are then termed voluniary.
They are the muscles which contract and move the limbs
about as the will directs, In addition to these are other
muscles and groups of muscular fibres, over which the will
has no control, and they are termed involunfary. These act
whether we are asleep or awake—e.g., the muscular walls of
the stomach, the intestines, the bloodvessels, ete., are in-
. voluntary. Under the microscope muscle is seen to consist
of fine fibres of two kinds, fransversely strialed or striped and
non-striated or unsiriped. Striated muscular tissue is found in
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the woluntary muscles, while non-striated muscular tissue it
found in the tnvolunfary muscles. The muscle of the heart
forms an exception ; though involuntary, it is faintly trans.
versely striped.

The functions of muscle are : Muscular fibres have a power
of contraction by which they shorten themselves, and so move
the bones upon each other. They also are elastic, so that when
one set of muscles acts—for example, to bend the arm—the
opposite set relaxes or is stretched. These two functions, or
uses, of muscle, contractility and elasticity, belong to the two
kinds of muscle already mentioned—the voluntary and in-
voluntary. The movements of the limbs, of the head and
neck, ete., are wolunfary ; but such movements as those of the
heart and lungs, stomach, and intestines, are involuniary, and
each kind of movement has its own kind of muscle. The
functions of the muscular system will be again referred to.

BONE AND ITS FUNCTIONS.

On sawing or breaking any bone through, it will be seen that
the outside layers of it are hard and compact, like ivory, while
the inner part is more or less open in structure. If the bones
were compact all through, they would be of much greater
weight and of no greater strength, while the present arrange-
ment allows for easy nutrition and growth. At the ends of
the long bones and in the cancellous tissue of short bones and
the ribs is a substance called red marrow, because it is very
vascular. In it both red and white blood corpuscles are
formed.

The functions of bone are: It serves to support the softer
structures in their proper places ; to keep all parts connected
and braced together; to protect internal structures from
injury ; and to enable the body and limbs to be moved in
various directions.
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THE FRAMEWORK AND MOYEMENTS OF THE
BODY.

In the skeleton, or bony framework, there are over 200 bones,
which are of three kinds: (a) long bones; (b) short bones ;
and (¢) flat bones. The most important of the long bones
are to be found in the limbs, and the ribs also belong to this
class. Of short bones we have examples in the small bones of
the wrist, hand, ankle, foot and face. The flat bones are seen
in the os innominatum (haunch-bone), in the scapula (shoulder-
blade), and in the bones of the cranium (skull). A few bones,
such as the verfebre, are irreqular.

The skull is formed of twenty-two separate bones. Of
these, eight belong to the cranium and fourteen to the face.
The cranial bones are the fronfal, forming the forehead ; the two
temporals, helping to form the temples ; the two pariefals, com-
pleting the vault and sides of the skull ; the occipital, forming
the back and part.of the floor of the skull; and the sphenoid
and efhmoid, which form the centre and front of the floor.

The most important bones of the face tc remember are—

The nasal, forming the bridge of the nose.

The malar, or cheek-bones,

The superior maxillary, or upper jaw, which contains the
upper row of teeth,

The inferior maxillary, or lower jaw, which contains the
lower row of teeth.

The spinal column, or backbone, is the principal support of
the body, and without it the skeleton would fall to pieces.

It consists of thirty-three small bones, called vertebre. The
upper twenty-four of these are jointed movably to each other,
and form a flexible column, which resembles a cane walking-
stick. The next five are welded together into one piece, the
sacrum, which with the two haunch-bones forms the strong
. pelvic girdle. The remaining four vertebrs are very small,
and are attached to the lower end of the sacrum. They form
the coccyz, which is the human remnant of the tail of the lower
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of this is that the radius is jointed both to the wrist and to the
ulna below, and, carrying the hand with it, is crossed over the
ulna when the palm is looking behind. When the palm is
looking forward, the bones of the forearm are side by side, and
the position is ealled supination ; when looking backwards, the
radius is erossed over the ulna, and the position is called
pronation. '

The lower limbs hang on the hip-bones, which are fixed
to the sacrum behind and to each other in front, thus forming
the pelvis. In each half (right and left) of the pelvisis a deep
socket, in which the knob, or head, of the femur lies, forming
the hip-joint. The femur, or thigh-bone, is the largest bone
in the body. It forms at its lower end, with the fibia, the
knee-joint. Over this joint lies a flat bone—the knes-cap, or
patella. The bones of the legs are the fibia (shin-bone) and the
fibula, which is the outside bone. These two bones at their lower
end form, with one of the bones of the foot, the ankle-joint.

Joints are of two kinds—movable and immovable. The
bones of the cranium, for example, are jointed immovably ;
they do not play upon each other. The bones of the vertebral
column have no joint-movements proper, and are therefore
properly called immovable joints. But they are provided with
pads of cartilage, which by their compressibility and elasticity
allow of some movement between adjoining bones; by multipli-
cation of bones the range of movement in the vertebral column
is considerable. This column, in fact, when separated from its
surrounding soft parts, almost resembles a cane in its degree
of flexibility. Movement is effected by the placing together
of two free surfaces of bone, which are covered with polished
gristle ; and the joint being lined with a smooth shining
membrane, the ends of the bones play easily upon each other.
Bones are bound together by fibrous bands called ligaments,
80 that in movement one bone surface is not dislocated from
-the other ; such surfaces are lubricated by a fluid called synovial
fluid. Some joints are capable of a wider range of movement
than others; these are the ball-and-socket joints, such as the
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which bend a limb are called flexors; those which straighten a
limb are called extensors.

The act of standing is a muscular act, for without the
antagonistic action of several groups of muscles balance would
not be preserved, and it would be impossible to maintain the
erect position. Many of the muscles of the face are extremely
small and delicate, and the manifold expressions of which the
face is capable are due to their endless variations and com
binations of actien.

STRUCTURE AND USE OF VARIOUS PARTS
AND ORGANS OF THE BODY.,

To understand the internal structure and the vital arrange-
ments of the body construction it is necessary to consider
its parts separately. These are: (1) the head ; (2) the back-
bone; (3) the trunk ; (4) the limbs.

In the head is the cavity of the skull containing the brain.
In the backbone is a long tunnel running from the bottom of
the skull to the pelvis, and in this tunnel lies the spinal cord
(see p. 11).

The #runk is divided internally above the middle into two
cavities by a fleshy partition called the diaphragm, or midriff.
The upper cavity is called the thoraz, or chest ; and the lower,
the abdomen, or belly. |

In the chest are contained the heart and lungs, the #rachea
(windpipe) and bronchial tubes, large bloodvessels, and part
of the wsophagus (gullet). In the abdomen are confined the
stomach and intestines, the liver, pancreas (sweetbread),
kidneys, spleen, bladder, large bloodvessels, etc. The lower
part of the abdomen, surrounded by bony structure, is called
the pelvis, and encloses the bladder, uterus, the lower end of
the bowel, ete.

The contents of these cavities are called organs. Thus, we
speak of the heart and bloodvessels as the organs of circulation ;
the lungs, windpipe, and bronchial tubes as the organs of

; 2

1 |
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behind and rather to the left side of the breast- bone
between the two lungs, and its tip, or aper, may usually
be felt beating between the fifth
and sixth ribs of the left side in
front. It is pear-shaped, the size 4 .
of a closed fist, lies with its broad
end above and its tip below, and
weighs about 9 ounces. On cut-
ting into it we find a hollow organ
with cross-partitions, which divide
it into four chambers, or cavities.
These are placed two above (auricles) -
and two below (venfricles); or, to Fie. 7.—8EcTioN OF HEART,
take another view, two to the right a. Aorta. b Pulmonary
(right auricle and right ventricle) ST 3.‘?“53?&;3?;
and two to the left (left auricle and veins. /. Right auricle,
left ventricle). The heart thus 9. I{':r::;‘:"l':i ﬁ“{g{ﬁfﬂ?‘f
consists of two halves, a right  tricle. & Left ventricle,
and a left, each of which is % Septum.

divided into an auricle and a ventricle, and each of
which performs its own duties. The right heart is re-
sponsible for the circulation of blood through the lungs
alone; and the left heart is responsible for the circulation
of blood through the rest of the body. The auricles
serve as reservoirs for the accumulation of the blood
required for each beat, and the ventricles serve as force-pumps
for the discharge of these collections of blood into the
pulmonary artery and aorta respectively. The heart is thus
a reservoir and force-pump in duplicate. Like a pump, the
heart is fitted with valves, which prevent a backward flow of
blood. The heart receiwves blood and discharges blood, but
there is no mixing or backward flow as long as the
valves are healthy. Blood enters the heart at the upper
cavities, and comes out from the lower cavities; it enters
the auricles and comes out of the ventricles; therefore the
auricles receive, and the ventricles discharge blood. The

2—3
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in capillaries, so called because they are hair-like in size.
Capillaries in turn end in veins, which increase in size as the
branches join each other. Veins differ from arteries in having
less muscle in their walls, and in possessing valves.

The vessels which open info the two auricles are all veins,
for they carry blood fo the heart ; those which open out of the
ventricles are arteries, for they carry blood from the heart.
Into the right auricle open two veins: (1) Superior vena cava,
carrying blood from all regions above the heart, including the
arms ; (2) inferior vena cava, carrying blood from all regions
below the heart, including the legs. Into the left auricle open
four pulmonary veins, two from the right lung and two from
the left lung. From the right ventricle rises the pulmonary
artery, which branches off right and left to the two lungs.
From the left ventricle rises the aorfa, the main supply artery
for the whole body.

In order to understand the route of the circulation, we must
now examine the interior of the heart more particularly. The
right auricle has three openings : two venous openings (superior
and inferior vena cava), and one larger opening ({ricuspid)
through the partition that separates it from the right ventricle.
The right veniricle has two openings : the one just mentioned,
guarded by valves to prevent blood being driven back into the
auricle, and one into the pulmonary artery, also guarded by
valves to prevent return flow into the ventricle. In the lefi
auricle are four venous openings for the pulmonary veins, and
a larger one (mitral) through the partition which separates the
auricle from the ventricle. The left ventricle, like the right,
has two openings, one communicating with the auricle above,
as on the right side, and one into the aorta, both being also
provided with valves. Observe that the heart chambers have
no communication between right and left, but only between
upper and lower chambers.
~ Briefly, the course of the blood in the heart is as follows :

It enters above (right) and emerges below (right) ; thence to
the lungs and back ; it enters above (left) and emerges below
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(left). The blood passing through the right chambers of the
heart is impure blood from the body, which goes to the lungs;
that passing through the left chambers is pure blood from the
lungs, which goes to the body. Let u% now follow the route
of the circulation. Observe, first, the two large veins opening
into the right auricle. They empty into it impure blood from
all parts of the body. This passes through the tricuspid
orifice into the right ventricle. The right ventricle then
contraets, the tricuspid valves close to prevent backward flow,
and the blood is propelled into the pulmonary artery, the valves
of which in turn close to prevent backward flow or regurgita-
tion. It is then carried to the lungs, where it circulates, and
then, being purified, returns to the left side of the heart, and
empties itself into the left auricle. Thence it passes through
the mitral orifice into the left ventricle, which contracts and
expels it into the aorta. The valves, as on the right side,
come into play iu the same order. Along the aorta the blood
is now carried, and follows the course of the large branches
which emerge from it. These branches in turn divide and
subdivide, the blood passing through the various gradations
in size until it reaches the capillaries, where the current
becomes slower, after a time passing out into small veins.
The small veins join together to form larger veins, and as they
near the heart the size gradually increases, until two very
large veins—the .. pcrior and inferior venz cave— become
sufficient to carry all the blood into the heart.

We have, therefore, to distinguish two circulations—a body
circulation and a lung circulation. If we follow the blood
from the heart, whence it flows into the aorta, and trace it
passing from larger into smaller arteries, thence into capil-
laries and then into veins, we shall find that as it flows along
it distributes nourishment, and, in exchange for the nourish-
ment, it drains away waste matter from the various organs
through which it flows. In proportion as it receives waste
o it gives forth nourishment; then, having reached the
veins, its supply of nourishment is exhausted, the bright red




STRUCTURE OF VARIOUS PARTS OF THE BODY 28

colour is gone, it contains waste, and is therefore impure.
The blood which has left the heart pure thus comes back
impure. The oxygen which it received in the lungs is given
to the body to maintain life; the carbonic acid taken from
the body must be carried to the lungs, to be thrown off at
every breath. Therefore it leaves the heart a second time,
and passes into the lung circulation ; and if we follow it there,
we find that it becomes purified by taking up oxygen from the
fresh air, and throwing off a great deal of its waste matter,
which is expelled into the outer air by the lungs. It returns
then to the heart, and is now fresh for nourishing the body
again. The blood does not derive all its nourishment from
the lungs, nor does it give all its waste to them ; but this will
be explained by-and-by. It will thercfore be understood that
there are two distinct and separate streams of blood in the
body—a short, circular stream between the heart and lungs,
called the lung circulation, and a longer stream and wider
circle, called the body circulation (systemic).

Before proceeding further it is necessary to mention here a
further system of vessels which carries a fluid called lymph and
constitutes the lymphatic circulation. The individual elements
of which each tissue is composed lie outside the blood capillaries,
and are bathed in lymph, which resembles the fluid part of the
blood in composition, and is formed by the soaking or exudation of
this f.om the blood capillaries. The tissues are nourished by the
lymph, which contains the albumen, sugar, oxygen, ete., required
for the performance of their functions, and also the carbonie
acid, etc., produced by the exercise of their functions. When
the lyriph is excessive in quantity, and is consequently poor in
quality, dropsy results. The individual tissue elements live
or float in a bath of lymph, which fluid, owing to the pressure of
the blood in the bloodvessels, is, of course, continually escaping
from them. The lymph passes into infercellular spaces, which
form a meshwork a.ruumf the cells composing the tissues, and
which, outside the tissues, gradually take on more and more
the shape of small tubes or lymphatic vessels. .These lymphatic
vessels are at first minute, but increase in size by joining
together, and eventu form trunks about the size of a crow'~
quill, which open into the large veins of the neck. During theix
. course the lgmpha.t-iu vessels pass through a number of small

bodies, like beans, called lymphatic glands, which manufacture
and discharge into the lymph, and thence into the blood stream,
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the white blood corpuseles. The lymphatic glands destroy such
poisons and microbes as may enter the lymph streamn from, for

example, a poisoned wound, and prevent these from passing along
into the blood stream.

The largest of the lymphatic trunks is called the thoracte duet ;
it is formed by the coalescence of those special lymphatic vessels,
or lacteals, which convey the lymph from the intestines. The
lacteals perform the important funection of earrying the fat, absorbed
from the intestines during digestion, into the thoracie duect, and
thence into a large vein on the left side of the neck.

We must now inquire whether the heart alone is sufficient
to keep up this perpetual circulation of blood day and night.
Is a pump all that is required  Our answer is, No. Although
the heart is as necessary for the circulation as our limbs are
for movement, it requires to be assisted, and could not do its
work without assistance. The heart is the force which sends
the blood out of the heart, but muscular exercise must help it
back again. If the heart receives blood slowly and feebly, it
must pour out blood slowly and feebly, and thus the circula-
tion loses its vigour and the body is not well nourished. Two
things are necessary for a healthy and efficient circulation :
first, a sound heart and sound vessels free from obstruction ;
second, muscular exercise. Further, the circulation cannot be
properly carried on unless all other organs, especially the
lungs, are in vigorous action.

Blood consists of blood-cells floating in a fluid called plasma,
which by itself is straw-coloured, though the blood is red.
Blood-cells, or corpuscles, are of two kinds—red cells, which
give the red colour to the blood, and whife cells. There is only
1 white cell for every 400 red ones in the healthy state. The
red corpuscles are the oxygen-carriers, and the bright-red
colour of the blood depends on the presence of oxygen in the
red blood-cells, The white cells are capable of independent
movement. They assist in keeping the blood pure by destroy-
ing poisons and the germs of diseases; in other words, they
act as scavengers. The fluid part—or, as it is also called, the
plasma of the blood—contains much nourishment in solution.
It is really a liquid store for all the tissues, from which to
draw what building-up material they require. The plasma is

-
*
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fed by the digestive organs after the food has been digested
and absorbed.

Dissolved in the plasma are fibrinogen, serum albumin, serum
globulin, and fibrin ferment. As soon as the blood becomes
stagnant or reaches the air, it commences to clot, or coagulate.
This is due to the fibrin ferment acting upon the fibrinogen,
causing it to form fibrin, an insoluble, thread-like material, which
entangles the eorpuscles at the same time, and thus a clot is
formed. After a time the clot shrinks and squeezes out a fluid
called serum. When a bloodvessel is injured or cut, as in a surgical
operation, a similar clotting of the blood ensues. The purpose of
clotting is to stop bleeding.

The following table shows the composition of the blood and
the formation of a clot :

Blood.
|
| 5
Lignid part (plasma). Solid part (ecorpnseles).
| |
| s [
Serun, Fibrin. Red corpuscles. White corpuscles
| | |
l
Clot.

Division or rupture of a bloodvessel gives rise to hzmor-
rhage, or bleeding. This may be (1) arterial, (2) venous, or
(3) capillary.

Arlerial, bright-red blood, spurts out in jets like the jets
from a water-fountain.

Fenous is dark red, and the flow is not jerky, but con-
tinuous.

Capillary consists of a general oozing from all parts of the
wound, and the blood is brighter than venous blood.

Before passing to the next subject, it is well to point out
here the position of the more important bloodvessels. The
larger arteries and veins are called by particular names. The
aorta arches backwards and from right vo left after leaving
the heart, and from this arch rise branches to the head and

meck and the arms. Following its course downwards, the

aorta continues as a large main pipe, under the name of the
abdominal aorta, giving branches to the organs, and dividing
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at last into two branches—the iliac arteries, which enter the
thighs and supply the lower extremities.

We now observe particularly the names and position of the
large arteries and veins:

Vessels of Head and Neck.—(1) Common carolid, the chief
artery of the neck; it sometimes suffers in severe suicidal
wounds of the neck. DBelow the level of the lower jaw it
divides into infernal carofid, which enters the skull and supplies
the brain, and external carotid, which supplies the upper part of
the windpipe (the larynx), and gives off branches—fucial,
temporal, and occipital, etc.—which supply the face and scalp.
(2) Subclavian, which lies deeper than the clavicle (collar-bone),
and courses to the azilla (armpit) to supply the arm. The
lurge veins here, as elsewhere, are generally lying side by side
with the arteries, and bear the same name ; but in the neck the
external jugular is near the surface, and in cases of obstructed
circulation appears prominently beneath the skin,

Vessels of the Arm.—The subelavian artery, on entering the
armpit, is called the axidlury. It courses down the upper
arm, alongside the inner edge of the biceps, as the brachial
artery, and at the elbow divides into two branches—the
radial, which may be felt pulsating on the thumb side of the
wrist ; and the w/rar, which may be felt less distinctly on the
¢ little ’ finger side of the wrist.

Vessels of the Lower Limbs.—The iliac artery, entering the
thigh at its upper end, passes downwards and inwards along
the side of the thigh, as the femoral artery, which, behind the
knee and between the hamstrings, becomes the popliteal
artery. In the leg the popliteal artery divides into the anierior
tibial, lying alongside the tibia, or shin-bone; the peromea/,
running down on the outside of the leg ; and the posterior tibial,
embedded beneath the muscles of the calf. These all, directly
or indirectly, contribute to the circulation of the foot and
ankle. It is necessary that these arteries should be localized
in the living body, and therefore no attempt at more precise
description of their positions i3 made here.
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The Pulse.—Every volume of blood pumped by the heart
into the elastic arteries should produce a pulse, so that for
every heart-beat we should have a pulse-beat. The pulse
enables us to judge how the heart does its work—whether it
pumps too slowly or too quickly, whether it is strong or weak,
full or empty, regular or irregular

The average number of pulse-beats in the minute is seventy
for a man and eighty for a woman.

The Respiratory System.

The organs of respiration are the lungs and air-passages.
The air-passages are: (1) The larynz (or voice-box), which can
be easily seen and felt beneath the lower jaw. Continuing
downwards, the air-tube is called (2) the frachea (windpipe),
which, having descended through the neck and entered the
thorax, divides into two branches—(3) the right and left
bronchi — going to the lungs, where they branch and sub-
divide again and again, finally entering (4) the air-vesicles,
which are delicate and minute air-sacs of microscopic size.

The lungs are oi spongy consistence, and in early life are
of a delicate pink colour. They acquire a darker colour as
life advances, and particularly in town-dwellers, owing to the
smoke which exists in the atmosphere of towns and which is
being continually inhaled. When squeezed, they give forth a
fine, creaking sound, due to escape of air from the air-cells ;
but when pressure is relaxed they expand. Each lung has a
delicate, glossy covering called the plewra, which also lines
the chest and the upper part of the diaphragm, and, being
lubricated by a secretion, allows of easy expansion of the
lungs without undue friction against the walls of the chest.
When healthy the lungs float in water; hence the familiar
name of ‘the lights.’ ,The lungs are two in number, and are
placed in the right and left sides of the chest, the top, or
‘apex,” of the lung lying underneath the clavicle (collar-bone),
and the ‘base,’ a broad expanse of lung-substance, covering
the upper surface of the diaphragm (or midriff).
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these movements, expand, and air rushes in. During expira-
tion the diaphragm ascends, the chest-walls descend, and the
lungs, in virtue of their elasticity, recoil; air is therefore
expelled through the bronchi and windpipe.

The act of respiration, therefore, is mainly carried on
by the diaphragm and the muscles of the .chest-walls (the
tnlercostal muscles). But the abdominal muscles also help in
expiration, for if they are forcibly contracted on the contents
of the abdomen, the latter push up the diaphragm, and thus
help to squeeze the air out of the lungs. Women who lace
tightly deprive themselves of this great aid. It must be
borne in mind that during inspiration the diaphragm descends
and the ribs ascend ; during expiration the diaphragm ascends
and the ribs descend.

Fresh air contains a large supply of oxygen, the gas
necessary for healthy respiration, Expired air is impure;
for, besides containing less oxygen, it contains a large per-
centage of carbonic acid gas, with water and organic impurities.

Carbonic acid gas is a colourless, invisible gas which is the
chief product of combustion of all kinds. It is the most
constant constituent of the ‘smoke’ of chimneys, etc. The
greater portion of the carbonic acid gas in the atmosphere
arises from this source. The carbonic acid gas which is
exhaled from the lungs is formed by the combustion of the
sugar and fat contained in the body. This is the source of
our bodily energy, just as the combustion of coal is the origin
of the motive power of machinery.

Ordinary fresh air is of fairly uniform composition; it
consists chiefly of a mixture of three gases—mnitrogen, oxygen,
and carbonic acid—with a variable quantity of watery vapour,
The following table will roughly show their respective
proportions :

Nitrogen . e 1900
Oxygen - 21500
Carbonic acid ... it 04

In this country there is a small proportion of watery vapour.
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The impurities of the atmosphere are not orly an increased
quantity of carbonic acid due to overcrowding of people and
dwellings in towns, with want of sufficient ventilation, but
there may be also present minute harmful bodies called micro-
organismas.

Thorough ventilation admits a plentiful supply of fresh air,
and expels an equal quantity of bad air. It is, therefore,
important to secure free movements of air—of fresh inwards,
and impure outwards. In this way only can the lungs be well
supplied and do their work thoroughly.

In health the adult breathes from fifteen to eighteen times

minute, children from twenty to twenty-five ; but breathing

more rapid during and after exertion or excitement.

The following facts should be carefully noted :

(1) Under healthy conditions we inspire pure air, and

expire impure air.

(2) Under healthy conditions the lungs receive impure

blood, and send back pure blood.

(3) Pure air helps to make pure blood, and impure blood

makes impure air.

(4) The more the lungs expand, the more air they take in,

and the better the blood is purified.

The Alimentary System.

The alimentary system receives food, digests it, feeds the
circulation, and discharges the refuse of the food from the
bowels. Its apparatus begins with the mouth, ends with the
lower end of the bowel—the anus—and consists essentially of
an open tube (alimentary canal), capable of being elosed at
certain points by muscular rings, or valves, and extending
(from mouth to anus) a distance of nearly 30 feet.

We may conveniently regard this long tube as composed of
three lengths : First, from the mouth through the pharynz (back
of throat) to the @sophagus (gullet), which is narrower, lies
behind the windpipe, and descends through the diaphragm
into the stomach. Second, the stomach, which is an expanded




STRUCTURE OF VARIOUS PARTS OF THE BODY 81

portion of the tube—a large bag intended as a temporary
receptacle for the food. Third, the infestines, consisting of the
small intestine, about 20 feet long, which ends below in the
large intestine : the latter is 5 or 6 feet long, and terminates at
the anus. The whole tube is called the ‘alimentary canal.’

l'm. 10.

1. Lower end of gullet. 2. Stomach. 3. Duodenum. ¢. Small intestine.
6. Large intestine, 6. Cecum. 7. Bowel ending in anus, 8. Vermi
form appendix.

Associated with the alimentary canal are two other impor-
tant organs, the liver and the pancreas (or sweetbread). The
- liver communicates with the upper end of the small intestine

(the duodenum) by means of the bile-duct, which pours bile into
”Eths duodenum during the process of digestion. The pancreas
i

~also communicates with the duodenum by means of a similar
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tube, called the pancreatic duct, which pours pancreatic juice
into the duodenum.

The liver and pancreas are large glands, lying in the
abdomen near the stomach, which exercise a function eommon
to all glands—that of secrefion, of which more by-and-by.

But we must take note of other glands concerned in diges-
tion as well, and, beginning with the mouth, we shall take
them in their order downwards.

There are salivary glands which pour saliva into the mouth,
namely, the parofid glands, lying in front of the ears; the
sublingual glands, lying in the floor of the mouth ; and the
submazillary glands, lying under cover of the lower jaw;
gastric glands, which are numerous mieroscopie tubes lying in
the wall of, and opening into the interior of, the stomach ; and
intestinal glands, also microscopic tubes, opening into the
interior of the intestine and lying in its walls.

To follow intelligently the order of digestion, we must
observe in their turn the various parts concerned in the
digestive process. We begin with the mouth, which receives
food. Observe the muscles of the jaw and the teeth for
chewing, the salivary glands for providing saliva, the tongue
for rolling the food about and throwing it backwards, the
muscular parts of the throat for forcing the food backwards
and downwards, and the epiglotiis, a valve for preventing the
food being carried into the windpipe. The pharynx and
gullet are muscular tubes, lined with a smooth, glossy mem-
brane, that allows of the food gliding easily down. The
pharynx is the more capacious, and connects the mouth above
with the gullet below. It has voluntary muscle, while the
gullet has involuntary muscle. The stomach comes next, and
its shape is familiar to those who have seen the bagpipes,
which are really the stomach of a pig. It is narrowed at the
two extremities, and can be closed or opened by the contrac-
tion or relaxation of muscular rings. It is a muscular bag
lined with a smooth, shining membrane, and having an outer
coat covering the muscle. On the internal surface are

A M e
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numerous openings visible under the microscope, which are
the outlets of the gastric glands.

At the lower or pyloric end, the stomach opens into the
duodenum, and thence the channel is free all the way to
and along the large intestine. The intestines resemble the
stomach in structure, having three coats—an inner glossy
(mucous), a middle (muscular), and an outer (peritoneal).
They have also minute orifices on their internal surface, from
which ooze out the juices of the glands. At the anus another
museular ring is found, called the sphincter.

The facts about digestion can best be understood by first
considering the varieties of food. Two purposes are served
by alimentation : First, the supply of fue! for the production
of bodily energy and heat. Second, the building up or repair
of organs and tissues, for wear and tear is always going on.
Foods may be classed thus:

(1) Protein (nitrogenous). Examples: white of eggs, lean
meat, casein of cheese or milk, gluten of flour or ocatmeal,

(2) Fals. Examples: oil, cream, fat, lard, butter.

(3) Starches and sugars (carbohydrates). Examples: pota-
toes, rice, sugar, beetroot.

(4) Minerals and waler. Examples: soda, common salt,
lime (phosphate), magnesia and liquids.

The protein foods are chiefly employed for the repairing
of the wear and tear of the body. They are converted by
digestion into a soluble substance called pepfone, which after
absorption is manufactured into body-albumen. This is then
conveyed throughout the body as one of the constituents of
the plasma of the blood. The fafs, starches and sugars are
used as fuel for the production of body-energy. The minerals
and waler are required in order to keep in solution the various
food materials and waste products and to supply the necessary
amount of fluid to the living body tissues.

The glands are well supplied with blood, and from certain
materials selected from the blood they secrete or manufacture
fluids having properties of their own. Thus, we have gastrio
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44 GENERAL HYGIENE AND CAUSATION OF DISEASE

the more finely food is subdivided, the more easily is it acted upon
by the digestive juices.

Illness may be caused by excess or deficiency of food or of its
various constituents. If too much be eaten, all is not digested, and
putrefaction in the intestine follows, with dyspepsia, flatulence,
constipation, or diarrheea., Purgatives and reduction of diet are of
benefit. If the bulk taken be absorbed owing to vigorous digestion,
congestion of liver, jaundice, & state of plethora, with torpor, head-
ache, foul tongue, and fewtid breath, may arise. I'ree exercise may
correct this. Continued excess of protein absorption may lead to
kidney disease, and probably predisposes to gouty and rheumatic
affections. On the other hand, there is reason to believe that a fres
proteid and fatty dietary to a certain extent protects against tuber-
culosis. Excess of starch may lead to fatness, or acid dyspepsia
with anemia. Deficiency of food, as seen in famines and the insane,
produces wasting, loss of vigour, debility, with fever and dyspepsia,
dry tongue, sordes on gums, and a distinet heavy, sweet feetor of
breath. Proteids and excess of fat will maintain health for a long
time without carbohydrates, especially in severe cold and with much
exercise. In fevers easily oxidized substances are required, and, as
fat and starch digestion are in abeyance, dilute alecohol is often of use,

Milk.—¥or adults it is not a perfect food; one would, theoreti-
cally, require 7 pints a day, with excess of water and fat and
deficiency of carbohydrates, in order to obtain sufficient proteids.
Milk is very subject to putrefaction. Dirty milk more easily turns
sour, On standing, the fat rises to the top, forming cream.
Separated milk has had the fat rapidly removed by centrifugal
action, much as seen in the hydro-extractors in laundries. When
milk is boiled, the caseinogen is rendered very insoluble. Even
sterilizing—1.e., raising the temperature to 160° F.—injures it, but
may be necessary in epidemies.

Butter.—In churning, the caseinogen capsules of the fat drops are
ruptured, and the fat coheres. The curd should then be well washed
out by working, and salt added. DButter is the most palatable and
digestible means of obtaining fat. When it turns rancid, the fat
decomposes, producing acrid compounds.

Condensed Milk loses digestibility by being evaporated down,
and the added sugar makes it fattening, but too often most of the
eream has been removed. It can in no sense replace fresh milk as
a food, but is useful as a condiment.

Margarin is made from various animal and vegetable fats—
lard, beef suet, mutton fat, cotton-seed and linseed oil, or cocoa
butter. The fats are melted down and worked up with milk in
cauldrons, and the fat erystallized by sudden plunging into ice-cold
water. Provided the fats used are clean and fresh, margarin is a
most wholesome and cheap article of diet, for the process of manu-
facture is scientifie, and it is never touched by hand.

Cheese is made from milk coagulated by rennet and squeezed.
As it ripens, the casein undergoes fatty changes. It is a very
yaluable article of food. but somewhat indigestible.

s B S v .
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Tinned Meat is prepared by long, slow simmering in the tins,
and sealing while hot. Consequently the fibre is soft, the gelatin
well extracted, and all the juices preserved in a very digestible form.
But it is somewhat tasteless, from the low temperature used in
cooking it.

Beef-tea is made by extracting the juices of finely chopped meat
at a temperature not exceeding 160° F. If it be boiled, the albumen
is coagulated and lost in skimming, and most of the nutritive value
disappears, leaving only the saline extractives. It is then a stimu-
lating drink, but of low dietetic value.

WATER-SUPPLY AND BATHING.

Water is essential for all animal and vegetable life, and if
civilized communities are to be maintained in health a free
supply is required for drinking, cooking food, washing of
persons, clothing, utensils, and houses, and for cleansing of
sinks, water-closets, and sewers. The average amount allowed
in towns varies from 20 to 50 gallons per head per day, but
this includes a large proportion of persons who practically
never bathe. In asylums it is found that an even larger
quantity has to be given for various reasons.

VENTILATION AND WARMING.

Fresh air is of paramount importance to health, It con-
sists of a mixture of about 21 parts of exygen and 79 of nitrogen.
The former is the vital component, the latter inert. Air also
contains about 004 per cent. of carbonic acid, chiefly from
the life-processes of plants and animals, as well as traces of
ammonia and more or less watery vapour, the amount varying
with temperature and atmospheric pressure, but averaging
about 0'8 to 1 per cent. The composition of bodies of air
18 kept fairly uniform by diffusion ; that in rooms and confined
spaces quickly loses oxygen and gains carbonic acid, and is
also fouled by suspended matters, dust, decomposing epithe-

~ lium and sweat, cotton, wool, and wood fibres, mineral salts,
excessive moisture, and multitudes of bacteria, some noxious,
others inert. Hence the air of rooms requires constant chang-
ing, and the sick require more ventilation than the healthy.
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steam fiom the engines sucked rapidly through pipes by fans,
called the ¢ vacuum steam’ method. Whatever method is
used, the best radiator pipes are inserted in the currents of
fresh air coming into the room through inlets, whether
windows or special grids. This is necessary to prevent the
air being used over and over again, and entails the radiators
being placed against the walls, No doubt they are more
efficient in the centre of the room, but the long flues cannot
pasily be cleaned. To assist warming and protect patients,
the radiator-coils are covered. The most efficient way mechani-
cally is to have them closed below and open above ; but such
are quickly fouled by dust and débris, and by patients leaning
over them and spitting or coughing into them. So they
become hot-beds of phthisis, and of late various glass-walled
cupboards have been devised, with the outlets above the
patients’ heads, which can be opened and cleaned by the
nurses at intervals. The disadvantage of these is that hot
air ascends, and should, therefore, be admitted low in the room.
Radiators tend to heat the air, and are not so pleasant as
open fires, which heat the walls and furniture ; but the latter
are most wasteful, only 10 to 13 per cent. of the heat of the
coal being used, while the rest is wasted up the chimney.
Nurses must constantly study the force and direction of the
wind and the variations of outside and inside temperature, and
maintain, as far as consistent with freshness, a uniform
temperature of 50° to 55° F. in the wards, and about 5° F.
higher in the infirmaries and sick-rooms. The great advantage
of the suction afforded by opening the leeward windows and
shutting the windward in strong winds, must not be neglected.
Bright fires are to be maintained in cold weather, but damped
down with wetted slack on warm days. Opening the windows
at the top causes less draught than at the bottom, for the cold
air blowing in mixes to a certain extent with the hot foul air
at the ceiling. At intervals all doors and windows may be
left open wide to allow of thorough perflation when the
_patients are out of the ward. Windows, even those in the
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SUICIDAL ATTEMPTS b7

each day when want of supervision gives him a chance to
tamper with locks or serews. Buttons are usually used as
screwdrivers. Climbing trees and throwing themselves down
constitutes an occasional method. A patient when really
desperate may dislocate his neck by leaping into the air and
performing a half-somersault, or even by throwing himself
against stone curbs, walls or floors. If such a man is in the
day-room, he should be seated as far from the windows and
fireplace as possible, lest a sudden spring dislodge the nurse’s
hold and the patient get into danger.

2. Strangulation and Suffocation.—These may be accom-
plished by suspension, or by tying an article tightly round
the neck, or by voluntarily pushing a substance into the
windpipe. It is the most difficult of all methods to guard
against without absolutely preventing work going on in the
asylum, because so many materials may be used. Constant
watchfulness is therefore essential. Strips torn from clothing,
braid, hair-ribbon, garters, handkerchiefs, towels, binding from
a mattress, or string used for sewing beds, all come in handy.
All clothing must be searched and examined every night, and
that not in use must be kept always in the storeroom, to which
no suicidal patient is to have access at any time. All bedding
must be searched each morning for signs of tearing. A
suicidal patient must never be allowed to enter a nurse’s
room even when the nurse is present.

3. Cutting or Stabbing.—Knives with only a small cutting
edge are in use in some asylum wards; and if such are
supplied, great care is needed to see that no ordinary knives
are brought into the ward. No carving-knives or forks
are ever to be allowed out of the locked knife-box in a locked
cupboard or storeroom except while actually retained in the
nurse’s hands, nor are they ever to be entrusted to a patient
to clean, even if not suicidal himself, as a suicidal patient may

- snatch them from him. Every knife, fork, and spoon is to be
- systematically counted after each meal, and if one be missing,
it is to be searched for until found, a report being at once

T
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made, so that watch for it can be maintained throughout the
asylum. Nurses must never use hatpins while on duty, and
must keep them rigorously locked up in their own rooms.
Breaking glass tumblers, etc., and secreting fragments for
suicidal purposes, or trying to cut the throat on a broken pane,
is often seen. Every minute piece must be collected from the
floor, window frame, ete., and at once removed from the
ward.

4. Burning and Scalding. — Most of the preventive
methods against such occurrences have been mentioned already.
Accidents have happened through a patient escaping from the
dining-hall and finding an unprotected hot tap or fire in the
hall, scullery, general kitchen, nurses’ mess-room, or bake-
house. All such doors must be kept shut and guarded by a
nurse when patients are passing through the main corridors to
meals.

5. Drowning.—Most drownings occur as a sequence to
escapes, and ponds, canals, and rivers near an asylum are a
source of much anxiety. Reservoirs in the grounds are pro-
vided with unclimbable fences, but a desperate patient can
generally climb any fence yet made.

6. Poisoning.—In the majority of attempts the articles
made use of are: (a) Cleaning materials, like soft soap, floor
polish, turpentine, washing soda, polishing pastes. (b) Surgi-
cal, medicinal, or disinfecting agents, such as carbolic lotion.
creolin, chloros, formalin, sublimate lotion, iodoform, mer-
curial ointment, liniments and medicines, and especially chloral
draughts and sedative powders. Care must be taken that in
using any of these the patient does not snatch the bottle and
swallow its contents. The nurse must satisfy herself that the
whole dose ordered has been disposed of, and that no part of a
powder is held under the tongue and afterwards preserved by
the patient. Doses of medicifie must be carefully measured,
and all bottles should be shaken before the dose is poured out,
lest a poisonous sediment may have formed. Sedative powders
can always be mixed with jam or treacle, but some, such as
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directly over the pad, put a stick against it and complete the
reef-knot by two half-turns over the stick. Then twist the
stick round and round until the bandage is tight and the bleed-
ing ceases. The stick must now be locked, by again tying the
ends of the bandage over it, or an elastic bandage, or even a
~ rubber feeding-tube, may be used, especially if the limb be
first elevated, so that the force of gravity is against the heart.
(3) In the bend of a joint—knee, elbow, or arm-pit—a large
firm pad with the limb tightly bandaged in the flexed position
may command enough pressure. The above are all the first-aid
methods to be adopted by the nurse. ]

Wounds of Special Arteries.—Carofid: If there is only a

- small punctured wound death may not occur at once. Digital
pressure lower in the neck is required, the vessel being found
along the front edge of the sterno-mastoid muscle and compressed
againet the cervical vertebre, Relays of assistants are necessary,
as one person’s fingers quickly tire. Avoid pressing on the wind-
pipe. Fainting is often caused by this compression, but this is
rather an advantage than otherwise, unless continued long, as the
heart is less vigorous and restlessness is stopped. Thyroid : In cut-
throat, if death does not occur at once, we may assume that the carotid
artery and jugular vein are intact, and either one of the superior
thyroid arteries from the earotid, or of the inferior thyroid arteries
from the subclavian, or else one of the thyroid veins, is the source
of the bleeding. The bleeding spots must be controlled against the
vertebrse. If the windpipe is opened, as nearly always occurs, the
head should be kept much lower than the legs and body, to save
blood being drawn into the lungs. A light antiseptic pad should
be placed over the wound as soon as bleeding is controlled, for
septic pneumonia is very apt to cause death in such cases. The
bloody froth and muecus must be constantly wiped away with

~ antiseptic pledgets of cotton-wool. Forehead or Sealp (temporal)
is controlled by direct pressure on the bleeding spot. Lingual,
at base of tongue, a difficult vessel to control, best effected by
pressure between finger and thumb in mouth. Faeial, in the
cheek, by finger in mouth and thumb outside, or by pressure
inst lower jaw where it passes from neck to face. Subclavian :

- Bleeding from the armpit is difficult to stop, as there are several
~ supplies. If the bleeding point cannot be controlled by the
- finger, or the axillary artery is wounded, the subeclavian can be
~ compressed against the first rib behind the clavicle. If owing to
E&tha atrun%ﬁnauk fascia the pressure is not sufficient, the end of a
key may be used. Brachial: This is an easy artery to reach at
the inner edge of the biceps, and pressure here controls any
~ wound below it, and serves for bleeding from forearm or elbow. In
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probably not die immediately from want of help from a nurse
If there is obvious bleeding, or signs of burning about the
mouth from poisons, the indications are equally obvious. But
if none of the above give any information, then the nurse
should leave the patient alone, lying where he is, until the
medical officer arrives. Interference can do no good, and
* in at least one case—viz., cerebral hemorrhage—the result
of lifting him on to a sofa may be fatal. If the patient is
conscious he may be able to tell what is wrong, and if he has
pain in the buttock or thigh his femur may be fractured, and
it is equally important not to move him. But supposing the
patient ‘appears’ unconscious, the condition present may be
any of the following :

1. Faint.—The heart is weakened temporarily to such an
extent that the brain-circulation partly fails, and the patient
falls, with or without warning. The causes are numerous,
but generally reflex, such as bad news, fear, sights or sounds,
tight clothing, indigestion, ansmia, hot rooms, unpleasant
smells. Sometimes it occurs in heart-disease, and may then
be serious. The treatment is to remove the cause if possible,
undo all tight bands to clothing, collars, stays, braces, ete.,
and invert the patient ; afterwards smelling salts or stimulants
complete the cure. Often the prone position after falling is
sufficient to restore conseiousness,

2. Shock, or collapse, occurs from loss of blood or severe
nerve injury, as after a bad accident. This is the condition
usually assumed when death approaches from most diseases.
The vital forces are at a low ebb, but acting, The heart is
weak, face pale, skin often clammy and sweating, pulse feeble,
but generally regular, sometimes flickering, or not to