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PREFACE.

Tue increased popularity of the study of Hygiene and
Public Health is one of the chief reasons that have led to
the publication of this work. Small books on the subject
are not numerous, and of these many blindly follow the
rough and ready Syllabus of the Science and Art Depart-
ment.

The Hygiene Syllabus is divided into Elementary Human
Physiology and Elementary Hygiene. This division can-
not, however, be followed by the teacher, as the student is
likely to regard the two divisions as independent subjects,
instead of considering the various parts of the Physiology
as essential introductions to certain sections of the Hygiene.
Moreover, in each division the subject-matter of the Syllabus
is given without any regard to natural sequence.

The author believes that this work embodies the first
attempt that has been made to treat the successive points
in logical order, and to give unity to the subject instead of
presenting a medley of facts. The order of the book 1s
practically that which the author has followed in his own
classes for the past five years. It has been his endeavour
to prevent the student regarding the subject as a number
of hard facts, and to invest these facts with the interest
derived from an association with the circumstances of
everyday life.
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At the ,"t’hb%: chapters where the subject-matter
adapts itself to such treatment a list of simple experiments,

illustrating the work covered by the chapter, has been
added. These should either be performed by the student
or gone through by the lecturer. The lists should by no
means be taken as exhausting the possibilities in this
direction.

The author desires to acknowledge his indebtedness for
several useful suggestions to Mr. W. Line, B.A.,, M.D.,
and many other friends who are teachers of Hygiene, and
especially to his brother, Mr. H. H. Lyster, and to Mr.
G. P. Smith, M.R.C.8., L.R.C.P., for their valuable help
with the diagrams.
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MuniciPAL TECHNICAL SCcHOOL,
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FIRST STAGE HYGIENE.

CHAPTER L.

THE GENERAL BUILD OF THE BODY—THE
SKELETON.

For the intelligent study of Hygiene or Health-Science it
is necessary that the student should become acquainted
with a certain definite amount of elementary Human
Anatomy and Physiology. By Anatomy, we mean the
study of the various parts of the body; and the study
of the work which these parts have to do is known as
Physiology.

As far as is possible we shall consider these subjects in
direct connection with those portions of Hygiene that are
concerned with the healthy performance of the work of
special organs of the body. In other words we shall first
study the structure and the work of some part of the body,
and then consider the hygienic conditions under which
this part discharges its functions in the best possible way.

Before any special organs can be considered it is neces-
sary to make ourselves acquainted with the general build
of the body, the bony framework or skeleton, and the
general arrangement of the internal organs.

The simplest division of the body is into hard parts,
comprising the cartilage and bomnes, and soft or fl.leshjr
parts.

Tane Harp PaArTs,
The Skeleton,

The skeleton serves a double purpose. Primarily
it is the support of the soft parts, and serves to
give the body a definite shape or build. Secondly, it

F. 8T. IY, 1
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affords special protection to highly important structures
and organs. Thus the skull and vertebral column serve
as a protective covering for the brain and spinal cord, and
the ribs form a bony framework for the protection of the
heart and lungs.

Fig. 1.—8gviL. (Side View.)

The Skull. Balanced on the top of the vertebral column
is the skull. It may be divided into two parts: (1) the
cranium, which is a bony box for the brain, and (2% the
face bones.

The Cranium, as we have said, is a box for the brain.
It is made up of eight bones very strongly bound together.
The bones forming the base are very rough and irregular,
while the front, back, roof, and sides are formed of smooth
flat bones. Leading into the skull are several openings,
one large, and the remainder comparatively small. The
large opening—the foramen magnum—serves for the
passage of the spinal cord from the brain into the canal
provided for it in the vertebral colummn. Close to this
opening, one on each side, are two smooth surfaces or
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facets which rest upon
vertebra. In the action
of nodding these two
pairs of facets glide upon
each other. Through the
smaller openings in the
cranium pass the eranial
nerves from the brain to
the various parts of the
head and face.

The Face is made up
of fourteen small bones
which are closely bound
either to each other or
to the bones of the
cranium. The lower jaw
bone is fastened only at
each end and can be
moved about more or
less like a door upon
hinges.

The Vertebral Column.
The vertebral or spinal
column is the chief sup-
port of the trunk. It
consists of thirty-three
boneswhich are sotightly
fastened together that
only a very small amount
of movement can take

lace between any verte-
Era and its neighbour,
Taken as a whole, how-
ever,the vertebral column
can perform very wide
movements, and these
are capable, by practice
when young, of extra-
ordinary development, as

two similar facets on the first

2 4
R
Cervical Vertebrae *
T 5} AN
8 N L'r‘~ o
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Dorsal Verteb PN
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Coceyx *’I
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_Tig. 2—Tur VerresraL CoLumy.

shown by the contortions of the so-called ‘“boneless men.”
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Of these thirty-three bones which make up the vertebral
column the upper twenty-four are always quite separate
and distinet from each other, but representing the lower
nine vertebrae there are only two bones in the adult. Five
of these nine vertebrae have united together to form a
large strong bone called the sacrum. This is a wedge-
shaped bone with the narrow end below. To it are
fastened the hip bones, one on each side. The four lowest
vertebrae have united together, and are represented by a
small bone—the coceyx, which is attached to the bottom
of the sacrum. The coceyx is the rudimentary tail in the
human body ; in animals it consists of a large number of
vertebrae. The upper twenty-four vertebrae are divided
into three regions :—

1. The cervical region (the neck), consisting of seven
vertebrae.

2. The dorsal region (the back), consisting of twelve
vertebrae,

3. The lumbar region (the loins), consisting of five
vertebrae.

A Typieal Vertebra. The general form of all the
vertebrae may be learned by the study of ome of them,

Transverse ““ :"f
process

J— Spinous Process

Fig. 3, A.—DonrsarL VERTEBRA, (Side View.)

one of the dorsal vertebrae being usually selected for this
purpose. In front is a solid rounded mass, flat at the top
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and the bottom, measuring about an inch and a half across
and an inch thick. This is
called the body of the ;
vertebra. At t]:?e back ]:éf / s Ao it
the body is a bony arch— /
the neural arch—enclosing
a central hole, which is the
canal for the spinal cord. &2
From this arch spring N
three processes, one point-
ing backwards, called the
spinous process, and one
on each side, called the
transverse process. The
?Plﬂﬂua PI.PGEE‘EEE are felt Fig. 3, B.—DorsarL VERTEBRA (from above).
in the living body as a

row of little knobs down the middle of the neck and back.

On each side of the arch, above and below, is a projecting
surface which fits accurately the corresponding surface of
the vertebrae below and above. These surfaces are called
articular facets.

Special Vertebrae. The two first vertebrae have been
given special names and have characteristic shapes by
means of which they may be identified. The first is called
the atlas, from the name of the god who was supposed to

Transverse
process

Einal oo

Body

Smooth Facet

—Transverse
Process

Fig. 4, A.—Tur Atras VerTEBRA (from above).

bear the earth on his shoulders. This vertebra is dis-
tinguished by being ring-shaped and having no body in
front. On its upper surface are two hollow, smooth facets
which receive the two rounded surfaces near the foramen
magnum of the skull. These pairs of surfaces, as we have
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gaid above, glide one upon the other in the action of
nodding. The second vertebra is called the axis. Its
peculiarity is that the body is
prolonged upwards into the front
part of the atlas, and takes the
place of the missing body of the
atlas. In shaking the head the
skull and the atlas move together
. round this process, which, there-

- . fore, serves as the axis of rota-
Iig'd’n'_{glli‘ﬁl; %‘;IEMEBM' tion—hence the name of the

vertebra.

The vertebral column as a whole. Viewed from the side
it is seen that the vertebral column forms four curves. The
cervical region forms a curve whose concavity points
backwards ; the curve formed by the dorsal vertebrae faces
the opposite way, while that formed by the lumbar
vertebrae again looks backwards, and the sacrum and
coccyx unite to form a curve whose concavity faces for-
wards. The vertebrae are bound firmly together by
ligaments at the articular facets, and by numerous other
ligaments which pass from process to process and arch to
arch. Another set of ligaments pass from vertebra
to vertebra down the front and back of the bodies.
Another means of connection between each vertebra
and its meighbour are the intervertebral dises which
are placed between them. Kach disc is firmly attached
to the body of the vertebra above and below. These
intervertebral dises are composed of cartilage, and serve
not only as a ligament but also as a cushion or buffer
between the vertebrae, and thus deaden the force of any
concussion in just the same way as the buffers fixed to
railway carriages.

The Ribs and Sternum. The dorsal vertebrae at the back,
and the sternum or breast bone in front, together with the
curved bones connecting them, the ribs, constitute the bony
cage called the thorax. There are twelve pairs of ribs.
Each pair is attached to a dorsal vertebra, one on each side
of it, and the joints by means of which the ribs are
attached allow movement to take place up and down.
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This movement takes place during respiration. The first
ten pairs of ribs are attached in front to the sternum by
means of cartilages—the costal cartilages,—the first five
E&lrﬂ having separate costal cartilages, while the second

ve are united to a single cartilage—the sixth. The last
two pairs, the eleventh and twelfth, are not attached to the
sternum at all, and are therefore called floating ribs.

=
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vertebral column -
Fig. 5.—Tue Boxy Tuorax.

These are easily pressed inwards by tight lacing. The
sternum or breast iona is flat and shaped more or less like
a dagger, being broader above than below. Viewed asa
whole, the bony thorax is of a conical shape, being broader
below than above, when not distorted by corsets. The
intervals between the ribs are called intercostal spaces,
and are filled up by muscles called the intercostal muscles.
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Shoulder Bones. DIassing from the top of the sternum
to the shoulder is the elavicle or collar bone. This bone
is curved like the italic f, and extends outwards and back-
wards to the shoulder, where it is fastened to the outer part
of the scapula or shoulder
blade. The scapula is a
triangular flat bone which lies
on the upper ribs, at the
back of the thorax. Itisnot

Fig. 6.—THE CLAVICLE. dlrectly connected with the
thorax. The outer part of
the scapula is smooth and hollowed, and forms with the
top of the arm bone the shoulder joint. Kach shoulder
is, therefore, made up of a clavicle, a scapula, and a
humerus. The shoulder joint possesses great mobility, the
arm being easily moved forwards,
backwards, upwards, and down-
wards, in addition to being rotated.
This great mobility is due mainly
to the shallownessof the depression
in the scapula, and to the numerous
and powerful muscles that act upon
the joint,

Upper Limb. The arm bone
or humerus has a large rounded
upper end—the head, which
enters into the formation of the
shoulder joint. The lower end 1s
flattened, and meets the two bones
of the forearm at the elbow joint. e T
The bones of the forearm are the 'S % S LHRUET SCAETLA
radius and the ulna. The ulna is RN
the inner bone and is on the same side as the little finger.
The point of the elbow is formed by the hook-shaped
end of the ulna. The upper end of this bone is much
broader than the lower, so that, while it forms a great part
of the elbow joint, it only has a minor share at the wrist
joint. The radius on the contrary is narrow at its upper
extremity, and much broader below, where it forms the
greater part of the wrist joint. 1f the hand be laid with
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its back on a table and then turned over, it will be
noticed that the thumb describes a semi-cirele round the
little finger. In the forearm it is the radius that des-

cribes the semicircle
round the end of
the ulna—hencethe
name radius. The
wrist bones or
carpals are eight
small bones arrang-
ed roughly in two
rows of four. The
hand bones ormeta-
carpals are the five
long narrow bones that can be
easily felt at the back of the
hand. Attached to the ends of
these are the phalanges, each
finger possessing three and the
thumb two.

Hip Bones. On each side of
the sacrum is fastened a strong
irregularly shaped bone, the hip
bone. The hip bones curve out-
wards and then forwards and
downwards, finally meeting each
other in front. They inclose a
basin-shaped cavity called the
pelvic cavity. The two hip
bones, together with the sacrum
and coccyx, form a bony girdle
called the pelvis.

Lower Limb. The outer side
of the hip bone contains a
rounded cavity for the reception
of the ball-shaped head of the
femur or thigh bone. The
thigh bone is the longest and
strongest bone in the body.

Humerus

Radius
1.' Carpals
VAT
#ﬂﬁ*ﬁl’ﬂel‘acarpﬂa
- st+—Phalanges

Fig. 7, B.—Tur ScAPULA AND

THE ARM,

The lower end forms

part of the knee joint. The other part of this joint is
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formed by the shin bone or tibia, while in front of the
joint is the small rounded bone called the kneecap cr

Fig. 8.—A, Tur Ricar Hir Boxg.

patella, which is held in posi-
tion by a strong tendon. On
the outer side of the tibia is a
long thin bone—the fibula.
Both the tibia and the fibula
help to form the ankle joint.
Forming the ankle and the
neel are seven bones, the tarsal
bones. The bones in the mid-
dle of the foot are long and
narrow, and are called meta-
tarsals. There are five of
them, one -corresponding to
each toe. The phalanges or
toe bones correspond exactly

>

i

—— Hip Bone

Femur
or Thigh Bone

Patella
Knee-cap”

g
orohin Bon
Fibula :

Tarsals

Metatarsals

]

i i
Fig. 8. —B, Hir Boxg ANp LoweR Limu

with the finger bones, there being two in the big toe and

throe in each of the others.
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The foot is narrowest at the heel and broadest at the
ends of the metatarsal bones. The bones of the foot
form two arches, one from the heel to the ends of the
metatarsal bones, the other transverse from side to side.
In the ordinary position of standing the foot rests on the
heel, the outer edge of the foot, and the ends of the
metatarsal bones. The inner side of the foot is too
much arched for it to touch the ground, except in the

Fig. 9.—Tux Foor. Fig. 10.—Imrrint 0F Foor.

condition known as ‘‘flat foot.” These arches give
elasticity and strength to the foot. This, together with
the great number of joints, and the excellent leverage
obtained by the muscles of the calf which pull on the heel
bone in raising the body on tiptoe, renders the foot
peculiarly adaptable to the act of walking.

Tae Sorr PArTs.

The soft parts of the body are divided into different
organs and systems. KEach system is devoted to some
special work which is called its funetion. The chief systems
are :—

(1) The nervous system, which includes the brain,

spinal cord, and all the mnerves. This system
controls all the movements of the body.
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(2) The muscular system effects the movements.

(8) The alimentary system includes the stomach,
intestines, ete., and its function 1s to digest the
food and hand over the nourishment to the blood.

(4) The circulatory system is concerned with the con-
veyance of this nourishment in the blood to every
part of the body. This is done by the heart and
blood vessels.

(5) The excretory system includes the lungs, skin, and
kidneys. These organs getrid of impurities from
the blood. The lungs have an additional function ;
they cause oxygen to be brought into the blood.

The various systems are composed of several different

materials or tissues. Amongst these we have the epithelial,
the connective, the muscular, the fatty, and the nervous
tissues. Most of these tissues are found in each system.
When a tissue is examined under the microscope it is found
to consist of a number of units called cells; and one tissue
differs from another in the nature of its cells, and in the
way ia which they are connected together. In a living
animal these cells consist mainly of a substance called

protoplasm.
The Muscles.

The various joints allow the bones of the body to be
bent in many directions. Of themselves, however, the
bones cannot perform any movement, but all movements
are accomplished by the contraction of muscles. The
muscles of animals constitute the chief part of the flesh
of the body, and are the lean part of the meat. Muscles
are usually divided into two classes: (1) the voluntary
muscles, (2) the involuntary muscles.

The voluntary muscles are those muscles whose move-
ments are under the control of the will. The two ends of
a muscle are usually attached to two bones with a joint
between.  When the muscle contracts it bends the joint,
and when the joint is bent it may be straightened out
again by the contraction of another muscle, which tends to
bend the joint in the opposite direction. For instance, the
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biceps muscle of the arm is attached to the scapula at the
shoulder, and to the radius just below the elbow. When
it contracts it pulls up the forearm and so bends the elbow.
The involun-
tarymusclesare
those which act
independently
of the will.
They form the
muscular walls
of the stomach,
intestines, blad-
der, heart, and
blood vessels. ==
Passing to {f
each muscle is \\
a nerve which
conveys to it the
messages from
the brain or spinal cord. This is called a motor nerve,
because we find that if it is divided the muscle becomes
paralysed and incapable

Fig. 11.—Tue ActioN oF Tur BicErs MuscLE.

| of producing any move-
B === Power ment.
e Levers. Our voluntary
W;ighf Fulcrum movements are usually

Power produced by a muscle or
a set of muscles using a

2 bone as a lever.
A lever is a nigid bar
- which is capable of being
| u}'gighr moved about afixed point.
Fulerum This fixed point is called
Power the fulerum. The force
producing the motion is
3 generally called the
eight power, and the body
Ful which is being moved by
p =t the lever is referred to as
Fig. 1 T, the weight. These three,
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the fulerum, the power, and the weight, may be arranged
along the bar in three different relative positions, giving
three orders of levers.

A lever of the first order is where the power and the
weight act with the fulerum between them. This form of
lever is used when we nod our head. A set of muscles
pull down the head in front, and another set pull down at
the back, the fulerum being the point at which the skull
rests on the atlas.

The second order of lever is where the fulerum is at one
end of the lever and the power at the other end, with the
weight between them. This is the position when the body
is raised on tip-toe. The force here is represented by the
muscles at the back of the leg, which are pulling up the
heel. The weight of the body acts in the middle, and the
toes form the fulcrum.

The contraction of the biceps producing movement of the
forearm illustrates a lever of the third order. The fulerum
is the elbow joint. The power is the contracting biceps,
and is applied about an inch away from the elbow. The

weight acts further down and is represented by the arm
which is lifted.

Tee Bopy Trunk,

The limbs are practically solid structures, composed of the
above tissues. The trunk, on the other hand, is hollow.
This space inside the trunk is called the body cavity. At
about the level of the three lowest ribs is an arched
muscular partition, which divides the body cavity into two
distinct parts, an upper part called the thorax or chest, and
a lower part called the abdomen.

The Thorax and its contents. This cavity is bounded in
front bythe sternum and the cartilages of the ribs; laterally
by the ribs and the intercostal muscles between them ;
behind by the ribs, vertebral column, and the great muscles
of the back; above by the first rib, the collar bone, and
the neck; below by the arched muscular partition called
the diaphragm.
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It is convenient to divide the thorax into three parts.
At each side it is filled with the lungs (right and left).
In the middle portion there are the heart and great
blood vessels, the trachea and its branches, the oesophagus,
the thoracic duct, and lymphatic glands. Surrounding
each lung 1s a double bag called the pleura, the inner layer
of which is attached to the lung itself, while the outer layer
is fastened to the chest wall. In health these two layers are
in close contact and can move smoothly over each other,
the surfaces being
lubricated by a small
quantity of fluid. In
the disease known as
pleurisy these smooth \
surfaces become \

roughened, and pain
is felt every time the
one surface rubs Thorax
against the other. ;
The heart is contained /
in a similar double ;
bag called the peri- i~
cardium. The inner -
layer cwer t}]:a heart '
closely, and the outer

la,yeryfnrma a loose Abdomen
bag in which the heart \
moves. A small \
amount of fluid lubri-
cates the two sur- \

Vertebral
Column

Diaphragm

-

faces.

The Abdomen and
its contents. The \
abdomen is bounded Fig. 13.— Tur Booy CaviTy,
in front by the ab- ]
dominal muscles, passing from the ribs to the pelvis;
laterally by the same muscles; behind by the lumbar
vertebrae, sacrum, coccyx, and muscles of the back;
above by the diaphragm; below by the pelvic bones and

musecles.

i
i
\
i
L]
L]
|
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Itis lined bya thin glistening membrane—the peritoneum
—which also covers the organs contained in the abdomen.
This smooth membrane is kept continually moist by a small

amount of fluid which it secretes.

Liver

furnedup

Iscending co
Large Inlestine

Fig. 14,—CoNTENTE oF ABDOMEN,

In the abdomen are

Slomach

— turned up

Transverse colon
Large Inlestine

Coils of
Small Intestine

— Bladder

the stomach and intestines, the liver and pancreas, the

spleen, the kidneys, ureters, and bladder.

Immediately

under the diaphragm and chiefly on the right is the liver,
a large organ with a curved upper surface to fit the arch
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of the diaphragm. On the left, touching the diaphragm,
is the stomach, the right end of which is continuous with
the duodenum, or the first part of the small intestine.
The duodenum forms a noticeable bend which brings it
under the stomach. The remainder of the small intestine
forms a number of coils situated in the middle of the
abdomen, and making a total length of about 20 feet. At
the lower right hand corner of the abdomen, the small
intestine enters the large intestine. This is much broader
than the small intestine, and is about six feet in length.
It passes up the abdomen on the right, across to the left
just below the stomach, and down on the left side. The
last nine inches form a more or less straight tube which
is cailed the rectum; this ends at the external opening
called the anus.

The pancreas, or sweetbread, occupies the bend of the
duodenum and passes to the left side under the stomach.
On ths left side of the stomach and pancreas is a dark-
coloured small body called the spleen. The kidneys are
fixed to the posterior wall of the abdomen; the right
kidney is covered by the liver and the left by the spleen.
The left is rather higher than the right. Passing down
from the kidneys are the two ureters which end in the
bladder. The bladder is in the front part of the pelvic
cavity.

THE SIMPLE DISSECTION OF A RABBIT.

A recently killed, unskinned r&‘bbit should be obtained. Fasten the
four limbs to a board with strong pins. The parts of the limbs, the
bony thorax, and the soft abdomen should be identified by external
examination, and their resemblance to the human parts should be
noted. The ribs, the sternum, and the vertebrae can easily be felt.

Pick up the skin in the middle of the abdomen between your fingers
and push the ahlu's point of one blade of the scissors through. 'Then
cut upwards and downwards, taking care to cut skin only. Reflect
the skin outwards from the thorax and abdomen, and pin it out at the
side. You will find a large muscle passing from the sternum to the
forelimb ; cut through this close to the ribs. Note appearance of the
sternum, 'the ribs and their method of attachment to the sternum, and
the intercostal muscles.

Now cut alﬂng the middle line of the abdominal wall from the end
of the ntarnum ownwards, and reflect the wall outwards. The liver

F. 8T, 2
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is noticeable at once and is easily identified. Draw it down gently
and notice nbove it the arched partition, the diaphragm, separating the
thorax from the abdomen. The stomach under the diaphragm towards
the left, and the duodenum passing frow it on the right are easily found.
The small intestine lies in many coils in the middle of the abdomen.
The large intestine is represented by a light coloured puckered tube
lying across the lower right hand side, and also by a large sacculated
tube of a dark colour which occupies the lower part of the abdomen.

0

Hear!t
Collapsed Lung

—————— Diaphragm

Liver

Stomach

Small
Inteshine

Caccum

Large ln\r}QQre

Fig. 15.—Viscera or RanniT.

This dark tube is the caecum, and is much larger in the rabbit than
m the human being. The bladder is found at the bottom of the
abdomen. Pick up a coil of small intestine: it is attached to the
abdominal wall by a thin transparent membrane, the mesentery. Cut
through this and travel up and down along the intestine until you
have unravelled the whole from the duodesum to the rectum. In the
bend of the duodenum is an irregular greyish white body, the pancreas.
The spleen will be found as a dark-coloured body just below the left of
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the stomach. The kidneys and ureters are found at the back. Cut
open the stomach, and notice that a tube enters it from above on the
left. This is the oesophagus, a tube which passes from the mouth
down the back of the thorax, and through the diaphragm to the
stomach.

Open the thorax by cutting the ribs away from the sternum on each
side, and removing the piece from the middle. The pericardium is in
the middle and on the left. a thin bag enclosing the heart. Cut this
open, and notice the sha e of the heart and the blood vessels ing
from its upper part. One of these vessels is light coloured, and firmer
than the others. This is the great artery of the body, the aorta. Coming
up to the heart from below is a dark purple vessel, the inferior vena
cava, and from above a similar one, the superior vena cava,

The lungs fill the greater part of the thorax. They are pink,
spongy bodies, Cut off a piece and put it in water. It floats. Passing
upwards from the upper part of the lungs is a hard tube—the trachea
or windpipe. This ends above in the mouth, and below it divides into
two branches, the bronchi, one for each lung.



COAPTER 1I.
THE BLOOD.

To the naked eye the blood appears to be a red liquid, but
under the microscope we see that it really consists of a
clear colourless fluid in which are suspended a great number
of small solid bodies. Most of these small bodies are red,
and they give the red colour to the blood. The clear liquid
part of the blood is called the plasma, and the small solid
bodies floating about in it are called the corpuseles.
There are two kinds of corpuscles, red and white.
There are about 500 red corpuscles to one white.
| Red Corpuscles.
These are usual-
ly described as
. minute bi-con-
A Corpuscle cave discs. This
fromabove means that they
are round and

. flat like a penny,

GUFPUSSJE but are thinner

Se¢n edguNays iy the middle

Fig. 16—tk CorruscrLes (Magnified 1600 times). than at the Bdge'

The diameter of
the disc is +3%%®® of an inch, and it 1s about a
quarter of that in thickness. When viewed under the
wmicroscope, they are seen to have a tendency to run
together in rows like a pile of pennies. Their colour is
not a bright red like the colour of blood, but much paler
and yellower. A red cargusc:le is made of a soft elastic
and spongy material called stroma. Owing to their flexi-
bility they can be forced through a small blood vessel

w
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which has a less diameter than their own. This spongy
network or stroma is colourless, but contains in its meshes a
red coloring matter called haemoglobin. Haemoglobin is
a chemical substance capable of combining loosely with
oxygen and forming uxyﬁaamnglobin, which has a bright
scarlet colour. This can give up its oxygen and return
again to haemoglobin. The haemoglobin therefore acts as
the oxygen carrier of the body. In the lungs it absorbs
oxygen and becomes oxyhaemoglobin, and then this oxygen
is carried all over the body to burn up the waste products
of the various parts.

The White Corpuscles (Leucocytes). These yaxy very
greatly in form and in size. They average 3%+ of an
inch in diameter. The red corpuscles have no power of
movement of themselves, but the white ones are constantly
moving and changing their shape.
Each white corpuscle is a complete
cel, made of a clear jelly-like sub-
stance called protoplasm. In the
protoplasm are seen a number of
black dots called granules, and, if
the cell is treated in a certain way, a
rounded body can be distinguished
which appears darker than the rest
of the cell. This body is called the nucleus. The red
corpuscles have no nucleus,

lotting of Blood. A few minutes after its withdrawal
from the body the blood sets to a kind of jelly. In fact it
looks very much like red jelly., About an hour afterwards
a few drops of a pale yellow liquid appear on the top of
the clot, and the surface of the clot becomes concave. The
clot is shrinking and is squeezing out the pale yellow
liquid—the serum. The clot continues to contract, and
more serum appears until finally there is a red clot floating
in serum. If examined under the microscope this serum
will be found to contain no red or white corpuscles. The
outside of a clot appears redder than the interior, because
the oxygen in the air combines with the haemoglobin of
the red corpuscles and forms oxyhaemoglobin on the out-
- side.

17.—WmiteE CORPUSCLE
%Maguiﬁad 1600 times).
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Explanation of Clotting. Blood plasma consists of water
with a number of substances in solution. One of these
substances is called fibrinogen. When the blood is not
in the blood vessels this fibrinogen is rapidly converted into
fibrin which forms the clot. This fibrin is formed at first
as a sort of network throughout the liquid, and entangles
in it the red and white corpuscles. The fibres then shrink
- and squeeze out the remainder of the plasma, .. the
serum. Putting it in a slightly different way, we may say
that plasma consists of fibrinogen and serum, and a clot
is made up of fibrin with the corpuscles entangled in it.

‘When coagulation is delayed, the corpuscles have time
to sink to the bottom so that the top of the clot is lighter
coloured than the bottom. This layer is called ‘‘the buffy
coat.”

If fresh blood is stirred quickly with twigs the fibrin is
formed rapidly, and collects on the twigs instead of forming
a solid clot. The liquid left behind will consist of serum
and corpuscles only, and will not clot. It is called
‘““ defibrinated blood.”

Serum is a yellowish liquid consisting of water, salts
(chiefly the chlorides, phosphates, and carbonates of
potassium and sodium}, and two complex nitrogenous bodies
called albumin and globulin. The blood plasma contains
all these and, in addition, the substance called fibrinogen.

Uses of Blood. (1) The haemoglobin in the red
corpuscles acts as the oxygen carrier from the lungs to all
parts of the body. (2) The impurities of the body are
carried by the blood to the lungs, kidneys, liver, and skin,
where they can be got rid of. (8) When the food is
digested it passes into the blood which conveys the
nourishment to the various parts of the body. (4) The
flow of the blood through all parts keeps the temperature

of the body uniform.

Tor HEART.

The heart lies in the thorax between the two lungs, and
is partly covered by the lungs, but part of it is in contact
with the chest wall. The walls are made chiefly of muscle,
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and the heart weighs nine or tem ounces. It hangs
freely in a closed membranous sac called the peri-
cardium. The inner surface of the membrane is smooth
and shiny, as is also the outer surface of the heart.
The heart is conical in shape, the base being uppermost
and directed upwards and to the right, while the apex
oints downwards and to the left. The front of the heart
iffers from the back by being more rounded and convex,
and by having a groove filled with fat running from the

Pulmonary Arrery

- Auricular

Auricular g

Appendix

Right Ventricle

Left Ventricle

Fig. 18, A.— Suexe’'s Heart (Front View).

top on the left across towards the bottom on the right.
The back of the heart is much flatter, and the groove in it
is hardly noticeable,

The left side of the heart differs from the right side by
feeling firm and solid when pinched between the fingers:
the right side feels soft and flabby.

Structure of the Heart. The heart is divided into a right
and a left half by a partition, and there is no communi-
cation through this partition from one half to the other.
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Each half is again subdivided into an upper and a lower
compartment called respectively auricle and ventricle.
Each auricle communicates with the ventricle of the

same side by an opening which is guarded by wvalves.
The object of these valves

: ‘ is to prevent any blood

l J flowing from the ventricle

to the auricle. They allow

blood to flow freely from

Right Left theauricle to the ventricle,

Auricle Auricle In describing the heart it

\J__\ is best to consider separ-

: v ately its four cavities, the

N l -\l % right and left auricles
Righl Lelt

Vargrriﬂi‘ﬂ F:?]fricl

and the right and left
ventricles. = The Right
Auricle is a thin walled
cavity. In common with
the other three cavities of

Fig. 18, B.—DiacrammaTic HEART. ‘t-]lE heart it iB Hﬂﬂd Wlth

a thin transparent mem-
brane, called the endocardium. Opening into the right
auricle are two large veins, the superior vena ecava and
the inferior vena cava. These veins bring blood from
the whole of the body except the lungs.

The Right Ventricle is separated
from the right auricle by a valve which
18 composed of three triangular flaps
or cusps, and is called the tricuspid
valve. The apices of the flaps can
meet together in the middle of the
opening between the auricle and the
ventricle and prevent blood passing F‘%Jﬂfﬁﬁsﬁi'“”fi‘?‘.m“
from the ventricle to the auricle.  above.

The apices and margins of the flaps % 3 TheThree Flaps of
are connected by fibrous cords— '
chordae tendineae—with muscular projections on the inner
surface of the ventricle. These cords allow the flaps to
meet, but prevent them from being forced up into the auricle
by the pressure of the blood in the vﬁntricﬁs.
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All the valves of the heart are formed of fibrous tissue
and are covered by the endocardium, so that there is a
layer of endocardium on both sides of the flap.

The right ventricle has much thicker walls than the
auricle. ILeading from it is a large blood-vessel called the
pulmonary artery, because it carries blood to the lungs.
The opening from the right ventricle into the pulmonary
artery is guarded by a valve to prevent blood flowing back
into the ventricle after it has been forced into the artery.
The valve consists of three sem-
circular flaps which are called the
semilunar valves. Each flap forms a
kind of pocket with the wall of the
artery, and allows blood to pass easily
into the artery, but not back again.

The Left Auricle has thin walls.
Opening into it are four pulmonary
veins which bring blood from the _ =
lungs. Below it communicates with R
the left ?Bntricle by thB lmtra.l or 1,2,3, Flaps of the Valve,
bicuspid valve. This valve prevents
blood from passing from the ventricle into the auricle, but
allows it to pass in the opposite direction. The structure
of the valve is exactly similar to that of the tricuspid
valve, except that it is composed of two flaps msteud of
three, and that the flaps are thicker and stronger.

The Left Ventricle is the thickest-walled cavity of the
heart. It is longer and narrower than the right ventricle,
The largest artery in the body—the aorta—goes from the
left ventricle. Its opening is guarded by semilunar valves
in just the same way as the opening of the pulmonary
artery in the right ventricle.

The Beat of the Heart. A beat of the heart consists of
a contraction of the walls of both auricles and both
ventricles, This takes place about 75 times in a minute on
an average. First the two auricles contract at the same
time, and this is immediately followed by a contraction of
both ventricles. Then there is a pause during which the
auricles and the ventricles are relaxed; then the auricles
again contract, and immediately afterwards the ventricles
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contract, then follows a pause, and so on. In a new-born
baby the heart beats one hundred and forty times a minute,
while in old people it only beats sixty times a minute or
even less. KExercise increases the rapidity of the heart
beat. It is generally quicker in women than in men.

Tae Broop VEsseLs.

The blood vessels are branched tubes which convey the
blood to and from the different parts of the body.
There are three kinds—arteries, veins, and capillaries.
An artery is a vessel that brings blood from the heart to

T e Z Main
—— 1-‘_-_""——-—..,_\____:. i
wﬂﬁ
—
Capillaries
Fig. 21.—DiacrAMMATIC REPRESENTATION OF ARTERY, CAPILLARIES, AN® VEIN,

any part of the body, and the vessel carrying the blood
back again to the heart is called a vein. When an artery
reaches the organ which it supplies it breaks up into
smaller branches, and then each branch subdivides again
and again until very small vessels are arrived at. These
are called capillaries because they are as fine as hairs. The
capillaries eventually reunite and form the vein taking
the blood back to the heart.

The Arteries are thick-walled vessels which do mot
collapse when empty. Their walls are strong and elastie,
and consist of three layers—an inner, middle, and outer
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matﬁﬁn\ner coat of an artery is a transparent colourless
membrane called endothelium. This is continuous with

the endocardium lining the heart. The middle coat is made
up of layers of muscle and elastic tissue. In the large
arteries  this
coat is chiefly
elastic, and in
the smaller ones
1t 1s mainly
muscular. The
outer coat 1s
made of con-
nective tissue.
‘When an artery = Gonnective tissue

has an extra i layer

qu a-ntity of Fig. 22.—SreTION THROUGH AN ARTERY.

blood suddenly

forced into it, its elastic coat enables it to dilate, and
afterwards to recover its normal size. By means of its
muscular coat the size of an artery can be regulated
independently of the pressure of blood within it.

The Capillaries. As the arteries get smaller they
gradually lose their elastic tissue. Then the muscular coat
diminishes and
finally disappears,
so that a capillary
blood vessel is sim-
) T _ ~ ply a tube of en-

Endothelial cells dothelium consist-
A ing of thin flat cells
of 71— Muscular layer  united together at
' their edges.

' g _-;*‘}'Endufh elial cells
.-+ Band of elastic lissue

Muscular layer

v i

%\h\,&;— : ' ,:'*——'Cunneul‘i;;eu:ssua The Veins. The
S capillaries gradu-
Fig. 23.—8rcTioN THROUVGH VEIN, E.].].j’ unite thEthElI‘

and increase in
size, assuming the same three layers as in the arteries.
These three coats of the veins are, however, much thinner
than the coats of the arteries and contain much less
elastic and muscular tissue. A vein collapses when it is
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empty. Another difference between an artery and a vein
is that many veins, especially those in the arms and

Section through Vein. Vein Opened.
Fig. 24.—VarLves 18 VEINS,

legs, have valves which allow the blood to flow only
towards the heart. These valves are semilunar folds of
endothelium with a small amount of connective tissue.

CIRCULATION OF THE BrLoob.

When describing the heart, mention was made of the
fact that the blood vessels opening into the ventricles are
arteries, while those opening into auricles are veins. The
forcing power producing the circulation of the blood is the
heart, which by its contraction squeezes the blood into the
arteries and receives a supply from the veins during its
dilation.

When the auricles contract they close the openings of
the veins, and force the blood into the ventricles through
the mitral and the tricuspid valves. Then the ventricles
contract. This closes the mitral and tricuspid valves and
forces the blood into the arteries.

In any description of the circulation, it is best to begin
with the blood that is contained in any one of the four
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chambers of the heart and to trace its journey over the

body until it again reaches the chamber from which it
started. 'We will begin with the blood in the right
auricle.

Superior Vena ___./_7;7;—?;‘\ '

Ca va .

Pulmn e
Cap:lianas
Lung

Pulmonar . N\ My
Arlery RV

capillaries of upper part
of body

Inferior /)
Vena Cava -

Hepaltic Vein

(

___capillaries
of Sfomach and
Intestines

——Hepalic Arfery

V%

Capillaries
of Liver

Capillaries of Inwer part
of body

Fig. 25.—Diacrammaric Prax oF CIRCULATION,

When the right auricle contracts it forces the blood
through the trmuap1d valve into the right ventricle. Then
the right ventricle contracts, closes the tricuspid valve by



30 FIRST STAGE HYGIENE.

the blood pressure, and forces the blood into the pulmonary
artery through the semilunar valves. It passes along this
artery and reaches the capillaries of the lungs, where 1t re-
ceives oxygen from the air in the lungs and gives up some
of its impurities to the air. The pulmonary veins bring the
blood back from the lungs to the left auricle, which, by
its contraction, foreces the blood into the left ventricle
through the mitral valve. By the contraction of the left
ventricle the mitral valve is closed, and the blood is forced
through the semilunar valves and along the great artery of
the body—the aorta. This artery distributes the blood
over the whole body except the lungs. Its distribution
may be divided into two parts:—(1) The head, neck, and
upper extremities, from which parts the blood is collected
by veins which unite together and form a great vein—the
superior vena cava. (2) The lower part of the body and
the legs. The blood from these is collected by veins which
coalesce and form another great vein—the inferior vena
cava. Both these great veins empty themselves into the
right auricle.

That part of the circulation concerned in the supply of
blood to the lungs is called the pulmonary circulation, and
the greater part (carried on by the aorta and the venae
cavae) is sometimes called the systemic circulation. There
is another small circulation—the portal circulation—that
has to be described.

The aorta supplies blood to the stomach, intestines,
spleen, and pancreas. This blood is collected by veins
which unite together to form the portal vein. The portal
vein goes to the liver and there breaks up into capillaries.
An artery—the hepatic artery —also passes direct from the
aorta to the liver and breaks up into capillaries there. The
liver therefore has two blood supplies, one from the portal
vein and one from the hepatic artery. The blood from the
liver is collected by a single vein—the hepatic vein—which
joins the inferior vena cava.

The cause of the circulation. The capillaries offer a
very great resistance to the flow of blood through them
because of their very small diameter. Now the arteries
have a definite quantity of blood forced into them at each
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beat of the heart. They will obviously therefore become
overfilled with blood. Their elastic coat enables them to
distend in order to accommodate much more blood than
would fill them in their ordinary condition. The elasticity
of the walls tries always to decrease the diameter of the
distended arteries, and so there is set up a pressure in the
blood—Dblood pressure—that tends to force the blood out of
the arteries, #.e. into the capillaries. ~When the contents
of the ventricles are suddenly pushed into the artery an
extra distension takes place in order to accommodate this
extra amount of blood, and therefore the blood pressure will
suddenly increase in the arteries at each contra tion of the
ventricles. This causes the pulsation of the arteries, 7.e.
the pulse. Between any contraction and the following one
the pressure in the arteries decreases because the pressure
in them 1is forcing blood into the capillaries, 7.e. the arteries
are emptying themselves. In this way the elasticity of
the arterial walls acts as a reservoir of the heart’s force,
“Just as the distended air-bag of a piper acts as a reservoir
of his expiratory efforts.” Its effect on the circulation is
to convert the pulsating force of the heart into a con-
tinuous force, the energy of each heart-beat being mainly
absorbed in keeping the arteries distended, by which
means a constant flow is kept up in the interval between
the beats. On this principle, fire engines, garden watering-
engines, ete., are made.

The blood pressure steadily decreases in passing from
the larger to the smaller arteries, because of the friction
which opposes the flow in the small arteries and the
capillaries. In overcoming this friction, the energy of the
heart-beat is turned into heat, and thus the pressure
produced by the heart is changed into heat in the small
arteries. When the blood has been driven through the
capillaries and has reached the veins the force is almost
entirely expended, and so the blood-pressure in the veins is
very small indeed.

Minor forces assisting the circulation of the blood are

the respiratory movements of the chest, and the muscular
movements of the body.
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Direcrions roR DISSECTING A SHEEP'S HEART.

Obtain a sheep's heart with ¢ the bag’’ (the pericardinm) and as
much of the vessels as possible still attached.

Open the pericardium, note its fluid, and its attachment to the heart
and the roots of the great vessels. Then cut it away.

The Heart. First decide which is the front of the heart and which
the right and the left side. Note relative thicknesses in the walls of
the right side and the left (felt by pinching the wall); also the thin
walls of the auricles at the upper part. The flat ear-like flap on each
side of the base of the heart, one lying on each auricle, is called the
auricular appendix. Observe grooves showing line of separation
between the two ventricles, and also the transverse groove between the
auricles above and the ventricles below.

At the back of the heart, just above the transverse groove, will be
found the openings of the superior and inferior venae cavae, both
opening into the right auricle. Pass the finger through one of these
openings (enlarged with the scissors if necessary) into the right
auricle, and pass it downwards into the right ventricle through the
tricuspid valve.

To the left of the opening of the inferior vena cava are the two pulmon-
ary vein openings into the left auricle (sometimes there is only one to be
found). Dass the finger into the left auricle and through the mitral
valve into the left ventricle. Open both the auricles by two vertical
slits, starting from the superior vena cava and the pulmonary vein.
Note the appearance of the inside.

Pour water into each ventricle until quite full and then gently press
the ventricular wall. On the left side you will see two flaps of
membrane (the mitral valve) spring from the sides and meet in the
middle of the entrance into the ventricle, completely shutting off the
auricle from the ventricle. On the right side three tlaps will be
seen.

Cut open the left ventricle by an incision right round the apex,
keeping just to the left of the inter-vemtricular groove. Note
thickness of the walls, appearance of the flaps of the mitral valve,
chordae tendineae, etc. At the top of the ventricle is the opening of
the aorta, the walls of which will be seen to be very thick. Pour water
down the aorta towards the ventricle; the three pockets of the aortic
valve at once swell out and meet in the middle, completely blocking
the way. Cut open the aorta and examine the valve.

Open the right ventricle by a similar incision, keeping to the right
of the interventricular groove. Examine the tricuspid valve and the

pulmonary valve, and follow the same directions as have been given for
the left ventricle,



CHAPTER IIL
AIR—RESPIRATION.

Ai1r,

TaE relative importance of air to the body is easily under
stood when we consider that there are
cases on record of human beings living
for five or six weeks without food, where-
as deprivation of air causes death in four 1
or five minutes. |

It may be easily proved (see experi-
ments at the end of the chapter) that the
air has weight. This being the case it at
once follows that it must exert a pressure
upon us, as we live at the bottom of a sea
of air many miles deep.

The actual pressure of the atmosphere
varies slightly, but it is usually about
15 lbs. per square inch, or about 14 or 15

tons on the body of the average adult.
The pressure is equa.l in all directions and
evanf;r distributed, the air in the lungs

ressing outwards 'with almost the same
Fnrce as the outside air is pressing inwards,
and so, under ordinary circumstances, we
are not aware of its existence.

The atmospheric pressure is measured
by the barometer. 'This is a tube about
a yard long and closed at one end. It is
first filled with mercury, and then the
thumb being placed over the open end, Fig. 26.—Banowsrsr.
the tube is mvartad in a vessel con-
containing mercury. The mercury in the tube does not

¥. 8T. HY. 3

30inches
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sink to the level of the mercury in the vessel, but remains
about 30 inches higher, being kept up by the pressure of
the air on the surface of the mercury in the vessel. The
pressure of the air will obviously be less on the top of a
hill than at a lower level, and so the level of the mercury
in the barometer gets lower the higher we climb., Also,
cold air is heavier than warm air, and dry air is heavier
than moist air. The barometer will therefore stand higher
on a dry cold day than when it 18 moist and warm.

Composition of Air.

The average composition of the atmosphere may be
taken as
Nitrogen 79
Oxygen 2096
Carbon Dioxide -04

100-00

There are also variable quantities of :—Water vapour,
ozone, ammonia, acid gases, excess of carbon dioxide, and
suspended impurities.

Nitrogen is a clear colourless gas without any taste or
smell. It is very inert, being incapable of supporting
combustion or respiration, and it is incombustible. Its use
in the air is to modify the activity of the oxygen. One
out of the 79 per cent. that we put down for nitrogen really
consists of a gas called Argon. This, as far as we know, is
of no hygienic importance, as it behaves in the same way
as nitrogen.

Oxygen is the most important constituent of the air. It
is a clear colourless gas without any taste or smell, and its
presence is essential for all cases of combustion and
respiration. Any substance that will burn in air burns
with increased brilliance when dipped into a jar filled with
oxygen. When a candle is lighted and placed in a limited
volume of air, it can only burn as long as there is oxygen
around it. But when a candle (or any combustible sub-
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stance) burns in air it gradually combines with the oxygen,
and so the amount of oxygen in the air round the candle
will get less and less, until at last there is too little oxygen
present to support the combustion of the candle, and the
candle goes out. In exactly the same way an animal uses
up the oxygen and, unless fresh air is supplied, will die.

Carbon Dioxide (narbuniﬂ acid gas) exists in pure air to
the extent of four volumes in 10,000 of air. Sometimes
as little as three volumes per 10,000 is found. It is a
clear colourless gas with a very faint pleasant taste and
smell. It is very heavy, being about one and a half times
as heavy as air. The property by means of which this
gas is recognised 1s its action on lime water, which it
turns milky. Carbon dioxide is incombustible and will
not support combustion or respiration.

Carbon dioxide is poured into the air in enormous
quantities, being produced by the following processes :—

(a) By all ordinary cases of combustion, ¢.e. by the
burning of coal gas, candles, fires, ete.

(6) By the breathing of animals. All animals absorb
oxygen from the air and give out carbon
dioxide in their breath. Plants also behave in
the same way, but only on a small scale.

(¢) During the numerous cases of fermentation and
decay that are continually going on.

As the supply is so abundant it would seem reasonable to
expect that the amount of carbon dioxide in the air would
rapidly increase. It is found, however, that the amount
in pure air remains atatmnary This is owing to the
action of the plants upon the carbon dioxide. When the
sun is ahlmng their green parts are capable of absorbing
carbon dioxide from the air. They keep the carbon for
growing purposes, t.¢. to make Wuod and give back oxygen
to the air. bvmusly, therefore, the chief effect of plants
upon air 1s exactly the opposite to that of animals, and
tends to decrease the amount of carbon dioxide in the
air. As a matter of fact, plants are continually taking in
small amounts of oxygen and giving out carbon dioxide,
just like animals, but during the day this action is masked
by the opposite one. During the night, however, plants
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act in a very small way like animals and give off carbon
dioxide. For this reason some people urge that it must
be injurious to have plants in a bedroom.

In large towns and in inhabited rooms the amount of
carbon dioxide in the air is often above ‘04 per cent. Any
excess over this is considered to be an impurity. Thus if
a sample of air were found to contain ‘07 per cent. of
carbon dioxide we should say that this air contained an im-
purity of ‘08 per cent. carbon dioxide. An impurity of
‘02 per cent. is found to produce no ill-effects, but air con-
taining any more carbon dioxide than this is injurious.
This amount 1s, therefore, called the ‘ maximum per-
missible impurity,”’ and the maximum total percentage of
carbon dioxide that may be allowed in air is -06 per cent.

Carbon dioxide is also present in ground air in large
quantities. By ground air is meant the air occupying the
interstices of the soil above the level of the ground water,
Since this air is impure it is obviously unhealthy to live
in underground rooms.

The air in wells consists mainly of ground air and is
often very impure. A common method of testing this air,
before sending down workmen, is to lower a lighted
candle down the well. If the candle goes out the air is
too impure to breathe, and means must be taken to
purify it.

Ozone is a gas that is found in very small quantities in
the air of country places and at the seaside. It is a con-
densed form of oxygen, and is very active, attacking
decomposing matter and rendering it harmless.

Water Vapour is always present in the air, but the
quantity is very variable. Itis produced in many ways :—
(a) by evaporation from the surface of water; (4) by the
respiration of animals; (¢) by many cases of combustion,
e.g. of coal gas, candles, ete.

The warmer the air the greater the amount of water
vapour that it can take up. When the air at any given
temperature contains as much water vapour as it can hold
it is said to be saturated, and when it is capable of holding
more it is unsaturated. Obviously, if the temperature of
a certain quantity of saturated air is raised it ceases to be
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saturated and becomes unsaturated, because it is now
capable of taking up more water vapour. On the other
hand, if the tem%eratura of a given volume of saturated
air is lowered it becomes incapable of holding so much
water, and so some of it appears in the form of rain or
dew. This is easily illustrated by placing a flask filled
with cold water in a hot room. It soon becomes covered
with a deposit of dew.

When the air is close to its saturation point it is said to
be moist, and when it is far from saturated it is called dry
air. As a rule the atmosphere contains from 1 to 14 per
cent. of water vapour.

Suspended Impurities. The presence of these impurities
in air is shown when a ray of sunshine enters a darkened
room. The tiny solid particles are of the most varied
cnm(}waitinn some of the commonest being common salt,

coal dust, minute seeds of plants, particles of wnﬂd
Etraw, cotton, ete.; also scales of skin, hair, and germs of
disease, eapemally 'the germs of tuberculosis (consumption),
amal]pax, and scarlet fever, as well as an enormous number
of practically harmless organisms. Suspended impurities
are also produced by various trades. These irritate the
lungs, and often set up disease. For this reason lung
troubles are especially common among tin miners, needle
makers, cutlers, cement workers, ete. In white lead works
the dust gives rise to lead colic and lead poisoning.

Special Local Gaseous Impurities.

Carbonic Oxide, or carbon monoxide. This gas is given
off from imperfectly burning charcoal stoves, and in other
cases of partial combustion. For this reason such stoves
should never be used without proper flues. Carbon
monoxide is extremely poisonous, and fatal consequences
have followed when the air contained only } per cent of the
gas. The symptoms are dizziness, headache, and a sense
of oppression and constriction. “ Water gas,”’ which is
now extensively added to coal gas, contains carbon
monoxide.
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Coal Gas is a mixture of gases obtained by the distilla-
tion of coal. It should never be present in the air as it is
very dangerous for two reasons—

(@) When mixed with air it is explosive and will explode
violently when alight isapplied. Coal gas, not mixed with
air, is not explogive in any way.

(6) It contains poisonous gases, especially carbon mon-
oxide. Even in very small quantities it produces headache
and sore throat. In larger quantities it produces a sense
of suffocation, and many people have been poisoned by it
in their sleep.

The commonest cause of an escape of coal gas is neglect
to completely turn off the gas. Sometimes it may get
turned on by accident, while other causes are leaky pipes
and the evaporation of the water from chandeliers, or coal
gas may enter a house from an escape into the soil below.
When an escape of coal gas is noticed, it is, of course, the
height of folly to light a candle or match, and yet nearly
all the fatal explosions have been caused by people going
with a light to find where the gas is escaping. The proper
course under these circumstances is to—

(a) Put out all the lights in the house.

(6) Turn off the gas at the meter.

(¢) Open the windows to get rid of the poisonous and
explosive gas.

The products of the combustion of coal gas are chiefly
carbon dioxide and water vapour. One cubic foot of coal
gas when burned produces about one cubic foot of carbon
dioxide and one cubic foot of water vapour, and removes from
the air about two cubic feet of oxygen. Now the average
gas burner consumes about 4 cubic feet of gas per hour
and, therefore, will produce 4 cubic feet of carbon dioxide,
which is more than six times the amount that an ordinary
adult would give off in his breath in the same time. Oxides
of sulphur are also produced in small quantities when coal
2as 1s burned. For this reason plants do not flourish as a
rule in rooms lighted by coal gas. The paint of pictures
and other materials are also injuriously affected.

Sewer Gas occasionally finds its way into the airin houses
owing to a defective condition of the traps to the drains,
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or by unsanitary arrangements connected with the
water-closet and its cistern. It may cause vomiting,
diarrhoea, and colic. Sore throat and probably diphtheria
are other results, while erysipelas and puerperal fever
have often been traced to t]:ua ollution.

Vapours from injurious trades. The most important is
the impurity arising from phosphorus in match making.
The fumes of the phosphorus give rise to a serious disease
of the jaw (phossy jaw). In artificial flower makin
mjurious effects are often produced by the araenwﬁ
vapours. Workersin copper and brass foundries are often
affected by the fumes. o4

Tae RESPIRATORY SYSTEM.
On its way to the lungs the air passes through (a) the
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Fig. 27.—TRACHEA AND BRONCHI.

mouthor nose, (4)the ha.rynx, (¢)the larynx, () the trachea,
(¢) the bronchi and their branches.
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The pharynx is a wide funnel-shaped cavity, four inches
long, at the back of the nose and mouth, It divides below
into two tubes, one behind the other. The posterior tube
is usually collapsed as it has only soft flabby walls : this 1s
the cesophagus, or the tube to convey the food from the
pharynx to the stomach. The front tube has hard cartila-
ginous walls and so is always kept open: this is the begin-
ning of the windpipe and is called the larynx or voice-box.
It is continued below as the trachea.

?‘_mundi-
-bulum
j - Bronchiol é//
/,_\';\

)\/ . Bronchiole

A, Outside View. B, Section.
Tig. 28, —TrErMINATION OF BRONCHI0LE (magnified).

The trachea is a round open tube, about 4} inches long,
and 1 inch wide. It is kept open by C shaped rings of
cartilage—the open part of the C being directed backwards
so as to present a continuous cartilaginous ring in front.
There are from 16 to 20 of these rings,

It is lined inside with columnar epit‘ielium, on the surface
of which are numerous hair-like processes called cilia.
These, during life, are constantly in motion and tend to
drive any fluid that is on them outwards towards the mouth.
These cilia also line the larynx and all the branches of the
trachea. The middle coat of the trachea consists of muscle,
cartilage, and fibrous tissue. The external coat consists
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of connective tissue containing a little fat. Close to the
lungs the trachea divides into two tubes called the bronchi,
the right bronchus going to the right lung and the left
bronchus to the left lung, These bronchi again divide and
subdivide until finally the branches are so small that they
can only be distinguished by the microscope. The smallest
tubes are called bronchioles or bronchial tubes. The
branches of the trachea have a similar structure to the
trachea itself, but the bands of cartilage become less and
less complete as the branches get smaller, until they
are merely scattered pieces of cartilage; they altogether
disappear in the smallest tubes. The bronchioles end
in dilated eavities called infundibula, which have a large
number of tinyballoon-shaped chambers opening into them.
Each of these chambers is called an alveolus (see fig. 28).

The lungs are therefore made up of an enormous number
of infundibula or dilated ends of the bromchioles. These

_Epithelium
\y  Lining ofair cells

. - Capi
‘ pillary
\ ' blood-vessels

fig. 29.—3EcTION oF ALveoLvs [Diagrammatic).
(Very highly magniﬁed.]

are connected together by fine connective tissue and the
whole is covered by a transparent elastic membrane, the

leura. The alveoli are lined internally by a layer of

attened cells joined edge to edge. Beneath thisis a layer
of elastic tissue, and a close network of capillary blood-
vessels. The blood in the capillaries is only separated from
the air in the alveolus by a very thin delicate partition. The
Eulmonary artery breaks up into these n&piﬁaries and the

lood is collected again into the pulmonary vein which
takes it back to the heart. Externally the lungs are of a
mottled Eurple colour, are spongy to the touch, and are
covered by the smooth glistening pleura. They may be
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easily expanded by blowing in air, but when left to them-
selves they shrink again because the walls are composed
partly of elastic tissue, as we have said above. Some air
always remains in the lung, and so if a piece of lung 1is
thrown into water it will float. In their natural condition
in the thorax, the outer surface of each lung is pressed
closely against the inner surface of the walls of the chest:
The air has no access to the outside of the lungs, and the
pressure of the atmosphere is warded off by the muscular
and bony walls of the thorax. Inside the lungs, however,
the air has free access through the trachea and bronchioles,
and so the atmospheric pressure keeps the lungs distended,
causing each lung to fill up completely each half of the
thorax. When the cavity of the thorax is increased in
size the pressure of the atmosphere expands the lungs by
forcing more air into them. On the other hand, if the size
of the thorax is decreased some of the air is forced out.
It is important to understand and to remember that the
atmospheric pressure can only expand the lungs when, by
some means or other, the cavity of the thorax is increased
in size.

Respiration.

Respiration consists of two acts—(a) inspiration or the
drawing of air into the lungs, and () expiration or the act
of forcing air out of the lungs. Respiration is effected by
the alternate enlargement and contraction of the thorax,
and the double act takes place in the ordinary adult about
16 to 20 times per minute.

Inspiration is effected chiefly by (a) the contraction and
descent of the diaphragm, and (#) the contraction of the
intercostal and other muscles, causing the ribs and sternum
to be elevated.

Reference to the figure of the diaphragm will cause the
first to be easily understood. If the diaphragm contracts
it will become straighter, and so enlarge the cavity of the
thorax. This, as explained above, will cause air to rush
into the lungs. The other method of increasing the size
of the thorax is by elevating the ribs and pushing out the
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sternum. KEach rib describes a greater arch than the
one above, and evidently, therefore, if each is suddenly
raised into the position previously occupied by the one
above, the size of the thorax will be inereased.,

In men the diaphragm is the more important factor in
causing inspira- \
tion, while in .
women the move- u
ment of the ribs '’
and sternum is F T e
more conspicu- Posilion ater -

of the ribs causes
them to fall, and
so reduce the
size of the chest.
In forced expira-
tion, asin coug-
ing or sneezing, \

the abdominal Fig. 30.—MovemENT or Rins, STERNUM, AND DIAPHEAGM.

muscles are used The dotted lines show the position occupied by the
1m order to press Sternum, Ribs, Diaphragm, and Abdominal Walls at the

] end of a full inspiration.
up the diaph-
ragm, thereby decreasing the capacity of the thorax and
forcing out the air.

Quantity of Air. At each inspiration an adult takes in
about 30 cubic inches of air, and breathes out the same
quantity during the succeeding expiration. This is called
the tidal air. At the end of ordinary expiration an extra
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100 cubic inches can be driven out by forced expiration,
and this is called the supplemental air. Similarly the
extra 100 cubic inches that may be forced into the chest
at the end of ordinary inspiration is called the comple-
mental air. The air left in the lungs at the end of forced
expiration is called residual air, and measures another 100
cubic inches. Obviously, therefore, at the end of ordinary
expiration there are about 200 cubic inches of air in the
lungs, and this air, which is called the stationary air, is
only renewed by being mixed with the tidal air in the
bronchial tubes. This mixing of the stationary air with
the tidal air prevents too sudden changes of temperature
in the lungs.

Changes in the Air. The composition of the air going
into the lungs is as we have seen :—

Nitrogen 79  per cent.
Oxygen 20:96
Carbon dioxide 04
together with a variable quantity of water vapour.
Expired air consists of :—
Nitrogen 794 per cent.
Oxygen 158
Carbon dioxide 4'3 e

Expired air is always saturated with water vapour, and
also contains small quantities of other gases and organic
impurities. Expired air therefore differs from inspired air.

(@) It contains more carbon dioxide.

(b) It also contains more water vapour.

(¢) The oxygen is decreased.

(d) The temperature is raised to about 96° Fahr.

(e) It contains organic impurities. These are the most
injurious of the impurities produced by respira-
t1omn. :

Changes in the Blood. The blood that reaches the capil-
laries of the lung is impure, containing an excess of carbon
dioxide and a deficiency of oxygen. It is purple in eolour,
and is derived from the veins of all parts of the body.
When passing through the lung capillaries the blood is
only separated from the air in the lungs by a very thin
membrane. Oxygen and carbon dioxide can pass readily

L
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through this membrane, and, as the result of this, the
blood going away from the lungs is ‘“‘arterial” in character,
has a bright red colour, and contains about twice as much
oxygen, but less carbon dioxide, than the blood coming
to the lungs.

One hundred volumes of venous blood (i.e. blood coming
to the lungs) contain

10 volumes of oxygen,
46 sy carbon dioxide.

While 100 volumes of arterial blood (¢.e. blood going
away from the lungs) contain

20 volumes of oxygen,
39 ,»  carbon dioxide.

This extra oxygen is carried to the heart along the pul-
monary vein, and from the heart all over the body by the
arteries, and is used up in oxidising the waste matters of
the body, thereby producing heat. Part of it returns to
the lungs in the form of earbon dioxide and water, and is
expired.

Enss from the Lungs. An adult breathes out about ‘6
cubic feet of earbon dioxide per hour. This in twenty-four .
hours amounts to about 144 cubic feet. The oxygen in
this is derived from the air, but the carbon is derived from
the tissues of the body. There are about eight ounces of
carbon in this volume of carbon dioxide. The above
amount of carbon dioxide is given off when the body is at
rest. During work this quantity is greatly increased,
being ‘9 cubic feet per hour during light work, and 1-9
cubic feet during hard work.

The water lost from the lungs as water vapour during
the twenty-four hours may be taken as half a pint.

Suppose, for instance, & concert room contains about
2,000 people and that the concert lasts for two hours.
During this time there would be poured into the air in the
breath of the people about 11 gallons of water and as
much carbon as there is in a hundredweight of coal !

. L
EXPERIMENTS ON CHAPTER III.

1. Mechanism of Imspiraticn. The bell jar in Fig. 31 is placed om
the plate of an air pump and the air is extracted. The tube at the
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top has uttached to it the half-filled india rubber bag which represents
the lungs. When the air is extracted the effect is the same as 18
produced in the chest by depressing the diaphragm and raising the
ribs, i.e. the pressure inside the bag (or lungs) becomes greater than
the pressure outside, and the bag expands.
2. The breath. (a) To prove the
presence of moisture, breathe upon a
cold surface such as a piece of glass or
slate. () Carbon dioxide is detected

by blowing down a glass tube into lime-

water contained in a emall beaker.

Notice that the lime-water becomes

turbid. (¢) Organic impurities are é—‘i | glass
proved to be present by blowing —| belljar
through water made pink by a drop of [~ India-
Condy’s fluid. In a short time the -rubber
Erigﬁ:t pink colour becomes duller, and bag

nally changes to brown.

3. 1;11&5 H’%iykt of Air. Take a round : E ]
bottomed glass flask fitted with a bung . plale
through which a short glass tube passes. ofair pum
At the end of the glﬂﬂﬂ tube is fastened Fig.81l.—ArpArATUS FOR TLLUS-
a short piece of indiarubber tubing. TRATING  MECHANISM  OF

Place a small quantity of water in the  BEsrIRATION.

flask, boil the water over a DBunsen .

. burner, take away the burner and quickly place a clip on the rubber
tubing. Next carefully balance the flask as in Fig. 32. The steam

e

produced when the water was boiling has driven the air out of the
flask and has taken its place. As the flask cools, however, this steam
condenses and produces a partial vacuum in the flask. On opening the
clip therefore, the air rushes in and increases the weight of the flask.
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4. The Pressure of Air. The great pressure of the air 18 simply
illustrated by the following experiments. A flimsy tin vessel is taken,
and a small quantity of water poured into it. Thas is boiled for a few
minutes over a Bunsen flame uud then a cork is quickly inserted into
the vessel. If cold water is now poured over the vessel it collapses
owing to the pressure of the air on the outside. The atmospheric
pressure is measured by the barometer. The student should make the
simple barometer dnacnh&d on page 33.

5. Air. The relative proportions of nitrozen and oxygen in air are
roughly estimated as follows :—Take a glasa tube about one inch wide
and eighteen inches long, closed at one end and provided with a well-
fitting cork for the open end. Put into the tube a piece of phosphorus
about as large as a pea, press in the cork, and gently warm the tube near
the phosphorus. Great care should be taken when using phosphorus,
and it must always be cut under water. The phosphorus takes fire
and melts. Turn the tube so as to cause the melted pﬁ'oaphurua to run
along the sides of the tube. The phosphorus, in burning, combines
with and removes all the oxygen from the air. When all signs of
burning are over, hold the corked end under water and remove the
cork. Note that the water rises about } of the way up the tube
to take the place of the oxygen removed. The remaining % are
nitrogen.

6. Nitrogen. DPlace an indiarubber pad under the open end of the
tube and carefully invert it, so that the nitrogen takes its place at the
open end. Light a taper and push it down into the gas. Note effect.

7. Ozygen. Obtain three jars filled with oxygen. (a) Light a

ewooden splint, and allow it to burn for a few seconds; then blow it
out, and push the glowing end into the jar filled with oxygen.
() Place a small piece of charcoal in a deflagrating spoon, hold it
in the Bunsen flame until it begins to smoulder, and then lower it
into the oxygen. When all burning is over, pour a small quantity of
lime-water into the jar and shake it up. Note that the lime-water is
turned milky, showing that the gas formed by burning charcoal is
carbon dioxide, (¢) Lower a lighted candle into the third jar. When
the burning is over, remove the candle, and with lime-water test the
gas formed.
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“] CHAPTER IV.
VENTILATION.

VEntiLATION may be defined as the dilution or removal of
mmnmbuﬂhnn in_dwellings
by supplying fresh air. We have seen that the injurious
pm&ucts of respiration are carbon dioxide and organic
impurities, while the injurious product of combustion is
chiefly carbon dioxide. There are evidently, therefore,
two sources of carbon dioxide in a room: (1) the breath
of the occupants, and (2) lamps, candles, gases, ete.
The first of these two sources is by far the more in-
jurious because, as we have said, the carbon dioxide
in this case is always accompanied by organic impurities
which are more injurious than the earbon dioxide itself.
It is owing to the presence of these organiec impurities
that such a small percentage of carbon dioxide seems to
produce such a great effect. A room containing ‘06 per
cent. of carbon dioxide smells close to a person entering it
from the fresh air, while a percentage of -1 per cent. would
malke it very close.

This organic impurity is very difficult to estimate, while
the estimation of the carbon dioxide is compa,ratwely easy.
For this reason it is usual to estimate only the carbon
dioxide in a given sample of air, and to infer from the
amount of this gas the quantity of orgamic impurities
present. This is generally reliable, because the organic
matter 18 an invariable accompaniment of the carbon
dioxide produced by respiration, and so the quantity of
carbon dioxide in the air of a room may be taken as a fair
index of its purity.

= il 48
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Effects of bad ventilation. (1) Living in a badly venti-
lated room for a few hours produces drowsiness and head-
ache, but these ill effects soon wear off on regaining the
fresh air.

(2) If this exposure to foul air is prolonged from day to
day, 7.e. if the individual lives in badly ventilated rooms,
the general health becomes impaired, and the tendency to
take cold is increased. Consumption very often occurs
under such circumstances, and infectious diseases, when
once started, spread very rapidly. A striking illustration
of the relationship between foul air and consumption is
given by the following statistics contained in the report of
the Army BSanitary Commission. The Foot Guards had
been allowed 331 cubic feet of space per man in their
parracks, and the death rate from consumption among
them amounted to 13-8 per 1000 ; while the Horse Guards,
with a cubic space of 572 feet per man, showed a mortality
of only 7'3 per 1000. On increasing the cubic space per
man there was a very marked diminution of the murtaﬁt}r
from all causes.

(3) In extreme cases, when the products of respiration
are breathed in a concentrated condition, rapid poisoning
results. This is well illustrated by the incident of the
Black Hole of Calcutta, where 146 persons were imprisoned
in & room about 18 feet square and with only two small
windows. In the morning there were 123 dead, and, of
the 23 who were living, several afterwards died of
pu]l:rilddfaver—the effects of the organic poison they had
inhaled,

Agents purifying the air. (1) The rain as it falls wa.-ahas
the air free from most of the suspended impurities.
also removes much of the organic impurities tﬂmt may ba
present, as well as any acid gases such as oxides of Elﬂphur,
~ oxides of nitrogen, ete.

(2) The wind tends to produce a uniformity of com-

osition and aid the removal of the impurities by
g.lstnbutmg them. Diffusion also produces a similar
result.

(3) The plants, as we have already explained, remove -
the carbon dmx;da from the air,

F. ST. HY. 4
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(4) The oxygen in the air—especially when in the form of
ozone—gradually oxidises and renders harmless the organie
impurities.

As the result of all these purifying agents the composi-
tion of ordinary air remains constant.

Amount of air required per head. We have seen that
(1) an average adult produces 6 cubic feect of carbon
dioxide per hour by respiration, and (2) the amount in the
air may be increased by ‘02 per cent. without producing
any injurious results., From (2) we may say that:—

‘02 cubic feet of carbon dioxide may be added to 100
cubic feet of pure air,
.. '2 cubic feet of carbon dioxide may be added to 1000
cubic feet of pure air,
.'. 6 cubic feet of carbon dioxide may be added to 3000
cubic feet of pure air,
t.¢. an average adult produces sufficient carbon dioxide to
render impure 3000 cubic feet of pure air in one hour.
Therefore 3000 cubic feet of fresh air must be supplied for
each person in a room.

It is found that the air in a room can be changed three
times per hour without causing any draught, and so if 1000
cubic feet of space is provided for each person, and we
change the air three times per hour by proper ventilation,
the necessary 3000 cubie feet of fresh air is supplied. For
example, suppose it is desirable to know how many
people may be allowed to sleep in a room 12 feet long,
8 feet broad, and 10 feet high: here the cubic contents
are 12 X 8 X 10, i.e. 960 cubic feet. KEvidently from
the above, only one person should sleep in such a room
unless special methods of ventilation were adopted so
as to change the air more than three times per hour.
In caleulating the contents of a room more than 12 feet
high, it is best to reckon 12 feet only for the height because
cubic space is of no value when it is principally obtained
by means of lofty ceilings.

For sick people the supply of fresh air should be at least
half as much more than that allowed in health, ¢.e. 4500
cubic feet per hour. Soldiers in barracks are allowed 600
cubic feet of space; children in board schools 100 cubic
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feet; in prisons 800 cubic feet; in hospitals 1500 cubic feet.
Five hundred cubic feet of space for each person should be
taken as the absolute minimum permissible.

_-'-‘-F-*
/ MeTrHODS OF VENTILATION,
Th

e methods of ventilation may be divided into two
kinds—the natural and the artificial. By natural ventila-
tion we mean any method that depends upon the natural
forces which set air in motion, and does not involve the
use of any mechanical means for the renewal of the air.
Artificial ventilation, on the other hand, depends upon the
use of pumps, fans, bellows, ete.

Two properties of gases play a very important part in
the theory of ventilation; these are (1) diffusion, and (2)
changes in the density of air produced by heat.

Diffusion is the property of gases to mix thoroughly and
completely even against gravity, t.e.

a heavy gas will diffuse upwards <2
and completely mix with a lighter
gas, and a light gas will diffuse
downwards and mix with a heavier
one. For instance, if in fig. 33 the
upper jar is filled with ecoal gas,
which is a light gas, and the lower P
jar with air, which is a comparatively
heavy ome, then, on removing the
plates between them and allowing s
them to diffuse for about half an — Jar confaining
hour, the lower jar will be found to -
contain just as much coal gas as the
upper jar, and both may be lighted. & 5=
The same result would be obtained, h S
after a longer time, if a partition of “Exreaiaes.

some porous substance, such as .
unglazed earthenware, were placed between the jars. It
is found that the lighter a gas is the faster it diffuses, and
that if a light gas is on one side of a porous partition and a
heavier gas on the other, then the light gas will diffuse
through into the heavy one faster than the heavy gas will
diffuse into the light one.

-4~ jar confaining
coal gas
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Now in an ordinaryroom the air is warmer and, as we shall
see, lighter than the cold air outside. Diffusion outwards,
therefore, will take place at a greater rate than diffusion in-
wards, and freshairwill enterthe roomnot only astheresult of
this process of diffusion but also in order to equalise the pres-
sure insideand outside theroom. Diffusion through the walls
of a room is greatlyinterfered with by the paper, plaster, and
paint with which the walls are covered. As an example of
the power of diffusion as a ventilating force it is said that in
the case of a cubical room with brick walls, contents 3000
cubic feet, and difference of temperature between the inside
_and outside air being 35° Fahr., the air would be completely
changed in one hour by diffusion alone.

Changes in Density of Air. When airis heated it expands.
For this reason a pint of cold air will weigh heavier than a
pint of hot air. Hot air therefore rises and cold air will
take its place. This is exactly how winds are produced.
The surface of part of the earth becomes heated by the
sun; this warms the air in contact with it and causes it to
expand and rise; the colder surrounding air then rushes
1n to take its place and a wind is produced.

> The application

i 7 — of this to ventila-
[ tion is easy. Foul

T - air—being a pro-

duct of respiration

and combustion—

T 1s always hotter

than the fresh air,

T and so it will rise,

and if an opening

is provided, 1t will

\ escape. IFresh air
will then enter

\ through any open-

ing to take its

Fig. 34.—ASPIRATING EFFECT oF WIND PASBING OVER leﬁ_ F{JI‘ the

A CHIMNEY.
same reason the
hot air over a fire goes up thechimney, and is replaced
by fresh and colder air entering by windows, door,
keyholes, and cracks.
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Wind, as a ventilating agent, may act in two ways :—

(1) By perflation, .. by blowing through a room when
the doors and windows are open.

(2) By aspiration. This is illustrated by the draught up
a chimney when there is no fire below. The wind
blowing over the top of the chimney lessens the
pressure of air in the chimney, producing an up-
draught, while fresh air is drawn into the room to
take its place. In erowded ecourts surrounded by
higher buildings this ventilating action of the wind
is greatly interfered with.

Openings for Ventilation. It is most important that
an outlet for foul air and an inlet for fresh air should
both be provided. It is a common practice to provide
only the outlet and to make no provision for the entrance
of fresh air. This inevitably leads to bad ventilation.
In order to provide the necessary 3,000 cubic feet of fresh
air per hour an opening of 24 square inches must be pro-
vided, assuming the air to enter the room at an average
velocity of five feet per second. If the velocity is greater
than this it will give the sensation of draught. An
outlet of the same size is also necessary, making a total of
48 square inches of openings for each person in the room.

Position of Inlets and Outlets. The foul air is usually
much warmer than fresh air, and so it rises to the top of
the room. Outlets, therefore, should be provided close to
the ceiling. The best place for inlets is theoretically at
the level of the floor, but in practice this is found to pro-
duce draughts, giving rise to cold feet and general
discomfort. If the incoming air is warmed by passing it
over hot pipes, it may be introduced at the floor level, but
under ordinary circumstances it is best to arrange inlets
at about six feet from the floor and to direct the current
of air upwards.

Ventilators for Rooms. In an ordinary room the
chimney is the chief ventilator, and should on no account
be closed. It acts as an outlet, The only inlets as a rule
are the door, the window, and the numerous cracks in the
frames and walls. We may divide the special inlets and
outlets into three groups. (1) Window ventilators ; (2)
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Openings at floor level fitted with vertical tubes or shafts;
(3) Openings in the wall or roofs.

Window Ventilation (Inlets):—

(a) The simplest and most obvious method of ventilation
is that of open windows; and in warm weather it
is undoubtedly the best. In cold weather, how-
ever, it is very liable to produce draughts.

h_.
Fig. 35.— VENTILATION BY HINGED TOP OF WINDOW,

(6) The upper part of the window can be made to work
on a hinge so that the top moves into the room.
Triangular pieces of glass or wood should be
placed at the sides to prevent down draught.
The current of fresh air will then be directed
upwards, as is the case with all efficient ventilators,

(¢) A very simple and excellent method of window
ventilation is that suggested by Hinckes Bird.
The lower sash is raised, and a block of wood is
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accurately fitted in the opening below so as to com-

l.ower sash raised
&wood inserted

Vil

Closed window

P

inside

iy
/11
Fig. 36.—Hinckes Birn's MeTHoD oF WINDOW VENTILATION.

pletely close it. Fresh air enters between the two
sashes and 1s directed upwards.

(d) Double Panes

1 .
%:: 2 u:e? SideView Front View

I
] (1L

The inner 2 —
pane leaves oA
a space at
the top and
the outer
pane leaves a
space at the
bottom, so
that the fresh
air enters be- 5
tweenthetwo % L . —
and is direct- < 77/ 7 S IV II T EI P2 |

ed upwarda. Fig. 37.—VexriLatiox By DoverLe PaxEs,

oulsidel| (nside
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(¢) Louvre Ventilator. One or more of the ordinary
panes of glass are remioved and the space fitted
with strips of glass arranged in exactly the same

Side View Front inside view

sy

:;'r.f.-"r:,r' F A

& # Ll

W
'

X

\

Fig. 38.—Tak LouvRE VENTILATOR.

way as a Venetian blind. The space between the strips
can be adjusted by cords. The strips slant upwards
from the outside, and direct
the current of air upwards.
(/) Cooper’s Ventilator. A special
pane is fitted in the window
containing five holesarrang-
ed in a circle. Inside thisis
fixed a circulardise, working
on a central pivot, and con-
taining five exactly similar
holes. Thedisccanbe turned
so that its openings corres-
E{}nd with those in the win-
dow pane, in which case air Fig. 89.—Coorer’s TentiraTor
could pass through into the (o).
room, or so that its openings lie between those in
the window pane, thereby closing the ventilator.
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Openings near Floor with Vertical Shafts:—

Tobin’s Tubes. The air enters from the outside through
an opening in the

wall at the floor L/
level; it is then N7
directed upwards by 1 ,f;
the vertical shaft or I
tube about six feet xj;/
high. At the top the W
tube is fitted with a E‘}r;,‘-: /
valve by means of W
which the amount 1)
of air coming in ]
may be regulated. ! 7
These ventilators \ Vi
are more suitable k‘\ R
for large public 7
rooms than for W
private houses, as ¥ig. 40.—Tonne’s Tusa.

they are difficult to
keep clean and are liable to become choked up
with dirt, ete.

Openings in Walls or Roofs.
I. Inlets:—

(@) The Sherringham Valve is a simple and a very good
inlet ventilator. A hole is made in the wall a%nut
seven or eight feet from the floor. Into thisis fitted

aniron box, with a grat-

y __,__,__\_lx in%l on the outside and
[ Tsacls » a hopper valve on the

inside. The air passes
{  from the outside through
____”—J the grating and into the

WL T room through the valve,
the size of which may
be regulated by a pulley.
The inside aperture of the ventilator is larger than
the outer, so that draughts are not usually produced.

Fig. 41.—SuErrINGHAM VaLve (from inside).
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(&) Ellison’s Bricks. Fach brick is perforated with conical
holes, the apex of the cone being towards the outer
air, so that the incoming current of air has its
channel continuously increased in size, thereby
causing 1ts velocity to be decreased. The action of
these conical holes may be very simply illustrated

Seclion

Inside Oulside

oulside ik

Fig. 42.—Ewrniscx’s Bricks.

by a cone of paper. Direct the large opening

towards a lighted candle and send a puff of breath

down the small opening. The candle is hardly

affected. If the cone isnow reversed and the experi-

ment repeated the candle will be at once blown out.
II. Outlets:—

(«) The chief outlet, as we have said, is the chimney.
When a fire is burning, from 5,000 to 15,000 cubic
feet of air pass up the chimney per hour.

(6) Arnott’s Valve is an outlet made to be fixed in the
wall so as to open into the chimney. It consists of
an iron box with a light metal valve capable of
swinging towards the chimney but not into the
room. The foul air can therefore pass up the

chimney but the smoke
S ﬁnot pass iut]?lthgrﬂnm.
|| LALLM UL T objectionable feature
-!!I; Mica Flap il Wisaliiop il | of thesle ventilators is the
| CCEEIEITNT) | P ECCCECT I clicking noise they make.
‘ Mica Flap [tk Mica Flap | Also, 1%hen in ajliy way
TV TRV out of order, they admit
s - smoke from the chimney,

Fig. 43.—BoYLe's VENTILATOR. (¢) Boyle’s Mica FlﬂP
entilator is simply an

improvement upon Arnott’s valve. Instead of one
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valve there are four or more small ones made of
thin tale.

{d) McKinnell's Ventilator. For rooms having no other
rooms above them this ventilator is usually very
efficient. It acts as an inlet and outlet. There are

o,
Fax

7 f %
~ ROOF

_rl_f_',.".::,{ .-.';-{I .—’":_.-"-I‘f-';‘-'::.l-"_"r'}"'l-‘_. ._r. > 7 i s /... f sl
-‘f-“f‘x-’g_:' A -'".!':A]-')‘/ F il F AR 4 Ll i CEILING

et 0\ S

Fig. 44.—McKinNELL'S VENTILATCR.

two concentric tubes as shown in the figure. The
inner tube forms an outlet, and the space between
the tubes forms the inlet.

ArTIFIotAL VENTILATION,

The above methods of ventilation are found to be
inadequate for large buildings such as prisons, barracks,
hospitals, ete. In these cases the movements of the air
must be controlled by machinery. This may be done in
two ways: (1) By aspiration or the extraction of the
foul air from the rooms, the fresh air entering where it
can; (2) By propulsion, or the pumping in of fresh air,
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leaving the foul air to escape as best it may. Of these
two methods, propulsion is the better, because in this case
the fresh air can be purified and warmed before it enters
the rooms, whereas in the aspiration method there is no
control over the incoming air, and it may possibly be drawn
from some undesirable source.

For complete ventilation is it necessary to combine

— )

Porous |

jar

Fig. 45.—Dirrusion
ExPERIMENTS,

aspiration with propulsion. In this case
the purified and warmed air is pumped
in, and the foul air escapes by shafts or
flues.

Simple Test of the Purity of Air. Take
a stoppered bottle with a capacity of 104 oz.
Fill it with the air to be tested by pumping
air through it by means of foot bellows.
Add % oz. of clear lime water, put in the
stopper, and shake up. If the lime water
18 turned milky the air is impure.

PracricAL. WoRE oN CHAPTER IV.

1. Diffusion—

(a) Perform the experiment described in the
chapter (p. 51).

() The apparatus shown in fig. 45 should be
supplied, but if it is not, the student can
easily make it under the direction of the
teacher. It consists simply of a bent glass
tube which passes through an india-rubber
bung into a porous pot. The bent tube has
its lower end filled with water. Fill a bell-
jar with a light gas such as hydrogen or coal
gas, and quickly place it over the porous pot.
The coal gas diﬂuuea into the pot more quickly
than the air diffuses out, thereby causing an

excess of pressure in the pot, as shown by the forcing of the
water from the tube.
2. Ventilation Openings.—
(a) Arrange three candles on a stand as in fig. 46, Light them
and place over them a large stoppered jar without a bottom.
Note behaviour of the candles (1) when the stopper 1s in and
the jar rests on the table, (2) when the stopper is removed and
there is a small space between the table and the jar. In the
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first case the top candle goes out first, and then the lower ones,
while in the second case the candles will continue to burn
brightly.

(8) Take a glass cylinder with open enas and Elam it over a lighted
candle, so that the cylinder rests on the table. On the top
place a piece of tin or cardboard with a circular hole in it, as in
fig. 47, The candle will die out. Repeat the experiment but
this time allow a small space between the table and the jar.

Fig. 46. Fig. 47. Fig. 48.

3. Arrange the candles as in fig. 48, with a bottomless jar oves
them. A pieee of cardboard rests on the top of the jar, and &
glass tube passes through the centre of this, and reaches below
the level of the upper candle. Light the candles and arrange
the jar over them so that there is a small space between it and
tl;a table. Note the result and write down your explanation
of it.

t. Test the air in the room by the method already described, by using
a 10} oz. bottle and } oz. lime-water.



CHAPTER V.
FOODS.

ExperIENCE teaches us that food is necessary for our
existence. The old comparison drawn between a living
body and a steam-engine at work is instructive and useful.
The engine will only work as long as food is supplied to it
in the shape of fuel, water, and air. Also, after a time,
another kind of food is supplied to it in the shape of
various metals which have to replace the worn-out parts.
Supplied with its food then, the steam engine becomes hot,
works its own internal machinery, and is, moreover, capable
of doing work such as dragging along a heavy train. This
1s not all ; there are produced various waste matters in the
form of carbon dioxide, water vapour, and cinders from
the furnace.

In just the same way the body takes oxygen from the
air, and receives a supply of food. As the result of the
combination of these two, heat and energy are produced.
The food also serves to repair and keep in working order
the blood and the various parts of the body. The body is
kept warm and the different organs are kept automatically
at work.

This is internal work. External work is also done such
as walking, running, talking, etec. Various waste matters
are at the same time produced ; the lungs giving off carbon
dioxide and water vapour; the kidneys getting rid of water
with waste substances in solution; the skin chiefly elimi-
nating water as sweat; and the undigested remains of the
food being thrown out by the rectum.

Uses of Foods. From the above it is obvious that the
uses of foods are (1) to keep up the heat of the body;
(2) to supply the energy for internal and external work;
(8) to make good any loss, and replace decayed tissues.
In addition to this, part of the food of young children is
used to build up the growing tissues.
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Classification of Foods. Perhaps the simplest classifica-
tion of foods is to divide them into (1) solid foods, and
(2) liquid foods such as water, milk, etc. A more useful
classification is to divide foods according to their source
mmto—

(1) Inorganic foods which include the various mineral

salts.

(2) Organic foods, ¢.c. those of animal or vegetable origin.

The organic foods are further subdivided into those
which contain nitrogen and those which do not. The
foods containing nitrogen are called nitrogenous foods or
proteids, and those containing no nitrogen are called non-
nitrogenous foods.

Non-nitrogenous foods include three chief classes, the
hydrocarbons or fats, the carbohydrates or sugars and
starches, and the vegetable acids.

We may say, therefore, that all foods can be divided
into groups of food stuffs or proximate principles. Some
foods contain representatives from practically all the
divisions, while other foods, we shall find, contain one
proximate principle only, or mainly one with very small
quantities of one or two others. We may classify all foods
under one or more of the following headings,—water,
mineral salts, proteids, fats, carbohydrates, and vege-
table acids.

The following table clearly shows the division of foods
into food-stulfs.

Food.
|
b : I
Inorganie, Organic.
il e | _
Water. Mineral Salts. Prolteidu Nun-nitrngenmmih}ods.

or
Nitrogenous foods.

| | |
Fats or  Carbohydrates Vegetable
Hydrocarbons. or A zids,

Sugars and
Starches.
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Water stands second onlyto oxygenamong the necessaries
of life. About seventy per cent. of the body consists of

water. It is not only necessary to the body as a food, but
it is also necessary because—

(1) It dissolves the foods when digested, and aids in their
absorption.

(2) It maintains the fluidity of the blood, which contains
about 80 per cent. of water.

(3) It assists in the removal of waste matters, especially
by dissolving the urea so that it may be eliminated
by the kidneys.

The average person loses from 34 to 5 pints of water per
day from the skin, lungs, kidneys, and intestines. This
must be replaced in the food. Usually one third of this
amount is present in the solid food, leaving about 8 pints
of water to be drunk per day. In many foods the per-
centage of water is large, as shown in the following
table:—

Green vegetables 90—95 per cent. water.

Lean meat 0—75 i
Fish 5—80 X
Bread 36—40 e
Milk 87 i i
Peas (dried) 13 ” -

Mineral Salts (inorganic). These consist of chloride
of sodium or common salt, chloride of potassium, phos-
phates of potassium, calcium, and magnesium, and salts of
iron. They are essential constituents of our food. Thus,
common salt is the source of the hydrochloric acid that is
present in the gastric juice of the stomach, and which is
necessary for digestion. It is also the source of the
sodium in bile salts, and is found in every fluid and tissue
of the body. The calcium or lime salts are mecessary to
build up the skeleton. They are contained in most foods,
especially milk and cheese. TPhosphorus is an indispen-
sable constituent of bone and brain, and the salts of iron

are mnecessary to supply the iron present in the haemo-
globin of the red corpuscles.
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Proteids or nitrogenous food stuffs are composed of
carbon, hydrogen, oxygen, nitrogen, sulphur and phos-
phorus. They are divided into two groups according to
their nutritive value. The more nutritious group is the
true proteids, which are represented in many foods, both
of animal and vegetable origin. Thus, there is albumin
in white of egg, myosin in lean meat, gluten in flour,
fibrin in blood, easein in milk and cheese, and legumin in
peas and beans, while in the stomach and small intestines
are substances called peptones, which are the products of
the digestion of proteids. The first three—albumin,
myosin, and gluten—are coagulated by heat. The result
of cooking any food containing either of these three
principles will, therefore, be to coagulate the proteid
constituent.

The second and less nutritious group of nitrogenous
food stuffs are called albuminoids. These include such
substances as gelatin, chondrin, ossein and keratin, all
of which are obtained from animal tissues by prolonged
boiling. Although they are richer in nitrogen than true
proteids, yet they are far less valuable as foods. In fact,
these substances alone are not sufficient for the nitrogenous
part of any diet.

The use of proteids is to build up the nitrogenous
tissues of the body, and to repair these when worn out.
The old idea was that proteid foods were converted directly
into muscle, and that when the musecles did any work they
became worn away and needed more nitrogenous food to
repair them. From this it followed of course that proteid
food-stuffs were the source of emergy. This is now con-
sidered to be incorréct. In the adult the amount of
nitrogenous food necessary is very small, for in all pro-
bability the greater part of what is consumed is broken
down in the intestine and liver without ever becoming
converted into nitrogenous tissue. Nitrogenous foods,
if taken in excess, may even be partly converted into
fats and sugars. If insufficient nitrogenous food is
supplied, death eventually takes place from mitrogen
starvation.

F. 8T. HY, 5
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The following table illustrates the class of nitrogenous
principles :—-

PROTEIDS.

True Proteids. Albuminoids
Albumin. Grelatin.
Myosin. Ossein.
Gluten. Chondrin.
Casein. Keratin.
Legumin.

Ifibrin,
Peptones.

The proportion of proteids present in some common
foods is :—

Beef 21 per cent. Lentils 24 per cent.
Bread 8 ,, Milk N
Cheese 28 Mutton 1B
Bgegs 18 -, Oatmeal 13 ,,
Fish 14 |, (average) Peas 22 4

Fats are compounds made up of carbon, hydrogen, and
oxygen, the oxygen present being insufficient to combine
with all the hydrogen and form water. They are some-
times improperly called hydrocarbons. Chemically they
are best considered to be compounds of fatty acids with
glycerine. Thus palmitin is the fat composed of palmitic
acid and glycerine, olein the compound of oleic acid, and
stearin and butyrin the fats containing stearic and butyric
acids respectively., The ordinary fats in food contain
varying proportions of stearin, palmitin and olein. The
greater the quantity of olein present the less solid the fat
is. For this reason bacon fat is less solid than beef fat,
and beef fat than mutton fat. Butter is a very digestible
form of fat. One of the most digestible of all fats is cod-
liver oil, which contains no stearin. Olein and palmitin
may be obtained from plants or animals; stearin from
animals only.

The use of fats is to produce heat and energy by the
oxidation of the carbon and hydrogen into carbon dioxide
and water. 'They also repair the fatty tissues, and their
presence in the intestine stimulates the flow of bile and
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ga.ncreatae juice, thereby aiding the digestion of the other
oods. As a general rule, the harder tha work to be done
and the colder the surroundin gs, the more fat is required
in the diet. The following table gives some idea of the
proportion of fat present in common foods.

Baecon contains 73 per cent. fat.
Butter el o Tin
Cheese (varies) ,, 25 , ,, (average)
Grea’m n 2? 1 n

EB]. LB 2 4 1 n
Lggs o AR A
Salmon o Sl T
SDIB n '} 1 "
Goose g = ol TN
M]lk M 4 L} »
Oatmeal = @& Sir Ned
PE&E 1 2 " "
Pork AN WEERYINY ¥

Carbohydrates—a group which includes all atamhel
sugars and gums—are composed of carbon, hydrogen and
oxygen, the oxygen being present in exaetly sufficient
quantity to combine with the hydrogen and form water.
Hence the name *‘carbohydrate.”” As a rule the carbo-
hydrates are of vegetable origin, although there is a sugar
called lactose in milk, and the liver contains a starchy
substance called glycogen.

The use of carbohydrates is similar to that of fats.
They are producers of heat and energy, but they are
probably inferior to fats in this respect. They alsc
may be converted into fat in the body. It would seem
at first sight, therefore, that the carbohydrates may be
substituted for fats in a diet, but experiments have
shown that a withdrawal of fat from a diet is not
balanced by the addition of carbohydrates. For a good
diet both fats and carbohydrates should be present.
Being much cheaper than fats, the carbohydrates forw
very important foods for the poorer classes.

a.rc£ consists of tiny granules which have slightly
dlﬁerent appearances according to the source, e.g. wheat,
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rice, sago, ete. In its uncooked state a starch granule is
very indigestible because it is enclosed in a covering of
cellulose. 'When cooked, however, the cellulose coat
bursts and the starch 1s set free.

The following table shows the percentage of starch in
some common foods :—

Rice 79 per cent., Peas 59 per cent.
Arrowroot 72 ,, Wheat bread 47 ,,
Barley flour 69 ,, Potatoes |
Wheat flour 66 ,, Tapioca nearly pure
Maize meal 65 ,, Sago } starch.

Oatmeal 63

The sugars include sucrose, glucose, and lactose.

Sucrose or common sugar is obtained from the sugar
cane, beet-root or maple. Glucose or grape sugar is in
grape juice and may ].'J{—‘.I seen crystallised in dried raisins.
Lactose is the sugar contained in milk.

Vegetable Acids are not foods in the strictest sense of the
word, but they are essential to the well-being of the body.
If they are withheld from the diet for any length of time,
the disease known as scurvy is produced from the general
lowering of the vitality. This disease used to be very
common among sailors on long voyages, but is rarely met
with now, as it is customary to provide each sailor with
a daily allowance of lime juice. Most fresh fruits and
vegetables contain vegetable acids, either free or combined.
The chief among them are :—

Malic acid contained in apples.

Citric acid ’ ,, lemons and limes,
Tartaric acid ,, yy ETapes.

Oxalic acid ,» Thubarb.
Aceticacid ,, ,y Vinegar.

A modified form of scurvy is occasionally met with among
infants who are reared solely on condensed milk—this food
being deficient in salts.

Accessory Foods. In the above classification of foods we
have omitted to include -many substances which enter
largely into an ordinary diet, such as tea, coffee, cocoa,
alcohol, as well as mustard and other condiments.
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Experience has proved that many of these substances are
useful as stimulants, or in exciting appetite and stimulat-
ing digestion. We shall consider tea, coffee, cocoa and
alcoholic drinks together under the head of ‘‘ beverages.”
The condiments are substances which are added to the food
with the object of making it more tasty and palatable,
thereby stimulating the digestive apparatus. This class
includes mustard, pepper, salt, ginger, nutmeg, horseradish,
cloves, mint, vinegar, pa.ralﬂy lemon juice, lime juice.
Vinegar should be dilute acetic acid, obtained by the
oxidation of alcoholicliquors by a process of farmentation.
It is often adulterated with dilute oil of wvitriol. If taken
in excess vinegar is very imjurious, but in moderate
quantities it may serve to help digestion. Lemon juice
and lime juice are valuable in preventing scurvy, as well
as providing very pleasant drinks. As they are acid
they are useful as antidotes in cases of poisoning by
alkalies.

The Value of the Food Stuffs. It is usual to compare the
relative values of the food stuffs by comparing the amounts
of heat (or energy) each will produce when burned (or
oxidised). That this is a fair method of comparison is
obvious when we consider that the products of burning
foods outside the body are precisely the same as those
produced inside the body ani excreted from it—namely,
carbon-dioxide and W&ter The nitrogen in the proteidsis,
however, excreted in the form of urea in the urine. This
urea is not a fully oxidised substance, and so an allowance
must be made for this when comparing proteids with other
food stuffs. The following numlsars represent the relative
value of various foods with reference to their power of
producing heat and energy when burned to the same
products as are manufactured from them by the body :—

Proteids 145 Potatoes 164
Lean Beef 169 Bread 169
Fat 378 Cane Sugar 131

Milk 188 Starch 138



CHAPTER VL

THE DIGESTIVE SYSTEM.

TuEe food we eat is subjected to a great many processes
before it is really assimilated by the body. Some of these
processes are merely mechanical or physical, and are very
simple, while others are complicated chemical actions.
The food is first broken up thoroughly by the teeth, and
while this is going on it is being acted upon chemically
by the saliva. It is then forced through the funnel-shaped
pharynx into the oesophagus, down which it passes on its
way to the stomach, and in the stomach it is again sub-
jected to chemical changes. From the stomach it passes
along the intestines where it is still further acted upon.
Absorption of digested material is going on all the while,
from the moment the food enters the stomach.

The Teeth. The teeth are divided into four classes
according to their shape. In front are the incisors—the
flat sharp-edged biting teeth. The long narrow fang-like

Incisor Canine Bicuspid Molar
Fig. 49.—Kinps or TreTH.

teeth at each side of the incisors are called canines. Still
further along the jaw are teeth which seem to be partly
split into two at the top—these are the bicuspids. The
molars are the broad-topped grinding teeth which are
placed at the back.

[

0
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There are two sets of teeth, the first set or the tempo-
rary teeth, and the second set which are more or less
permanent. The first set are called the milk teeth., They
are twenty in number, and con-
sist of eight incisors, four canines,
and eight molars; each half of
each jaw being provided with
two incisors, one canine, and two
molars. This set is usually com-
plete at three years. They begin
to drop out about the seventh
year, and have all gone at twelve. -
By the fourteenth year all the e 50— {,‘;,‘;;E",;';‘:, (Cpper
permanent set have ap})eared
except the last four molars, called the wisdom teeth.
These may not be cut until the twenty-fifth year.

The permanent teeth are thirty-two in number, and are
divided into eight incisors, four canines, eight bicuspids,

B o
»-r-""} ~:-‘—-1

Fig. 51.—Prrmanest Teern. (Upper or Lower Jaw).

and twelve molars, At about fourteen years there would
be twenty-eight teeth, the last four molars not being cut
at this age,

Structure of a Tooth. K ach tooth consists of a erown,
or the part showing above the gum, and the root or the
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part imbedded in the jawbone. The root consists of one or
more fangs. A slight constriction is visible at the line
where the erown and the root meet; this is called the neck.
The main body of a tooth is made of a substance called
dentine which closely resembles bone in its structure and
composition. Covering the crown of the tooth is a layer of
extremely hard material called enamel. It differs from
ordinary bone by containing a much smaller percentage of

( /4 Cement't

Fig. 52.—SecrioN or A Morak Toorn,

animal matter. For this reason the enamel rarely or never
decays; but when it gets chipped off, decay at once attacks
the softer dentine. The fang of the tooth is covered by a
bony layer called cement which fixes the fang securely in
its socket.

In the body of the tooth is a cavity which is filled with
a pulpy substance containing nerves and blood-vessels.
These enter the tooth at the tip of each fang, and pass
into the pulp cavity. Ordinary toothache is caused by the
inflammation of this pulp in the tooth.
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The Salivary Glands. There are three pairs of glands
which secrete the saliva. Small tubes or ducts lead from
each gland, and the saliva trickles along these into the
mouth. Each pair of glands has a special name. Those
placed in front of and below each ear are called the parotid
glands; another pair, close to the inner side of the lower
jaw on each side, are called the submaxillary glands; the
third pair are placed under the tongue, and are called the
sublingual glands. These glands are lined with cells

Sub.":'ngua,'
gland

Fig. 53.—8aLivAry GraxDs.

which secrete the saliva, the flow of which into the mouth
is increased by placing food there, or even by the sight or
smell of food.

Saliva is an alkaline liquid made up of water, salts,
mucus, and a Eecu]ia.r substance called ptyalin—a ferment.
This is the first example we have had of this important
class of bodies called fgrments. They have the property
of causing remarkable changes to go on in various sub-
stances when the conditions are favourable. We divide
ferments into two classes—(1) The organised ferments, or
living ferments like yeast, which is really a tiny plant, and
which has the power of converting sugar into aleohol and
carbon dioxide; (2) The unorganised ferments, which have
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no life at all but are simply chemical substances secreted
from living cells. They have the power of bringing
about certain changes, and do not themselves increase or
decrease in quantity during the process. Ptyalin is an
unorganised ferment. It causes the starch in our food to
unite with water and become changed into sugar.

The saliva also serves to moisten the food and thereby
assists mastication. After the food has been thoroughly
broken up by the teeth and moistened by the saliva, it is
collected into a mass, and is forced through the pharynx
into the oesophagus. By dissolving some of the con-
stituents of the food the saliva aids the sense of taste.

The Oesophagus. The oesophagus is a soft fleshy tube
about nine inches long. It is the first part of a
continuous tube called
the alimentary canal
which extends from the
mouth to the anus. It
passes from the pharynx
above to the stomach
below. Owing to the
softness of its walls, it
does mot remain open
when there is no food
passing down. Lining
the tube is mucous
membrane which is
thrown into folds, and
contains some small
glands. Qutside the
mucous membrane is a
double muscular coat,
the fibres of the inner

Fig. 54.— PHARYNX. part running in a eir-

cular direction round

the oesophagus; while in the outer layer the fibres run

in a longitudinal direction. The oesophagus plays prac-
tically no part in the actual work of digestion.

The Stomach may be described as a somewhat irregular
dilation of the alimentary canal. It is situated in the

Nasal passage--

Pharynx

Oesophagus | .
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abdomen, just below the diaphragm. It measures about
ten inches from left to right. The enlargement is greatest
on the left or cardiac end of the stomach. On the right,
the pyloric end of the stomach becomes continuous with
the first part of the small intestine (the duodenum). The
upper border of the stomach is concave, and is sometimes
called the lesser curvature, in comparison with the lower
convex border, which is called the greater curvature.
The stomach is lined with mucous membrane, which is
quite smooth when the stomach is full, but becomes
thrown into ridges and folds as the stomach gets empty

...0esophagus

Pylaric Opening -Cardiac opening

s |-+ --Cardiac end

Duodenum

Fig. 55.--SromacH AND DUODENUM.

and contracts. This mucous membrane is almost entirely
made up of minute simple blind tubes running at right
angles to its surface. These are called tubular glands.
They are lined with cubical cells, amongst which are a few
round or ovoid cells in the cardiac region of the stomach.
Between the tubules is connective tissue containing blood
vessels and lymphatics. The Fresenca of food in the
stomach causes the blood vessels to dilate and to bring
extra blood to the stomach. Then the cells in the tubular
glands at once secrete a colourless liquid called the gastric
juice, which is poured out into the stomach and mixes

with the food.
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Outside the mucous coat of the stomach is the muscular
coat, which is divided into three layers according to the
direction in which the muscular fibres run. In the inner
layer the fibres run obliquely; in the middle layer
they run circularly, and in the outer layer longitudinally.
At the pylorus there are & greater number of circular
muscular fibres than anywhere else, and here they form a
sphincter muscle which prevents the food passing from the
stomach until it has been properly churned up with the
gastric juice.

13- -Epithelium lining
Slomach

Connechive lissue
belween & below glands

Fig. 56.—TuBurAr Granps or StoMacH. (Very highly magnified.)

The outer layer of the stomach is the covering which is
common to all the organs of the abdomen. It consists of
a smooth glistening membrane, called peritoneum.

Gastric Juice is the liquid secreted by the glands of the
stomach. It is a clear, colourless, acid liquid, containing
water, salt, hydrochloric acid (0'2 per cent.), and an
unorganised ferment called pepsin. The pepsin and the
hydrochloric acid together act on the food and convert the
proteid part of it into peptones. Some absorption of
digested food takes place in the stomach.
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The Small Intestine commences at the pyloric opening
of the stomach, and ends at the ileocsecal valve, w]g.ich 18
situated in the lower right hand corner of the abdomen.
The greater part of the small intestine is coiled up in the
centre of the abdomen. When uncoiled it measures about
21 feet. It is usual to divide it into three portions, the
duodenum, the jejunum, and the ileum, but there is no

Stomach
Duodenum --{

- - - Transversae

colon
Large Intesline, - - {-.
““Coills of
Small Intesfine
Ascending - .-3.
Colon . Dusunding
Colon
Ileocaecal Valva - Bigmei
Flexure

Vermiform ﬂppandix
~~Rectum

Fig. 57.—8MaALL AND LaArGr INTESTINE.

need to do this in an elementary text-book. The walls are
made up of three coats arranged in just the same order
as those of the stomach. Imside we have a mucous coat,
next a muscular coat in two layers, and outside this the
peritoneum. The mucous coat of the small intestine is
thrown into large folds, some of them being a quarter of
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an inch in depth. These folds differ from the folds of
mucous membrane in the stomach by nef disappearing
when the intestine is filled with food. By means of these
folds—called valvulae conniventes—the area of. surface of
the mucous membrane is very greatly increased. If a
piece of small intestine is opened, put into water, and the
inner surface examined with a magnifying glass, it will be
seen to be covered with a great number of tiny projections
like the fingers of a glove, which give the surface a velvety
appearance. These projections are called villi. Between
the villi are small holes—the openings of small tubular
glands, lined with columnar epithelium, which secrete a
liquid called intestinal juice. At the lower part of the
small intestine are found
groups of cells arranged
in oval-shaped patches.
t These are called Peyer’s
-5 Lacleal Vesser Datches, and are the parts
* chiefly affected in typhoid
fever.
1= The structure of a villus
i Blood vessel  jg important. On the out-
= side there is a layer of
columnar epithelium. In-
side the wvillus are three

g SNe kinds of vessels—an artery,
A ‘\ a vein, and an irregular
32 \f - vessel or space called a

¢ i lacteal. This lacteal is

P e connected with a vessel

Lymphatic vessel running along beneath the

Fig. 58.—A Virus. (Magnified.) mucous membrane. This

‘ is called a lymphatic vessel
and is filled with a fluid called lymph. These villi, we
shall see, play a very important part in the process of
digestion. :

The chief function of the small intestine is the absorp-
tion of digested foods. This is carried out by the villi.
The intestinal juice is not important for digestive

purposes.



FTRST STAGE TIYGIENE. 79

The Ileocaecal Valve is situated at the part where the
small intestine enters the
large intestine. It con-
sists of a double fold of
mucous membrane which
is so arranged that it
allows food to pass freely
from the small to the
large intestine, but not in
the reverse direction.

The Large Intestine is
about six feet in ].EIIEYJIL
The part below the ileo-
ca valve is called the
caecum, and from this a narrow worm-like process is given
off, called the vermiform appendix. Above the caecum
comes the ascending colon which reaches to the under
surface of the liver on the right side, then the transverse
colon stretching across the upper part of the abdomen,
and then the E&Huﬂnding colon down to the left side of
the pelvis where there is a bend like an S, called the
sigmoid flexure. For the last few inches the intestine is
comparatively straight and is called the rectum. ™This
opens externally at the anus.

The coats of the large intestine are the same as those of
the small intestine, mucous membrane inside, then muscle,
and outside peritoneum. The mucous membrane is quite

smooth and has no
S« Mucous Membrane  villi, but it contains

- a large nmumber of

tubular glands which

-3-- Large Intestine

Small Intestine

Canauw Vermiform Appendix

Fig. 59.—ILrocAkcAL VaLvE,

W-- Circular muscle

st secrete mucus and
Y | intestinal juice. The
, " Bﬂnd UF THUEﬂlﬂﬂr cmt iE

'; L““E_””f“”a’ muscle {mculiar because the

P i ea s ongitudinal muscu-
Fig. 60.—Cross Skcriox of Larce Tnixstixk. lar fibresare gathered
up into three bands,

arranged symmetrically round the intestine. These bands
are rather shorter than the rest of the wall, and so they
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produce the characteristic puckering of the walls of the large
intestine—just as a piece of cloth may be puckered up by
running a thread along it and drawing the thread short.

Function of the Large Intestine. The tubular glands
secrete a small quantity of fluid, but the chief function of
the large intestine is to absorb what is left of the useful
material of the digested food. The veins receive this and
carry it to the portal vein.

LivEr AND PANCREAS,

We have now studied the structure of the long tube
which connects the mouth and the anus, and we have seen
that in its walls are various glands which have a digestive
action on the food. These glands alone, however, would
be insufficient to carry on the digestive process in the best
possible way, and so there are connected with the small
intestine two large glands—the liver and the pancreas—
which secrete two very important liquids—the bile and the
pancreatic juice. These two liquids are poured together
into the small intestine near its commencement, and there-
fore are able to act upon the food as it passes from that
point to the end of the alimentary canal.

The Liver is placed immediately under the diaphragm,

- o—

, Gall Bfaddﬂ

)

Left Lobe

Right Lobe

Fig. 61.—Tur UxpeEr SurrAck oF THE LIVER.
P = Portal Vein.

and its upper surface is convex, so as to fit the concave
under side of the arch. It is the largest gland in the body,
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weighing about 50 ounces. It is usually dark red and
fleshy looking, and is covered with peritoneum—the cover-
ing common to all the abdominal organs. Running from
front to back on its under surface is a cleft, which divides
the liver into two unequal lobes—the right one being the
larger. The right lobe is again indistinctly marked out
into 3 lobes, and the left is divided into 2, so that there
are 5 lobes altogether. The most distinct of the fissures
on the under surface is called the portal fissure. Here
there may be seen 3 large vessels entering the liver:
the hepatie artery, which brings blood to the liver from
the aorta; the portal vein, which brings venous blood from
the stomach, intestines, spleen and pancreas; and the bile
duet, which carries off the bile from the liver to the
duodenum or first part of the small intestine,

The substance of the liver is made up of small many-
sided masses called lobules. These are a little bigger than
an ordinary pin’s head, being about % of an inch across.
Each lobule is composed of
a great number of liver
cells, each of which is
about +¢%+%t® of an inch in
diameter.  Between the
cells are very fine capillary
vessels, which are the be-
ginnings of small bile-
ducts. These vessels carry
away the bile which 1s
secreted by the cells.

The three vessels that
Enter atthﬁ Pﬂrt&lﬁﬂsure_ IAGRAMMATIO EPRESENTATION
the hepatic artery, the P nur S oF LI:‘TIR.IH i

ortal vein and the bile 1, Branch of Hepatic Artery; 2, Branch of

ot .2 Portal Vein (Interlobular Vein); 3,
u are found to divide Branch of Héputic Vein [Tntmlnl;ular

and subdivide together, Vein); 4, Liver Cells (which make up tt;u
and finally there o e S e ] Tt o
very small branches of

them running together round each lobule. These small
branches of the portal vein that pass between the
lobules are called interlobular veins. These veins and

F. 8T, HY. , 6
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the small branches of the hepatic artery both give
off tiny capillaries which pass between the liver cells
and run towards the centre of the lobule. Before they
reach the centre, the capillaries from the vein and the
artery join tuu*ether so there is now no thtmetmn between
the two. The blood from both sources is finally collected
into a vein which passes through the centre of the lobule—
an intralobular vein. This intralobular vein unites with
other veins from neighbouring lobules and forms a larger
vein; these again unite with similar veins, and so on until
we get finally one large vein—the hepatic vein—taking the
blood from the liver to the inferior vena cava. It is
important to notice that the liver has a double blood
supply, one from the hepatic artery which brings oxy-
genated blood to it, just as every organ in the body receives
such blood, and the other supply from the portal vein which
brings blood rich in food, so that the liver may perform its
fuuction before the food passes into the general blﬂﬂd stream.
Bile Ducts and Gall Bladder. The fine bile ducts between
the liver cells pour the bile into the larger vessels that pass
between the lobules. These unite together and form
larger ducts again and
4. @all Bladder again, there being
finally one large bile

| duct coming from the
_Right Hepalic Duct  right lobe and one from
3 the left lobe. The
Left Hepatic Duct right and left ducts
join together and form
one duct. This duct

sthc :

Duct ...Hapah'c Duct

- --—>--Common Duct passes into the duo-
> Panoreatic Duot denum, but on its way
it gives off a side tube
Ddﬂnum »
pv leading to the gall

Fig. 63.—GALL BLADDER AND Bink Ducrs. bladder, which serves
as a reservoir into

which the bile may flow when it is not required in the
intestine. The gall bladder is placed on the under surface
of the liver, in front, When there is no food in the
intestine the bile flows along the side duct into the gall
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bladder, but on food entering the small intestine the
accumulated bile is discharged amongst it.

The bile is a yellow liquid containing water, mucus, and
salts. Among these salts are those which are found in the
blood, and, in addition, peculiar salts of sodium called bile
salts. There is also colouring matter or pigments, and a
peculiar fatty substance called cholesterin. The bile acts
upon the fat in the food in the intestine and emulsifies it,
or breaks it up into very tiny particles. It also is an anti-
septic and a stimulant to the bowels.

Functions of the Liver. The liver has two chief func-
tions. The first is the secretion of bile, and the second
is the storing up of a starch-like substance called glycogen.
The portal vein brings to the liver a stream of blood rich
in food materials. Xrom the sugar of this the liver manu-
factures glycogen, so that the blood going from the liver
does not contain any excess of sugar. Between meals the
sugar in the blood is used up by the body in producing
energy and heat, but the amount of sugar in the blood is
kept constant by the liver, which gradually changes the
glycogen back into sugar as the demand arises. The liver
has the power of making glycogen from proteids, but it
does so slowly, and probably under difficulties.

The Pancreas, or sweetbread is situated in the bend of
the duodenum on the right, and stretches across to the

Duad:npm'

Stomach

Pancreas
Fig. 64.—Tue PANCREAS.

spleen on the left. Itis about seven inches Inng; and is of a
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reddish-yellow colour. In structure it resembles a saliv

gland, being composed of a number of lobules loosely
bound together by connective tissue. The duet of the
ancreas enters the duodenum at the same point as the
bile-duet. It passes obliquely through the wall so as
to form a valve to allow the pancreatic juice to pass
into the intestine, but not back again. If the duct is
traced backwards, it divides and subdivides until it
becomes microscopically small. Xach small duct ends in
a tubular enlargement called an alveolus, which is lined

Fig. 65.—Ax ALvioLus oF PAncrEas. (Highly magnified.)

with columnar epithelium. These cells lining the
alveolus produce the pancreatic juice. Pancreatic juice
is a colourless liquid composed of water, salts—chiefly
sodium carbonate—and ferments. The carbonate of
sodium causes the pancreatic juice to emulsify fats.
The ferments present enable the pancreatic juice to act
upon all kinds of food. The proteids are turned into
peptones; the starch is changed into sugar; and the fat
is, to a small extent, decomposed into a fatty acid and

glycerine,



CHAPTER VIL
DIGESTION AND DISPOSAL OF FOOD.

WEe have seen that the food may be divided up into
water, salts, proteids, fats, carbohydrates and vegetable
acids, and it now remains for us to trace each constituent
in its journey through the alimentary canal, the blood
stream, the tissues and the exeretory organs. The water
that we drink is probably absorbed into the blood-vessels
all along the alimentary canal, beginning with the stomach.
The salts accompany the water into the blood stream and
are used up, in growing children, o manufacture bone and
other tissues requiring salts. Part goes, as we have seen,
in producing the hydrochlorie acid of the ﬁastrm juice, the
iron of the haemoglobin, etec. Fventually the salts are
excreted by the body, some in their nngmal form, but.
others with an altered composition. The salts are got rid
of in the sweat, the urine and the excreta from the
intestine. The water is got rid of through the same
channels and in addition a large quantity is excreted with
the breath.,

The solid part of the food is broken up by the teeth,
and at the same time is mixed with the saliva. The
ptyalin in the saliva slowly converts the starch into
grape sugar. At the same time the sugar and the salts
present dissolve in the saliva. As the time during which
the food remains in the mouth is somewhat limited, it is
obvious that this conversion of starch into sugar is
necessarily only on a small scale.

The food is then swallowed, and reaches the stomach.
Here it is quickly mixed with the gastric juice which,
being acid, puts an end to the action of the saliva, because

85
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ptyalin is destroyed by acids. The pepsin in the gastric
Juice, together wﬂ;h the hydrochloric acid which accompanies
it, converts the proteids into peptones. Peptones differ
from other proteids in being very soluble and are, moreover,
diffusible, that is, they are able to pass through a 'membrane
from a solution rich in them to a solution poor in them.
These peptones rapidly pass through the lining membrane
of the stomach and are absorbed into the blood-vessels
which lie beneath the mucous membrane.

The muscular coats of the stomach contract, first in one
part and then in another, and so move the food about and
churn it up thor Dughly with the gastric juice. This
churning goes on until the whole of ‘the contents of the
* stomach is brought to a semi-fluid consistency. The
turbid fluid that thus results is called chyme. The
gastric juice has no action on carbohydrates or on fats,
but it assists the digestion of these bodies by dissolving
away the proteids amongst which they lie. It also
dissolves the proteid walls of the fat cells, while the
warmth of the stomach melts the fat.

After a variable time—usually between three and four
hours—the chyme passes through the pylorus into the
duodenum, or first part of the small intestine. Here it is
acted upon by two important liquids—the bile and the
pancreatic juice. The first effect of these liquids is to
make the acid chyme alkaline. This stops any further
action of the pepsin. The pancreatic juice then converts
any starch that may be present into malt-sugar. Any pro-
teids that have escaped the action of the gastric juice are
also attacked by the pancreatic juice and converted into
peptones. The peptones and the sugar pass directly into
the blood-vessels which lie in the villi. The bile has no
action on proteids or starches.

Both the bile and the pancreatic juice act upon fats.
They mainly produce what is called emulsification. This
simply consists in breaking up the fat into very tiny
globules, which remain suspended in the liquid and do not
run together again. If oil is shaken up briskly with
water it is broken up into small globules, but these run to-
gether again on standing. By first adding a little carbonate
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of soda to the water, and then shaking up with oil,
a much more permanent effect is produced, and this milky
fluid may be allowed to stand for some time without any
of the oil running together again. The emulsification of
fats by the bile and the pancreatic juice is greatly aided by
the chemical change that the pancreatic juice causes fats
to undergo. It acts upon a very small portion of the fat,
and changes it into glycerine and a fatty acid. The fatty
acid unites with the alkaline salts of sodium that are
present and forms a soap, which greatly increases the
power of the pancreatic juice to emulsify fats.

Unlike the sugars and the peptones, the emulsified fat
is unable to pass direct into the blood-vessels which lie
below the mucous membrane of the villi. It can, how-
ever, pass through the epithelium covering the villi, and
makes its way into the irregular vessel which occupies the
centre of each villus—the lacteal vessel. Shortly after a
meal, therefore, the lacteals will be filled with a milky
fluid which contains fine globules of fat. This milky
fluid is called ehyle. The chyle passes from the lacteal
vessels into the lymphatic vessels, which finally pass it
into the blood stream.

The food in the small intestine is moved along by a
peculiar movement called peristaltic econtraction. The
circular fibres of the intestinal wall at any place contract,
thereby decreasing the capacity of the intestine there, and
so squeezing out the greater part of the contents at that
point. This contraction i1s next taken up by the fibres
adjoining these, and then by their neighbours, and so on,
the contraction passing along the intestine like a wave,
and always towards the large intestine.

By the time the food reaches the end of the small in-
~ testine it is semifluid, and has very little serviceable
material left in it. It passes through the ileocaecal valve
into the large intestine. Here the remains of the useful
material are absorbed, together with the greater part of
the water, into the blood vessels which lie below the
mucous membrane. These convey the food to the portal
vein. As the contents are passed along they become more
and more solid, until the remainder, which is chiefly the
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indigestible part of the food, is discharged from the rectum
as faeces.

It is sometimes useful to consider the process of digestion
from another standpoint, namely by considering each
chief food stuff separately. Starch is acted upon in the
mouth by the saliva, and is converted into sugar; the
same change of starch into sugar is also carried on by the
pancreatic juice in the small intestine. Proteids are
changed into peptones by the gastric juice in the stomach,
and by the pancreatic juice in the small intestine. Fats
are emulsified in the small intestine by the pancreatic
juice and the bile.

After it is digested, the food reaches the blood. Imn the
case of sugar and peptones the passage seems to be direct
from the alimentary canal to the blood vessel, but the
emulsified fats pass first into the lymphatic vessels and
then into the blood vessels. The blood brings all these
foods to the various fissues of the body. Eventually all
the food becomes changed into carbon dioxide, water, and
urea, but this change may either be brought about very
quickly or may be postponed for a long time by the food
being converted into the tissues of the body.

PRrRACTICAL WoRK oN CHAPTER VII.

1. The action of saliva.

(@) Mix a small quantity of starch with water, and boil it. Add
water, if necessary, to make it rather thin. Let it cool, and
then add to a small portion of the liquid a few drops of iodine
solution. A blue colour is produced. This is the test for starch.

(#) To the remainder of the solution of starch add a little of your
own saliva, and keep the liquid at about the body temperature
for half-an-hour. The liquid becomes thinner and more
watery. Pour a small quantity into a test-tube and add iodine
solution again. This time there i8 no blue colour formed,
showing that the starch has disappeared.

(¢) Taste the liquid formed by the action of the saliva on the starch.
The sweetness tells you that the starch has been turned into
sugar. To test for sugar, add a little Fehling’s solution and
boil. A red precipitate is produced.
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2. Action of Gastrie Juice.

Get a fresh pig's stomach from the butcher’s, cut it open, and wash
it out. Next scrape off the inner coat with a blunt knife, and
mince it up. Put it into a mortar, and rub it up with some
*2 per cent. hydrochloric acid solution. Leave it in a warm
place for two hours. Pour off the clear liquid, put into it some
very small fragments of hard-boiled white of egg, and keep it
at about the temperature of the body. In less than an hour
the white of egg (albumen) will probably have disappeared.
It has been changed into peptone.

3. Action of pancreatie juice.
Get a fresh pig’s sweetbread, chop it up finely, and put it to soak in
a 1 per cent. solution of sodinm carbonate. Pour off the clear
liquid, and use part of it instead of the saliva in experiment 1.
Show that it turns the starch into sugar. Use the other part
instead of the gastric juice in experiment 2, and show that it
digests coagulated albumen.

4. Emulsification of fats.

(a) Pour a few drops of linseed oil into a test-tube, and add a little
water (about one inch deep). Place your thumb over the end
of the test-tube, and shake the contents vigorously. Note the
appearance of the mixture, and put the test-tube in a stand for
a quarter-of-an-hour. It will then be noticed that the milky
appearance has disappeared, and that the oil and the water have
geparated again into two distinet layers. This is only tem-
porary emulsification.

() Repeat experiment (a), but this time add a pinch of carbonate of
soda to the water before shaking up. The emulsification pro-
duced this time is of & much more permanent character.



OHAPTER VIII.
i DIETS. EXAMPLES OF FOODS.

A p1eT consisting of carbohydrates, water and salts would
support life for a short time only. Practically no advantage
would be gained by substituting fats for carbohydrates.
On the other hand, a diet of proteids, salts and water
would support life for a much longer period, but even in
this case the actual duration of life on such a diet would be
short, If we take a proteid and a non-nitrogenous principle
together in the diet, an enormous advantage is gained,
especially if the two are present in the necessary proportions.
For the very best forms of diet, the three great classes of
foods must be all represented, namely proteids, carbo-
hydrates and fats, and even then a variety in the form of
proteid chosen is very beneficial.

Obviously the aetual quantity of food that is necessary
will vary greatly according to the climate, the age, the sex,
and the amount and nature of the work that has to be
done. For example, a larger amount of all kinds of food,
but more especially heat-producing food, is required in cold
climates and for laborious occupations. Also women are
said to generally need one-tenth less food than men; but
if such is really the case, it is probably only due to the
fact that their work is of a much lighter character than
men’s work. The proper food for children will be discussed
at the end of the chapter.

It is found that the average individual loses by the lungs,
kidneys, skin and bowels about 300 grains of nitrogen and
4800 grains of carbon in twenty-four hours. This loss
must be made good by means of the food supplied. If too
much nitrogen or too much earbon is supplied we say that
the diet ie wasteful or unbalanced. The above quantities

90
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of carbon and nitrogen are supplied in a diet of the follow-
ing composition :—
Grains of Grains of
Ounces. Nitrogen. Carbon.

Proteids 41 310 1040
I'ats 3 0 1040
Carbohydrates 14 0 2720
Salts 1 0 0

Total 22} 310 4800

If a man attempted to live on meat alone he would have
to eat 75 ounces of meat to get 4800 grains of carbon,
while 29 ounces would be sufficient to supply 300 grains of
nitrogen. This is an example of an unbalanced diet.
Similarly if we had to live on bread alone we should
require 54 ounces to supply the necessary nitrogen, but
only 40 ounces would supply the 4800 grains of carbon.
There would obviously be a great waste in a diet of this
kind, but by having mixed foods it is possible to have an
economical diet, without any waste at all. For instance,
11 ounces of meat and 34 ounces of bread would supply
the required carbon and nitrogen without any excess or
deficiency of either.

Meals. The method of taking food is of very great
importance. All food should be chewed thoroughly and
slowly before it is swallowed. The habit of reading and
studying during meals should be discouraged in favour of
bright conversation, but the reading of light literature
during a solitary meal is probably beneficial. TLarge
quantities of fluids should be avoided at meals, as they
dilute the gastric juice, and prevent or retard its action on
the food. A short rest after meals, before resuming work,
undoubtedly aids digestion. With regard to the times for
meals, the chief points that deserve attention are regularity
and the observance of a proper interval between them.
Very long intervals are undoubtedly injurious, but the
other extreme is harmful and is far more common, especially
among women. It is found that an ordinary meal remains
in the stomach for about four hours, and is then passed on.
This interval should therefore be the minimum one
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between any two successive meals. Three meals are often
sufficient, and more than four per day should never be
taken. The best times for most pen{)le are breakfast at
eight o’clock, dinner at one or two o’clock, and tea at five
or six o’clock. If supper is taken, tea should be rather a
light meal, but if tea is the last meal of the day it should
be substantial. With regard to supper, it is difficult to
make a hard and fast rule. Some people sleep well after
a good supper, while others would be certain to be kept
awake by indigestion if they retired to rest soon after a
meal. Personal peculiarity has to be respected in these
matters. Many people find that supper about ten o’clock
and bed about eleven is a convenient rule to follow.

Examrres or Foob.

Milk is a Jiquid consisting of emulsified fat, water,
proteids, salts and carbohydrates, and having a specific
gravity of 1032 (water being 1000). The proteids are
mainly casein and a little albumin; the carbohydrate
chiefly present is lactose or milk sugar. The salts include
phosphates of calcium, potassium and magnesium. It is
obviously a perfect food because it is the sole nourishment
provided for the young of the higher animals; and, more-
over, it will maintain adults in perfect health for an
indefinite length of time. With regard to its composition,
it is important to notice that it contains representatives of
the four great food-classes—proteids, fats, carbohydrates
and salts, as well as water. The average composition of
cow’s milk is given below, and for the sake of comparison
the composition of human milk is given at the same time.

Milk. Water, Sugar. Proteids. Fats. Salts.

Cow’s 87 45 4 58 |

Human 87 65 2-2 4 '3
Human milk contains more sugar than cow’s milk, but less
proteids and salts—hence the general rule of diluting cow’s
milk and adding a little sugar when preparing food for
infants.

When milk is allowed to stand, about 10 per cent. of its
volume of cream should rise to the top. The cream
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consists of the greater part of the fat, together with a small
amount of the other constituents. The liquid left after
skimming the milk is called skim milk, and contains
casein, milk sugar, and salts; it forms an excellent drink
for children. By adding rennet or very weak acid to milk
it is separated into a solid called the curd, and a clear
liquid called whey. The solid consists of coagulated
casein with the fat and some of the sugar and salts. The
whey contains lactose and salts.

‘When milk is boiled, the albuinin is coagulated, and other
rather obscure changes are produced, which cause the milk
to possess an altered flavour. The coagulated albumin
collects on the top as a kind of skin. The most im-
Enrtu.nt effect of boiling milk is the destruction of all

inds of disease germs and ferments that the milk may
contain, For this reason milk should always be boiled
before being used. Milk may be preserved by boiling
and then corking up tightly in a bottle, after adding a
little sugar; or by adding a few grains of sugar and
bicarbonate of soda to each pint.

Eggs. As the chick is developed from the egg, it is
obvious that the egg must contain everything that is
required for the construction of the body; but it is not
such a perfect food as milk, because an egg is deficient in
salts. A hen’s egg consists of 70 per cent. of water and
30 per cent. solid matter. Of the solids, the white is
mainly albumin; the yolk contains fat, albumin and
Ehﬂsphates. Eggs form a very valuable article of diet,

eing rich in proteids and fat. They should never be
over-cooked, because a hard-boiled egg is particularly in-
digestible. 7o preserve eggs they should be coated over
completely with oil, wax, lard or such like while they are
fresh. A stale egg is easily detected by testing whether it
will float or not in a solution of two oz. of common salt
in a pint of water. A fresh egg sinks in this liquid.

Cheese is a food rich in nitrogenous matter. It con-
sists of coagulated casein, with varying quantities of fat
and salts. If fat and ripe it is easily digested and forms
an excellent food. Those cheeses which are prepared
from skim milk—Dutch cheese for example—are more
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indigestible and less nutritious. In the preparation of
cheese, the casein is usually coagulated by means of
rennet, which may be obtained from the stomach of the
calf.

Butter is almost pure fat. It is obtained by churning
the cream that has been skimmed from the milk, or the
pure milk itself. The liquid left behind is called butter-
milk, and still contains enough of the original consti-
tuents of the milk to make it a good food, especially if
eaten with some starchy substance such as potatoes.

Margarine is prepared mainly from beef-fat, which is
flavoured and coloured to resemble butter. It is an
excellent food, and usually much cheaper than butter.

Mear, Fisa. PouLrry.

All these are examples of nitrogenous foods, containing
variable quantities of fats and salts, but practically no
carbohydrates. As a general rule these foods are more
easily digested than those of vegetable origin.

Beef is more nutritious than mutton or pork, and at the
same time it contains a less proportion of fat. The best
beef is that which is obtained from a young ox. Veal is
far less digestible than beef, and is also less nutritious.

Mutton has a shorter fibre and is usually more easily
digested than beef. The mutton from a three-year old
sheep is the best. Lamb is more watery and less digestible
than mutton.

Pork is often difficult to digest owing to the large
quantity of fat that is present. The muscle fibres are hard
and are surrounded with fat. It should be more thoroughly
cooked than the other meats, owing to the frequency with
which the pig suffers from parasitic worms. Bacon is
much more digestible than pork, and is one of the best of
the foods containing an excess of fat.

In choosing meat see that the muscle is firm and elastic,
with a bright colour, and the fat firm, with a clear yellowish-
white appearance. The odour should be faint but pleasant.
There must be no smell of decomposition or physie.

Fish must always be eaten fresh, unless they are specially
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cured. A fresh fish is firm and stiff, the eyes and the scales
are bright. The surface should be wunbruised and
unbroken.

The flesh of fish contains more water and less mitrogen
than butcher’s meat, but it forms usually an easily digestible
and cheap food. The proteid constifuents are albumin,
gelatin and fibrin. It contains a larger percentage of
phosphates than meat, and on this account it is popularly
regarded as a ‘“‘brain food; but it is very probable that
it possesses no superiority whatever over meat in this
respect.

Fish are conveniently divided into the white and the red
varieties. The commonest example of the red fish is the
salmon, which contains rather a large proportion of fat,
and is not easily digested. The white ﬁi are divided inte
those which contain fat and those which contain no fat at
all. The cod contains no fat, and its fibres are hard and
difficult to digest. Of the fish which contain fat, those
which contain the least are the most digestible. Thus
whiting and sole contain less than one-half per cent. of fat
and are very light and digestible; mackerel contain 6 per
cent. fat and are less digestible; eels contain 24 per cent
of fat and are very indigestible.

Among the shell-fish, erabs and lobsters are notoriously
indigestible ; oysters are nutritious and easily digested, but
if eaten raw are liable to convey typhoid germs; mussels
and cockles are also good, although they occasionally
produce poisonous symptoms.

Poultry and Game are rich in proteids and phosphates.
They contain very little fat as a rule, and are easily
digested unless too highly flavoured. Ducks and geese
have more fat than the others, and are less digestible.
Hares and rabbits have much the same value as poultry.

VYEGETABLE FooDS.

These foods usually contain proteids, starch, sugar and
fats in varying proportions. Asarule, however, the starch
or the sugar is very greatly in excess. The only vegetables
that contain any important amount of proteids are the
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pulses—peas, beans, lentils, ete.—which contain over 20 per
cent. of proteids, and some of the cereals—wheat, oats
barley and maize—which contain more than 10 per cent.
of proteids. The proteids present are mainly albumin,
legumin or gluten. It is usual to divide vegetable foods
into six classes—(1) the cereals; (2) the pulses; (3) roots;
(4) green vegetables; (5) fruits; (6) edible fungi.

(1) The cereals include wheat, oats, barley, rye, maize
and rice. 'Wheat contains a large quantity of gluten,
which gives it the property of being made into a coherent
dough, and then into bread. With the exception of rye,
the other cereals contain too little gluten to make bread
without mixing first with wheat flour. In the preparation
of wheat flour the outside shell may be retained with the
flour when brown bread is required, or separated entirely
in the form of bran when the flour is to be used for white
bread. The bran undoubtedly contains a large amount of
nutritious matter, but it is very doubtful whether any
of it can be absorbed by the body. It is often useful
in cases of constipation, but for habitual use the white
bread is usually the best. Oatmeal is highly nutritious if
well cooked. It contains proteids, fats, starch, and salts.
Maize is also rich in fats. Cornflour contains only the
starch of maize. Barley is used chiefly by brewers and
distillers. It is allowed to sprout, and is then called malt.
During the process of germination or sprouting a ferment
is formed called diastase, which is capable of converting
starch into sugar. Extract of malt is a treacly fluid
obtained from malt. It is nutritious and is a useful food
for delicate children, because the diastase it contains helps
the digestion of starch. Rice is the least valuable of the
cereals, as it contains very little proteid, fat or salts. Its
value depends on the large amount of starch it contains.

(2) The pulses. The commonest of these are peas, beans
and lentils, They are distinguished from all other vege-
tables by possessing a large proportion of a proteid called
legumin, They are the richest proteid foods that we
have, except cheese; and they approach more nearly to
perfect foods than any other vegetables. Unless very well
cooked they are somewhat difficult to digest, and are often
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the cause of flatulence. If combined with fatty foods, such
as bacon, they are very important articles of diet, and are
espwmllv useful in making nutritious soups, for which
purpose lentils are the best.

3) Roots and tubers are chiefly used for their starch,
and in some cases for their salts as well. They include
potatoes, carrots, parsnips, turnips, beetroots, arrowroot,
artichokes and tapioca. They contain very little nitrogen.
Beetroots, carrots and parsnips contain cane sugar. Arrow-
root and tapioca are pure starches derived from the tubers
of different plants. Sago is a pure starch obtained from
the pith of the stems of certain palms, and is conveniently
included in this class.

(4) Green vegetables contain very little nutritive material,
but are valuable chiefly on account of their salts. We
include in this group cabbages, cauliflowers, lettuces,
vegetable marrows, tomatoes, ete. They give variety
and relish to the food, and also act as anti-scorbutics in
preventing scurvy—a disease that used to be common
among sailors and those classes who were unable to obtain
fresh vegetables or fruits. Amnother rather important use
of these foods is due to the cellulose they contain. This is
a substance resembling starch, but it is indigestible : it is
useful, however, in forming a bulk in the intestines, thereby
stimulating their movements and preventing constipation.
The onion, leek, shallot, etc., possess essential oils which
are useful in flavouring food.

(5) Fruits are usual%y rich in salts of potash and vege-
table acids. They contain very little nutritive matter, but
are valuable on account of their anti-scorbutic properties.
Many of them, however, contain a considerable amount of
sugar; and a few—the banana, date, and fig, for example—
are nutritious on account of the sugar and starch they
contain. Lime juice and lemon juice contain citric acid:
they are valuable in preventing scurvy. With water they
form refreshing s, and are useful as antidotes for
alkali poisoning. Raw fruit should only be eaten when

mta r1 e and perfectly fresh.
e edible fungl, a8 mushrooms, contain about
91 per cent. of water and a little mtrﬁgen They are
F. 8T. HY. [
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usually very indigestible and are of practically no value
as foods.

Tae Feeping or INFANTS.

This is a subject on which the greatest ignorance prevails,
and the enormous infantile mortality is undoubtedly due to
this fact. The following are some of the rules which
should be strictly observed by every mother or nurse.

An infant should be fed upon human milk until it is
eight or nine months old, and during this time it should
have no other food whatever. If for some reason or
other the mother cannot suckle the child, then the child
must be fed from the bottle with cow’s milk that has been
made as nearly as possible like human milk ; but it should
be distinctly understood that the child will thrive most on
the mother’s milk, and that rearing a child by the bottle
means that additional risks are run.

If fed by the breast, the child should be put to the
breast every two hours, from about six in the morning till
twelve at night, during the first two months. During the
third month it should be fed every three hours, and from
the third to the eighth month every four hours. About
the ninth month the child may be weaned, and for several
years from this age the main food should be cow’s milk.

If there is no human milk forthcoming, an artificial
human milk is most easily prepared as follows :—Measure
twelve tablespoonfuls of cow’s milk, having previously
boiled it and allowed it to cool. A convenient measure is
the ordinary medicine bottle which contains sixteen table-
spoonfuls and it usually graduated at the back. It must
be kept scrupulously clean. Add to this one tablespoonful
of cream, nine tablespoonfuls of boiled water, six table-
spuunfuls of lime water, and two teaspoonfuls of sugar
If the cream cannot be afforded it must be dispensed with.
This mixture should be given for the first month. It must
be kept in air-tight bottles. For the second month and
up to the fourth, reduce the boiled water to five table-
ﬂ oonfuls, and after that age add only the lime water to

o milk. For ‘the sake of vanety, barley water may
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be occasionally substituted for lime water. The best form
of sugar to usa is lactose or milk-sugar, which can be easily
obtained. The child will probably consume more than
half a pint of the mixture per day fur the first few days,
and then the amount will increase to about two pints per
day at three months of age.

Condensed milk should never be used where it is possible
to obtain fresh milk. It is very greatly inferior to fresh
milk, If it has to be used, the unsweetened brands are
the best. It should be mixed with sixteen parts of water
for children under one month, and then the amount of
water gradually decreased until only seven parts are added
when the child is eight months old.

Two or three feeding bottles should be kept, and
scrupulous cleanliness is absolutely essential. After the
child has finished its meal, the bottle and tubes should be
thoroughly cleaned with hot water, and a new teat put on
frequently. The best kind of bottle is the ““ lamb feeder,”
which is easily cleaned and dispenses with the objectionable
tubin

Aft%r nine months of age, small amounts of other foods
may be given with the m k such as milk pudding, custard
pudding, sop, broth, bten.d 'crumbs soaked in gravy, ete.,
blﬁkthe staple food for several years should be boiled cow’s
milk.

Dier ror INVALIDS.

During and after illness the digestive powers are weak
and great care should be taken in the judicious selection
and preparation of the food. As a rule it is advisable to
supply the food frequently and in small quantities. In
fevers, liquid foods should be given, the most valuable
being Imlk beaten-up eggs, soups, and beef tea. Cooling
drinks are also necessary, such as lemon water, soda water,
etc. For diarrheea, milk and well-cooked rice or cornflour
are the best. For constipation, oatmeal porridge, fruits,
vegetables, and brown bread are useful. In rheumatism,
avoid beer and animal foods. In cases of dyspepsia or
indigestion, vegetables are not as a rule well taken, and
salty and greasy foods should be avoided.
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PrAacTrica. Work oN CrAPTER VIIL.

1. Prove the presence of albumin in white of egg, and in the yolk also,
by mixing each with a little water and boiling the mixture ina
test-tube. Albumin is coagulated by heat.

2. Experiments with milk :—

(a) Dilute a small quantity of milk with an equal volume of water ;
add a few drops of vinegar, or dilute acetic acid, until a slight
precipitate is flzbrmed. Then warm the liquid gently (do not boil).
Filter. The white solid left on the filter paper is mainly
caseln,

(8) Boil the clear filtrate from (@). Any albumin that may be present
will be coagulated. Filter this off.

(¢) Test the clear filtrate from (&) for sugar. To do this, add a few
drops of Fehling’ssolution and boil. If sugar is present, a red
precipitate will be produced.

3. Experiments with Wheat Flour.

(a) Take about three tablespoonfuls of flour, tie it in a double
muslin bag, and gently knead it under water. For this pur-
pose use a large basin holding about a quart of water. Even-
tually a sticky mass is left in the bag, and a milky liquid in
the basin. The sticky substance is gluten.

() Place a little of the sticky substance in a test-tube and warm
it. Notice that the heat causes it to solidify.

(¢) Take a little of the milky liquid from the basin. The milki-
ness is due to starch granules. Boil it ; this makes it go clear.
Cool the clear liquid and add a few drops of solution of iodine.
A deep blue color proves the presence of starch.

(d) Filter some of the milky liquid from (a), and boil the filtrate.
A faint precipitate is produced, showing the presence of
albumin.

(¢) Place a small quantity of flour in a porcelain dish over the
bunsen flame. It is first turned black, but finally a grey ash is
left behind. This is chiefly phosphate of potassium.

4. Make a thick paste with flour and water, and mix with it some
extract of malt. Keep the mixture about the same tem-
Pcmture as the body. The malt quickly liguifies the paste.
I‘elast for sugar in the liquid by tasting it, and by Fehling’s
solution.



CHAPTER IX
COOKING.

Reasons why we cook food. These may be summarised
as follows :—

(a) The food is rendered more attractive to the sight,
taste, and smell. The appearance of raw meat, for ex-
ample, is repulsive, whereas, when cooked, it not only looks
far more attractive, but its smell 1s tempting, and its
taste is pleasing. As a result of this the flow of the
digestive juices is increased and the appetite is stimulated.

(6) Not only is the food rendered more attractive, but
also it is made more digestible by cooking. Cooked food
is more easily broken up by the teeth and attacked by the
digestive juices than raw food is.

(¢) Certain changes take place in the food when cooked.
The most useful of these is, perhaps, the breaking up of the
starch granules, without which we should not be able to
digest the starch in our food. Some of the starch becomes
converted into dextrin. Albumin, myosin, and gluten are
coagulated by the heat. The connective tissue in meat is
changed into gelatin.

(d) By means of good cooking a great variety in the
preparation of food can be obtained; the same material
may be prepared in many ways. This stimulates the
appetite and the digestion, and prevents that disgust which
always arises from an unchanged diet.

(¢) The warmth of the food helps digestion, and has a
reviving effect upon the system.

(f) Any germs of disease, or parasites, that may be
present in the food, are killed by cooking. Moreover, if
putrefaction has just begun in the food, its ill effects are
minimised by thorough cooking.

101



102 FIRST BTAGE HYGIENE.

(¢9) Putrefaction and decay are delayed by cooking.
Everyone knows that cooked food keeps better than un-
cooked.

Tae Cooxing oFr Anmmar Foob.

There are six methods commonly employed, »iz. roasting,
broiling, baking, frying, boiling, and stewing.

Roasting. The joint should be first exposed to a great
heat by placing it close to the fire. The effect of the heat
is to form a crust of coagulated albumin on the outside of
the joint. This impermeable crust prevents the escape of
the juices from the inside of the meat. In about ten
minutes the joint should be drawn about twelve inches
from the fire, and the cooking completed at that distance.
To prevent it from scorching the joint must be kept con-
stantly in motion, and the surface ‘‘basted’” with fat. The
general rule as to the time required to cook a joint is to
allow a quarter-of-an-hour for every pound, and a quarter-
of-an-hour over. This should be the minimum.

The roasting coagulates the albumin and myosin, and
converts the connective tissue into gelatin, thereby loosen-
ing the muscular fibres. There are also the characteristic
odorous compounds produced. The loss of weight during
roasting varies from one quarter to ome third, and is due
mainly to loss of water.

Broiling, or grilling, is roasting on a small scale on the
top of the fire. The scorching is greater than in roasting
owing to the greater surface exposed to the heat. The
chop or steak should be placed on a clean hot gridiron over
a clear fire, and turned every two minutes, The surface
must not be pierced by any fork or skewer during the
cooking.

Baking. In a well-ventilated oven the process of baking
corresponds exactly to roasting, but meat baked in the old-
fashioned non-ventilated oven has a flavour quite different
from that of roasted meat. The joint should be placed on
a small wire table in the baking dish so as to prevent the
meat soaking in the grease. The oven should be very hot
at first in order to form the crust of coagulated albumin on
the outside of the joint.
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Frying is boiling a food in fat. The meat cooked in
this way is usually soaked with fat and is very indigestible.
This penetration of the fat is prevented somewhat by
having the fat very hot to begin with. This method is
often used for fish, but boiled fish is much more digestible.

Boiling. If the object of boiling is to simply cook the
meat and retain in it all its flavour and nourishment, the
method employed is precisely the same in theory as the
method of roasting. The joint is plunged into boiling
water, and the boiling is maintained for five minutes.
This coa.gu]atea the albumin on the outside, and forms a
coat through which the meat juices cannot escape. For
the remainder of the time the water should not be allowed
to boil at all, but should be kept at about 170° F. or about
40° below the boiling point. If the water is kept boiling
the whole time, the meat is made hard and indigestible.

The object in boiling the meat may be not conly to cook
the meat, but also to make good broth. In this case the
meat is put into warm water, and the water is not allowed
to boil at all-——the meat being kept at about 170° F. the
whole time. In this way the albumin is not solidified but
dissolves in the water, together with a part of the meat
juices. The meat when so cooked retains a considerable
portion of the nourishment, but is rather more tasteless
and less digestible and nutritious than when prepared
by the first method.

ﬁnnthar object in boiling meat may be the preparation
of a soup. In this process the object is to extract as much
as possi o of the nutritive principles from the meat. The
meat should be cut up in small pieces and placed in cold
water. After it has soaked for some time, the heat should
be applied very slowly, and the temperﬂture gradually
raised to about 170°. This temperature is maintained for
two or three hours, and then it is brought up to boiling
point for another hour. This treatment extracts prac-
tically all the nourishment from the meat—which is left as
a hard, tasteless, stringy mass.

The difference between broth and soup is merely one of
degree, soup obviously containing a greater proportion of
meat juices, albumin, myosin, gelatin, ete., than broth.
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To boil fish, water just below boiling sheuld be used, as
many kinds of fish would break if placed suddenly in
boiling water. Care should for the same reason be taken
to prevent the water boiling vigorously at any time.

Before dismissing the subject of boiling, it would, perhaps,
be advisable to state here that water which is boiling very
gently is just as hot as water which is vigorously bubbling.

Stewing is by far the most economical cooking process,
because by this method there is absolutely no waste.
Unfortunately it is a process that is but little practised 1n
England. Any kind of meat may be used. The meat
should be cut up into slices, seasoned, placed in the stew-
pan, and just covered with cold water or stock. It should
never boil during any part of the process. Vegetables or
flour are often mixed with the water to make it thicker and
richer, By cooking in this way the meat is softened and made
digestible. The best possible results are obtained by using
a water-bath for stewing. This simply consists of an inner
and an outer vessel. The stew is made in the inner vessel,
and the outer vessel is filled with water which is kept
boiling. The water in the inner vessel remains just below
boiling-point all the while, If the stew is boiled, the meat
becomes hard, tough, curled up, and indigestible. For
hashing, the same method should be adopted as for stewing,
but in this case the meat has been previously cooked,
and so extra care should be taken to prevent the liquid
boiling.

Beef-tea. To properly prepare beef-tea, the beef—free
from fat— should be cut up into very small pieces, and put
into a jar. A little salt is added, and cold water in the
proportion of one pint to one pound of beef. The jar is
covered with a lid and allowed to stand for two hours. It
is then surrounded with boiling water by placing it in a
pan for one or two hours. Prepared in this way, beef-tea
contains albumin, gelatin, salts, and extractives derived
from the meat, and it is fairly nutritious and stimulating.
The nutritive properties are greatly increased by adding
oatmeal or cream. DPatent preparations and extracts of
beef are stimulating but have practically no nutritive
qualities.
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Tar Cooxine oF VEGETABLES.

Potatoes should be placed in boiling water from the first,
They are preferably either steamed or cooked with their
skins on, because boiling in the ordinary way dissolves out
the greater part of the salts that the potatoes contain.
When thoroughly cooked, the starch granules swell up
and burst, and part of the starch becomes converted into
dextrin.

Green Vegetables should be cooked, if possible, in soft
water. If hard water has to be used, a little carbonate of
soda should be added first.

Bread. On a small scale, the flour is mixed with a liquid
consisting of warm water, yeast, and a little salt. The
mass is then kneaded into dough, and is set aside in a
warm place for three or four hours. The yeast sets up a
process of fermentation, resulting in the formation of
alcohol and carbon dioxide in the dough, making it light
and porous. The dough is then made into loaves and is
baked.

During the baking, the starch granules are broken, and
part of the starch is changed into sugar and dextrin.
At the same time the gluten is coagulated.

Stale bread is more digestible but not so palatable as
new bread. Toasting bread makes it more easily broken
up by the teeth and therefore more digestible. Pastry is
much more difficult to digest than ordinary bread, owing
to the starch granules being coated over with fa.t which
retards the action of the saliva upon them.

CoorING APPARATUS.

All cooking utensils should be kept scrupulously clean
and dry, by carefully scalding, cleaning an£ drying after
each time ﬂf use. The best substance with which to clean
greasy cooking utensils is common washing soda, and so
all greasy pots and pans should be scrubbed thnroughl
with a strong solution of it. Special care should be taken
to keep copper vessels dry and clean, and to cook nothing
of an acid nature in them.
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The ‘“double saucepan’ with the inner vessel of glazed
earthenware is a very useful cooking utensil, especially for
cooking food containing acids, such as fruits.

Cooking Ranges. If possible, meat should always be
roasted before an open fire. The disadvantages of baking
are, however, overcome to a certain extent by ventilated
ovens. Open fires require more fuel than a closed cooking
range.

Gas Stoves are gradually gaining in favour for cooking
purposes. Their chief advantages are their cleanliness and
the ease with which the heat can be regulated. They are
rather more expensive than ovens heated with coal. The
proper place for a gas stove is in the recess of an open
fireplace, and it should not be placed in the open room
unless it has a special chimney made for it, to carry away
the impure gases formed by the combustion of the coal
gas, and also the smell of the cooking.



CHAPTER X,

/ BEVERAGES.
Tag stimulant beverages may be conveniently divided into
non-alcoholic and aleoholie,

Nox-ArLcomornic STIMULANT BEVERAGES.

These are tea, coffee, and cocoa. These three substances
- gach possess an active stimulating principle, the effect of
which is somewhat similar in each case. The stimulating
principle in tea is called theine, and this has the same
tomposition as the active part of coffee which is called
caffeine. In cocoa there is a similar substance called
theobromine. The action of these substances in modera-
tion is to quicken and strengthen respiration and the
heart’s action, 'I'hey ulso stimulate the nervous system,
and lessen fatigue and the desire for sleep, for which they
are valued among brain workers. Cocoa contains much
less stimulating properties than tea or coffee, its chief
value being as a food and not as a stimulant.

Tea, coffee, and cocoa also contain characteristic volatile
oils, which give to each its distinctive and peculiar smell.
Tea also contains about 14 per cent. of an astringent sub-
stance called tannin, to which are largely due its injurious
effects when taken in excess. Coffee also contains a small
amount of tannin, but cocoa contains practically none.

Tea consists of dried leaves of the tea-plant which grows
in China, Japan, India, and Ceylon. Chinese teas are the
best because they contain laaa tannin than the other
varieties. When uncurled by hot water the tea-leaf is
seen to have a characteristic ovate shape and a serrated
margin. The smaller the leaves are the better the quality
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of the tea. The colour of the dried leaf is green when the
leaves are dried over a wood fire while they are quite
fresh. Black teas are prepared by allowing the leaves to
lie in damp heaps for anut twelve hours, and then drying
them slowly over charcoal fires.

The tea-leaf yields to the boiling water chiefly theine,
tannin, and volatile oil. The value of tea depends upon
the theine it contains. This, as we have said, stimulates
the heart and respiration, and acts as a restorative to the
nervous and muscular system. Its great value lies in the
-fact that the stimulation produced by theine is followed
by no after-depression. 'Tea has been found to be of great
benefit to soldiers on active service, and in all cases where
continuous exertion is required it is enormously superior
to alcohol as a stimulant. If prepared badly, or taken in
great excess, it disorders digestion and gives rise to
nervousness and palpitation.

Tea should not be drunk too hot, and should not be
taken with meat. Also it should not be drunk by itself,
but only when other food is being taken. When taken
with milk and sugar a cup of tea contains a fair amount
of nourishment.

To make tea. The tea-pot should first of all be made
hot by partly filling with boiling water which is then
emptied out again. The water that is used should be
actually boiling, but if it has been boiling for some time
Ereviﬂusly the tea will not be so good. The water should

e soft 1f possible, and when hard water is used a pinch of
bicarbonate of soda should be added to it. Tea should not
be allowed to stand for more than five minutes, and at the
end of this time it should be poured off the leaves into
another pot. If tea is brewed for a longer time than five
minutes it is liable to eontain excessive quantities of tannin,
and 18 very injurious.

Coffee is the berry of a plant growing in Arabia, Ceylon,
West Indies, and other places. The seeds are roasted
until they are of a dark brown colour, and are then ground
to powder. Coffee contains caffeine, a little tannin, and
some volatile and aromatic oils.

The action of coffee upon the body is very similar to
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that of tea. It stimulates the heart and the mnervous
gystem, quickens the rate of breathing, and lessens the
sense of fatigue and the desire for sleep. It also slightly
increases the secretion of the kidneys, and acts with many
as a gentle C_Purg&tiva. When made chiefly with milk, and
sugar added, it is nutritious as well as stimulating,

The shmwalating action of coffee differs from that of
alcohol in not being followed by depression. Coffee,
like tea, is of great value to those engaged in laborious
occupations, and for counteracting the effects of exhaustion,
cold, opium poisoning, ete. In excess, it acts m]urmualy
on the heart and nerves, and disorders digestion. Coffee
is commonly adulterated with chicory. This is the
roasted and powdered root of a plant. It imparts a darker
colour to the infusion, and i1s considered by some to
improve the taste when added in about the proportion of
two ounces of chicory to one pound of coffee.

To make Coffee. The coffee should be freshly roasted
and ground. About one ounce of coffee is required for
making one large cup. The coffee pot should be hot, and
the wa.ter must be actually boiling. It may be allowed to
stand ten or fifteen minutas, but should not be boiled.

Cocoa is the seed of a plant growing chiefly in the West
Indies. The seeds are taken from the pod and allowed
to undergo a kind of fermentation, during which the
characteristic aromatic odour is said to be developed.
The seeds are then roasted and deprived of their husks.
Cocoa-nibs are the seeds simply broken up very roughly.
The ‘ prepared cocoa’ is obtained by grinding the seeds,
and afterwards removing the fat or cocoa butter, leaving
the cocoa perfectly dry. Sometimes starch is added in the
cheaper cocoas in order to cover the excess of fat that is
present, and it is moreover a ch::ﬁ form of adulteration.

Cocoa contains a substance called theobromine, which
is similar to theine and ecaffeine in composition and pro-
perties. It also contains starch, fats, nitrogenous bodies,
and salts, and so it is almost a perfect food. Obviously
it resembles tea and coffee in having stimulating proper-
ties on a smaller scale; and differs from them in having

a large nutritive value. Chocolate is prepared from cocoa
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by mixing with sugar and starch and pressing into
moulds.

Preparation of Cocoa. In makinﬂg cocoa, we do mot
prepare an infusion as in tea and coffee, but we drink the
whole. Cocoa may be prepared with water, but is much
better when prepared mainly with milk. It should always
be well boiled, on account of the starch that it contains.

ArcoHOLIC BeEvErAGES orR FERMENTED DRINKS.

Fermented drinks may be defined as those liquids which
contain the products of a process of fermentation—the
most important product being alecohol. The term ¢ fer-
mented drinks’ is intended to include beers, wines,
spirits, etec. Their common constituent is alcohol, and
they also contain variable quantities of sugar, acids, salts,
and aromatic oils, which give to each its characteristic
taste and smell.

In the preparation of these drinks, either sugar or
starch may be the starting point. If starch is used, the
first process is to change it into sugar. This change is
usually effected by the ferment diastase, which is present
in malt. A solution of the sugar is then made, and the
sugary liquid is fermented by adding yeast or some other
ferment. The sugar is changed by the yeast into carbon
dioxide and alcohol, and at the same time various ethers
and acids are formed.

Beers and Ales are prepared in the above way, but hops
or some other bitters are added. The definition of a beer
or an ale should be that it is a fermented infusion of malt
flavoured with hops. The modern beers are, however,
prepared from sugar instead of malt, and other vegetable
bitters are added instead of hops. Porter is nothing more
than a weak mild ale, coloured and flavoured with burnt
malt. Stout is similar, but is rather stronger.

The chief constituents of beer, ale, stout, and porter
are—water, alcohol, dextrin, sugar, hop extracts, gluten,
acetic and lactic acids, carbon dioxide, salts, and water.
The effects of these drinks are mainly those due to alcohol
in large or small doses, as the case may be, but in addition
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they appear to interfere with the tissue change, resultin
in a tendency to accumulate fat, and a liability to gout ang
rheumatism. With most people they tand to prnduce
stupor, while of course in excess they will produce intoxi-
cation.

The nutritive value of beer, although higher than that
of any other alcoholic drink, is extremely small. Practic-
ally all the nourishment that is present is a very small
amount of sugar.

Wines are, or should be, prepared by fermenting the
juice of the grape. They contain variable quantities of
water, a.lcﬂhu%:r carbon dioxide, ethers, colouring matter,
vegetable acids, tannin and sugar. Any nourishment
they contain is due to the small amount of sugar that
is present. Their effects are due to the alcohol they
contain.

Spirits are prepared by distilling & fermented liquor.
Brandy should be made by distilling wine, but it is usually
Eata.to spirit; whiskey by distilling the liquid nbtamed

y farmentmg malt with other forms of starch; gin in the
same way, but with the addition of oil of juniper, oil of
turpentine, orange peel, and other aromatic substances.
Rum is obtained by distilling fermented treacle. All spirits
contain water, ulcohol, and fusel oil, together with aro-
matic bodies which give to each its characteristic taste and
smell. They contain no nourishment whatever, and their
effects are due to the ulcohol they contain.

Alcohol. The amount of alcohol in fermented drinks
varies very greatly, The following list gives roughly the
quantities in some of the commoner beverages :—

Brandy 55 per cent. Madeira 19 per cent.

Whiskey 54 ,, Champagne 12,
Rum & Claret RErve
Gin 02 - Ale 7 1
Sherry 23 ,, Porter 5
Port 22 " Beer 3 19

Effect of Alcohol. When alecohol is swallowed, it passes
directly through the lining membrane of the stomach, and
reaches the blood. The heart is then stimulated and caused
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to beat more quickly and more forcibly for a time. Respi-
ration is also similarly affected ; in fact, all the organs of
the body may be said to be stimulated by alcohol. The
smaller blood-vessels become dilated, which effect has an
important bearing upon the old tradition that aleohol
warms the body and therefore should be taken when the
body is about to be exposed to severe cold. This is a most
dangerous fallacy. As a matter of fact, algohol lowers the
temperature of the body by dilating the blood-vessels just
beneath the skin, and so increasing the loss of heat from the
skin. At the same time the skin feels warmer, and this
sensation has given rise to a fallacy that has probably cost
many lives. In the case of the regular tippler, the vessels
beneath the skin become permanently dilated, especially
about the nose. Not only does alecohol lower the tempera-
ture of the body, but it also lessens the power of the body
to resist cold, and is therefore totally unsuited for those
who are exposed to low temperatures. Even in small doses,
alcohol is the reverse of helpful when either muscular or
mental work is required. The acuteness of all the senses
is quickly diminished by it. Any stimulation produced
by alcohol is always followed by a period of depression.
In large doses, alcohol depresses and paralyses the nervous
system, and in still larger quantities it acts as a narcotic
poison like opium, producing insensibility and sometimes
death.

If taken in repeated large quantities, the various organs
become rapidly diseased and premature old age soon
comes on. It increases the tendency to gout and Bright’s
disease, and produces diseases of the stomach, liver,
kidneys, heart, brain and nerves—sometimes leading to
delirium tremens or insanity., There can be no doubt
whatever that a person can do quite as hard or harder
work without alcohol than with it. It is a matter of
experience that soldiers on the march, in all climates, can
endure more fatigue, are healthier, and fight better
without alcoholic stimulants than with them. The infinite
amount of suffering caused by alcohol is a matter of
common knowledge. About three-quarters of the people
in workhouses are there, directly or indirectly, owing to
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aleohol ; at least half the crime in the country is caused by
it, and about one-third of the insanity. Many eminent
medical men have expressed their opinion that alcohol
should be regarded as a drug and only employed when
prescribed by a doctor, the preseription being used only
while the symptoms remain for which it was originally
demanded.

For all practical purposes, alcohol has no value what-
ever a3 a food. Its value, when used by a scientific
medical man, depends upon its physiological effects.

The maximum amount of alcohol that may be drunk
without producing ebvious ill-effects is two ounces per day.
This amount of aleohol is contained in two pints of beer,
or half a pint of claret, or four ounces of spirits. Even if
this amount is taken, the following conditions should be
strictly observed :—

(@) Alcohol should never be drunk between meals—it
should be taken only with food.

(6) It should not be taken during working hours, but
rather when the day’s work is done.

(¢) Children should never be allowed to touch alcoholic
drinks,

(d) People with insanity or epilepsy in the family should
always abstain from the use of aleohol.

The hereditary effects of alcohol are unfortunately only
too common. Many of the ill-effects of alcohol seem to be
transmitted to the children, and manifest themselves either
in a defective bodily structure or a depraved mental
condition.

PrRACTICAL. WORK ON CHAPTER X.

1. To test for tannin in tea. Take some strong tea in a test-tube,

Add a few drops of ferric chloride solution. An inky liguid is formed
which shows that tannin is present.

2. Make a solution of tannin in hot water. Also dissolve a small
quantity of isinglass in boiling water. Add the tannin solution to the
isinglass. A white precipitateis produced. The experiment illustrates
the action of strong tea on any proteids, such as meat,

¥, BT. HY. 8
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3. Fit up the apparatus shown in fiz. 66. Put in the flask sugar
and water, and add some brewers’ yeast. Ieave it in a warm place
for several hours. A clear colourless gas collects in the gas jar.

Fig. 66.—FrAsK FoR FERMENTATION.

Add some lime water and shake it up. The lime water is turned
milky showing that the gas is earbon dioxide.

4. Filter the contents of the flask and pour the clear liquid into a
retort, fitted with a condenser as in fig. 67. When about a teaspoonful

L, /7

Fig. 67.—D:8TILLATION APPARATUS.

of liquid has collected in the cooled receiver, pour it into a watch
glass and apply a light. The liquid burns with a pale flame, showing
that alcohol has been formed.

5. Repeat experiment (4), using some ordinary beer for distillation.



CHAPTER XI.
THE SPLEEN AND THE KIDNEYS.

WEe have seen that the blood receives various nutrient
principles from the intestines. It hands over this nourish-
ment to the different organs, to be disposed of in the ways
that we have already discussed. From the air in the
lungs the blood receives a supply of oxygen which is used
up all over the body in oxidising the foods which have
been taken. As a result of these oxidation processes,
various waste produets (water, carbon dioxide, urea, etc.)
are formed, and these are poured into the blood again.
The blood, therefore, not only brings up the foods and the
oxygen, but it takes away the waste products that are
formed. To prevent these injurious waste products from
accumulating in the blood, some organs have been given
the work of getting rid of them. ¥or example, we have
seen that the lungs get rid of carbon dioxide, water, and
a small quantity of organic impurities. The other organs
which help to clean the blood from the waste matters are
the kidneys and the skin. '

The constant work that falls upon the blood corpuscles
soon wears them out, and new ones have to be supplied ;
and not only must there be a aupglly of new corpuscles,
but there must be a disposal of the old worn-out ones.

The spleen probably plays the chief part in the perform-
ance of both these duties,

Tar SPLEEN.

The spleen is situated, as we have seen, to the left of
the stomach and pancreas: It is a dark purple mass

about five inches long by three broad, and weighs about
115
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five ounces. On the outside it is covered with peritoneum,
in common with the other abdominal viscera, and also
with a special capsule of its own. Inside it is soft and
spongy, and is full of blood. In structure, it is made up
of a close meshwork, consisting of fibrous, elastic, and
muscular tissue. In the meshes of this spongy tissue is a
soft pulpy substance called spleen-pulp, which contains
red blood corpuscles, white corpuscles, and some large
branched cells.

The spleen is well supplied with blood by the splenic
artery, and the blood is taken away by the splenic vein,
which runs into the portal vein. The funetions of the
spleen are not very definitely known. About five hours
after a meal it becomes la.rgaly distended with blood,
and later on shrinks again. Sometimes it varies in size
every two or three minutes. From these phenomena
it is inferred that the spleen has some function relat-
ing to the absorption of digested fluids, and to the blood
pressure. Another very important function of the spleen
18 to supply white corpuscles to the blood. In the
spleen the white corpuscles multiply by dividing into
two, the parts growing and then again dividing in their
turn.

The old and worn out red corpuscles are removed
from the blood by becoming entangled in the spleen-pulp,
where they gradually break up. The spleen has been
rather aptly described as ‘‘the birth place of the white
corpuscles, and the grave-yard of the red,” but it should
be remembered that it is quite possible that new red
corpuscles may be formed in the spleen. The colour-
ing matter—the haemoglobin—of the broken-up red
corpuscles is carried by the splenic vein to the liver,
where it is used up in making the colouring matter of
the bile.

Ductless glands. The spleen is an example of what are
called ductless glands. These are bodies which bear an
external resemblance to ordinary glands, but, as they have
no duct, they are given the above name. The most
important of them are the lymphatic glands, the spleen,
the thyroid body, and the supra-renal capsules.
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Tae KioNeys.

The kidneys are two in number, and are situated in the
abdomen, one on each side of the vertebral column, in the
lumbar region. They are of well-known shape, and are
dark red organs, about four inches long and two-and-a-half
inches across, and each weighs about five ounces. In
front they are covered with peritoneum, the back being
attached to the body wall.

They are so placed in Interior Vena Cave
the body that the con-
cave ecfé-aa face each
other, the outer edge
being convex. The de-
pression at the middle
of the concave inner
edge is called the hilus.
At this point the renal
artery and the renal
vein enter and leave the
kidney, the one bringing
blood from the aorta,
and the other taking
away blood to the
inferior vena cava.
Nerves, lymphatics, and
a narrow tube called the Fig. 68.—Tur UniNArY ORGANS.
ureter are also found at
the hilus. As it approaches the kidney, the ureter expands
like a funnel, this dilated part being called the pelvis of
the kidney.

Each ureter is about fourteen inches long. It passes down
from the kidney to the bladder, which is situated in front
of the bony pelvis. The bladder is a muscular bag lined
with mucous membrane, and is partly covered with peri-
toneum.

The ureters enter in an oblique manner, so that a little
flap is formed inside the bladder, and this flap acts as a
kind of valve, preventing the urine from passing back up
the ureter. The function of the bladder is to store the

d ' N I
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urine which is constantly trickling into it from the ureters,
and to discharge it at intervals. When moderately dis-
tended, it will hold a pint.

If a kidney is cut into two, it seems to be formed of two
portions, an outer layer which is dark brown, smooth, and
uniform in appearance, and an inner part which is paler,
and is composed of a finely striped substance arranged in

Y =\ - Pyramid
_. Pelvis

Ureler

Fig. 69.—Seci1on oF Kipxey (Diagrammatic),

several pyramids. The outer layer is called the cortex of
the kidney, and the inner part the medulla. The apex of
each pyramid—called the papilla—projects into the pelvis
of the kidney.

The substance of the kidney is composed of an enormous
number of minute tubules. These are straight in the
medulla, and convoluted in the cortex. They are richly
supplied with blood vessels, which form a network all
round them. The whole of each tube is lined with epithe-
lium, and the epithelial cells separate the urine from the
blood. The urine passes along the tube until it reaches a
common opening, at the tip of a papilla. It then trickles
into the pelvis of the kidney, and down the ureter to the
bladder.
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The function of the kidney is to secrete urine from the
blood. Healthy urine is a clear pale yellow fluid consisting
of water in which are dissolved various substances: these
are mainly common salt, phosphates and sulphates of
sodium and potassium, and an organic substance called
urea. About 50 ounces—from two to three pints—of urine
are excreted in twenty-four hours. This quantity contains
about two ounces of solid matter, one-and-a-quarter ounces
of which consists of urea.

Urea contains about half its weight of nitrogen, and it
represents the nitrogenous part of our food. The student
will remember that we said that a man requires 300 grains
of nitrogen in his daily food. Two hundred and forty
grains of this are secreted in the form of urea, in the urine,
and the remainder in the form of another organic substance,
called uric acid.

The amount of urine passed in a day varies with the
temperature. In cold weather more urine is passed than
in warm weather. This is because the cold contracts the
blood vessels in the skin, and thereby causes more blood
to go to other parts—including the Ei&neya. The extra
supply of blood causes the extra secretion of urine. In
warm weather this is reversed. It is only the water that
varies; the solids in the urine do not vary much.

PrAcTICAL WORK ON CIL:\PTER XI.

1. Obtain the spleen of an ox or sheep. Noticeits colour and other
obvious characters. Look for blood-vessels entering and leaving the
organ.

Cut it across. Note fibrous capsule, spleen pulp, and also a number
of white spots in the dark red pulp. '%hase are called Malpighian
corpuscles.

2. Take a sheep’s kidney. Notice its shape and draw it. Care-
fully remove the fat from the hilus, and look for the artery and vein,
which will look rather red ; and the ureter, which looks much paler.
Cut along the ureter, and follow it until it expands into the pelvis.
If you cannot do this, cut open the pelvis, and trace it to the ureter,
by cutting it along. Note the papillae, or tips of the pyramids,
pmje{:ting into the pelvis. On close examination, these papillae will
be found to be finely pitted on the surface. These small holes are the
openings of the tubules.

Cut the kidney in two halves on the flat. Notice the difference
between the cortex and the medulla.



OHAPTER XII.
THE SKIN. SOAP. CLEANLINESS.

TuE uses of the skin may be classified as follows :—

(1) It frges as a protective layer on the surface of the

ody.

(2) The skin is really one of the exeretory organs of the
body. By means of the sweat glands that it
contains it gets rid of about one pint of water in
twenty-four hours. Small quantities of other
substances are also got rid of in the sweat. The
skin therefore forms one of the three organs of
the body that get rid of water—the other two
being the lungs and the kidneys.

(3) By the special arrangement of the nerves in it, the
skin serves as an organ of touch.

(4) The sweat glands in the skin have the power of
covering the skin with water, which, by its
evaporation, causes heat to be lost, and the body
is thereby cooled. On the other hand, if the
sweat is not secreted so abundantly as to make
the skin actually wet, the loss of heat from the
body is minimised, although loss by evaporation
from the skin is continually going on.

Structure of the Skin. The skin is made up of two
layers, an outer layer called the epidermis and an inner
layer called the dermis.

The epidermis varies greatly in thickness in different
parts of the body, being thickest on the soles of the feet,
the palms of the hands, and on the back.

The deepest or Malpighian layer of the epidermis is
next to the dermis, and is formed of columnar cells lying
perpendicularly to the surface of the dermis. These cells

120
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are soft and contain a nucleus. The dark colour of the
skin of the negro and other races is due to a deposit of
dark pigment in the lowest cells of the Malpighian layer.
The cells above the Malpighian layer are shorter and
rounder in shape than those in the lowest layer. The
layers still nearer the surface of the skin consist of cells
which have lost their nucleus and become flatter and
flatter as they approach the surface, until those on the
outside are merely scales. The superficial layers are hard

Corneous =m—— =

Layor =

-

Malpighian
4 gl‘.aycr' 3

Fig. 70.—8ectiox or Skin (Highly Magnified).

and horny and form the corneous layer. This is the part
of the skin which is raised as a blister. The epidermis
forms the protective layer of the skin. It is transparent,
and is impermeable to liquids. There are no nerves or
blood vessels in it.

The dermis or true skin consists of a strong network of
connective tissue, which contains blood vessels, nerves,
glands, and the roots of hairs. The surface of the dermis
is thrown up into small conical processes which project into
the epidermis. These processes, called papillae, are highly
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developed in those parts where the sense of touch is acute,
and so probably they represent that part of the skin which
acts as the organ of the sense of touch. They are well
supplied with blood vessels and nerves. The deeper part
of the dermis is connected to the bone or muscle under-
neath by loose connective tissue which usually contains a
considerable quantity of fat.

The Glands of the Skin are of two kinds, the sweat
glands, and the sebaceous glands. The sweat glands
secrete the sweat, while the sebaceous glands secrete a
fatty substance which serves to soften the skin and hair.
The sebaceous glands are usually connected with hairs.

Sweat Glands. On the surface of the epidermis may be
seen small openings called pores. These are easily visible
through a small magnifying glass. The number of pores
varies greatly in different parts of the body, there being
about 3000 per square inch on the palms of the hands, and
only 600 on the back and legs. They are the openings of
the tubes which convey the sweat from the glands to the
surface. If one of these tubes is followed downwards, it
is found to lead through the epidermis in a spiral or cork-
screw fashion, and then to the lower part of the dermis,
where it becomes coiled into a kind of a knot, forming the
sweat gland. Among the coils are numerous blood vessels.
The cells lining the sweat glands secrete the sweat from
the blood.

Perspiration. Usually the sweat is secreted continually
but in small quantities, so that it evaporates from the E.km
as fast as it reaches the air. This is called insensible
perspiration. During exertion, or in hot weather, the
sweat is poured out in large quantitiea so that it is visible
on the surface of the skin, and is called sensible perspira-
tion. As the water evaporates it absorbs heat from the
body, thereby lowering the temperature.

Composition of Sweat. The sweat consists mainly of
water with a very small amount of substances dissolved
in it. The dissolved substances are chiefly common salt,
some organic bodies, and a little carbon dioxide.

Hairs are formed of horny cells from the epidermis.
Each hair lies in a deep pit called the hair follicle. The
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pits are lined with epidermis, which forms a sheath for the
root of the hair. At the bottom of the follicle is a papilla
covered with cells of epidermis, and by the multiplication

Fig. 71.—SEcrioN or SKIN wiTH Hains,

of these epidermal cells the hair grows. As the new cells
are formed, the older ones are thrust outwards and form
the shaft of the hair.

Nails are another form of specialised epidermis. They
consist of two parts—a root and a body. The root is that
part of the nail which is covered by the skin ; the body is
the external part which ends in the free edge. A mail
grows in much the same way as a hair, ¢.e. by the multi-
plication of the epidermal cells at its root.

CLEANLINESS.

The surface of the skin is constantly receiving sweat
from the sweat glands, and greasy matter from the sebaceous
glands. These keep the skin moist and greasy, causing the
dead scales of epidermis to remain sticking to it, and also
rendering the skin liable to accumulate dirt, dust, and
particles of clothing. If the skin is not regularly cleaned,
a cake or plaster forms upon it consisting of dried sweat,
dirt, scales of dead skin, and grease. This uncleanliness
leads to injurious and disagreeable results, the chief of
which are—

(1) The sweat glands are obstructed by the dirt. This
puts an end to their use in getting rid of some of
the waste matters of the body, and throws an extra
amount of work on the other organs, i.e. the
kidneys and the lungs.

- -
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(2) The sebaceous glands also may become stopped up
giving rise to little black spots, called black heads.

(8) The cake of dirt upon the skin lessens the sensibility
of the skin.

(4) The cake is a good soil for germs to grow and mul-
tiply in, and these may give rise to all kinds of
skin diseases.

(6) The dirt may putrefy and cause the stench that
always surrounds dirty {)BU ple.

(6) Dirty people are always liable to have parasites
living upon them.

The use of water alone is not sufficient to remove this
greasy dirt, but something must be used that will combine
with the grease and make it soluble. Such a substance is
soap.

Soap. In order to understand what soap is, we must
refer back to the chapters about foods, where it says that
a fat is a compound of a fatty acid with glycerine, 1.e.

A Fat = Fatty Acid 4+ Glycerine.

If a fat is boiled with potash (or soda), the potash com-
bines with the fatty acid forming a soap, and the glycerine
is set free. Soap may therefore be defined as a compound
of a fatty acid with potash or soda, or more scientifically, a
soap is either the potassium or sodium salt of one of the
fatty acids. Potash forms the soft soaps, and soda forms
the ordinary hard soaps.

There is usually an excess of alkali in every soap; in
fact, a soap that possesses no free alkali is not very useful
for cleaning because the alkali aids the action of the soap
in removing the grease. If too much alkali is present,
the soap is bad for personal washing, as it tends to roughen
and harden the skin.

Baths. Warm water is necessary to thoroughly clean
the skin, and a warm bath should be had once a week,
whether a daily cold bath has been indulged in or not. A
warm bath should have a temperature of about 110° ., and
should be taken the last thing at night, because it renders
the skin very suseceptible to cold, and thereby increases
the tendency to take a chill. The face and neck should be
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washed twice daily, and the hands should be washed before
each meal, especially if the employment is dirty, so as to
prevent the possibility of dirty or poisonous particles being
eaten with the food.

A cold bath every morning is valuable as a tonie, and
not for its effect in cleansing the skin. It should only be
indulged in by persons in robust health, and even then it
may be sometimes injurious. If it is followed by a sense
of warmth and well-being, it is probably doing a certain
amount of good.

Sea-bathing is an excellent tonic in the summer. It
should never be indulged in when fasting, nor immediately
after a full meal. The best time for sea-bathing is about
eleven o'clock in the morning, when the resisting power of
the body is probably at its maximum. There is a popular
fallacy that the best time to bathe in the sea is before
breakfast. As a matter of fact there is no time in the day
that could be worse suited for such a performance. When-
ever the dip is taken, it should not be unduly prolonged.
From five to ten minutes is usually sufficient for most
people, but many can remain in for much longer periods
without any ill effects. A chilly feeling, with blueness
about the fingers and toes is a sure indication that the
bath has been unduly prolonged.

Turkish baths, where the body is subjected to heated
air, are very useful to people of sedentary habits. They
tend to keep the skin healthy by thoroughly cleaning its
surface and pores,

PARASITES.

The parasites found on the surface of the body are
divided mto two groups—the animal and the vegetable.

Animal Parasites. The commonest are fleas and bugs.
These cause much irritation of the skin, preducing small
spots and lumps. They are the result of continued un-
cf)eanlineaa, and are easily got rid of by systematic killing
and cleaning.

The louse may infest the hair of the head or the body,
giving rise to much itching. Secrupulous cleanliness, with
the constant use of soap and warm water, is the simplest
method of getting rid of these insects. Sometimes these
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means are ineffectual ; in which case the best plan is to
either shave the part affected or to rub in well some white

precipitate ointment.
The itch insect usually attacks the skin between the fin-
gers. It is very minute, and the female insect burrows into
- the skin, causing intense itching

NS and redness. Under the skin she
=\ lays her eggs, which hatch in
——— " I[£— about fourteen days. The female

——————\ young ones then burrow afresh
= f‘;;{-' on their own account, and so

the disease spreads. The itch is
' very contagious, the shaking of
. hands being sufficient to cause

o bl infection.

=> To get rid of this parasite,
’ ' the affected parts must be well

scrubbed with soft soap and
water in order to remove all
scales of skin, and to expose
the burrow. Sulphur ointment
is then to be well rubbed in. The clothing must be cleansed
by boiling water.

Vegetable Parasites. The vegetable parasites which
attack the body are very minute, and are only visible by
the microscope. Their presence is known by the diseases
that they set up. The commonest are ring-worm and
thrush.

Ringworm includes a group of skin diseases produced
by a kind of fungus. It may attack the scalp, beard, or
any part of the body. The roots of the hairs are attacked
by the fungus, causing the hair to become brittle and
break off. This causes the well-known bare patch that is
so characteristic of ringworm.

Ringworm is very contagious, and is easily spread by
means of hats, gloves, towels, hair brushes, etc. The
treatment is simple, as the parasite is killed by painting
the patch over with iodine paint, or with a lotion of corro-
sive sublimate (two grains to one ounce of water). All
caps that have been worn should be destroyed.

Fig. 71.—Tue Itcwm 1NsECT.
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A very bad form of ringworm is known as Favus. It
usually attacks the scalp, where it forms a number of
yellow cupped dises. It is much more difficult to cure
than ordinary ringworm.

Thrush is often met with in dirty and ill-fed infants. It
appears as greyish patches on the inside of the mouth, and

especially on the tongue. These patches are produced by
a kind of mould, the growth of which is brought about

by improper food, or by dirty feeding bottles. For treat-
ment, a mild aperient, such as magnesia, should be given,
the patches should be wiped out, and the mouth smeared
with glycerine and borax.



CHAPTER XIII.
PERSONAL HYGIENE—EXERCISE—HABITS.

TraE judicious combination of exercise, rest, and sleep plays
a very important part in the health of the individual.
Lack of exercise is soon followed by atrophy, or wasting
away of the parts that are not used. A muscle that is not
exercised, but lies idle, soon wastes away and becomes
useless. This is particularly noticeable in the case of a
broken or paralysed limb. The lack of use soon produces
wasting and loss of power of the limb. The brain also,
when not exercised by study and reading, does not develop
to its fullest possible extent. On the other hand, unless
the exercise is combined with the proper amount of rest,
the results are even more disastrous, as the body becomes
overworked and exhausted.

Exercise is necessary at all periods of life, but especially
so during childhood and early manhood or womanhood.
It is the duty of all parents to see that their children enter
into the school games, and spend a great deal of time in
the open air. Practically all schools have now adopted
physical exercises as part of their curriculum in recognition
of the importance of these to the children. In the case of
adults the exercise that should be indulged in must depend
upon the nature of the daily work. Thus, if a man is
doing bodily work all day, his muscles have had quite
sufficient exercise, and mental exercise is what he needs
for his spare time. On the other hand, those whose
occupation is sedentary, such as clerks, students, ete., need
physical exercise in their spare time, in order to bring
their muscular, circulatory, and respiratory systems to the
proper pitch of development.

128
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For any beneficial result, the exercise taken must be
systematic and regular, and not indulged in by fits and
starts. By gradually and steadily increasing the work
done by them, a set of muscles may be greatly increased in
size, but there 1s a limit to this increase, and if the work
be carried to excess the muscles will begin to waste away.
Care should be taken to give every muscle of the body it
necessary exercise. Many of our sports are faulty in
leaving most of the muscles idle. The best real exercise
for all the muscles is probably obtained by boxing, lawn
tennis, and Rugby football.

Violent exercise should never be taken without proper
training. By training, we do not mean the old-fashioned idea
of feeding a man on limited rations of half-raw meat, but
simply an outdoor life, with plenty of good, nourishing
food, and no lack of exercise for all the museles. Violent
exercise, without proper training of this kind, is likely to
lead to most disastrous results, the commonest of which is
heart disease resulting from overstrain.

Some of the physiological effects of exercise deserve
gpecial mention. We have already mentioned that the
muscles are increased in size and are rendered capable of
doing more work. DBy exercise they are also brought more
under the control of the will. The first effect of exercise
is, perhaps, the quickening of the heart beat and the rate
of respiration. The heart beats more rapidly and more
forcibly, eausing an inereased flow of blood through the
blood vessels all over the body. If the exercise be sudden
and violent, the heart may be incapable of meeting this
sudden demand upon if, and the ‘m}fves may be rendered
incompetent, giving rise to heart disease. But by
gradually increasing the exercise, the heart is atrﬂngthened
and the coats of the arteries are made stronger and
healthier.

Respiration is also quickened by exercise. The amount
of air taken in at each inspiration is increased, and larger
quantities of water and carbon dioxide are given out in the
expired air. Thus, a man at rest draws into his lungs
each minute about 480 cubic inches of air, but if walking

at the rate of three miles per hour he takes in 1550 cubie
F. ST. HY. 9
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inches of air, and if he increases his rate to six miles per
hour, the amount of air that he inspires is raised to 3250
cubic inches.

The skin acts freely while exercise is being taken. The
blood vessels surrounding the sweat glands are distended
with blood, and the secretion of sweat is increased. In
this way an extra quantity of waste matteris removed from
the body by the skin.

Other effects of exercise include the exhilaration and
strengthening of the nervous system, the improvement of
the appetite and digestion, and the stimulation of the
kidneys and bowels, thereby aiding the elimination of
waste matters from the body.

Rest. Without proper rest the organs of the body
would soon become worn out. The most absolute rest is
that obtained by sleep. The amount of sleep required varies
with the age and occupation, but, speaking generally,
the average adult requires seven or eight hours sleep a day.
Children require more sleep than adults because their
bodies are working at a greater rate, and they are more
easily exhausted : those under four years should have
sixteen hours sleep a day; from four to twelve years of
age they require twelve hours sleep ; from twelve to sixteen
ten hours sleep is necessary.

The sleeping room should be quiet and well ventilated.
Bedsteads should always be used, if possible, as sleeping
upon the floor 1s less healthy on account of the interference
with the free circulation of airaround and under the sleeper,
and also the increased liability to inhale dust or gases from
the floor. A hair mattress is very much to be preferred to
a feather bed. Infants should not sleep with adults, as
the risk of ‘“overlaying” is very great under these circum-
stances. They should always sleep in a separate bed or
cot, which may be easily constructed out of an ordinary
clothes’-basket or box.

Habits. Either good or bad habits are bound to be
formed by children as they grow up, and so it behoves all
good parents to see that the habits that the children form
are those which are conducive to their health and happi-
ness. The habit of eating slowly and chewing the food
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well, and of having regular meals, has already been referred
to. The danger of forming the habit of taking alcoholic
drinks has also been mentioned. Among the necessary
and important habits are cleanliness, proper attention to
the teeth, and the regular action of the bowels.

The teeth should be cleaned regularly once or twice a
day. If cleaned only once a day the best time is night,
just before retiring to rest. A good tooth powder is a
mixture of equal parts of salt and carbonate of soda.
When any signs of decay of the teeth appear they should
be stopped by a dentist. The teeth of children should be
systematically examined for traces of decay or signs of
irregularity. Irregularity can often be corrected to some
extent by a skilful dentist.

The bowels should be freely opened at least once a day.
The best way to secure this is to cultivate the habit of
evacuating the bowels at the same time each day. If a
regular habit is not formed, constipation is bound to ocecur,
and this will produce indigestion, hsemorrhoids or piles,
and sometimes inflammation of the bowels. Aperients
should rarely be needed. A far better way to procure
proper action of the bowels is to take regular exercise, and
eat brown bread, oatmeal, vegetables, and fruit.



CHAPTER XIV.
CLOTHING.

Tue value of a material for clothing depends upon its
non-conduecting properties with regard to heat. By a good
conductor of heat we mean a substance through Whlch
heat rapidly travels. In other words, if one part of a good
conductor becomes warm, then the heat will rapidly spread
over the whole of it. A bad conductor of heat, or a non-
conductor, has the opposite properties, so that if one part
of a non-conductor becomes heated, the heat spreads very
slowly to the other parts. The application of this to
clothing is easily understood when we remember that the
temperature of the body is always about 98:6° K., while
the external temperature rarely exceeds 90° F. in Great
Britain. The temperature of the body is therefore higher
than that of the surrounding air, and so the inside of our
clothing will be warmer than the outside. Now if the
clothing material is a good conductor of heat, the heat will
rapidly pass from the inside to the outside, and on the
outside it will be lost in warming the air in contact with it.
On the other hand, if the material be a non-conductor, the
heat will only very slowly pass to the outside and very
little will be lost.

As a matter of fact the body loses heat in several ways,

. (1) By the skin. This is probably about 90 per cent.
of the total loss. (2) By respiration, the expired air being
warmer than the inspired air. Moreover, heat is lost by
evaporation in the breath, the expired air bamg aatumtﬁd
with water vapour. (3) 'With the excreta. The first of
these, the loss by the skin, is the only one that we can in
any way control.

1332
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The loss of heat by the skin takes place in three

ways :

{ﬂBy conduction, as we have explained above. This
loss is very greatly augmented by wearing clothes
made of a good conducting material.

2. By radiation of the heat. The result of radiation is
best illustrated by the warmth experienced when
sitting near a bright fire. In this case the body
receives the heat which is radiated from the fire.
Similarly the body itself radiates heat.

3. By evaporation. When the body is heated by exercise
the surface of the skin becomes covered with
moisture, which evaporates more or less rapidly
according to the circumstances. In doing this it
absorbs a large amount of heat from the body.
It is at these times that the body is particularly
liable to take a chill. The absorption of heat by
evaporation is well illustrated by pouring a little
spirit or ether on the hand, when a feeling of cold is
experienced which is increased by blowing across
the liquid. The loss of heat by the skin is greatly
influenced by the weather. In hot weather very
little heat is lost by conduction or radiation, but
a large quantity is lost by evaporation. In cold
weather this is reversed.

The chief objects of clothing are—(1) To prevent loss of
heat. (2) To protect parts of the body that are especially
liable to injury, e.g. the feet. (3) For ornament. The
following rules should be observed with regard to cloth-
ing :—

g(‘1} It should be light. If proper attention is paid to
material, there is no need for heavy clothes, In fact light
clothes made of a non-conducting material are much warmer
than heavy clothes made of material which conducts heat
well.

(2) It should be loose. IEvery one knows how cold a
air of tight gloves are on a cold day. Air is a bad con-
uctor of heat, and fluffy materials which contain much

air in their interstices are far warmer than those which are

closely woven. In the same way loosely fitting clothes are
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much warmer than those which fit tightly. Certain parts
of the body are peculiarly liable to be constricted by
clothing. For instance the head is often surrounded with
a tightly fitting hat which must press upon the blood vessels
and prevent the proper circulation of blood, thereby in-
creasing the tendency to baldness. The neck is often
constricted by a tight collar which interferes with the
circulation and gives rise to headache. In women the
lower part of the chest and the upper part of the abdomen
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Nataral Thorax. S Thorax derormed by corsets.
g. 72,

are habitually constricted by corsets in order to produce
the “waist.” As a result of the constant pressure—which
is often begun at a very early age—the ribs are perman-
ently distorted and displaced inwards, causing compression
and displacement of the lungs, heart, liver, stomach and
intestines. The natural waist is below the ribs and above
the hips.

The knee is often constricted with garters. The pressure
here prevents the return of the blood through the veins,
giving rise to varicose veins. The foot is almost ﬂ.lwa.ys
distorted by misshapen boots. In a properly made boot
the great toa should be in a straight line with the inside of
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the foot, whereas it is usually bent towards the other toes
in order to make the foot come to an unnatural point.

In summing up we may say
that tight clothes possess the
following disadvantages:—(a)
They are less warm than loose
clothes. (&) They are also less
comfortable, and prevent the
free movements of the limbs.
(¢) Any tightness across the
chest will interfere with free
respiration. (d) They are very
liable to displace internal
organs and i§)1-{Jr(11.1;4c:+er various ill
effects in different parts of the

body. Foot deformed b Natural
(3) It should be porous. If  poiuted boots. Toot.
clothing is not porous it will Fig. 73.

_interfere with the evaporation
resulting from perspiration. For this reason waterproof
materials should never be worn habitually.

(4) It should be a bad conductor. The reason for this
has been already explained.

(5) The weight of the clothing should be mainly borne
by the shoulders. Some of the weight may be thrown on
the hips, but the waist should be relieved of the weight of
clothes, in order to avoid displacement of the internal
organs.

MaTERIALS For CroTHING.

The materials used for clothing are of animal and
vegetable origin. From the animal world we obtain wool,
silk, furs, feathers, leather, ete. The vegetable kingdom
provides cotton, linen, hemp, jute, and gutta percha. The
commonest and most important materials are silk, wool,
cotton, and linen.

1. Bilk is the thread spun by the silkworm. It consists
of fine smooth fibres, which under the microscope are seen
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to be round and structureless. It is worked up into satins,
plush, velvet, crape, etc. These materials, however, often
contain a considerable proportion of cotton. Silk is an
excellent clothing material, but its costliness prohibits its
general use. It is a bad conductor of heat, and is less
irritating to the skin than wool. Also it has not the
tendency of wool to shrink when it is washed.

2. Wool. The materials made of wool include flannel,
cashmere, alpaca, and mohair. Wool from the sheep
consists of soft elastic fibres from three to eight inches
long. Under the microscope it is seen to be covered with
minute overlapping scales. Wool is by far the best and

LN

Fig. 74.—B81LK FIBRES UNDER Fig. 75.— WooL FIBRES UNDER
Microscork. MICROSCOPE.

most healthful clothing at our disposal, and should be always
worn next the skin. It is a very bad conductor of heat,
and readily absorbs perspiration without becoming wet.
For this reason the liability to take a chill after violent
exertion is lessened when woollen clothing is worn. Wool
has two disadvantages. Unless 1t is carefully prepared it
may be rough and irritating to semsitive skins. Also it is
very apt to shrink in washing. To avoid this, all woollen
materials should be washed in luke-warm water, in which
the soap has been previously dissolved. The tendency to
shrink or become hard is increased by the use of washin
soda and by scrubbing or wringing. It should then be
washed in clean water, folded, passed through a wringing
machine, and dried as quickly as possible.
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3. Cotton consists of the fibres surrounding the seeds of
the cotton plant. Under the microscope the fibres appear
flat, ribbon-like and twisted. These fibres are worked up
into calico, velveteen, flannelette, and muslin. Cotton is a
good conductor of heat, and quickly becomes wet by pers-
piration. For these reasons it is not at all a good material
for clothing. It has the advantage, however, of being
fairly durable, and it does not shrink.

Fig. 76.—Corrox FIERRS UNDER Fig. 77.~LiNExN Fisrks uNpER
MICROBCOPE. Microscore,

4. Linen is obtained from the fibres of the flax plant.
Under the microscope these fibres appear round and jointed.

The smooth surface of linen mﬂiaa it very useful for
collars, etc., but as a clothing material it is bad. Ttisa
better conductor of heat than cotton and it becomes wet
with perspiration more easily.

RELATIVE VALUE 0F MATERIALS.

For protection against cold the colour of the clothing
counts nothing, and the material with which the clothing
is made counts everything. The order of merit of the three
commonest materials is (1) wool, (2) cotton, and (3) linen.
White flannel is just as warm as red for underclothing, in
spite of the popular fallacy to the contrary.

For protection against heat, colour counts almost every-
thing and material very little. The best colour for
protection against heat is white. Then comes grey, and
then yellow, pink, blue, and last of all, black.
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Amount oF CLoTHING.

The amount of clothing required varies according to
(1) health, (2) climate, (3) age.

With regard to health, it is a general rule that sick and
feeble people require to be more warmly clad than those
in robust health. The variation of clothing with climate
is obvious, but it should be noted that in a variable climate
such as we have in Great Britain, particular caution should
be exercised with regard to ﬂlothm

Children require to be more Warmly clad than adults, and
should never be allowed to run about in cold weather with
bare legs and arms. There could not be a more serious
error than the common idea of ‘hardening” children by
insufficiently clothing them. It should be remembered
that the warmer the clothing the less the amount of food
required, as the greater part of our food is used in keeping
up the bodily warmth. Children require more clothes than
adults for the following reasons :—

(@) The circulation of the ‘blood in a child is quicker
than in an adult. This causes a greater loss of
heat by bringing more warmth from the inner
parts to the surface.

(6) The amount of surface compared with the bulk of
the body is greater in a child than in an adult,
and so there is relatively a larger area from
which heat is lost.

(¢) A certain proportion of the child’s food must be
devoted to growing purposes and building up the
body. Warm clothes check the loss of heat from
the skin, thereby causing less of the food to be used
in producing heat, and leaving more to be used for
growing.

With old people the circulation is feeble, and their
power of heat production is small. It is therefore im-
portant that they should be warmly clothed, and the
extremities especially protected.



CHAPTER XV.
ACCIDENTS AND EMERGENCIES.

Ix all ordinary cases of illness, no attempt should be made
to treat the patient without the advice of a medical man.
The old saying that ‘“a little knowledge is a dangerous
thing ”” is never more true than when applied to the
individual who has culled some elementary ideas of
medicine or surgery from some text-book, or who has
attended ‘‘first-aid” lectures. Such an individual may
have it in his power to render the greatest possible
assistance in cases of accidents, or sudden illness, but
if he becomes possessed with the idea that a medical man
is unnecessary as long as he is there, he may at any time
find himself held responsible for a person’s death, by not
calling in proper medical aid. The author can recall many
instances in which the possession of the St. John’s
Ambulance certificate for first aid has been regarded
as something very near to a medical qualification, and
probably many readers have heard of the retired constable
who, on the strength of ome of these certificates, was
running a kind of * practice” among people who were,
possibly, a little more ignorant of medicine and surgery
than he was!

It is, however, absolutely necessary that the public
should be educated up to a knowledge of what they may
do while waiting for the doctor to come. Any moment an
accident may occur, or an emergency arise, endangering
life and limb. In many cases, immediate measures are
necessary, but a doctor can rarely be found at once.
Fortunately an intelligent bystander may often be of great
gervice until the medical man arrives. This immediate
treatment, which should be well known by everybody, is
called * first aid.”

138
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Small wounds or cuts. In an ordinary small cut the
bleeding is not usually extensive, and soon stops. If the
cut, and the skin round it, are perfectly clean, the best
treatment is to carefully adjust the edges, place over the
cut a strip of clean linen soaked in clean water, or, better
still, in a solution of carbolic acid (about one of carbolic
acid to eighty of water), and bind up the part with
clean rags or bandaging. Do not bandage too tightly. If
the wound is at all dirty it must be washed carefully by
bathing with clean water. Do not use sponges or soiled
rags for this; everything that touches a wound must be
scrupulously clean. Above all things, do not use cobwebs,
or any other dirty abominations.

In some cases the bleeding does not stop by this simple
treatment. If the bleeding is not very bad, it may be
stopped by bringing the edges of the wound together, and
fixing them in position by narrow strips of sticking plaster
laid across the cut, at short distances apart. The wound
should then be dressed as above. If this treatment does
not stop the bleeding, further measures must be taken, as
described below.

Bleeding takes place when a blood vessel is wounded.
The three kinds of blood vessels give rise to distinet kinds
of bleedin g:—(l% capillary bleeding, (2) arterial bleeding,
and (3) venous bleeding.

Capillary bleeding is the commonest and simplest form
of heemorrhage. The blood oozes slowly from the raw
surface, and &Epears at many points. This bleeding is
easily stopped by bathing the part with cold water, or by
tying firmly over it a pad of lint soaked in cold water.

Arterial bleeding is much more serious, especially if the
artery involved is a large one. The blood is of a bright
red colour, and is forced out in jets if the artery is large,
or in a continuous forcible stream from the smaller arteries.
Arterial bleeding is always stopped by pressure, which
should be first applied over the wound dtself. To do this, in
urgent cases, press with the thumb over the point in the
wound from which the blood is seen to be spurting. In
less severe cases the bleeding may be stopped by tying a
pad of linen firmly over the wound.
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Where the arteryis at all large, and the bleeding i8
occurring from a limb, the most satisfactory method is to
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apply pressure to the main artery, at a place higher up the
limb than the wound is. The reason for this is obvious, as
the blood in the arteries is flowing from the heart towards the
extremity of the limb. By clos-
ing the artery at a point nearer
to the heart, the blood is cut off
from the wound, and so the
bleeding stops. This pressure
is best exercised at a point in
the course of the artery where
it passes near to a bone. The
artery can be easily identified
by its pulsation, and it should
be pressed against the bone by
the two thumbg, one over the
other. The pﬂiﬂtﬂ to be chosen Fig. 80.—ToURNIQUET APPLIED
for this pressure are diffi- ey
cult to explain in a book, but may be easily learned by a
fow attendances at an ambulance class. For keeping up
continuous pressure it is necessary to employ some form of
tourniquet.

A wood tourniquet may be made by tying a knot in the
middle of a handkerchief, placing this on the spot where




142 FIRST STAGE HYGIENE.

it is desired to produce compression, and tying the handker-
chief tightly round the limb. Instead of the knot, a piece
of wood, or a flat stone may be tied on by means of the
handkerchief. If this does not stop the bleeding, pass a
stick or a penknife under the handkerchief, and twist it
round until the pressure is sufficient.

Arterial bleeding from the palm of the hand may be
stopped by pressing a pad upon the wound and tightly
binding the fingers over it. Similarly, if from the fore-
arm, place a pad in the fold of the elbow, bend the forearm
upon it, and tie it tightly to the arm. If from the arm,
press a large pad into the armpit and bind the arm to the
side. In the same way, bleeding from the foot may be
stopped by direct pressure, and binding the leg upon a pad
behind the knee will stop much of the bleeding below the
knee. In addition to these special methods the spots should
be learned where the artery may be found and compressed
against a bone before it reaches the wound. These points
are illustrated by figs. 78, 79, 80. Bleeding from the head
and face can usually be checked by pressure against the
pony surface below.

enous bleeding is distinguished by the colour of the
blood, and the absence of spurting. The blood is purple
in colour, and wells up from the wound in a dark steady
stream. To check this, a pad of lint, soaked in cold water,
should be firmly bound over the wound, sufficient pressure
being employed to stop the bleeding. The limb should be
elevated and kept at rest. If the bleeding continues, a
tight bandage must be applied round the limb, an inch or
so nearer the extremity of the limb than the wound is.
The reason for this is that the blood in a vein is flowing
from the extremity of the limb to the heart. A most serious
form of venous heemorrhage sometimes occurs from rup-
tured varicose veins in the arm or leg. It is, however,
easily stopped by adopting the above measures.

Bleeding from the Nose is sometimes difficult to stop.
The arms should be raised, and the head, face, and neck
freely douched with cold water. If this is not sufficient,
syringe out the nose with a strong solution of alum in iced
water, or take powdered tannic acid as snuff.
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Heemorrhage from the lungs or the stomach is very dan-
gerous. Place the patient in the recumbent position, with
the head raised ; and give ice to suck. If ice is not at
hand, give a teaspoonful of vinegar in a little water
every five minutes, or cold strong tea, or cold alum water
may be used. Obtain medical aid as soon as possible,
Bleeding from the tongue may usually be stopped by ice
or cold water.

Bleeding in general. The general treatment may be
summed up as follows :—

(1) Apply cold and pressure.

(2) Give plenty of fresh air, loosen clothing, ete.

(3) Never give brandy or any stimulants. A dose of
brandy will often start the bleeding afresh, after
it has once stopped. If the patient faints, it is
the best thing that could happen.

If an accident has occurred, first of all try to stop any
bleeding that may be going on. When this is done, ex-
amine for broken bones, and, if any are found, give them
the proper treatment. |

—

_—

Fraorures.

When a bone is broken, the greatest possible care
should be taken to prevent any movement of it. Some-
times the force producing the fracture is so great that
one of the broken ends of bone gets forced through the
flesh and skin to the outside, forming an open wound as
well as the fracture. This is called a compound fracture.
When the skin is not broken the fracture is simple. Unless
means are taken to ensure immobility of the parts involved,
a simple fracture may easily be converted into a compound
fracture. A compound fracture is a much more serious
matter than a simple one, because the air can get into the
wound, and may take with it some germs, which are liable
to do serious injury, and even cause death. An additional
danger that may arise from the unskilful handling of a
simple fracture is the possibility of causing one of the
broken ends of bone to tear through a main artery or vein.
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The signs of fracture, by which it is possible to tell
whether a bone is broken, are :—

(a) The limb or the part has lost most of its power of

movement,

(b) If a limb is injured, a difference will be noticeable
between the injured limb and the sound one. The
injured one may be lengthened or shortened, or may
lie in an unnatural position.

(¢) There is pain and swelling at the place of injury.

(d) 1f the bone is near the skin, the place of fracture
may be felt as a small depression in the bone.

(¢) By gently moving the limb below the point of frac-
ture a grating sensation is perceived, where the two
rough bony surfaces rub together.

When any individual has broken a bone, no movement
whatever should be allowed until means have been taken
to ensure immobility of the part. If the fracture is a com-
pound one, the wound should be washed, if possible, with
some clean water, or better, with a disinfecting lotion, such
as a solution of carbolic acid (one in forty of water). Then
place a pad of lint or a clean handkerchief over the wound,
to prevent the entrance of more air.

In the case of a fractured skull, very little can be done
until the doctor arrives. The patient should be placed on
a bed or couch, with the head raised. Cloths soaked in
cold water should be repeatedly applied to the head.

A Eruken jaw is recognised by the
patient being unable to speak, and also
by feeling a depression at some point in
the bone. If possible a bandage should
be applied, as shown in fig. 81, after
gently raising the jaw to its mnatural

position. Omne handkerchief is fastened
gL - round the top of the head and below the
- X~ jaw, and the other passes round the

Fig. 81.—Mzrion or chin to the back of the neck.
o Broes o™ A broken collarbone is a common
result of a fall, especially among children.
An irregularity will be detected by passing the fingers along
the collar bone. Another sign is the inability of the patient

e
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to raise the arm above the shoulder. Place a pad, such as
a rolled up handkerchief, in the armpit and, after placin
the arm in a sling, tie it to the side by means of a bro
bandage passed round the arm and chest, outside the sling.

Broken ribs are also of common occurrence. The patient
complains of a sharp pain on drawing his breath, and a
grating sensation at each breath may be detected by

lacing the hand over the spot. A broad bandage should
EE fastened tightly round the chest, and this is usually
found to give great relief.

In the case of a broken arm-bone, temporary splints
should be cut, so as to reach from the arm-pit to the elbow.
Roughly pad the splints by wrapping them round with
handkerchiefs; and place one from the shoulder to the
outside of the elbow, and the other from the armpit to the
inside of the elbow. Bandage the splints firmly to the
arm, and put the forearm in a sling.

Broken forearms are treated by fastening the arm to an
a.niﬂ&r splint. To malke this, bind two pieces of wood at
right angles to each other. Next, bend the arm to a right
angle at the elbow, and fasten it to the splint with hand-
kerchiefs; then put the arm in a sling. Broken bones of
the hand or finger are best treated by fastening the whole
hand flat against a broad splint, and then putting the arm
in a sling.

A broken thigh requires very careful treatment. First
take hold of the foot with both hands, and pull steadily
until the injured limb is the same length as the other.

= |\
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Fig. 82.—8PLINT APPLIED TO BROEEN THIGH,

Then tie the feet together. Next obtain, if possible, a long
lint—a broom-stick or an umbrella will do—and tie it as
own in fig. 82, The splint should go from the armpit to

F. ST, HY. 10
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the foot. If no splint can be obtained, tie the legs firmly

together at several places. ‘
A broken leg is treated in a similar way. The splint
should reach well up above the knee, and down below the
foot. Im all injuries to the knee, leg,

i i foot, or ankle, 1t is a good rule to tie

e ——=r7=—== ] the two legs together, so as to prevent
——r—==xJ  any furt];er injury being done by
= movement,.

%ﬁﬂéﬁi Sprains and dislocations should be
l\‘L sty o0 ; treated by a medical man. In the case
e of a slight sprain, the joint may be

firmly bandaged, so as to keep it at
| rest, with a bandage which has been
i well soaked in cold water. The
e bandage should be kePt wet. Another
|- method is to soak the joint for an hour
— in water as hot as can be endured,
' and then bandage it and keep at rest
for some time.
Drowning and Suffocation. The
; greatest ignorance prevails as to the
' roper treatment of the apparently
Erowned or suffocated. The treatment
usually applied to the apparently
drowned is to turn the individual upside down ‘‘to let
the water run out,”” while no treatment whatever is
usually thought possible for those who are apparently
suffocated by other means. No matter how dead the
person may seem to be, it is the duty of those who are first
on the spot to make every effort to restore life.
Drowning. Send for medical assistance if possible. If
a house is near, try to get hot blankets, but do not leave
the spot yourself, ‘Proceed as follows :—
(1) Luﬁsen and remove all clothing about the neck and
chest.
(2) Rapidly clear the mouth of froth and dirt. Draw
the tongue forwards, and fasten it out by means of
a piece of ribbon or an elastic band passed over the
tongue and under the chin. Then turn the body

Fig. 83.—SPLINT APPLIED
170 BroKEN LEG.
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over on one side, resting the head on the forearm.
Then turn on back, and rub the chest vigorously,

+  exciting the nostrils, when possible, with snuff or
smelling salts.

(3) If no attempt at breathing is made by the individual
himself, lose no more time, but apply artificial
respiration at once.

Artificial Respiration (Silvester’s method). (1) Put the

patient on his back, with a pillow beneath the shoulders.

Fig. 84. —ArTIFICIAL RESPIRATION,
a, Method of producing Inspiration. b, Method of producing Expiration.

Pull out the tongue, as directed in (2) above, and keep
the mouth open all the while. M
(2) To produce artificial inspiration, kneel at the patient
head, and grasp the arms just below the elbows, Pull the
arms slowly and steadily above the head. This raises the
ribs and expands the chest, causing air to enter the lungs.
(3) In two or three seconds, produce artifical expiration,
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by bending the arms back again, and pressing them very
forcibly against the chest. This forces the air out of the
lungs. This double movement should be repeated about
fifteen times a minute, and should be kept up for at least
an hour, even when there is no apparent return to life.

(4) Directly any signs of breathing are shown by the
patient, the movements may be stopped, and the limbs
rubbed vigorously upwards towards the trunk, in order to
promote the circulation of the blood. Hot bottles and hot
blankets should be applied to the pit of the" stomach,
the legs, and the feet. Stimulants should be given such
as brandy, or better hot coffee. If assistants are at hand,
these efforts to promote circulation should be carried on
simultaneously with the movements of artificial respiration.

Suffocation. This may have been produced by hanging.
If a body is found hanging, cut it down at once. It seems
unnecessary to give such obvious advice, but, as a matter
of fact, in ninety-nine cases out of a hundred, the individual
who makes the discovery runs for the police, thereby
wasting valuable time, and losing all chance of saving the
life. In such an emergency, cut down the body at once,
loosen the rope and all clothing about the neck and chest,
and apply artificial respiration without delay.

Suffocation may have been produced by inhaling foul
gases, coal gas, or charcoal fumes. Remove the body to
the fresh air, and apply artificial respiration. When this
is successful, give stimulants,

Choking. If a solid, such as a lump of food, a coin, or
a piece of bone, is sticking in the throat, pass the forefinger
into the mouth, reach down the throat as far as possible,
and try to hook out the foreign body. Sometimes a sudden
slap on the back is effectual. With children, the old way of
holding them up by the heels is often successful. When a
child has swallowed some solid object, a plum stone for
instance, give plenty of bread and vegetables for a meal or
two. Do not give aperient medicines.

Burns and Scalds. First remove any clothing covering
the injured part. To do this, use a large pair of scissors,
and cut the clothes in such a way that they fall off. Do
not pull them at all. If any of the clothing sticks to the
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skin, leave it there, but cut off the loose parts all round.
The burn or scald should then be covered up with pieces of
linen or cotton, soaked in a mixture of linseed oil and lime
water (Carron Oil); or if this is not at hand, use some oil
such as olive oil, linseed oil, or almond oil (do not use
paraffin or naphtha); or again, a strong solution of carbonate
of soda in water or milk may be used. Next apply a thick
layer of cotton wool or flannel. Keep the patient warm,
and, if there is much shock, give strong coffee.

A common accident is the catching fire of a woman'’s or
child’s elothes. When this happens, the best thing for
the woman to do is to throw herself on the floor, and roll
rapidly over and over. The duty of a bystander is to
wrap round the burning person a rug, carpet, blanket, or
coat, and then, laying her on the floor, roll her about
rapidly until the flames are extinguished.

Children sometimes scald their mouths or throats by
drinking out of teapots or kettles. In these cases the
scalded parts swell up quickly and suffocation comes on.
Send for a doctor at once, as a slight operation will pro-
bably be necessary. While the doctor is coming, wrap
the child in a blanket, apply hot flannels to the outside of
the throat, and give a little oil to drink.

Unconsciousness may be caused by many conditions, the
commonest of which is fainting or syncope. This is
usually caused by temporary feebleness of the heart’s
action, and is accompanied by paleness of face, and some
perspiration. Give the patient fresh air, and put the
head as low as possible, either by laying full length on
the floor, or by bending the head and body forwards, until
the head is below the knees. Apply smelling salts to the
nostrils, or, better, give half a teaspoonful of sal volatile,
in water, to drink.

Hysteria may sometimes be accompanied by uncon-
sciousness, This is mnot real insensibility, and may be
distinguished by the patient resisting an attempt to raise
the upper eyelid; also, when the eyelid is raised, the

upil will not be visible. The best treatment is either to

eave the patient entirely alone, or to dash a glass of cold
water over the face.
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Apoplectic fits or strokes are due to the rupture of a
blood vessel on the brain. They are usually accompanied
by urconsciousness, and a loss of power in one or more
limbs. The breathing is usually laboured and noisy.
Raise the head slightly and apply cold bandages to it.
Put warm flannels to the feet. Keep absolutely quiet,
and do not give any stimulants whatever, nor attempt to
rouse the patient.

Epileptic fits are a common cause of insensibility. The
sufferer first screams and then falls down unconscious.
The hands are clenched, the legs and arms are jerked to
and fro, the face becomes purple, and foam often comes
from the mouth. A common accident at this stage is the
biting of the tongue if it happens to get between the
teeth. These symptons gradually subside, and the patient
usually falls into a deep sleep. When a fit of this kind
occurs the only thing to be done is to prevent the patient
injuring himself. Loosen all clothes about the neck, put
something soft under his head, and, if possible, put a
piece of wood between the teeth to prevent the tongue
being bitten. Do not give stimulants or throw cold water
on the face. Allow the patient to go to sleep as soon as
possible. The most serious accidents due to an epileptic
fit are either falling on the fire, or suffocation during
sleep. Suffocation is caused by the patient, when in bed,
turning on his face during the fit, The possibility of this
is lessened by sleeping on a horsehair mattress, which does
not impede respiration so much as a flock or feather bed.

Infantile convulsions are best treated by putting the
child into a hot bath while waiting for the medical man to
arrive.

Insensibility from Aleohol is common, and is often mis-
taken for apoplexy, and vice versa. The face is flushed
and the breath smells of aleohol. The pulse is feeble but
rapid, and the breathing is shallow. Place the patient on
his back, and douche the head freely with cold water.
Keep the body warm. Give an emetic of salt and water,
or mustard and warm water, if possibie.

Bites. The immediate treatment for all bites is thorough
and vigorous sucking of the wound, and spitting out the
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saliva. There is no danger in doing this, unless there are
cracks or sores on the mouth or lips.

If the part bitten is a limb, it should be at once tied
round with string above the wound. The string must be
tied tightly enough to arrest the flow of blood along the
veins, and so prevent the blood flowing from the bite into
the general circulation. This also tends to encourage
bleeding, by causing congestion. The wound should then
be again well sucked. Then clean the wound, first with
hot water, and afterwards with a strong solution of
permanganate of potash (Condy’s fluid). The wound may
advantageously be painted with strong carbolic acid.
Lunar caustic is of very little or no use.

The bite of a dog or cat is liable to cause rabies or
hydrophobia, but only when the animal is actually suffer-
ing from this disease. Do not have the animal destroyed
at once, but keep it fastened up. If it remains well and
healthy, the wound is harmless as far as hydrophobia is
concerned. If it goes mad, or is evidently suffering from
disease, have the animal examined by some competent
person. When it has been proved that the animal was
suffering from rabies at the time of the bite, or when there
18 a probability of that being the case, the person should
be treated by inoculation (Pasteur’s method), without any
further delay.

Stings. If the sting has been left in the skin, it must
be pulled out. Then rub on the spot a strong solution of
washing soda, or ammonia. If there is any shock, give
stimulants,

PorsoNninag.

Poisoning may be suspected under the following ecir-
cumstances: (1) When an apparently healthy individual
is suddenly seized with serious symptoms. Of course,
some diseases are sudden in onset, and these must be
taken into consideration. .

(2) The symptoms appear shortly after taking medicine,
or food, or drink. In these cases the poison may have
been taken by mistake, or mixed with the food; or it may
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be the food itself that had poisonous Fmpartiea. Tinned
foods have often produced symptoms of poisoning.

(8) If more than one person has partaken of the
suspected food, they will probably suffer from similar
symptoms.

Corrosive poisons, or poisons which corrode or burn
the lips and mouth, include acids and alkalies. The
commonest acids are sulphuric acid or oil of vitriol,
hydrochloric acid or spirits of salt, oxalic acid, and carbolic
acid. The commonest alkalies are caustic soda, caustic
potash, washing soda, and ammonia.

All these poisons destroy the mucous membrane of the
mouth, throat, and stomach, causing great burning and
intense pain. In treating poisoning by these substances,
do not give any emetic, as this would only make matters
worse.

For poisoning by acids give magnesia, chalk, or a piece
of plaster from the ceiling or wall powdered and mixed
with milk, Then give raw eggs with milk, and olive oil.
For poisoning by alkalies give vinegar and water, lemon
juice, or orange juice. Then raw eggs with milk, and
olive oil.

For carbolic acid poisoning do not give alkalies, but
raw eggs and milk, followed by olive oil. Stimulants may
be specially necessary in cases of poisoning by oxalic acid
or carbolic acid.

Emetics. For all poisons except the above, the first
thing to do is to give an emetic. There are several
emetics that may be used. (1) Large quantities of warm
water mixed with a little mustard. (2) A tablespoonful
of common salt in a tumbler of warm water, repeated
every quarter of an hour till vomiting occurs. (3) Half a
teaspoonful of sulphate of zine mixed with warm water.
Vomiting may often be caused by tickling the back of the
throat with a feather, or with the finger. When vomiting
has occurred give raw eggs and milk, and then strong
tea.

Corrosive sublimate. If this has been taken, give an
Eicic, then several raw eggs, and large quantities of
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Phosphorus poisoning, from taking rat-paste or from
sucking the ends of matches, sometimes occurs. Give an
emetic followed by large doses of magnesia or chalk and
water. Do not give any oils.

Lead poisoning. Give an emetic, and then 2 ozs. of
Epsom salts dissolved in a pint of warm water.

Laudanum or opium poisoning. Give an emetic, and then
devote yourself to keeping the patient awake. Do not let
him sit down, but keep him trotting about. If he gets
drowsy give a cold douche to the head and neck. Admin-
ister about a pint of very strong coffee, and then milk and
beef tea. If unconsciousness comes on, in spite of all
efforts to prevent it, use the galvanm battery, and, if
breathing fa ip ils, parfnrm artificial respiration for several
hours, if necessary.

Golden Rules for Poisoning Cases. If you do not know
what the poisonis, or if you know what the poison is but
cannot remember the special antidote, proceed on the
following lines :—

(1) If the person threatens to go to sleep, keep him
awake (see directions above for laudanum poisoning).

(2) If there are stains about the mouth, with signs of
blistering, and destruction of the mucous membrﬂne, do not
give an emetic, but give raw eggs, milk, and then oils (lin-
seed o1l, olive oil, salad oil). :

(3) When there are no stains about the mouth, give an
emetic, then raw eggs, milk, and oils. Then give strﬂng tea.
Do not give oils if there is a possibility of the poison being
phosphorus.



CHAPTER XVI.
SOILS AND SITES. CLIMATE.

Soils. It is often convenient to divide soils into two
parts, namely a deeper portion, called the sub-soil, and an
upper portion, called the surface soil. The sub-soil consists
of inorganic materials only, and is the result of the
breaking up of the various vocks by the wearing action of
the rain and frost. The surface soil consists of the materials
of the sub-soil mixed with organic substances of animal and
vegetable origin,

For hygienic purposes it is better to divide soils into
two classes according to whether they allow water to pass
easily through them or not. Soils that allow water to pass
easily through them are called permeable or porous, while
those through which water cannot pass are called im-
permeable. The permeable soils are gravel, sand, sand-
stone and chalk; the .mpermeable soils include clay,
limestone, granite, ete. In most localities i1t is usual to
find a layer of permeable soil of greater or less thickness
lying upon an impermeable layer. Water will obviously
accumulate on the impermeable layer and form what is
known as ground water. The pores of the permeable soil
above the ground water are filled with air of a special
character, called ground air. Ground air contains less
oxygen and more carbon dioxide than ordinary air, as well
as variable quantities of organie impurities. A sudden
rise in the level of the ground water will expel the ground
air, which will enter a house unless the precaution has
been taken to build it on an impervious layer of concrete.

The drainage of the Soil. The ground water may be
hundreds of feet below the surface of the soil, or it may
be only one or two feet. If it is less than 10 feet from the

154
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surface it will be necessary to drain the soil before such a
site is fit to build upon. For the thorough draining of the
soil, the following steps should be taken :—

(1) Surface drains should be provided to carry off rain
as quickly as possible.

(2) The natural water courses in the neighbourhood
should be cleared out and any obstruction
removed.

(3) A system of drains with open joints may be laid
about 10 feet deep, and made to slope towards the
nearest water course.

Tar SiTE.

There are three chief points to be considered in choosing
a site for a house, namely the soil, the aspect, and the
surroundings.

The soil should be permeable. For this reason gravel,
chalk, and sandstone make excellent building sites as a
rule. If, however, the permeable layer is thin, and rests
upon an impermeable layer such as clay, it is obvious
that the upper layer will be continually soaked in the
water which cannot get through the impervious layer.
Also a flat site 1s much more liable to be damp than one
which slopes. An impermeable soil, such as slate, rocks,
ete., make very good building sites as these formations
allow no water to pass through them, and absorb none.
Marls and clays are examples of the worst kind of soils.

The depth of the ground water below the surface is a
very important consideration. If it is not more than 10
feet from the surface the site is wholly unsuitable without
drainage. Striking evidence of the effect of lowering the
level of the ground water upon the health of the district is
furnished by the town of Salisbury, where the death-rate
from consumption was reduced about 50 per cent. by a
thorough system of sub-soil drainage. Rheumatism, bron-
chitis, catarrh, ague, neuralgia, and even typhoid and
cholera are attributed to the dampness of the soil. There
is every reason to believe that frequent and sudden changes
in the level of the ground water are specially harmful, and
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so a site where the level of the water in a well is apt to
rise and fall a good deal should never be chosen.

Peaty soils, and reclaimed land at the mouth of rivers
are very damp and usually unfit for habitation. Made soils,
or artificial sites, prepared by filling up large hollows with
rubbish of all kinds, always contain a large amount of
organic matter which may take years to completely decom-
pose. This kind of soil should not be built upen for several
years, and, if it is used after that time, the whole of the
ground covered by the houses should be protected by a
layer of concrete. If this is too expensive there should be
efficient ventilation provided between the soil and the lowest
floor.

If a house is built on a damp site, it will certainly be
damp unless very great precautions are taken to prevent it
being so. Also a wall may be made damp by being exposed
to the rainy point—the West in England. To prevent
damp rising up the walls it is necessary to lay a course of
glazed tiles, slate, sheet lead, or any impervious materials
between the bricks above the highest point at which the
wall is in contact with the earth, and below the level of the
floor. Such a layer is called a damp-proof course. Other
precautions to prevent dampness in houses will be found in
advanced text-books.

Aspect. The aspect should be such as to allow free
access of sunlight and air. Light and a free circulation of
air are essential to health, and a house therefore should not
be hemmed in by surrounding huildings or trees. In this
country a south or south-westerly aspect is by far the
warmest, and so the very best position for a house would
be on a slope exposed to the south. The chief windows of
the house should face west and south.

Shelter from the cold winds is an important consider-
ation. This may be afforded by neighbouring hills or
trees situated at the north or east side.

Surroundings. The neighbourhood of trees, provided
they are not too close, is undoubtedly beneficial as they
not only serve to ward off the cold wind but also assist in
drying the soil. The eucalyptus plant and our common
sunflower are particularly efficient drying agents. The



FIRST STAGE HYGIENE. 157

surroundings that are injurious and should be avoided
are :—

(1) Heaps of decaying animal or vegetable- matter such
as are met with in marshy districts,

(2) The immediate vicinity of ponds, lakes or rivers is to
be avoided, especially if they are polluted with
sewage.

(3) Chemical works are undesirable neighbours owing to
the noxious gases they evolve.

(4) The meighbourhood of graveyards is likely to be
unhealthy.

(5) Brickfields may also produce injurious gases.

We may sum up the most important points with regard
to the choice of a site for building as follows :—

(1) The spot should be moderately elevated, sheltered from
the north and east, and with a free circulation of air.

(2) The soil must be porous, such as gravel or sand.

(3) The ground water should be not less than 10 feet
below the surface of the ground, and it should not
be liable to sudden or great fluctuations in level.

(4) There should be no decaying organic matter in the
soil such as is found in made soils and soils of a peaty
nature. Sewage in the soil is obviously injurious.

(5) There should be no injurious surroundings.

CLIMATE,

By the climate of a place we mean the avezage character
of the weather there. Climate is judged by the mean
temperature of the air, the direction and force of the pre-
vailing wind, the rainfall, ete. Climate depends upon, and is
modified by, the following conditions and circumstances :—

(1) The distance from the equator,

(2) The distance from the sea.

(3) The height above the sea level.

(4) The direction of the prevailing winds.
(5) The presence or absence of vegetation.
(6) Ocean currents.

(7) The neighbourhood of mountains.
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Distance from Equator. At the equator the sun’s rays
fall vertically at noon, and so produce the maximum
possible effect. As the distance from the equator is
increased the rays fall more obliquely and become feebler
in effect.

Distance from the Sea. The land is heated quickly by
the sun during the day, but at night it very quickly cools
again, The sea on the other hand warms and cools very
slowly. On a hot day, therefore, the land is at a much
higher temperature than the sea, but at night the sea is
warmer than the land. The sea has, therefore, a great
influence in moderating summer heat and winter cold.
Places near the sea have equable climates, with no extreme
heat in the summer and no extreme cold in the winter.

Land and Sea Breezes. We have seen that during the
day the land becomes greatly heated while the sea remains

Curren/ of healed
air rises

Current of coolair
from sea

comparatively cool. The air over the land will, therefore,
be heated and will expand and rise owing to its decreased

Current of air Current of air

from land warmed by soa
Lﬂn-d’ :' _ = '__:"_'__—;.

Fig. 86. - PRODUCTION OF LAND BREEZE DURING NIGHT.

density. Its place will be taken by a current of cool air
from the sea, giving rise to a sea breeze. During the
night, the land rapidly cools, soon becoming cooler than
the sea. The air over the sea is now warmer than the air
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over the land, and so it rises, its place being taken by the
cooler air from the land. This is the land breeze.

The healthiness of sea-side places is mainly due to these
breezes. They cause the days to be cooler and the nights
warmer than furthar inland, besules producing a free cir-
culation of air.

Altitude above Sea. As a general rule the air becomes
colder as the height above the sea is inereased. The fall
in temperature amounts roughly to about 1° Fahr. for
every 300 feet of ascent. The air of the mountains is also
more rarefied and drier and purer than that of the lower

re

%mda have a great influence on climate. The action and
effect of the sea breezes and land breezes at the sea-side
have already been mentioned. The character of a wind
depends upon the nature of the districts over which it has
previously passed. For instance, if the wind has just
passed over a wide stretch of ocean it will be saturated
with water vapour which will be very liable to condense
and produce rain. In England the south and west winds
are warm, and very often bring rain, owing to the fact
that they are saturated with water vapour and come from
a warmer to a colder region. The north and east wind,
on the other hand, come from Siberia and Northern Russia
and are therefore unsaturated and cold.

Vegetation protects the soil and prevents extremes of
heat and cold. The effect of forests in modifying climate
is well known. Besides making the climate more equable,
they increase the humidity of the air by the enormous
Evapﬂr&tmn from the leaves, and thereby tend to increase
the rainfall.

Ocean Currents. As far as England is concerned, the
most important ocean current is the Gulf Stream which is
an immense stream of warm water stretching from the
Gulf of Mexico across the Atlantic. It great %y modifies
the climate of Great Britain and Ireland.

Neighbourhood of Mountains. These, as we have
already seen, afford a very valuable shelter from the cold
winds. They tend to increase the rainfall, especially when
near the coast.



CHAPTER XVII.
THE WATER SUPPLY.

Waen we talk about Ej re water from a hygienic point of
view, we mean something quite different from the pure
water of chemistry. Hygienically pure water may have
many substances dissolved in it, but they must be present
only in very small quantmes and must not have any
injurious properties. It must fulfil the following con-
ditions :(—

(a) It must be quite free from smell. Any smell what-
ever shows contamination of some sort, and the
probability is that such contamination is harmful.

(8) It should be colourless, or rather blue when in large
quantities.

(¢) There must be no suspended matters, 7.c. no deposit
should be formed after the water has stood for some
time.

(@) The taste should be pleasant. Any bitterness or salt-
ness is always suspicious.

(¢) It should not be very hard.

(f) It should be well &erated. This is shown by its
sparkling appearance.

Chemically pure water must contain nothing whatever
dissolved in it. Water in nature is never chemically pure
because of its great solvent properties. Rain water is the
purest form of water in nature.

Tae IumpuriTIES IN WATER.

The impurities in water may be either suspended or

dissolved.
Any suspended impurity will usually settle to the bottom
if the water is allowed to stand, or it may be removed
160
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quickly by filtering. Dissolved impurities are not removed
by filtering the water or by allowing it to stand.

The Suspended Impurities in Water. These may be
either of a harmful or harmless nature.

(1) The harmless impurities include such substances as
fine sand, minute fragments of wood, etc. These do not
injure the body by producing disease directly, but they
may set up diarrheea by their mechanical irritation of the
intestines.

(2) The harmful impurities may be (a) disease germs,
especially those of cholera and typhoid fever, or (4) the

eggs of parasitic worms, which when swallowed develop in
the body.

Common Dissorvep ImpuriTies 1IN WATER.

The dissolved impurities more commonly met with are:—
f(1) Lime Salts, including carbonate of lime and sulphate
of lime.

These salts may be detected by adding a solution of
ammonium oxalate to the water, causing a white cloud of
oxalate of lime to appear.

If lime salts are found, it is of importance to know
whether the sulphate is present. The test for any sulphates
is to add nitric acid and barium chloride solution to the
water, which precipitates white barium sulphate.

(2) Ghlﬂﬂdﬁﬂ—-—c%ieﬂ}’ common salt or sodium chloride.

The test is to add nitric acid and silver nitrate solution
to the water. A white precipitate, or simply a milkiness
due to silver chloride, shows chlorides are present.

(3) Lead Salts. To test for these, boil down the water
to about one-fourth its orginal bulk, and then add a little
ammonium sulphide solution. A dark colouration shows
lead is present.

(4) Oxganic Impurities or impurities of animal or vege-
table origi

The test for this kind of impurity is to take equal
quantities of pure distilled water, and the water to be
tested. Add to each a sufficient quantity of Condy’s fluid
to colour the liquid a bright pink; then cover up the

F. ST. HY. 11
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glasses and put them away for three hours. If, on
examining them again, the colour has faded in the glass
containing the water to be examined, then you may con-
clude that there are organic impurities present.

How THESE IMPURITIES GET INTO THE W ATER.

(1) The lime salts. The sulphate of lime is present
in the earth in various localities. It is slightly soluble in
water and so, when the water comes in contact with it, it
dissolves in just the same way as sugar dissolves in water.
The carbonate of lime is, however, quite insoluble in pure
water, but it will dissolve freely in water containing the
gas called carbon dioxide dissolved in it. Now this gas
i1s always present in the air in small quantities, and as
the rain falls through the air it dissolves some of it.
When the rain reaches the earth it is really a weak
solution of carbon dioxide, and the strength of this solution
is increased by the carbon dioxide in the ground air. It
is this solution of carbon dioxide that has the property of
dissolving carbonate of lime.

(2) Chlorides. Common salt, of course, dissolves easily
in water. If it is found in a water supply near to the sea,
or salt deposits, it would be of no importance perhaps, but
when there is no possibility of such an explanation the
presence of common salt points to sewage contamination,
as sewage always contains large quantities of it.

(3) Lead may be dissolved by the water in lead pipes
and lead cisterns, or in slate cisterns with red lead joints.
As a general rule the purest and the most impure waters
dissolve lead most readily. The conditions assisting the
solution of lead are:—

(a) When the water is pure and soft, like rain water.

() Common salt dissolved in the water. ®

(¢) The presence of organic matter in the water,

(@) Hot water dissolves lead more readily than cold
water, other conditions being equal.

(¢) Similarly water under high pressure dissolves lead
more readily than water under less pressure.
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The conditions preventing the solution of lead are :—

(@) When the water is hard, 7.6. contains carbonate of lime.

(6) Minute quantities of sand (silica) dissolved in the

water prevent the solution of lead.

Both these substances form a protective lining inside
the lead pipe so that the water is no longer in contact with
the lead.

(4) Organic impurities. The sources of these impuri-
ties are various. (4) Animal or vegetable refuse may
have obtained access to the water. Rivers are particularly
liable to this kind of pollution,

() The usual source is sewage that has leaked into the
water supply. For example sewage matter may leak into
a shallow well, or it may be run direct from a house or
village into the neighbouring stream.

=

oven

pipa

flow

Fig. 87.—C18TERN WITH INSANITARY ARRANGEMESTS,

(¢) Water from marshes would naturally be very liable
to contain eonsiderable %uaptitiea of organic impurities.
(d) Sewer gas may obtain access to the water through
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the unsanitary arrangement of the cistern pipes, the over
flow pipe from the cistern being often run direct into a
drain pipe.

Errecrs oF THESE IMPURITIES,

(1) Lime salts cause hardness of the water.” Hard
waters may be defined ‘as those which form a curd or scum
with soap. This peculiarity is due to the presence of lime
salts, or more rarely of salts of magnesium, dissolved in
the water. There are two kinds of hardness :—(a) Tem-
porary hardness which is removed by boiling; this
hardness is due to the presence of carbonate of lime.
(6) Permanent hardness which is unaltered by boiling and
is due to sulphate of lime.

The reason why temporary hardness (due to carbonate of
lime) is removed by boiling will be easily understood by re-
membering that t]:ua salt was caused to dissolve in the watar
by means of the carbon dioxide gas which was present.
Now when the solution of any gas in water is boiled, the
gas is expelled, so that when we boil temporarily hard
water the carbon dioxide is expelled, and the carbonate of
lime can no longer remain dissolved in the water. It is
deposited on the sides of the kettle or boiler as a brown
crust. The carbon dioxide can be got rid of vn a large
scale by adding lime to the water. Lime combines ‘.’i’lt-h
the carbon dioxide in the water, and the carbonate of lime
can no longer remain dissolved, so it is thrown ocut of
solution and settles to the bottom as mud. This method
of softening water in reservoirs by adding lime is known
as Clarke’s process. Hard water is harnﬂess unless the
hardness is excessive, when it may cause dyspepsia or
diarrhoea. Goitre or Darbyshire neck is thought by some
to be caused by water from magnesium limestone districts.

Although hm‘d water is harmless, it may be said to
possess many disadvantages. These are :—

(a) The soap is wasted. Instead of the soap forming a
lather, it combines with the lime in the water, forming
the scum.

(b) This scum is very objectionable as it clings to the
skin, or to the clothes that are being washed.
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(¢) Temporary hardness forms a coat inside the kettle,
This makes the kettle thick and a bad conductor. Moreover,
in boilers, a thick crust is a frequent cause of explosions.

(d) Hard water is considered to be inferior to soft water
for cooking purposes. For making tea, soft water is much
better than E&ﬁ

(2) Chlorides (common salt). This impurity is harmless
n itself but it often indicates a serious pollution due to
sewage matter. In thiscase organic matter would be found.

(3) Lead produces lead poisoning if there is only one-
tenth of a grain of lead per gallon of water. The symptoms
of lead poisoning are (@) indigestion; (4) abdominal pains,
or lead colic; (¢) a blue line on the gums; (d) wrist drop,
due to armlvsm of the arm muscles.

(4) g rganic impurities usually cause diarrhea and
dysentery. The water from marshes may give rise to ague
or malarial fever. Sewage from an infected source will
produce typhoid fever and cholera. These two diseases
are, in fact, usually spread by impure drinking water
Sewer gas dissolved in water may set up sore throat,
diarrheea, and possibly diphtheria.

SoURCES oF WATER SUPPLY.

The original source of all water supplies is of course the
rain. The rain that falls on the earth is disposed of in
three chief ways. (1) Part of it evaporates and is carried
away, to fall again as rain ultimately. (2) Another part
runs along the surface of the gruund into the nearest
watercourse. (3) The third part sinks into the ground
and reappears later on as spring water or well water.

The actual sources may be divided into unusual and
usual or common. Among the unusual sources of water
we may mention distilled sea water, melted snow or ice,
and dew. Distilled water is quite pure, but it tastes very
flat and insipid. It is improved by allowing it to drop
slowly from one vessel to another, during which process it
diﬂauf;% some air and becomes much more palatable.
Melted snow or ice has the same objectionable feature, and
is moreover very liable to contain disease germs.
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The usual sources of water supply include (1) Rain
water, (2) Upland surface water, (3) Springs, (4) Wells,
(5) Rivers, (6) Lakes. _

Rain Water is the purest form of water in nature. It
contains no hardness, but dissolves gases from the air,
especially carbon dioxide, oxygen, nitrogen, and ammonia,
and carries down with it any suspended matters that may be
present in the air. In towns, rain water is generally very
impure for the following reasons:—(e) The air contains im-
pure gases, soot, ete. (4) It falls on dirty roofs. (¢) It is
collected in filthy cisterns and water-butts. When rain
water is collected from
roofs it is advisable to
allow the first portion
”//’f- . to run to waste. This
A ] ure is effected by means of

a rain-water separator,

/l Foul  the separator of which
i is pivoted so that it
[ cirects the first portion

Fig. 88.—RAIN-W ATER SEPARATOR. into the waste PiPE',

and then turns over
and directs the clean water into the cistern. Rain water is
very liable to dissolve lead, and so it should never be
stored in lead cisterns. If it is collected in the open
country and in clean vessels it forms a pure and wholesome
source of water supply.

The average annual rainfall in England is about 35
inches. It is lowest on the East coast where it is about 20
inches, and highest on the West coast where it averages
about 70 inches,

Upland Surface Water is water collected from moors and
hills. It 1s very largely used as a source of water supply.
The water is collected in natural or artificial lakes, and is
brought to the towns by long conduits. It is usually very
soft, and is liable to dissolve lead. For this reason it is some-
times filtered through limestone in order to make it harder.

Springs. Part of the rain water soaks into the ground
as we have already pointed out. This water sinks through
the upper or pervious layer of soil until it reaches the
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impervious layer below (a layer of clay, for example). The
water cannot get through the layer, and so it runs alon

the top of it, forming an underground river, called groun

water. The impervious layer eventually reaches the
surface, commonly at the foot of a hill, or in valleys, or in
the bed of a river. Obviously at this point the water will
run out of the ground and a spring will be formed. When
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Fig. 89,—Laxp SPriNGS.

the porous layer of soil only consists of a localised
patch of gravel or sand the spring is called a land spring,
and in all probability will dry up during the summer. On
the other hand the porous layer may consist of a range of
hills, and in this case the spring would be a main spring,
and would be of a much more permanent character.

The character of spring water will obviously depend

upon the nature of the porous layer through which the
water has percolated. Sand for example would yield a

J
Fig. 90.—Maix S8rrINGs.

pure water; and water from the chalk would be very hard,
but probably a good drinking water in other respects.
Spring water is usually well aerated, and is a good drinking
water. .

Wells may be defined as artificial springs. There are
two kinds:—(1) Surface or shallow wells. (2) Deep wells.

A surface well is one that is dug down to the first im-
pervious layer of soil, 7.e. one that draws its water from
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the ground water resting on the first impervious layer.
This water has evidently percolated from the surface of the
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Fig. 91.—8nALLow WELL,

ground around the well, and if there is sewage matter near,
this will find its way into the well. This renders shallow
wells especially liable to pollution from neighbouring cess-
pools, middens, or farm yards. The proximity of a cesspool
to a shallow well should always arouse suspicion as to the
quality of the well water, although some positions may be
more dangerous than others, see fig. 92, A sudden rise in
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Fig. 92.—FouLiNag oF WELL CAUSED BY RISE OF GROUND WATER.

the level of the ground water will sometimes cause sewa
matter to be carried direct from a cesspool to the wa%e.

The effect of this pollution would be to a A
as cholera and typhoid. spread such diseases
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The water from shallow wells is usually well aerated
and fairly hard. Shallow wells may yield good water
provided there is no risk of pollution from the surface or
from neighbouring drains or cesspools. To get rid of this
danger to some extent we may (1) line the well thorough-
ly with bricks and cement down to the water line; (2) build
a wall about three feet high all round the top; (3) pave
the ground near the top of the wall. The only way to
entirely get rid of all danger from this source is to bore
through the first impervious layer down to the water resting
on the second impervious layer, 7.e. make a deep well.

A deep well is bored through the first impervious layer
down to the second, and therefore it taps the water resting
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Fig. 93.—Dzerr WELL.

on the second impervious layer. By reference to fig. 93 it
will be seen that this water must have percolated from the
land at some distance, probably many miles from the well.

A special kind of deep well is the artesian well. This is
a deep well which taps water between two impervious

by
L B L T b
Fig. M4.—Ax ArRTESIAN WELL.

layers, the level of which water is as high as, or higher than,
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the level of the ground where the well is sunk. In this
case the water will rise like a fountain to the ground
level, or even above it. Deep well water is usually free
from organic impurities, but is sometimes very hard, e¢.g.
from chalk or limestone districts. In granite, slate, or
sandstone districts the water would be very pure. An
objection to a deep well water supply for a town is
that if additional wells are sunk, so as to provide
for increased population, only a small increase of water
1s obtained.

River Water usually contains suspended matters and so
particularly needs filtration. It is well aerated and is not
so hard as spring or well water. On the other hand more
organic impurity will, as a rule, be found in river water
than in spring or well water. If the supply is taken from
a river before it reaches houses or cultivated land it is gen-
erally pure. Under all circumstances the water from rivers
should be filtered and, if possible, boiled. The sewage and
other impurities a river receives does not necessarily make
the water unfit for drinking a few miles further on. The
reason for this is that rivers possess a self-purifying-action,
by means of which they are enabled to get rid of their
impurities. This is strikingly illustrated in the case of the
Thames water which contains no more organic matter at
Hampton Court than at Lechlade, 116 miles higher up,
although it has received the sewage of several towns on
the way! This purification is due to—

(a) Oxidation of the impurities by the oxygen in the
air,

(&) Absorption of the organic impurities by all kinds of
animal and vegetable life.

(¢) The settling of the solid matter to the bottom.

(d) Dilution by the tributaries.

Lakes. The water of lakes is generally very pure and
soft, with hardly any organic impurities. The waters of
Loch Katrine, Bﬂlﬂ. Lake, and, Thirlmere are good
examples of the excellent quality obtainable from this
source.

The following classification of the sources of water
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supply, according to general fitness for drinking, etc., may
be useful (Rivers Pollution Commission Report) :—

1. Spring water,
Good { 2. D};ep well water. } very palatable,
3. Upland surface water, moderately
4. Stored rain water. palatable,
Suspicious { 5. Surface water from culti- 7
vated lands.
6. River water to which there
Dangarnusi has been sewage access.
7. Shallow well water.

Classified according to softness :—

. Rain water, '
2. Upland surface water.

3. Surface water from cultivated land,
4, Lake water.

5. River water,
6
7
8

palatable,

—

. Spring water.

. Shallow well water, |
. Deep well water. ]

Warer SvrrrLy N Towns.

Any public service of water is usually too costly for
country villages and so these places depend upon wells for
their water supply. In towns, however, a public water
supply is necessary. The best source for this is either a
large lake, or else upland surface water collected in huge
artificial lakes. For storing the water, a reservoir is con-
structed near the town, and as high as possible. All
reservoirs should be capable of holding two or three
months’ supply.

The amount of water required for each individual per
day is usually estimated at a minimum of fifteen gallons,
For a good service, thirty gallons should be allowed for
each person per day. This is made up as follows :—

12 gallons for cooking, washing, drinking, and general
domestic use.

8 gallons for flushing drains and sewers, etec.

10 gallons for town and trade uses, public baths, ete.
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Filtration of Water on a large scale. The water is
first passed into a reservoir where the greater part of the
suspended matter settles to the bottom. The clear liquid
is then siphoned off into the filter beds. A filter bed
consists of layers of sand and gravel as shown in fig. 95.
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Fig. 95.-—A FivuTer Bep (SkeTIoN).

The top layer is of fine sand and is two feet thick. The
other layers are of gravel, and gradually get coarser
towards the bottom. These layers rest on two layers of
bricks, and from these the water is collected by pipes
which convey it to the reservoir.,

For success in the filtering process the following rules
must be observed :—

(1) Each filter bed must be used at intervals only, and
there must be free exposure to air.

(2) The upper layers soon get clogged with impurities,
and need constant renewal to the depth of two or
three inches.

(8) The whole filter bed should be renewed in two years.

(4) All filtering processes must be slow to be effectual.

he maximum rate should not exceed four inches
per hour,
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Action of the Filter, The action is partly mechanical
and partly vital. The mechanical action consists of the
removal of the suspended matters that are in the water.
The vital action lies in a peculiar layer of gelatinous
matter which becomes deposited on the surface of the sand
after the filter has been in use for two or three days. The
micro-organisms present in this layer tend to oxidise the
organic matter dissolved in the water, and also to remove
any injurious microbes.

The results of such a filtration may be summed up as
follows : —

(a) The dissolved organic impurities are partly oxidised.
(b) All suspended matters are removed.
(¢) Micro-organisms are removed to a great extent.

Distribution of Water. After filtration, the water has
to be distributed to the town., For distribution to the
streets iron pipes called mains are used, and are laid from
two-and-a-half to four feet underground. They should be
protected inside from the action of the water with a coat of
preservative material. BService pipes run from the mains
to the houses, These may be made of lead, wrought iron,
or galvanised iron. Lead pipes are usually the most
serviceable, but they should on no account be used if the
water is such as would act upon lead and dissolve it—for
example rain water, or upland surface water.

The water may be supplied on the constant system or on
the intermittent system. With the constant system the
pipes are always filled with water, so that water may be
obtained at any time by turning on the tap. With the
intermittent system the water is only turned on for a few
hours each day. Obviously the constant system is by far
the better of the two for many reasons, one of which is
that the drinking water is not drawn from a cistern, but
from a pipe in direct communication with the main.

Cisterns. The materials of which cisterns may be made
include slate, stone, iron, galvanised ironm, lead, and zinc.
Slate makes a good cistern, but the junctions are apt to leak,
and if these are filled with red lead it is open to the same
objections as lead cisterns. Lead should never be used for
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a cistern for drinking water. Stone cisterns are not acted
upon by water, but they are very heavy, and so are only
suitable for underground use. Iron may discolour the
water by rusting. Galvanised iron cisterns are generally the
most suitable, because they are not appreciably acted upon
by the water.

The objections to cisterns are :—

(1) The water soon becomes flat and insipid.

(2) Dirt and dust are liable to accumulate in them.

(3) Cisterns are usually placed by builders in inaccessible
positions.

(4) Occasionally the same cistern is made to supply the
water closet and the tap ferdrinking water. Many cases
of disease have arisen from such an arrangement.

B\ r"
r 21 . wall of house

t- {21 overflow pipe

Fig. 96.—OverrLow FPirg oF CISTERN WRONG.

(5) The overflow pipe from a cistern is often carried
directly into a drain or soil pipe. Sewer gas then escapes
over the surface of the water, and the water may become
dangerously impure.
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If a cistern is absolutely unavoidable the following are
the eonditions under which it should be kept :—

(1) It should be easy of access and easily cleaned.

(2) Its overflow pipe should go directly to the outside of
the house, and not go near any drain pipe.

7] wall of
% house
<|_overflow
 pipe

" A

Fig. 97.—0vERFLOW PIPE AS IT SHOULD BE.

(3) It should have a well fitting lid.

(4) The water closet must have a separate cistern.

Purification of Water. If the water supply to a house
is impure, there are three possible methods of purifica-
tion :—(1) by boiling, (2) by distillation, (3) by filtration.

Boiling. The effects of boiling the water are :—

(1) Temporary hardness is removed.

(2) Disease germs are destroyed.

(3 Dmaﬂlveg organic impurities are rendered harmless.

The disadvantage of this method lies in the fact that the
water is rather flat and insipid. If this is objected to, the
water may be aerated by allowing it to drip from one
vessel to another.

Distillation renders the water absolutely pure, but the
water so obtained has the same objectionable feature as
boiled water.

Filtration on a small scale, or domestic filtration, is
ienerally the most popular method of purification of water.

the same time there is no doubt that the ordinary filter
employed is not only of no use in purifyving the water, but
it actually renders the water more impure and more
dangerous for drinking purposes. The commonest filtering
materials are (1) animal charcoal, (2) coke, (3) spongy
iron, (4) unglazed earthenware, (5) sponges. The worst of
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these is undoubtedly the old-fashioned sponge filter in
which the sponge—in itself an abominable filtering medium
—was usually fastened up, and could not be got at in any
way. The best is the unglazed earthenware filter,
known as the Pasteur-Chamberland. This filter con-
gists of an inner and an outer tube,
The outer tube is of ordinary glazed
earthenware and is fitted on the tap so
that it contains the tap-water at the
ordinary pressure. This pressure forces
the water through the pores of the inmer
tube which is composed of unglazed earthen-
ware. These pores are so fine that even
the smallest micro-organisms are unable to
pass through. The inner tube can be
1 removed for cleaning when required. The

]| dissolved impurities are not affected by this

™ filter. The Berkefield filter is similar to the
J above in construction and in action, but is

Fig. 98. rather more rapid in its filtration. All
pasreve-Onan-  filters should be cleaned regularly and the

BERLAND P~ filtering material thoroughly washed and

dried.

Possible Contaminations of a Water Supply. If the
water supply is impure, the impurity may have been
introduced in various ways :—

(1) At its source, 7.e. the water may have been drawn

from a polluted supply, e.g. water from a marsh,
a river receiving sewage, or a polluted shallow
well.

(2) In its transit from source to storage. For instance,
the washings from cultivated lands, or sewage from
drains may have obtained access.

(3) During storage. This would include impurities
derived from dirty cisterns, cisterns exposed to
sewer gas, and lead cisterns,

(4) During distribution. Lead may be dissolved from
lead pipes.

(5) During filtration. A bad filter will often render

water impure.
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Effects of an insufficient supply of water.

1. More dirt and greater likelihood of filth diseases.

2. The skin is not washed so frequently, hence skin
diseases probable.

3. Clothing seldom washed, or water used more than
once.

4. Cooking water used more than once.

5. Greater accumulations of filth and dirt through insuf-
ficient flushing of sewers and drains,.

Effects on the body («) extreme thirst,

(6) Loss of muscular power and
energy.

PrAcCTICAL WORK oF CoarreEr XVII.

1. Test the tap water for the various impurities described on page 161.

2. Filtration. Add a few drops of Condy’s fluid to some water in
a tumbler. Fold a filter paper for ﬁltratmn, place it in a filter funnel
and filter the pink liquid.

Next take the clear filtered liquid and add to it a pinch of black

powder (either manganese dioxide or charcoal does very well) and shake
up, then filter the liquid.

3. Pass a stream of carbon dioxide (prepared by the action of
hydrochlorie acid on chalk) through some clear lime water in a test tube.
Continue passing the gas after the white precipitate of chalk has been
groduced. The second effect illustrates the action of the carbon

ioxide from the air in causing the solution of the limestone or chalk
and producing temporarily hard water. The clear liquid now obtained
is temporarily hard water. Divide into two parts (a) and (3).

E‘;]} Egi(i-limewatcar } Carefully note the results in each case.

(4) Distillation. Colour some water with Condy's fluid, place it in
a flask and fit the flask with a Liebig condenser, or use a glass retort
with a receiver cooled by cold water. Boil the water in the flask, and

notice that water begins to drop into the cooled receiver. This is pure
distilled water.

(6 a) Shake up some litmus solution, or some port wine, with fine

Ellut:aml charcoal. Filter the mu:tm-a and note the colour of the
te

(6b) Take about a tablespoonful of sulphuretted hydrogen water.

Note its smell. Shake it u well with ﬁnaly powdered charcoal and
then filter it. Note smell n]; liquid now,

F. 8T. HY. 12



CHAPTER XVIIT.
HEATING THE DWELLING-HOUSE.

Heat is a form of energy. It produces a vibratory
motion of the molecules of bodies, and this may be trans-
mitted from one part of a body to another, or from one
body to another.

Heat may be transmitted in three ways:—

(1) Conduction, i.e. the motion is transmitted from one
molecule of a body to another without a change in their
relative positions. In this way, heat passes from one part
of a solid body to another.

(2) Convection, i.e. transference of the vibratory motion
of the molecules which at the same time change their rela-
tive positions.

If a fluid be heated from below, the lower layers acquire
more heat energy and the molecules tend to separate; the
fluid thus becomes less dense than the superincumbent
layers, and is drawn downwards by the force of gravita-
tion with less force than equal volumes of the denser fluid
above; hence the upper layers move downwards, and the
lighter heated layers are forced upwards.

This action is continuously repeated on the successive
layers of the fluid which become heated in the lower part,
so that in time the whole fluid is heated.

This is the process whereby heat is transmitted to upper
layers of liguids or gases when heated from below. The
molecules in a liquid have not so much cohesion as those
in a solid, hence they can change their relative positions,
(which is impossible in a solid). The ascending currents
of heated fluids and the descending cooler ones are known
as convection currents,

178
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(3) Radiation, i.e. transmission of heat through space in
rays or straight lines, without warming the intervening
space.

PBy this means, heat passes from the sun to the earth,
or from an open fire to objects in its vicinity. This is a
very important method in connection with the heating of
dwellings. The radiant heat from the sun does not warm
the air through which it passes, but, after being absorbed
by the earth and other bodies it is radiated again.

The heat radiated from the earth consists of what are
called dark heat rays. 1t is these which warm the air and
the smaller objects it contains.

An illustration of the difference between these different heat rays
may be seen in a glass-house.

'The direct rays from the sun pass through the glass roof, but the
dark rays radiated from objects in the room cannot pass through the
glass, and are imprisoned in the room, thus greatly increasing the

temperature.
FueL.

Fuel includes the combustible substances we use to pro-
duce heat. The chief are (a) coal, (&) coke, (¢) peat, (d)
wood, (¢) coal gas, (f) oil, (g) artificial fuels.

(a) Coal is mineralised vegetation, comsisting of plants,
which flourished in the Carboniferous era, but have been
changed by the action of heat and pressure.

(b) Coke is the residue of coal which has been distilled
to obtain coal-gas.

(¢) Peat is decayed vegetable matter, similar in origin to
coal, but it has not been changed so much., It is formed
in bogs and marshy places.

(d) Wood is obtained from the harder parts of plants.

Each of the above materials consists of substances whose
molecules have been built up under the influence of the
light and heat of the sun, when the plants were growing.
The solar energy is changed into chemical energy. When
these substances are burned the complex molecules break
down, and relatively simpler molecules are formed, (These
are chiefly CO, and H,0). These require less energy to
hold their atoms together than the original molecules, and
the difference is changed into heat energy.
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(¢) Coal gasisobtained by the distillation of coal in closed
retorts. The coal is heated without contact with air, and
the products of the destructive distillation are made to pass
through condensers in which they are cooled, and coal tar
and ammonical vapours are condensed and collected. The
gas is then passed through purifying chambers containing
moist slaked lime, and ferric hydrate. These remove
gaseous sulphur compounds, and the lime also removes
(C0O,. The gas is then stored in gas-holders or gasometers
for use. The coal left in the retort becomes coke. Char-
coal is produced from wood, this being heated to a red heat
out of contact with the air.

(f) 0il. Liquid fuels are obtained from Pennsylvania,
Baku, and Texas. These are supposed to be of organic
origin, and derived from the remains of animals or plants.
They may be obtained also by distillation of shales of
various kinds.

(9) Recently fuel-blocks, or briquettes, have come into
use. They usually consist of fine coal or other combustible
material, cemented together by pitch. Sawdust, spent tan,
and peat have been used, but have not proved so successful
as coal.

The following analyses of fuels will enable a comparison to
be made as to their constitution and heat producing effects.

Heat evelyad by complete

combustion of 1 ;
0. H. 0. &N.| Ash, ol aiilssinmm e

calories (gram.-degrees).

1. Anthracite I.

(S. Wales) | 91 4-3 3.2 |15 8,000.
2. Hard coal 75°58 | 55 | 9°46|5-46 |7,5600t06,400 (varies).
3. Lignite |
(woody coal) | 65°3 | 66 253 |21 | 4,500.
4, Peat 57-53| 6:83 | 33:65|1'99 3,600,
5. Wood 10 4-8 336 |16 2,900,
6. Petreleum 863 | 13-6 ‘1 11,400.

Note the decrease in the percentage of carbon from (1) to (5) in the
above, and the increase in the proportion of gaseous substances, which
is suggestive as to the method of formation of coal.
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HEeATING APPLIANCES.

The chief appliances for heating dwellings and other
buildings are:—
Open grates,
Closed fires or stoves.
. (as fires or stoves,
()il stoves.
Hot air apparatus,
Hot water pipes.
Steam pipes.

1. Open grates.

Of the various arrangements for the consumption of fuel,
the most common in England is the open grate. An ordinary
grate will burn about 8 lbs. of coal per hour. The heat
produced by burning 1 Ib. of coal should suffice (theoreti-
cally) to raise 4,800 cubic feet of air 10° F. in temperature.

With the open grate, however, so large an amount of
the heated air passes up the chimney, that at least 80 per
cent. of the heat produced is wasted.

To prevent this excessive waste, wvarious improved
grates have been introduced.

Some of the objects their inventors aimed at are :

(a) Increased radiation of the heat produced.

(b)) Warming of the air entering the room by passing
it over, through, or round the heating source.

(¢) Decreasing the rate of combustion of the fuel.

(d) Decreasing the rate of flow of air up the chimney.

(a) Increased radiation is accomplished by (1) building
the fireplace well into the room; (2) having it constructed
of firebrick as much as possible; (3) having the back of
the grate sloping over the fire to deflect the heat in the
room. Doulton’s grate is a good example of the fireclay

ate.
gr(&) Dalton’s grate is one which aims at warming the
incoming air. The air enters a chamber at the back of the
grate where it becomes warmed, and passing up a separate
flue, it enters the room between the mantelpiece and the
ceiling. Boyd’s grate is similar in principle, but the air

S
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enters the room immediately under the mantelpiece. (In
these grates the incoming air should not be in contact
with red-hot iron surfaces or carbon monoxide may be
produced.) See fig. 99. : '
(¢) To limit the rate of combustion the following

arrangements are adopted: (1) the bottom of the grate
is made solid and on a level with

the floor, (2) the depth of the
o — ate from front to back is de-
s EE & :

P T creased, so that combustion only
« e takes place on the top and in the
S front.

% (d) The rate of efflux of the
air up the chimney is lessened
by narrowing the chimney, but
care must be taken that it is
; not restricted too much, or the
: fireplace will not act so well as a
ventilating agency.

| In addition to the waste of
| fuel, open grates produce much
| dust and dirt. Their great ad-
vantages are (1) they have a
i ol cheerful appearance, (2) they are
é”(' | i good ventilators.

-
Alp-PASSAGE

.
5

amcnameer [ 2. Closed fires or stoves. These
_ | are generally constructed of cast-
L iron, sheet-iron, bricks, or tiles.
As the flues leading from them

Fig. 99.—Prax axp Eirvatiox are not restricted to a wall, the
OF AT inn 1r CAMPER - stove can be placed in the midle
of the room, which will then

be more uniformly heated than by an open fire at one side.
The rate of combustion can be regulated better than in

an open grate, because the fuel is enclosed from the air.

The disadvantages of 1ron stoves are :—

(1) They occasionally produce an unpleasant smell when
the outer case becomes so hot as to burn the dust particles
floating in the air.
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(2) They increase the drying power of the air, thus
causing an unpleasant sensation on the skin. This, how-
ever, is partially prevented by placing a vessel of water on
the stove.

(3) They frequently cause headache, on account of the
absence of ventilation and neglect of the use of water.

(4) They may produce carbon monoxide (which passes
readily through red-hot cast-iron) owing to the imperfect
combustion of fuel caused by the limited supply of oxygen.
This is especially likely in closed coke stoves.

Some of the improved stoves have double casings, so
that the incoming air may be warmed by passing between
them in contact with the heated surface. Closed stoves
are more frequently used for houses on the Continent
and in America than in England.

A great disadvantage is that they do not assist in the
ventilation of the room unless special arrangements are
made.

3. Gas fires or stoves.
Some of the advantages of these are:—

(1) They are clean ;

(2) They are convenient and save time in lighting ;

(3) They can be easily regulated ;

(4) They are more economical than a coal fire, if only
required oeccasionally.

The disadvantages are :—
(1) They are expensive as a rule—the cost varies with
the cost of gas.
(2) They vitiate the air of a room, unless a flue is
provided to carry off the products of combustion.

The chief varieties are :—

(1) Refractory fuel stoves, in which fireballs consisting of
fire-clay and asbestos are rendered incandescent by the
heat from a row of Bunsen burners and radiate therr heat
into the room.

(2) Reflector stoves, which have a gas flame with a
reflector behind. These produce little heat and although
bright and’ cheerful-looking are seldom provided with a ﬂue
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(8) Condensing stoves,in which the products of combustion
are passed into water and partly condensed. (The CO,
however, is not condensed.) '

(4) Calorigen stoves, which provide for the heating of
the incoming air. These are the most efficient of the gas
fires. George’s, Fletcher’s, and Bond’s are three examples.
In George’s a coil of iron tubing passes through the body

of the stove, one end com-
it ey municating with the open
air, and the other opens
TO CHiFNEY on the top of the stove,
(1 s into the room. The heat
produced by the com-
bustion of the gas mnot
only heats the outer case
t \ but also heats the air in
[ - the tube which rises into
the room. Bond’s Euther-
mie Stoveshown in fig. 100.
is one of the best. In-
stead of a coiled tube
there is a cylinder which
occupies a large portion
of the interior of the
stove. This communicates
with the outer air and
the room, in addition there
are air inlets to the bur-
ners at the base, which
serve as a ventilator by
Fig. 100. —VexTiLATING StTove (Bond's). Withdra‘ﬁ”ing air from
the room and causing it

to pass along the flue into the chimney.

4. 0il Stoves.

These are frequently used in country places, where gas
is not in use. They are convenient but are not always
provided with flues to carry off the products of combustion.
They should have some kind of a radiator fitted over them
to deflect the heated air which otherwise may rise direct to
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the ceiling. The heat-producing power of petroleum is
greater than that of an equal weight of coal (see table p.
160), but being in a liquid form it requires special arrange-
ments for its combustion, and is not likely to supersede coal.

5. Heating by means of hot air.

In large buildings it is not so satisfactory a method of
heating to have a fire in each of the rooms, for a large
amount of work is entailed in attending to these numerous
fires. To obviate this, air is heated in ome part of the
building and is allowed to pass along flues to the various
rooms required. The air may be propelled by means of
fans.

S CAESH AIA CONOUET

Fig. 101. -To warm A COrvren Y Hor Arm.

The arrangements for heating the air are either

(a) The heated products of combustion from the
furnace are passed along a series the flues,
while air which enters from the outside circu-
lates around them and becomes warmed ; or,

(6) The air passes along flues which are surrounded
by the flame and the heated products of com-
bustion,

One very successful form of heating large buildings is in
use in the Free Trade Hall, and in the Royal Exchange,
Manchester.

Here a stove 1s fixed in a small chamber in the base-
ment so that the walls form a casing for it. Fresh air
enters this chamber from the outside, and after being in
contact with the large heating surface of the stove, it is
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conducted along flues leading to wvarious parts of the
buildings (see fig. 100).

6. Hot-Water Pipes.
In heating buildings by means of hot water, use is made
of the principles of convection (see page 178).

There are two systems of hot-water pipes:—

(@) Low pressure; (b) High pressure.

(a) Low Pressure System.

Water is heated in a boiler having a pipe leading
upwards from the top to various parts of the building,
branching as required. The heated water flows along this
system of pipes, which finally conducts the water back to
the lower part of the boiler. Heated water rises and the
cooled water falls. The pipe entering the boiler is con-
nected with a cistern, which makes good any leakage or
waste through evaporation, and the highest point of the
pipes is provided with a valve, to allow the air and vapour
to escape.

The water being under the ordinary pressure of the
atmosphere, and not allowed to boil, its temperature does
not exceed 212°F., and the vapour pressure within the
pipesis always below that of the atmosphere.

(b) High Pressure System.

The boiling point of a liquid is that temperature at
which the pressure of its vapour is equal to the pressure
it supports.

If the water be heated in a closed vessel as in the boiler
of a locomotive engine, the steam first formed, being
unable to escape, increases the pressure on the water, and
additional steam cannot form until the water acquires a
higher temperature, so the increased pressure raises the
boiling point.

In the high pressure system of heating we have pipes
arranged to form a complete circuit, and these are not open
to the air so that the temperature of the contained water
may rise above 212°F,

A coil of piping is arranged in the furnace, and the
pipes connected with this pass through the rooms to be
heated and back to the furnace.
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7. Steam Pipes.

Steam heats more than an equal weight of water
because the steam gives up its latent heat when
condensed, in addition to the heat it gives off in cooling.
If water at 212°F. be changed into steam at 212°F.
heat is required to give the molecules sufficient energy
to overcome the cohesion they possess as a liquid. On
condensing the vapour, this amount of heat is given up
again. This fact is made use of in heating rooms by steam.
Steam passes along pipes about 1§ inches in diameter to
the place to be heated. Hereit enters pipes about 6 inches
diameter where it condenses and the heat given up warms
the air near the pipes, and also the water produced gives
off heat. Arrangements have to be made for this water to
flow back to the boiler, and generally another set of pipes
1s employed. This system may be used economically where
steam is produced in large quantities, as in factories where
it is used as a motive power. If the rooms to be heated
are some distance from the boiler, the pipes are enveloped
in felt, or some other bad conductor of heat, to prevent loss
of heat during transit.

The temperature can be regulated by varying the pressure
of the steam.

Warming Incoming Air.

If hot-water or steam pipes are employed without provid-
ing for a good supply of fresh air the results are not satis-
factory. When the incoming air is heated, the best results
are obtained. This may be done by using Radiators as
part of the circuit for the water or steam, and having the
passages between the heating surfaces connected with the
open ai?



CHAPTER XIX.
REMOVAL OF HOUSE REFUSE.

IN a previous chapter we have seen that the impurities
produced in the air by respiration and combustion may be
satisfactorily disposed of by ventilation. We now have to
discuss the methods of dealing with the solid and liquid
refuse of the house. The house refuse may be divided into
three parts :—

(a) The excreta, t.e. the urine and fweces.

() Kitchen refuse, including animal and vegetable waste,

and also dust and ashes.

(¢) Waste water from house cleaning, washing, and

cooking.

The Excreta. There are two systems of dealing with
these waste matters, the conservancy system and the water
carriage system.

The conservancy systems include the use of cesspools,
middens, pails, dry-earth, ete. Of these systems we may
mention three. (a) In the midden system the ashes and
the excreta are mixed together and are removed at inter-
vals. (&) The excreta may be kept in pails and removed
at short intervals. (¢) For large country houses a very
satisfactory method is to sprinkle the excreta with dry earth
each time the closet is used. All these methods leave the
waste water to be disposed of, and as this is almost as
offensive as if it contained the excreta, it i1s probable that
for towns and large villages the water carriage system of
removing the excreta and all waste water together is the
best. A first rate water supply is, however, absolutely
necessary for the successful working of water closets. Also
the ordinary water closet is rarely found to work satis-
factorily for lower elass houses, and when they are thrown

188
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out of order by carelessness or by frost they are most un-
sanitary. In the water carriage system the water closet
is connected with the drain by the soil pipe. The soil pipe
should always be outside the house, and should be continued
upwards above the roof in order to ventilate itself.

Water-Closets.

These are used to get rid of excreta by means of a
flush of water, which carries it along a soil-pipe and drain
into a sewer.

An arrangement is required which will :—

(1) Prevent any sewer-gas passing into the house;

(2) Not become foul itself and cause a bad smell;

(3) Produce a good flush of water, when required,
without waste.

The chief kinds of water-closets are—(1) the pan, (2)
the long hopper, (3) the valve, (4) the plug, (5) the short
hopper, (6) the wash-out, and (7) the wash-down closet.

— PAM
LONTAMINER -

Fan
[ml CHN DISC n.tnr_-uc,_b

501L ML

; D'rrap

Fig. 102.—Pax Croser.

(1) Pan Closet. This is very unsatisfactory in various
ways. It consists of a conical basin fixed with a cast-iron
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vessel called a container. The outlet of the basin is into a
movable pan of tinned copper, containing a little water,
which is supposed to act as a water-seal and prevent foul
alr escaping.

Each time it is used the hinged pan is tilted down, and
discharges its contents into the container. The sides of the
container are inaccessible for cleaning and the upper por-
tions are out of reach of the flushing action of the pan, and
thus they gradually become coated with a filthy deposit.
When the pan is swinging down there is no longer a water-

seal, and a gust of foul air rises from the container each
time it is used.

Fig. 103.—Loxs Horrkr CLOBET,

If the water dries up or the pan becomes foul a bad smell
is caused. To make matters worse, the container frequentl
opens into a ‘D’ shaped vessel, which is also liable to
become a gathering place for filth.

The Model Byelaws issued by the Local Government
Board for the guidance of Sanitary Authorities prohibit
the fixing of a ‘“Container” or “D” trap to any new
water-closet.

(2) The Long Hopper Closet. This consists of a deep
conical basin ending in an ‘8 shaped pipe, in which
water stands. There is no container, the excreta falling
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straight into the trap and being carried over the projection
with the flush of water. Owing, however, to the shape of
the basin, the sides are apt to become fouled to a great
extent and the flow of water fails to cleanse them. This
18 a cheap closet, but it 1s not satisfactory for slum
property or common closets.

(3) The Valve Closet. This closet is noiseless in action,
but 1s very expensive and not so efficient as some of the
more recent kinds. Instead of a container and a pan it

— e —
A o

VENTILATOE

A m:nL-_m PIPE

Fig. 104.—VarLve Croskr

has a tight-fitting valve, which when released, allows the
contents of the basin tn fall directly into the mphon trap
and pass into the soil p

The objections to the va.lve closet are :—

(1) Unlesa the valve is water-tight, the water trickles
down and leaves the basin empty.

(2) If, by any chance, the water in the bend of the
"overflow pipe dmappears foul air escapes into
the house.

(4) The Short Hopper Closet. This is generally made of
stoneware and is a great improvement on the Long
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Hopper. It has a smaller surface to be flushed and is
cleaner. The basin fits into a stoneware frap in which the
excreta falls direct.
There 1s occasionally
a difficulty in joining
the stoneware trap to
a metal pipe, and special
joints are required.
India-rubber is some-
times placed between
the flanges of the
stoneware and the lead
pipe, but 1t is apt to
decay. There are some
Fig. 105, —Smort Horrer Croski. patent joints (e.g. Doul-
ton’s, and Twyford’s)
in which a lead pipe is soldered to the stoneware by a
special process, before it is fixed, so that the soil-pipe has
only to be connected to lead, which can be made water-
tight very easily.

Sdid V105

(6) The Wash-out Closet.

This 18 constructed of stoneware, and differs from the
short hopper, as follows : —

(1) The basin and trap are
constructed in one
piece.

(2) The basin is shaped
go as to form a ANTISIPHON
gshallow container
into which the ex-
creta falls.

7]
a
a
e
=)
w

The flush of water carries
it over the ledge and into the Fig. 108, — WAsH-0Ur OLOBRE.
siphon-trap below. The layer
of water is placed in the basin to prevent it being fouled
by excrete.
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The advantages are :—
(1) Itis cheap.
(2) It has no mechanical parts to get out of order,
(3) It is open to inspection.
(4) It is not necessary to enclose it in a case.

The disadvantages are ;:—

(1) The water in the basin is not sufficient to eover
the excreta and is apt to splash.

(2) The splashing causes portions of the basin to be
fouled in a position out of reach for cleansing.
This may cause the glaze to erack, thus render-
ing it absorbent instead of impervious.

(3) The basin interrupts the downward flush, so that
the water loses the energy gained by the direct
fall from the cistern a.ng y partly clears the
trap which may become fuuled by deposits on
the sides and give rise to bad smells.

(6) The Wash-down Closet.
This is one of the best water-closets in use. It differs

rspc”;u._

.--'_-. ,ff,r‘;/f_:.-"f ,:--

Jailed 110OF
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Fig. 107.-WasH-DOWN CLOSET.

from the short hopper in that the basin and trap are in
one piece.

F. ST. HYG. 18
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There should be sufficient water in the basin to prevent
the excreta fouling the sides. It i1s then not open to the
objection of splashing as in the wash-out closet, nor does
the flush of water lose its force owing to an intercepting
container.

Flushing Cisterns or waste-waler preventers. 'To prevent
the flushing of closets from being imperfect through care-
lessness, many plans have been devised for ensuring that
once the flow of water is started it will continue until a
given volume has been discharged. A good arrangement
18 shown in fig. 108. When the plug is removed, water
rushes down the pipe and sets the siphon into action;
then, even if the plug is replaced, the pressure of the air

SIPHOM
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Fig. 108.—FrLusninG CiSTRRN OR WATER WaSTR-PREVENTER.

keeps the water flowing down the siphon until the surface
is lowered so much that air is admitted to the short end
of the siphon-pipe. Sometimes an air-tube is fixed to
the upper bend cf the siphon. The volume of water
to Le discharged can then be regulated by varying
the length of the tube. The shorter the tube, the less
the volume which flows, as air is admitted sooner.
A ball-tap is used for automatically refilling the ecistern
after discharge.

The cistern may be made of enamelled iron, or of wood
lined with lead.
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The quantity of water required for flushing a closet is
3 gallons, and to prevent waste it should not exceed
34 gallons. The flushing cistern should be placed 5 or 6
feet above the basin, and in no case less than 4 feet. The
pipe which carries the water to the W.C. should be 1} to
1} inches in diameter.

Trough Clesets. These consist of a long metal or earth-
enware troughk placed under a series of closets built side by
gide. The seats are all arranged over the trough which is
partly filled with water and into which the excreta from
each falls. The bottom slopes towards the drain, and at
the end a ridge is placed to keep the water in the trough.
It has been described as an e?ongated wash-out closet,
with a number of separate seats. The upper end is con-
nected with a flushing tank, which may be automatie, ot
only used when the attendant cleans them out daily.

The advantages are :—
(1) They are well adapted for schools, factories, or
artizans’ dwellings.
(2) They are not so liable to get out of order with
rough usage.

A large drain and a plentiful supply of water are required
to carry the contents away.

The disadvantages are :—
(1) They require a very lavish supply of water.
(2) They are expensive to fit up at first.

Slop-closets. These are used where it is necessary to
economise water, and the waste water of the household is
used for flushing.

Advantages of slop-closets :—

(1) There is not much danger of frost interfering with
their working, as most of the pipes are placed
at a sufficient depth.

(2) They are economical, as only waste water is used.

(3) There is a less quantity of sewage to be dealt with.

Disadvantages.
(1) They are not so clean as ordinary water-closets.
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(2) The sewage is concentrated and requires special
treatment, as it rapidly putrifies.
(3) The ventilation of drains is more complicated.

DrAINS.

Drains are required to carry waste water, excreta, ete.,
from the house-pipes to a sewer or cesspool as rapidly as
possible.

Good Drains should :—

(1) Be smooth and permit a rapid flow of water;

(2) Be non-porousand well-jointed to prevent ground-
water entering ;

(8) Not allow sewage to escape and percolate the soil ;

(4) Be disconnected by traps from the house and the
sewer so that they will not act as channels to
convey sewer-gas into the house.

FRESH AIR

INSPECTION
QPCNHING

Fig. 109,—BuonAN's DISCONNECTING AND VENTILATING TRAP,

Bad Drains A drain is bad :—

(1) If it has sharp corners which prevent a rapid flow
of water, or has a rough surface;

(2) If it is porous or has faulty joints;

(33 If the drain is always full through being laid in a
water-logged soil ;
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(4) If the drain is uneven through subsidence of soft
soil in which it is laid ;

(5) If it fails to comply with any of the requirements
of a good drain as shown above.

The drain should be ventilated where it joins the sewer.
Buchan’s disconnecting and ventilating drain trap is a
good form to use.

The sewer-air i1s prevented by the water in the bend
from gaining access to the drain, and fresh air enters from
the opening above.

Traps.

A trap is a contrivance which prevents the passage of
sewer-air into a drain, or from house-pipes into a house.

This is done by the interposition of water between the
inlet and the outlet.

There have been many forms of bdad #raps in the past,
such as—

1. The mid-feather trap ;
2. The *“Bell ” trap;
3. The “ D* t.raP_

1. The Mid-Feather Trap is also known as the dipstone or
mason’s trap. It consists of a rectangular brickwork box
into which water flows from the house-pipe or drain and
then passes out on its
way to the sewer. A slab
of stone is built vertically
into the walls to divide
the upper part into two
sections. Thisis arranged
to dip into the water, as
shown in the figure. The water which is left in the trap
prevents gas passing the partition.

Objections to 1ts use :—
(1) The water in the trap may evaporate and sewer-
gas will then pass under the vertical partition.
(2) The shape of the trap prevents it being cleaned,
hence matter accumulates in it to the detriment
of health.
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2. The Bell Trap consists of a receptacle or box with a
grating for the upper covering, and attached to this is a
bell-shaped piece of iron which dips into the water. The
outlet pipe opens under the bell as in the figure. Any gas

Fig. 111,.—Tuae BeLL Trapr,

from the sewer gathers in the bell without passing to the
drain, for the bell dipping into the water prevents it, Bell
traps are frequently used for sinks, but should be dis-

carded.

Objections to its use :—

(1) The trap is valueless whenever the grating is
raised, and this with the attached bell is liable
to be left off.

(2) Water may evaporate as in the dipstone trap.

(8) The shape of the box favours accumulation of filth,

3. The “D ” Trap consists of a vessel shaped like the
letter D (hence its name), and was formerly much used for
water-closets, see fig. 102 of pan-closet.

Objections :—
(a) Too much surface is exposed to be coated with filth.
(6) There are too many angles and bends, which pre-
vent it being self cleansing.
(¢) The accumulation of filth thus caused gives rise to
bad smells.

Two more recent traps are :—

1. The Siphon Trap;
2. The Gully Trap.
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1. The Siphon Trap is a very useful kind, and in its
simplest form consists of a bend in a pipe. The following
are the objections to this form :—

(a) Insufficient depth of water to form a good water-
seal.

(6) No means of cleansing it if a sediment forms in
the bend.

A good form is shown in Buchan’s disconnecting and venti-
lating trap, see fig. 109.
A simple siphon trap which may be |
used for the sink is shown in fig, 112, ‘
It is called, from its shape, an “S”
trap. It is essential that an opening,
fitted with a serew-plug, be arranged at
the lowest bend for ecleaning it (as
shown in the figure).

2. Gully-Traps. !

These are useful for washings of the _ e
yard, waste water, and rain water, but g e AT
should never be placed inside the house.

The diagram shows a yard gully with a grating above
and a movable pan at the bottom to be lifted out with the

Fig. 118.—Gurry Trar wirn MovaprLe BuckeT ror SEpiMeNT.

rubbish which has fallen into it. - The house pipe should
not open immediately over the gully, but into an open
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channel 18 inches from it. (Model bye-laws of IL.G.
Board.)

Good Traps.

1. They should have a water-seal of at least 1} inches in
depth to form a certain barrier to gases.

2. They should have no projections or angles for the
deposit of filth.

3. They should be siluated so that they can be easily
flushed with sufficient force to clear them without causing
siphonage.

4, They should be self-cleansing. (Mason’s trap, and
“D?” trap fail here.)

5. They should be ventilated.

Faults in Traps.

1. Liability to unsealing through evaporation of the
water, if seldom used.

2. Liability to unsealing through siphonage wunless
guarded against.

3. Pressure of gas may force water out. (Ventilation of
drain prevents this.)

4. The water may absorb sewer-gases at one opening
until it is saturated and these gases will be given off at
the other surface unless frequently used.

5. They always obstruct the flush of water to some
extent.

6. Some are filthy and should be discarded altogether if
not self-cleansing.

CONSERVANOY SYSTEMS.

1. The Privy or Midden System. The old-fashioned
plan, still often met with in country places, was to dig a
hole in the ground at the back of the closet. This received
the excreta for an indefinitely long period. The more
modern midden consists of a comparatively water-tight
shallow pit which receives the excreta and into which are
thrown the ashes from the house. It should be at least
6 feet away from any dwelling and 50 feet away from
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any spring, well, or stream. Rain must be excluded by
a suitable roof, and proper ventilation must be pro-
vided. To enable ashes to be readily mixed with the
excreta the seat should be hinged. The capacity should
be small so that a removal of the contents is frequently
necessary. The floor of the privy must be 6 inches
above the ground outside, and should slope towards the
door. It should be made impervious by covering with flags
or tiles. Means of access for the scavenger should be
available without passing through the dwelling, and,
lastly, the midden must not be connected with any drain or
sewer. Under these conditions there seems a great deal to
be said in favour of the midden system, especially for
small houses. Properly managed they should give rise to
no pollution of the air, especially if people are instructed
to apply the ashes and cinders uniformly over the excreta,
thereby ensuring dryness of the contents. The advantages
of this method over the water carriage system lie in the
fact that there is no possibility of anything getting out of
order and that it is independent of all weathers.

The Pail or Tub System. These are really middens on a
small scale. The seat of the closet has a tub or pail placed
under it for the reception of the excreta. The pail should
be made of galvanised iron with a well fitting lid, and must
be perfectly water-tight and nearly air-tight. At intervals
of not more than a week it is removed and a clean one put
in its place. Such is the outline of a system that is un-
doubtedly superior to the midden system for towns.

Dry Earth System. This is undoubtedly the best of the
conservancy systems. Faecal matter, with which dry earth
has been mixed, becomes not only inoffensive, but after a
short time, unrecognisable as such. The best soils for this
purpose are moderately dry and loose loams, garden soils,
dry clay and brick earth. Sand, gravel, and chalk are
unsuitable and inefficient. The method of use is to cover
auch stool at once with one and a half pounds of dry earth.
When the pail is full its contents may either be applied
at once to the garden or remcved to a dry shed where,
after frequent turning over and exposurc to the air, the
earth may be used again as many as eight or ten times.



202 FIRST STAGE HYUIENE.

Automatic closets which apply a measured quantity of dry
earth at each use, are obtainable. One is shown in fig.
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Fig. 114.—Avtomatic Earnta Croser,

114. The handle of the closet is connected with a re-
ceptacle behind and above the seat, which delivers the
regulated quantity into the pail when it is raised.

The kitchen refuse. All animal and vegetable refuse
from the kitchen must be burned, and should never on any
account be thrown into the dustbin or ashpit. Refuse such
as cabbage leaves, potato peelings, bones and waste food
are very liable to become a nuisance if not burned instead
of putting them directly into the dustbin.

The best receptacle for the ashes, soot and inorganic
refuse is a dustbin consisting of a small wooden tub or
galvanised iron box. If an ashpit is built, it should con-
form with the regulations below. The hest possible
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conditions for an ashpit or dustbin are attained when the
following rules are followed :—

1. It must be at least six feet from the wall of the house.

2. Means of emptying it should be provided without
carrying the contents through the house.

3. It should be small—mot above six cubic feet in
capacity—to ensure frequent emptying.

4. Only indestructible matter must be put into it.

5. A good lid or a water-tight roof must cover it to
protect the contents from rain, as moisture favours
decomposition.

If an ashpit is built, it should fulfil the following
conditions in addition to rules (1), (2), and (4) above : —

1. It must be constructed of impervious material, such
as nine inch brickwork lined inside with good cement.

2. It should be roofed over and properly ventilated.

3, The floor should be three inches above the level of
the ground outside.

4. There must be a door of convenient size for removing
the contents.

5. There must be no connection whatever with any
drain,



EXAMINATION QUESTIONS.

Questions set at the Science and Art Ezamination $n Elementary
Hygiene,

Questions on Chapter I.

1893.—Describe the position and relation to one another of the
various organs contained in the thorax or chest.

1894.—Describe the structure and function of the vertebral
column.

1895.—What are the boundaries and position of the contenta of the
thorax or chest ?

1895.— What structures form the walls of the thorax or chest, and
what important organs are contained in it? State the position of
each.

1896.—Describe the vertebral column, and a single vertebra.

1897.—Describe the abdomen and its boundaries; explain the
general arrangement and uses of its contents.

1898.—Describe the human foot and show its special adaptation to
the act of walking.

1899.—What bones enter into the formation of the shoulder joint?
Describe the movements which can be performed by the arm, and
explain the causes of its great mobility.

Questions on Chapter II.

1891.—Give a brief description of the arteries, veins and capillaries,
and the circulation of the blood through them.

1893.—What is the general composition of the blood? State the
form, size, and structure of the corpuscles, and describe both the
phenomena presented by the blood when drawn from the body, and
its functions when circulating within the body.

1895.—Describe the position of the heart in the body, and explain
the course of the blood through it.

1895.—Where are the mitral and the tricuspid valves placed ?
What is their structure P Explain their actions.

.24
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1895.—What is the portal vein? Where does it begin and where
does it end? Is the blood flowing through it always of the same
quality, or does it vary ? if so, where and how ?

1896.—Describe the difference between an artery, vein and
iai.gldlary; explain how these differences affect the circulation of the

1897.—Describe the phenomenon of blood coagulation.

Questions on Chapter III.

1888.—What is the composition of expired air, and why is it unfit
to breathe again ?

1889.— W hat impurities in air are caused by various manufacturing
processes ?

1890.—What are the chief causes of escape of coal into houses?
What should be done when an escape of gas is datecteﬂa

1891.—Describe the lungs and the process of respiration.

1892.— What are usual impurities in the air of inhabited rooms ?

1892.—What are the changes that take place during respiration,
(1) in the air breathed, (2) in the blood ?

1893.—Compare the compositions of expired and inspired air.
Explain the bearing which the differences between the two airs have
upon the necessity for ventilating a room.

1893.—What 1s meant by inspiration and expiration? How are
they brought about, and what changes take place in the air and blood
as the result of them ?

1895.—What impurities does lighting by gas give to theair? Com-
pare it with candles in this respect. .

1896.— What is carbonic acid ? 'What are its sources? What part
does it play as a sign of good or bad ventilation ?

1897.— t is the external appearance and position of the lungs?
Explain their structure.

1898.— What are the changes that the blood undergoes in its passage
through the lungs, and how are they affected ?

1898,—What are the principal impurities in the air of a large town P
How does wind act as a natural agent in ventilation P

1899.—Enumerate the bones which form the framework of the
thorax. Explain how the movement of the ribs causes changes in the
size of the chest.

1899,—Describe the course of the pulmonary artery, and explain
in what respect it differs from the arteries of the body.

1899.—Explain the changes which occur in the blood during the
circulation through the lungs.

1899.—Describe the circulation of the blood from the right auricle
until it enters the left ventricle. Explain the changes which the
blood undergoes during its ge through the lungs.

1899.—Explain in detail the changes which take place during
respiration in (1) the blood, and (2) the respired air.
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Questions on Chapter IV.

1886,—What natural forces may be utilised in the ventilation of
rooms? Give sketches of some simple appliances which may be used
for this purpose.

1887.—How are movements of the air in rooms produced? How
large an inlet opening for air is required for each person, and why ?

1888.—What are the forces which produce natural ventilation ?
How may the action of the wind be practically utilised ?

1889.,—Give some simple methods of ventilating rooms. Illustrate
your answer by sketches.

1890.—How is air vitiated in the process of respiration? How
many people may be allowed to sleep in a room twelve feet long, eight
feet broad, and ten feet high?

1891 and 1892,—What is understood by natural ventilation? Give
illustrations of its mode of working.

1894.—What are the best means of ventilating a room without
causing draughts? TIllustrate your answer by a sketch.

1896 and 1897.—What are the causes of natural wventilation?
Describe any method of ventilating a room with which you are
acquainted, and illustrate your answer by a sketch.

1898.—What is meant by the diffusion of gases? How does it affect
the question of ventilation?

1899.—How much fresh air per hour is required for a man doing
ordinary work 7 Describe a good method of introducing the necessary
fresh air into a work-room.

1899.—Describe a system of ventilating an ordinary sitting room,
and explain how the change of air is effected. A room of 1,000 cubic
feet is occupied by one person ; how often should the air be changed
each hour ¢

Questions on Chapter V.

1885.— Why is common salt a necessary food? Whence is it obtained ?
What important mineral salts are contained in foods?

1887.—Classify the food substances which do not contain nitrogen.

1890.—What are the uses of fat in a diet, and in what common
foods is it contained ?

1891.—What are the uses of albumins in a diet? In what common
foods is albumin contained ?

1892.—What are the carbohydrates? Describe briefly their uses.

1893 and 1895.—What is the general use of food substances?
State how they are classified.

1894.— What are proteid food substances? What is their essential
element? Describe briefly their uses.

1897.—Give a classification of food substances, with examples, and
explain their respective uses.

1898.—What is the usual classification of food substances? Why is
meat so largely used as an article of food ?

1899.—Into what classes are food stuffs divisible, and what are
their functions?
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Questions on Chapter VI,

1891.—Describe the small intestine, and the digestive changes
which food undergoes in it. [See chapter VI, nlsc:-EOd

1892.—Describe the position of the hvar in the What are
its functions ?

1894.—Explain the structure of a tooth. Into what classes are teeth
divided ? Hnw do the teeth of a child six years of age differ from
those of an adult?

1894 and 1896.—Where and how is the saliva formed? What is
its composition and uses?

1895. —Describe the structure of a tooth. How do the different
parts differ from each other?

1895.—What is the form, general structure and position of the

ancreas? What are its uses ?

1896.—Give a description of the pancreas (with sketch), and explain
its function.

1897.—Give a short account of the teeth, more particularly with
reference to their situation, number, names and structure.

1898.—What is the composition and action of the gastric juice?
Where is it secreted ?

1898.—Describe briefly the general structure of the liver. What
are its functions ?

1898.—Describe the structure of a tooth. Why are teeth necessary
for the process of digestion ?

Questions on Chapter VII.

1887.—Classify the food substances which do not contain nitrogen.
How are they disposed of in the system ?

1888.—What are the most important food substances containing
nitrogen, and how are they disposed of in the system ?

1889,—What are the carbohydrates? How are they disposed of in
the system f What are the chief foods containing them ?

1892.—Mention the changes which the food undergoes in the
stomach.

1894.—What are fats, and what changes do they undergo (a) in the
mouth, () in the stomach, and (¢) in the intestine ?

1894.—What is the large intestine, and where is it placed? State
where it begins and ends, and what changes the food undergoes in it.

1895,—Where does the emall intestine lie, where and how does if
begin, and where and how does it end? What is the general structure
of its walls? What changes does the food undergo in the small
intestine P

1896.—Describe the structure of the stomach, and the process of
digestion in it.

1898.— What are the functions of the large intestine !

1899.—What changes take place in i.ha food during its passage
through the small intestines ?
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Questions on Chapter VIIL

1886.—Comipare the flesh of fish with butcher’s meat as food.
Mention some important differences in the flesh of various kinds of
fish.

1891.—How does human milk differ in its composition from cow’s
milk? Why is milk the best food for infants ?

1894.—Which is the most nufritious, rice or pea-flour? Upon
what do their relative qualities depend ?

1895.—What is the usual classification of food substances? Why is
milk so largely used, and so desirable an article of food ?

1896.—What is arrowroot? Explain its value as an article of food.

1898.— What are the characteristics of good meat? Explain how to
make a good meat stew. [See chapter IX. also.]

1898.—Why is milk a good food for young children? What is the
average composition of cow’s milk ?

1899.—What is lime juice? Explain its uses.

Questions on Chapter IX.

1888.—What are the advantages of cooking by gas? What con-
ditions should a gas-cooking oven fulfil ?

1890.—How should good meat broth be made? What food substances
does it contain ?

1891.—How would you make bread from wheat flour?

1893.—What is the essential object of cooking processes? Explain
the changes which meat and bread respectively undergo when baked.

1894, —How is meat changed by the processes of roasting and
boiling? What precautions are essential for the proper cooking of
meat by each of these methods? .

1895.—How is meat changed by the process of roasting? What
rules would you observe in roasting a joint?

1896.—Explain the changes which meat undergoes in cooking,
indicate the essential differences between the processes of boiling and
stewing.

1897.—How should beef tea be made? What food substances does it
contain, and what value has it as a dietetic?

1899.—Explain the differences between boiling, roasting, and
stewing meat.

Questions on Chapter X,

1886.—What are the physiological effects of alcohol and alcoholic
drinks used in moderation and in excess ?

1887.—Compare and contrast tea and cocoa as beverages.

1888.—What is meant by fermented drinks? State the value of
alcohol as a food substance.

1889.— What are the most important substances contained in the
tea-leaf? How should good tea be prepared? What is its action on
the system ?
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1893.—State what you ]mnw concerning the composition of, and the
effects of drinking (a) tea, (&) coffee, (¢) beer.

1894.—State what you know concerning the composition and the
effects of drinking () tea, (b) cocoa, (¢) brandy.

1895.— What do you know concerning the composition and effects
of fermented drinks ?

1897.—Compare and contrast tea, coffee, and cocoa as beverages.

1898.—What is cocoa? Explain its value as an article of food.

1899.—Describe the method of preparing coffee and cocoan as
beverages, and explain the chief dié,erﬁncaa in their effects on the
system. What is the composition of tea?

Questions on Chapter XI.

1894.—What is the spleen? Where is it sitnated? Describe its
structure and functions.

1898.— Where is the bladder situated ? Describe briefly its structure
and functions.

1899.—Describe the structure and functions of the kidney.

Questions on Chapter XII.

1884, —What is the importance of cleansing the skin? What are
the results of want of cleanliness?

1889.—What is soap? Of what use is it in cleansing the skin ¥

1892.— Why is cleanliness of the skin essential to the health ?

1893. —Explain the structure of the skin. How do its parts differ
from each other, and what are the chief uses of each

1896. —What animal parasites may be found on the surface of the
human body, and how may they be got rid of ?

1898.—Why is daily cleansing of the skin necessary ? Explain the
action of soap in effecting this.

Questions on Chapter XIII,

1885.—Explain the importance of  bodily exercise; why is rest
necessary P

1886 and 1890.—Why is sleep necessary ? Do children or adults
require more sleep, and why ?

1886. - What food substances specially aid the action of the
intestines? What is the importance of regular action ?

1889.—In what various ways may the action of the bowels be
promoted ? \What is the importance of this?

1893, ete.—Why is exercise essential to health? What is the
effect of it upon the heart, respiration, skin, muscles, nervous system,
and digestive apparatus ?

1899, —What 1s the effect of exercise on the skin?

1899.—Why are proper exercise and rest so necessary? What are
the chief physiological effects of exercise ?

F. 8T. HYG. 14
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Questions on Chapter XIV.

1887.—A¢t what periods in life is warm clothing most necessary,
and why ?

1888.—Describe the appearance of wool, cotton, and silk fibre, and
ptate the advantage of each as a material for clothing.

1890.—Contrast wool and cotton as materials for underclothing.

1891.—What are the best materials for clothing in hot countries,
and why ?

1892.—What are the advantages of woollen clothing? Explain its
action in preventing chill.

1895.— What materials are used for clothing? Mention the advan-
tages and disadvantages of each.

1897.—Why do children need to be well clothed? Explain the
important points to be borne in mind in constructing clothing
generally.

1898.— What are the comparative advantages of cotton, linen, and
wool for underclothing ?

1899.—Explain the advantages of woollen underclothing.

1899.—Explain why warm clothing is so necessary in the case of
young children. Compare the advantages of wool and linen as a
material for underclothing.

Questions on Chapter XV,

1885.—A person has swallowed oil of vitriol; what would you
do?

1886.—A person has been run over by a cab, his arm is apparently
broken and 1s bleeding fast, what would you do?

1888.—How would you detect and arrest bleeding from an artery ?

1889.—Describe Sylvester’s method of inducing artificial res-
piration.

1890 and 1897.— What assistance should you give to a person whose
clothes have caught fire?

1891.— What assistance would you render to a child who has been
badly bitten by a dog ?

1892 and 1899.—What treatment would you adopt to resuscitate a
person apparently drowned P

1894.—What accidents are likely to happen to a person in an
epile?ptin fit? What would you do for a person suddenly attacked by
a fit

1895.—In the case of a wound, how would you determine that the
bleeding was from an artery and not from a vein? What treatment
would you adopt in either case ?

1895.—What would you do for a person who has swallowed carbolic
acid by mistake?

1895, ete.—How would you treat a bad burn or scald ?
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1896.—A person has been run over by a cart, his leg is apparently
broken and bleeding fast ; what would you do?

1898.—What measures would you m{opt in the case of a bite on
the finger from a rabid dog? Give reasons for your treatment.

1828. — What ¢ first aid ’’ could you give to a man suffering from a
ruptured vein in the leg ¢ |

1899.—What first aid treatment would you adopt in the case of a
person in an epileptic fit? Describe the symptoms which would enable
you to recognise this disease.

Questions on Chapter XVI,

1887, etc.—How are the breezes at the seaside produced? What
effect have they upon the health of seaside places?

1888.—How does height above the sea affect the climate of a

lace P

X 1889.— Why does the gronnd under houses require to be drained P
\What is meant by a damp-proof course ?

1891.—What is the importance of houses being situated on a dry
soil ? How can a damp site be rendered dry P

1892.—How does damp soil affect health? What are considere)
to be healthy and what unhealthy soils ?

1893.—What do you understand by the term ‘‘ ground water ™" ¥
\What bearing has it upon the healthiness of a locality ?

1893. —State what you think would be the influence upon health,
and why, if a town be built upon gravel, or on clay, or on chalk.

1894.—What are the causes of dampness in houses ? How may it
be prevented ?

1894, —What are the essentials of a good site for a house? What
are the chief causes of dampness in a house?

1895.— What is the best site for a house, and how is it likely to be
influenced by surrounding objects ?

1895.—What conditions generally give rise to the entrance of coel

into houses? What would you do if an escape of gas were
etected P

1895.—Which of the following soils is the most healthy to live
upon :—gravel, clay, sand, chalk? Give your reasons.

1896. —What influence has distance from the sea upon the climate,
air, and water supply of a place ?

1898.—What precautions should be taken to secure a healthy site
for a dwelling house to be erected upon (a) the side of a clay hill,
(&) fen land, (¢) a sandy soil containing springs ?

1899.—What do you understand by (a) healthy, and (&) unhealthy
soils ?

1899.— What effects have soil and configuration of ground on
health? What diseases are favoured by a damp condition of the soil P
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Questions on Chapter XVII.

1887. —What kinds of wells are there? What are the characters
of the water yielded by them ?

1888.—How is the water of shallow wells liable to pollution?
What diseases have been produced by the use of such waters ?

1889.—What are the characteristics of good drinking water?
From what sources is such water obtained ?

1889.—How may water stored in cisterns become impure ?

1891.—How may the water of rivers and streams become polluted ?
In what way can such water be purified ?

1892.—Give the characters of () rain water, () water from a
spring in the chalk, (¢) water from a shallow well.

1892 and 1895.—What are the dangers of storing water in house
cisterns, and how may they be obviated ?

1893.—What are the general or usual sources of pollution of drink-
ing water 7 What are the best sources of supply?

1894,—What is meant by hard and soft waters 7 What advantage
has the one over the other for domestic purposes?

1894.—What are the objections to the use of shallow wells, and
what are the diseases generally to be attributed to impure water?

1894. How is drinking water likely to be contaminated (a) in wells,
and (b) in cisterns ?

1894.—What are the best means of purifying water? Describe
any filter with which you are acquainted.

1895, etc.—What are the characteristics of rain water, and what
are the dangers attending its use ?

1886.—What are the precautions necessary to secure a pure supply
of drinking water from a well? What diseases are believed to be
propagated by water?

1896.—Deseribe three efficient methods of purifying water and
explain the action in each case,

1897.—Enumerate some sources of water supply, and point out the
objections or advantages of each.

1898.—What dangers may be incurred by storing drinking water in
cisterns 7 Of what material should cisterns be made, where should
they be placed, and how often cleansed ?

1808.—What are the chief ways in which drinking water may
become contaminated with lead? How can this be obviated ?

1898.—What are the chief characteristics of (1) rain water, (2)
river water, and (3) chalk water? What are their relative advantages
for domestic water supply ?

1899.— What are the characteristics of rain water? How should it
be collected and stored for use?

1899.—Under what conditions is the water in a shallow well liable
to pollution ?

1899.—How should a well be constructed so as to avoid pollution
from the surface of the ground surrounding it?
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Questions on Chapter XVIII,

1886.—Describe some stoves with arrangements for the admission
of warmed fresh air into rooms ; give a sketch of one of them.

1889.—Deseribe in detail a grate or stove provided with an arrange-
ment for the introduction of warm fresh air.

1892.—Explain the principle of construction of an ordinary fire-
place, and state its advantages and disadvantages.

1895.—0n what principles should fireplaces be constructed? Ex-
plain their advantages and disadvantages as a means of heating rooms
as compared with hot-water pipes.

1896.—What are the objections to stoves as means of heating
dwelling-rooms ? Describe any two forms with which you may be
familiar, and point out their respective advantages and disadvantages.

1898.—Describe a method of warming a building by means of
low pressure hot-water pipes.

) li?gisﬁ*mmt the advantages and disadvantages of heating a
uilding :

a) By hot-water pipes.

b% By closed coke stoves.

¢) By open fireplaces.

1899,— What are the respective advantages, disadvantages, and
dangers (if any) attendant upon the use, for warming rooms, of (a)
open fires, (§) slow combustion, (¢) closed coke stoves, (d) gas stoves,
and (e) hot-water pipes?

1900.—What are the advantages and disadvantages of stoves? De-
scribe a good form of ventilating stove.

Questions on Chapter XIX.

1884.—Describe the construction of a “‘ pan’’ water-closet, and of a
“D’ trap, giving sketches. Are they good or bad forms of sanitary
apparatus? Give your reasons.

1886.—Sketch and describe a good form of hopper water-closet,
How should it be supplied with water?

1890.—Describe, with sketches, some simple forms of water-closet
basins and traps, stating which you prefer and why. %

1892.—What means would you adopt to prevent the entrance o
sewer-gas into a house?

1892.—Describe the method of dealing with excreta by means of
dry earth, and state the action of the earth upon the excreta. What
points are essential to its success?

1893.—Describe and illustrate by means of a diagram a good and
bad form of water-closet. IExplain its proper connection with any
system of drainage.

1895.—Describe the construction of a good and a bad water-closet,
illustrating your answer by a sketch. State their respective advantages
and disadvantages.

1895.—How should a cesspool be constructed ? Describe under what
circumstances it should be used, and the arrangement you would make
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for its connection with the house. If possible, illustrate your answer
by a sketch.

1896.—What forms of water-closet are most suitable for labourers’
dwellings and for factories? Under what conditions may they be
expected to work satisfactorily ?

1897.—Describe briefly the essential points to be observed in the
construction and arrangement of water-closets for a house.

1898.—Sketch (and explain your diagram) a good form of water-
closet with its fittings and connections. What.ghould be the diameter
of the supply pipe and of the soil-pipe, and what amount of water
should be supplied for each flush of the closet ?

1898.—What are the comparative advantages of the “*dry’’ and
‘“ wet ’’ methods of sewage disposal? Describe in detail one system of

removal.
1899.—Give sketches of some of the principal water-closets in

common use. Mention their advantages and disadvantages.
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APPENDIX

A. THE SPINAL CORD, AND REFLEX ACTION.

IN the preceding chapters the general structure of the
body and the conditions essential for health have been
explained. In turn, the following have been considered :—

(@) The Skeleton or bony framework which supports
the body;

(b) The Muscular System or bands of flesh, which being
attached to the bones, enable the various move-
ments of the body to be performed, through
their properties of contractility and elasticity ;

(¢) The Digestive System which prepares the food to
enter into the blood and to become incorporated
with the tissues of the body ;

(d) The Respwatory System which supplies the body
with oxygen ;

(¢) The Circulatory System which carries the digested
food-stuffs and oxygen to every part of the body,
and removes the waste tissue ; and

() The Lweratory System which throws off from the
body the waste products, and undigested
material.

The various organs and the conditions necessary to
enable them to perform their functions satisfactorily have
been deseribed, and we now come to the various structures
or tissues which take part in the co-ordinating or guiding
and controlling of the mechanism of the body—the nervous
system.

The Nervous System.

The brain is the most important of the organs which
guide and control the body ; it is connected by branches or

nerves with every part of the body.
224
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The spinal cord is the most important branch of nervous
matter, and passes from the brain down the spinal column,
giving off smaller branches or nerves along its course, which
in turn divide and sub-divide continuously until almost
every tissue of the body has some small fibres of nerve
within it. The brain and spinal cord form what is called
the central nervous system.

The most important property of nervous matter is that
of wrritability, or responsivity. It reacts on being stimu-
lated. If the hand is pricked, we snatch the hand away ;
if the sole of the foot is tickled with a feather, we draw up
the foot. These responsive movements are due to the
nervous material being affected.

In many cases this removal of a stimulated part is per-
formed voluntarily, with full consciousness, but in many
other cases the action may be performed unconsciously,
without the brain being called into play.

The whole nervous system consists of small nerve-cells
and their branches—the largest and longest of the latter
forming nervefibres—bound together by connective tissue.

Nerve-fibres are really complex structures, consisting of
an awxis-cylinder (which is part of a nerve-cell) and a
connective tissue covering.

Functions of Nerve-fibres.

Nerve-fibres are often compared to telegraph-wires, the
nerve-cells answering to the telegraphic instruments in an
office. The comparison is a useful means of realising the
working of the nervous system, but it cannot be carried
into detail. For one thing, a nerve-fibre can only convey a
message in one direction—usually, but not always, from
the nerve-cell to its outward termination. Nerve-fibres can
be classed on this ground as afferent (conveying messages
towards the central nervous system), efferent (conveying
them away from it) and intra-central (conveying them from
one part of the central system to another). Afferent and
efferent fibres as they extend beyond the central system
are bound together by connective tissue into bundles, and
these into larger bundles or nerves. A nerve may consist
antirely of afferent fibres, when it is said to be afferent or

F. ST. HYG. 15
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sensory ; if entirely of efferent fibres, it is efferent. Most
nerves contain both kinds and are called mized.

Afferent fibres terminate in sense-organs—that is, in
organs which are affected by external influences such as
light, change of temperature, sound-waves, contact of
external bodies, pressure, etc.; and the afferent fibres
convey impulses set up by these external agents to the
central nervous system. Efferent fibres, on the other
hand, end in connection with muscle-fibres, gland-cells, and
other cells which do work of any kind, and convey the
impulses from the central nervous system, which cause
them to contract, secrete, ete., or, in the case of the
unstriped musele fibres of the involuntary muscles, impulses
that tend to inecrease or to decrease their rhythmical con-
traction. Efferent fibres and efferent nerves are often
called “motor,” but this is a misleading term. Efferent
fibres are (1) motor, when distributed to striped or
voluntary muscles, (2) accelerator, or (3) inhibitor, when
distributed to unstriped, or involuntary muscles, (4)
secretory, when distributed to glands, Even this does not
quite exhaust the varieties of efferent nerve fibres, but it
covers most of them.

Nerve-impulses.

A muscle-fibre or gland-cell may be compared to the
charge of explosive in a loaded gun ; it contains a store of
energy and is capable of doing a definite piece of work, but
in order to start it to work, some relatively small amount
of work—the pulling of the trigger—must first be done
upon it by an external agent. So a muscle (or, at least, a
striped muscle) will not work until it receives a stimulus
from without. Effective stimuli of various kinds can be
artificially applied to muscles,—a sharp blow on the bare
muscle, a drop of acid, or an electric discharge. But under
normal circumstances the stimulus is always an impulse
sent from some nervecell along its axis-cylinder, which
ends in a fine ramification over the surface of the muscle-
fibre.

What the nature of this propagation of a stimulus may
be we do not know. It may perhaps be comparable to the
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firing of a train of gunpowder, if we could imagine only
a small portion of the gunpowder to be burnt when the
train was fired, so that the same train could be fired again
and again.

The axis-cylinder of one nerve-cell may end in a ramifica-
tion which is entangled, as it were, with the branchlets of
another nerve-cell, and in this way a stimulus may be sent
from the one cell to make the other send a stimulus to a
muscle-fibre. In the long run the ultimate source of such
stimuli is to be found in the sensory nerve-fibres. Light
falls on the eye, the air or other external bodies press on
the skin or alter its temperature, sound-waves beat on the
ear, and so forth, and by these various external agents
impulses are started along sensory nerves, whose fibres
end within the central nervous system by ramifying
among the smallest branches of efferent nerve-cells. And
thus motor impulses may be started as a direct or indirect
result of a sensory impulse,

Fig. 115.—Di1AarAaNM oF REFLEX ACTION,

Reflex Action.

A diagram of the simplest case imaginable is shown in
fig. 115. Here external impulses directly affect the
branchlets of a nerve-cell, A. As a consequence, this cell
discharges an impulse along its axis-cylinder, which ends
in a ramification among the smallest branches of a nerve-
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cell, B, in the central nervous system. Through these the
impulse is transmitted to the cell B itself, which in con-
sequence sends an impulse along its axis-cylinder, which
ends by ramifying over the surface of a muscle-fibre, C,
which is thus stimulated to contract. Since in this simple
case the impulse sent into the central nervous system 1is,
in a sense, sent back or reflected at once, we call the whole
process a reflex action. In one way this term suggests too
great simplicity : the motor impulse is not simply the
sensory impulse reflected, as a ray of light is reflected from
a mirror; for at B, no less than at C and at A, we have
a store of energy that is unlocked by the impulse that
arrives, and the result is in each case disproportionate to
the exciting cause. We can find a better analogy by
imagining a rifleman (A) to discharge a bullet at a
machine (B) which is thereby set in motion and fires a
cannon (C).

In actual life no such simple reflex actions as we have
been describing oceur. For no external agent can have its
effect confined to one nerve-fibre; nor does one fibre end
in a ramification about one nerve-cell alone—it divides and
influences many nerve-cells ; while finally each nerve-cell
in the central nervous system is surrounded by the ramifica-
tions of a number of nerve-fibres. Nevertheless, if we
substitute groups of nerve-cells, nervefibres, and muscle-
fibres for the solitary ones in our diagram, we shall
approximate to a notion of the simplest cases of reflex
action in the body.

In such cases there is no intentional action, and there
may even be no consciousness of action. Thus, if we go
from the light into darkness, the pupil of our eye dilates
without any knowledge or power of interference on our own
part. Similarly, a sudden loud noise while I am writing
will cause the muscles of my arm and hand to jerk my pen
forward violently, quite against my will. Again, the sight
of a body suddenly advancing towards the eye always causes
the eyelids to blink. All these are reflex actions, effected in
the way explained ; they take place almost instantaneously,
and before the brain has time to act or perhaps even to
realise what is happening.
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Voluntary actions.

Voluntary actions on the other hand are controlled
by the will acting through the brain; but even these
actions are usually the result of impulses transmitted to
the brain through the spinal cord by the nerves. If a
person is standing resting his hand on a table and a
mischievous boy pricks it with a pin, an impulse is trans-
mitted along the nerves through the spinal cord to the
brain, the man becomes conscious (in some inexplicable
way) of pain, and efferent impulses may be instantaneously
transmitted to various parts, e. g. to the muscles of the arm,
causing the hand to be snatched away,* and to the muscles
of the neck, causing the head to turn round to see what
caused the sensation.

In the latter case afferent impulses would be transmitted
from the eye along the optic nerve, and the man would be-
come conscious of the presence of the boy and the pin, and
motor impulses would probably pass from the brain-cells to
the muscles of the larynx, tongue, and mouth, and he would
speak, questioning as to why it was done or warning the
boy not to repeat the action, or motor impulses might pass
to the muscles of the arm, causing it to strike at the boy ;
if the boy ran, afferent 1mpu]aes by means of the eye along
the optic nerve would enable the man to become conscious
of this and impulses might pass to the muscles of the leg,
and the man might run after the boy.

Thus the object of the nervous system is to enable us to
recognise when we are affected by external objects and to
respond or act in such a way as will tend to preserve the
body from injury. Reflex actions are not controlled by the
will, and are produced by the spinal cord or by the medulla
oblongata (the lowest portion of the brain). Voluntary
actions are controlled by the will, and are produced by the
action of the brain itself,

Many voluntary actions can, however, be performed
almost unconsciously, e. g. walking. In this case there is
a conscious effort of the will to start, stop, or alter the
action,

* This action will probably be performed as a reflex action before
the brain has time to act.
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Evidence of the Reflex Action of the Spinal Cord.

The chiet evidence may be grouped into two parts :—

(@) Evidence as to the effect of an external stimulus
on the body of an animal whose brain has been
removed ;

(/) Evidence as to the effect of an external stimulus
on the body of a man, when by injury or disease
the spinal cord is divided.

(@) 1f the brain of a frog is destroyed, the animal
remains motionless for a short time, and does not respond
to stimuli, owing to the shock to the system caused by the
operation. In a short time, however, it recovers and moves
to some extent like a frog living and conscious, with the
exception, however, that it only moves in response to some
stimulus.

(1) If placed on a slanting board, it will erawl up ;

(2) If placed in water, it will swim, moving its legsin
response to the touch of the water ;

(3) If a drop of acid is placed on its skin, it moves
its limbs in an endeavour, as it were, to remove
the irritating stimulus ;

(4) If it is laid on its back and a piece of blotting-
paper moistened with acid is placed on its skin,
it generally succeeds in kicking it off.

(5) If the tail of a headless eel is touched lightly, the
tail moves towards the stimulus ;

(6) If the tail is roughly stimulated, it moves away
from the stimulus.

The above movements taking place in the absence of the
brain, show that the spinal cord serves as a reflex centre.

(b) In the case of a man, where injury or disease has
divided the spinal cord, so that communication with the
brain is not possible :—

(1) If the feet are tickled, the legs are sharply drawn
up ;
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(2) The restraining action of the brain being with-
drawn, the reflex excitability of the nervous
structures is increased, and the responsive
movements are more violent ;

(3) In the disease known as lateral sclerosis where,
owing to degenerative changes, the path from
the brain to the nerve-cells of the cord is dis-
continuous there is a great increase of responsi-
vity, slight stimuli such as a movement of the
bed-clothes causing convulsive movements of
the legs.

Nore.—The &wsitinna of certain reflex centres at various points in
the cord are definitely known ; thus, it is possible in cases of disease
of the nervous system, to determine the part affected, by finding to
what kind of stimuli the patient fails to respond.

We have already said that the central nervous system comsists of
the brain and spinal cord : it is well to insist at this stage that these
are really one and not two. The brain is simply a highly specialised
portion of the spinal cord.

The Spinal Cord.

The general structure of the spinal cord and its related
nerves will be best understood from the diagrammatic
transverse section of it (fig. 116). The exact outline
of such a section varies with the region of the cord,
but in all cases it is approximately elliptical, and is nearly
cleft in two by the dorsal and ventral fissures (occupied by
connective tissue). Two kinds of tissue are seen—the grey
matter, H-shaped in section, with the central canal in the
middle of the cross-bar, and the white matter around this,
The former consists chiefly of nerve-cells and fibres, the .
latter of fibres only running longitudinally.

The spinal cord gives off a paired series of spinal nerves.
These nerves are numbered according to the vertebra
in front of them—thus the nerve-pair between the third and
fourth lumbar vertebrz is called the third lumbar pair of
nerves. An exception is made for the cervical region,
because the first spinal nerve emerges between the skull
and the atlas; thus there are eight pairs of cervical
nerves.
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Dorsal and Ventral Nerve-roots.

Each nerve arises by two roots—a dorsal and a ventral
root (often called posterior and anterior). The dorsal
root consists entirely of afferent fibres, and is hence also
called the sensory root; while the ventral contains only
efferent fibres, and is called the motor root. These roots
soon unite, and the combination immediately splits up
into three branches, all of which probably contain fibres of

COREA L
a8, AN
#rSELRE DORI4s CANG,

Fig. 116.—D1aoraM oF THE SpINAL Corp, DORSAL AND VENTRAL
NERVE-ROOTS, AND THE GANGLIA.

(The thick black lines represent nerve-fibres.)

both kinds: these branches are a small dorsal branch to
the region of the back, a large wentral branch to the main
region of the body-wall (so much larger than the other
two that it is commonly called the spmal nerve), and
a visceral branch, or “ramus communicans.’

There is 1nother difference between the two nerve-roots
besides the difference in the direction in which they convey
impulses. On the dorsal root there is a swelling called
a ganglion ; these spinal ganglia on the dorsal roots
form an important distinction from the ventral roots.
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B.—THE BRAIN.

The brain is the organ of mind and the most important
part of the cerebro-spinal nervous system. It is contained
within the skull-box or cranium, and special means are
taken to protect it from injury and shocks. Like the spinal
cord, it is covered with three membranes, and it is sur-
rounded by a water-bed. The weight of the brain averages
about 50 ounces in the adult.

The following are the chief means by which the brain is

protected :—

(1) The general shape of the cranium. This is rounded
on the tops and sides, and all corners and angles are con-
spicuous by their absence. The force of a blow directed
upon the skull is thus scattered and transmitted to its
base.

(2) The structure of the bones forming the vault of the
skull. These, it will be remembered, consist of two layers
or tables. If the outer one be fractured by external
violence the inner may escape.

(3) The presence of the membranes. The outermost
membrane, the dura mater, is very strong and tough, and
it also sends processes inwards which, being attached to
bony projections in the interior of the base of the skull,
afford support to different parts of the brain-substance.

(4) The water-bed which surrounds the brain as well as
the spinal cord.

(5) The curves of the spinal column and the structure of
the column itself. The presence of the separate vertebrae
with their intervertebral discs, and the fact that the spinal
column is not a stiff vertical rod, show that the brain is
protected from shocks and jars while running, jumping,
ete.

Structure of the Brain.

The brain is divided into four chief parts, (a) the cere-
brum, (&) the pons, (¢) the medulla, and (d) the cerebellum.
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(a) The cerebrum constitites the greater portion of the
whole brain, forming the whole of the top and the major part
of the sides of the organ. When the skull is first opened,
this is the only part of the brain that is visible. 1t is
made up of two equal halves, called the cerebral hemi-
spheres, which are separated from one another by a deep
cleft running in the middle line, backwards from the front,
called the great longitudinal fissure, into which a sickle-
shaped process of the dura mater dips. At the bottom
of the fissure is a flattened sheet of nervous tissue,
the corpus callosum, which unites the two halves of the
cerebrum.

F ROLANDO
FISSURE O —_ LEFT CEREBRAL HEMISPHERE

S (SIDE VIEW)
->—PARIETAL LOBE

4 OCCIPITAL LOBE

TEMPORAL LOBE S CEREBELLUM

MEDULLA

The outer aspect of the cerebral hemispheres is convex as
a whole, but their surface is everywhere thrown into
numerous folds or convolutions, separated from each other
by small, irregular clefts or fissures. Some of these fissures
pursue very definite directions and they give off numerous
small branches.

Each cerebral hemisphere is divided into four main
lobes—the frontal, situated in the front, the parietal in the
middle, and the oceipital behind. All these occupy the
upper surface mainly. The fourth lobe is found at the side,
the temporal lobe. It will be observed that the names of
the lobes correspond with those of the bones forming that
part of the skull under which they are situated. Thus the



PIRST STAGE HYGIENE. 235

Fig. 118.—Tue Homax Braw.

The upper one represents the view from the top; the lower from the left side.

A is placed in the great longitudinal fissure which separates B and €, the two
<erebral hemispheres.

D, the cerebellum, E, frontal lobe. F, parietal lobe,
&, occipital lobe. H, temporal lobe, I, cerebellum.
K, medulla, oblongata, passing into the spinal cord.
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parietal lobe of the cerebrum lies under the parietal bone
of the skull, and so on.

The outer part of the whole of the cerebrum is composed
of grey matter, which forms a sort of corlac or rind, as it
were, to the white matter within.* 1In it are contained the
chief nerve-cells of the brain. A little behind the centre
of the inner border of a cerebral hemisphere a large cleft
begins, which runs downwards and forwards, dividing the
parietal from the occipital lobe of the brain. This is the
fissure of Rolando (Fig. 117). It is important because
the two convolutions immediately in front and behind this
fissure constitute what is known as the motor cortex. DBy
this term is meant that in this particular region of the
brain there are placed groups of mnerve-cells which govern
all the muscular movements of the body.

On looking at the brain from the side, a notch will be
observed underneath the frontal lobe. From this notch
another large and important cleft extends backwards,
giving off a short upright branch. This is the fissure of
Sylvius, which separates the frontal lobe above from the
temporal lobe beneath. The cortex in the neighbourhood
of the junction of the vertical limb of this fissure with the
main portion contains, on the left side of the brain, the
cells which preside over the mechanism of speech. This
special group of nerve-cells is known as the “speech-centre.”
Destruction of the third left frontal convolution by disease
or injury causes aphasia, or loss of speech.

It the cortex of the cerebrum be sliced off horizontally,
the white matter of the interior will be seen. This consists
mainly of nerve-fibres. In addition to these two varieties
of nervous tissue found in both brain and spinal cord,
there is a special form of delicate connective-tissue called
neuroglia, which supports nerve-cells. Deep down in the
centre of the hemisphere there is a series of ganglionic
masses of grey matter. The two hemispheres are con-
nected, as already stated, by a transverse sheet of white
matter,

* It should be carefully noted that the relative position of the

white and grey matter in the brain is just the reverse of that which
obtains in the spinal cord.
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(b) The Pons.—The nerve-fibres from all the cells of the
cortex are gradually collected together to form two stalks,
which meet one another on the under surface or base of
the brain, to join the pons. This is a prominent piece of

GREY MATTER OF CEREBRAL CORTEX
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Fig. 119.

the brain placed on its undler surface in the middle line,
resting on the body of the sphenoid bome. It narrows
somewhat behind, where it merges into
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(¢) The Medulla Oblongata or Bulb.—The under and
front surface of this most important part of the brain rests
upon part of the occipital bone, and it is continued on



238 FIRST STAGE HYGIENE,

below into the spinal cord. The anterior fissure of the
spinal cord runs up as far as the top of the medulla, and
on either side of it at this point there are two elongated
prominences of white matter, the pyramids.

The motor nerve-fibres travelling downwards from the
cerebral cortex, through the pons and front of the medulla,
cross over at the lower end of these pyramids. What
really happens here is that the motor nerve-fibres from the
left side of the brain cross over to the right side of the spinal
cord, and wice-versd. This crossing over of the motor tract
explains the fact that each side of the brain governs the
opposite side of the body, so that injury or disease of the
left motor cortex or area will cause paralysis of the right
side of the body, and vice versd.

In the substance of the medulla itself are placed cer ta,in
important groups of nerve-cells which are the “centres”
for controlling the great vital processes of the body, such
as the circulation of the blood and respiration.

(d) Below the occipital lobes of the cerebrum and on the
back of the pons and medulla is placed the cerebellum or
hind-brain, composed of two small lobes. The convolutions
of the cerebellum are very narrow and they run, for the
most part, parallel to each other in a horizontal direction.

The under surface or base of the brain is more irregular
than the upper surface and from it on both sides are given
off as branches the twelve pairs of cranial nerves (Fig. 120).

Functions of the Brain,

The ]n.qhm centres of the mind and intellect are con-
tained in the frontal lobes of the cerebrum. If these be
destroyed or are deficient the sense of the individual is
impaired or lost.

The function of the cerebral cortex as a whole is well
seen by the effects of its removal in a small animal, such
as the frog. The creature stays where it is put for a long
period of time, appearing to see nothing. It will not eat,
unless food be placed within its mouth. Tt will hop if the
legs be pinched, but consciousness and volition are both
destroyed. It is capable, however, of performing certain
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reflex actions, but it cannot start any act or process by
itself. In the higher animals memory and judgment are
gone after destruction of the cortex, and they become just
like automata. We have already seen the part played by
the motor area of the cortex in governing and controlling
muscular movements throughout the body.

The occipital region of the cortex is supposed to be con-
cerned in the mechanism of vision, and a part of the
temporal lobe with that of hearing.

Destruction of the medulla oblongata is instantly fatal,
because of the vital centres it contains.

The cerebellum presides over the mechanism of balance
or equilibrium, acting in this respect in conjunction with
the semicircular canals. Tt also regulates, to some extent,
the movements of the different muscle-groups throughout
the body, particularly those of the lower limbs. Disease
of the cerebellum very often causes a peculiar, staggering
gait.,

C.—THE EAR.

The study of the laws which govern the production and
the transmission of sound is known as acoustics. The
various sounds and noises in the world around us are
“ heard,” as we call it, because their vibrations, or beats,
cause disturbances (called sound-waves) in the air and
these produce a sensation in the organ of hearing. This
sensation is transmitted by a special nerve to the sensitive
brain-cells. Strictly speaking, then, it is the brain which
hears, not the ear. The auditory organs, as the ears are
termed, only receive and conduct the sound waves to the
perceptive portion of the brain. Unless the delicate nerve-
cells in the brain are active and in good working order, the
most perfectly formed ear is useless, so far as hearing 1s
concerned.

The Organ of Hearing.

This is divided into three parts, (1) the external, (2) the
middle, and (3) the internal ear. These together make up
the receptive part.
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The auditory nerve (the eighth cranial nerve) forms the
conducting part, while the perceptive portion is found in
certain nerve-cells in the brain.

The external ear is made of cartilage covered with skin.
It is not of any great use in man, but in animals the
external ear plays the part of a natural ear-trumpet,
collecting the waves of sound and intensifying them. The
horse can literally ¢ prick up its ears ”’ at a sound, and the
quality of a good terrier is often judged by the sharpness
with which it adjusts the shape and direction of its ears
in response to different noises. A very few individuals
can move their ears slightly, but man has lost the power
of altering their positions at will. Some small, rudimen-
tary muscles are still present, but they cannot be said to
have any practical utility.

CHAIN OF OSSICLES
MIDDLE EAR

SEMICIRCULAR CANALS

AURICLE

_AUDITORY NERVE
EXTERNAL =
AUDITORY

DRUM- EyUSTACHIAN TUBE
MEMBRANE

TEMPORAL BONE
(CUT THROUGH)

Fig. 121.

The use of the external ear is to collect, in a slight
degree, sound-waves. People who are hard of hearin
sometimes assist this action by placing the hollow of the
hand behind the ear in a forward direction. The ear
trumpet, as commonly used, is only a kind of magnified
external ear, so arranged that it can collect more sound-
waves than the natural auricle.

The external auditory canal is the short passage, about
an inch long, leading from the auricle to the middle ear
(Fig. 121). Tt runs inwards as a whole, first a litile
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upwards and backwards and then downwards and forwards.
Its outer third is made of cartilage, while the inner two-
thirds is bony. The lining of the canal is formed of skin
which is continued inwards from the external ear. In this
lining-membrane, which gets thinner as we proceed inwards,
are situated several tiny glands. These secrete or manu-
facture the ear-wax.

At the inner part of the external auditory meatus is
placed the tympanic membrane commonly known as the
drum of the ear. This membrane divides the external
from the middle ear. It is not set at right angles to the
canal, like a door at the end of a passage, but obliquely,
so that the floor of the meatus is longer than its roof. 1In
appearance and thickness the drum somewhat resembles
an oval piece of gold-beater’s skin. The handle of the
malleus or hammer-bone, one of the small bones (ossicles)
of the middle ear, is attached almost vertically to the
mner side of the tympanic membrane.

The drum vibrates in response to sound-waves travelling
along the external auditory canal.

The middle ear is a bony cavity situated in the temporal
bone of the skull. It is separated from the external ear
by the drum, which forms the chief part of its outer wall.
Its anterior or front wall narrows somewhat and is pro-
longed into a passage known as the Eustachian tube,
which opens into the back of the upper part of the pharynx
by a funnel-shaped opening.

A chain of three little bones, the auditory ossicles, runs
through the centre of the cavity,
joining the outer with the inner
walls. These ossicles are (a) MALLEUS
the malleus or hammer-bone, » STAPES
which we have seen is attached
to the inner side of the tym-
panic membrane ; (b) the incus Fig. 122.
or anvil-bone, in the middle,
and (c) the stapes or stirrup-bone (Fig. 122). The three
bones are all delicately joined together, and the base of
the stapes fits into an opening in the inner wall of the
middle ear. This opening, called the fenestra ovalis or

¥. 8T. HYG. 16

INCUS
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the oval-shaped window, is also occupied by a membrane,
on the inner or deep side of which is the internal ear.

The cavity of the middle ear contains air, which is
supplied to it through the Eustachian tube. The mucous
membrane lining this tube is continuous with that lining
the tympanum and the pharynx. The connection between
the throat and the ear is, therefore, a real one, and this
fact explains how it is that deafness is sometimes caused
by a blockage of the Eustachian tube by inflammation or
little gmwthﬂ In the process of vawning a larger amount
of air enters the middle ear through this channel. The
sense of hearing is dulled whenever “the pressure of air in
the tympanum is increased or decreased, as compared with
that of the outside atmosphere. It is the function of the
Eustachian tube to equalise these two pressures, by allow-
ing a free communication between the outside air and the
cavity of the middle ear.

The internal ear or labyrinth is the most important
part of the organ of hearing and it is also the most com-
plicated. It consists, essentially of a membranous bag
fitted into a cavity of complicated shape within the sub-
stance of the temporal bone. There is a thin, watery fluid
(perilymph)* outside the bag, and another (uufnlf;mph)*
within it. The bag is called the membranous labyrinth,
and the cavity the bony labyrinth.

The bony labyrinth is made up of three principal parts—

(1) the vestibule,
(2) the cochlea,
(3) the semi-circular canals.

The vestibule is the central cavity of the internal ear.
Its outer wall presents the opening for the foot-plate of the
stapes, the fenestra ovalis, covered in by a membrane. The
auditory nerve pierces its inner wall by several small
openings.

The cochlea, shaped like a snail-shell, lies in front of the
vestibule. Here is found the most delicate part of the
organ of hearing. It is made up of two-and-a-half turns

* From two Greek words, peri, around, and endo, inside.
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of a spiral canal, while at its base there is a small round
opening which would communicate with the cavity of the

?}lidtuﬂ ear but for the fact that it is closed in by a mem-
rane.

SECTION THROUGH A TURN
mpy OF THE CANAL OF THE
=1 JCOCHLEA

""""""" PARTITION
LOWER PORTION

T'he membranous labyrinth corresponds in shape to that
of 1ts bony cell. It contains the branches of the auditory
nerve, which spread out within the spiral canal of the
cochlea into receptive organs known as the organs of Corti.

The.canal of the cochlea is divided into an upper and a
lower portion by a strong, horizontally placed membrane
(Fig. f23). Upon this membrane is placed a double row

DAMPING MEMBRANE
OUTER WALL

il BASEMENT

ope HAIR-CELLS

AUDITORY NERVE
Fig. 124.

of specially formed cells. Some of these are shaped like
short rods, while others end in small, hair-like processes
which float freely in the endolymph which bathes the
whole of the interior of the canal. The latter are known
as hair-cells (Fig. 124).

The auditory nerve emerges from the base of the skull,
enters the temporal bone through a small canal, and then
runs up the axis of the shell-like cochlea. Here it gives
off branches which split up into innumerable fine filuments
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which find their way to the base of each organ of Corti,
spreading out in close relation to the hair-cells. Viewed
from above, the organs of Corti resemble the keys of a
piano, and the likeness to the mechanism of this instrument
1s further increased by the fact that there is a membrane
which runs across the tops of the hair-cells and rod-cells,
after the fashion of a damper.

We are now in a position to understand something of
what happens when a sound is heard. The following is
the sequence of events :—

1. The waves of sound are collected by the external ear
and reflected towards the external auditory meatus, along
which they travel.

2. They next beat up against the tympanic membrane,
causing this to vibrate in sympathy.

3. The vibrations of the drum of the ear are conducted
by the three auditory ossicles which stretch across the
middle ear to the base of the stirrup-bone, whic¢h pro-
duces corresponding vibrations of the fluid on the other
side of the membrane closing in the oval window in the
internal ear.

4. These vibrations of the perilymph excite correspond-
ing vibrations of the endolymph, acting through the wall
of the membranous labyrinth.

5. The excitation of the endolymph so produced stinu-
lates the hair-cells of the organs of Corti, setting up im-
pulses which are transmitted by the fine branches of the
auditory nerve along its trunk towards the brain.

6. In the temporal lobe of the brain, on each side, is
situated the “ centre” for hearing, and it is here, in the deli-
cate nerve-cells, that sound is really perceived or * heard.”

Hearing through the Skull Bones.—The above is the
ordinary way in which we become conscious of a sound. It
is quite possible, however, for the sonorous vibrations to
be transmitted to the internal ear through the skull bones,
should the external and middle ear be unable to convey
them. Provided that the internal ear and the auditory
nerve are healthy, the vibrations of a tuning-fork, for
instance, can be heard by a deaf person if the fork be
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placed on tha top of the skull or between the teeth. Such
an occurrence would show that the middle or external ear
only is at fault.

The Use of Two Ears.—It is not only for the sake of
symmetry or appearance that the organ of hearing is
double: it is to enable us to judge of the direction from
which a sound proceeds. A person who has entirely lost
the sense of hearing upon one side cannot tell accurately
the direction from whence sounds come. It is almost im-
possible to discover the position of a noise which is produced
at an exactly equal distance from the two ears.

Resonating Cavities.—The timbre of the voice which
gives it a distinctive character in different individuals, and
by which we know that a certain voice belongs to a par-
ticular person, is not only due to the difference in the
shape of the mouth. It is due to the * resonance” im-
parted to the voice by the vibration of the air in certain
chambers, called resonating cavities.

The Semicircular Canals, three in number, are not directly
concerned with the function of hearing. They contain
fluid in the same way as the rest of the labyrinth. A
special branch of the auditory nerve enters their lower
ends. It is supposed that the varying degrees of pressure
within the six canals (three on each side) give us the
sense of position in space, and they are in some way con-
nected with the maintenance of equilibrium. When they
are destroyed in an animal oscillatory movements are per-
formed and the power of preserving the balance is lost.
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D.—_THE EYE.

The organs of the senses are the means whereby we
become aware of the world around us. They consist as a
rule of specially formed endings of certain nerves. The
eye is one of the most useful of the organs of sense, being
responsive to rays of light coming from bodies around us ;
thus we become aware of the presence of objects near
or far. The light stimuli being {ransmitted along the optic
nerve to the brain,
the sensations pro- P o,
duced are inter- y '
preted from ex-
perience as due to
the presence of ex-
ternal objects.

The Eye is in
the shape of a
spherieal ball (fig.
125), bulging in
front, and able to
turn f 1‘("!13]}' iIn Aa CHAAEE 7
bony socket called
the orbit. The
outer covering con- Fig. 125.—Tuk Evg,
sists mainly of an
opaque white tissue called the selerotie, but at the front of
the eye the covering is transparent and is called the cornea.
A transparent biconvex lens placed near the front of the eye
divides it into two chambers : the anterior chamber is small,
and is filled with a watery substance called the agueous
howmonr, while the posterior chamber is large, and is filled
with a transparent jelly called the vitreous humour. In
front of the lens is a muscular eurtain ealled the iris, which
shows through the cornea as the coloured portion of the eye.
In the centre of the iris is a circular aperture, called
the pupil of the eye.

Within the sclerotic is a layer of tissue, well supplied
with biood-vessels, called the choroid. In front, the iris
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forms a continuation of the choroid, while the lens is
attached to the choroid by the suspensory ligament. Within
the choroid is another layer of tissue, the retina, which is
well supplied with nerve-fibres from the optic nerve. Z7%e
retina s the only part of the eye which s sensitive to light.

Suppose the eye is looking at some object, say a stick.
The rays of light coming from any one point on the stick
are focussed by the lens to a single point on the retina ; the
rays from some other point on the stick are focussed by the
lens to some other point on the retina ; and so on. In this
way a picture or image of the stick is thrown on to the retina,
and the optic nerve conveys the impression to the brain,
Thus the action of the eye is like that of the photographic
camera, where by means of a lens or a group of lenses, a
picture or image of an object is thrown on to the negative ;
in both the eye and the camera the image is inverted, that
is, right becomes left, and top becomes bottom.

The muscles of the iris regulate the size of the central
aperture (the pupil) and so control the quantity of light
which enters the eye ; in a dim light the pupil is large, and
in a bright light it is small. The ciliary muscles regulate
the curvature of the surfaces of the lens so that the
rays from any point focus exactly on to the retina ; a
greater curvature is required for near objects than for dis-
tant objects. Both the iris and the ciliary muscles work
by reflex actions, of which we are not conscious and over
which we have no control. The commonest defects of sight
are chiefly due to faults in the shape of the eyeball: in
“sghort sight”” the eyeball is too long.

The Retina.

ig. 126 shows ina very diagrammatic way the structure
of the retina. The only parts which are actually sensitive
to light are certain modified cells, known as the rods and
cones. 'These form the layver of the retina nearest the
choroid, except for a layer of deeply pigmented (i. e. black)
tissue, in which the ends of the rods and cones are em-
bedded. Within the rod-and-cone layer (i.e. nearer the
vitreons humour) comes a layer of bipolar nerve-cells, with
short branching processes, and then a layer of larger nerve-
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cells, whose axis-cylinders become the fibres of the optic
nerve. These fibres converge from all parts of the retina
(forming the innermost layer of it) to a point called the
blind spot, where
they are collected
into one bundle
which pierces the
retinaand sclerotic
and forms the
optic nerve. The
structure of the
retina 18 more
complicated than
the above deserip-
tion would imply,
because  besides

the e:i-‘,sential p&rta Fig. 126.—STRUCTURE OF RETINA,
r]escnheﬁd there are (This represents the lower right-hand part of
supporting strue- Fig. 117 magnified (very diagrammatic).
tures (newroglia)

around and among them. All the inner layers are sufli
ciently transparent to allow the light to pass through them,
and reach the sensitive rods and cones.

The yellow spot (Fig. 126) is the portion of the retina
directly opposite to the lens. 1t is the most sensitive part
of the retina, and is the part which receives the image of
any objeet in the ¢ direct line of sight.”

The Blind Spot.

We may pause to call the student’s attention to a little
point in the physiology of nerves, very happily illustrated
here. The function of a nerve fibre is conduction pure and
simple ; the nerve fibre does not itself receive impressions,
but merely conveys impressions from the sense organ to the
central nerve system. Thus, in the case of an eye, although
the light has to pass through the nerve-fibres in order to
reach the rods and cones, the nerve-fibres themselves are
not directly affectel by the light, but merely transmit the
stimulus received by the rods and cones. It follows from
this that at the point where the optic nerve leaves the
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retina and where there are nerve-fibres only, without rods
and cones, there is a ‘“blind spot” which is not sensitive
to the action of light. If there is any doubt as to the
existence of a blind spot in the retina, the proof is easy.
Let the reader shut his left eye and regard these two
asterisks with the right eye, fixing his gaze intently upon
the left-hand asterisk.

* *

If the eye is at a distance of three or four inches from
the paper, both asterisks will be distinctly visible. Now, if
the eye is withdrawn slowly, the right asterisk will, of
course, appear to approach the left, but when the eye is six
or eight inches from the paper, the right hand asterisk will
vanish, only to reappear again as the eye is withdrawn
gtill further. The explanation is that when the eye is in
this particular position the eye lens throws the image of
the right-hand asterisk on to the blind spot.

Eye-muscles and Glands.

A series of muscles in the orbit (eye-socket) move the
eye, and so enable a person to vary his field of view.
There is a leash of four musecles rising from a spot behind
the point where the optic nerve leaves the skull, and
attached to the upper, under, inner, and outer sides of
the eyeball. These are called the ‘““straight” muscles
(recti), because each one, acting alone, causes motion of the
eye in the vertical or horizontal plane. They are dis-
tinguished as superior, inferior, internal, and external rectus.
Running from the inner side of the orbit, obliquely to the
under side of the eyeball, is the inferior obliqgue muscle.
Corresponding to it above is a superior oblique. It is by
these muscles that the rolling motion of the eye is produced.

The lachrymal gland is situated in the upper and outer
angle of the orbit. The secretion of this gland has a
lubrieating function, enabling the eye to move easily in its
orbit, and washing away all dust, ete. The excess of the
secretion passes by a duect through the bone into the
pasal chamber
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E.—DISEASE IN RELATION TO FOOD.

In the previous part of the book a description of various
organs of the body, including the digestive system, is given.
Particulars of various kinds of foods are also given, It is
here intended to supplement this by a few remarks as to
some 1ll effects attributable to food.

Improper Feeding of Infants.

In Chapter VI. a description of the salivary glands is
given, and of the effect of the secretions of these glands on
food. As the salivary glands are not fully developed
during the first few months of an infant’s life, the food of
the infant should not contain starchy matter, as there are
no salivary juices to digest this, Milk is the best food for
infants. If starchy or other unsuitable food is given to
infants, they are liable to attacks of vomiting, convulsions,
and diarrhcea—the latter being a particularly fatal dis-
- order. Rickets, also, may oceur in children who are fed
too early on starchy foods, especially if at the same time
their surroundings are not hygienic.

Effects of too much Food.

If more food is taken than can be properly, digested, the
digestive organs are overworked, and undigested food is
passed along the intestines to be got rid of. This material
sets up irritation, which gives rise to diarrheea, and this
may be followed by constipation. A certain amount of
decomposition of the undigested matter may take place,
gaseous products being formed which give rise to a large
amount of discomfort. Continued effects of this kind
impair the digestive powers, and indigestion, dyspepsia,
and other similar troubles are caused.

In some cases gout is a result of overfeeding.

Diseases caused by Meat.

_1f decomposed or putrid meat is eaten, it usually gives
rise to vomiting, diarrheea, collapse, and sometimes death.
In some cases very severe symptoms of poisoning have
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been set up by eating food in which the decomposition is
extremely slight, This is especially the case with sausages,
canned meats, and fish. These effects are probably not
produced by the slight decomposition, but by poisonous
alkaloids which have been formed by certain bacteria, and
the most thorough cooking fails to remove entirely the
danger from these poisons. Shellfish taken from beds
which may be contaminated with sewage have in many
cases produced fatal results,

Parasitic diseases are sometimes conveyed by imperfectly
cooked meat. There are certain organisms which appear
to have more than one stage in their life-history, e.g. some
organisms live during one period of their existence in the
body of some animal, and the second period in the body of
a human being. There is one ealled the Cysticercus bovis,
which is sometimes found in beef (especially in N.W.
India) ; this, if not killed by thorough cooking, gives rise
to a kind of tapeworm in human beings. Another
organism of this class, which is more common in England,
is the 7P'richina spiralis, so ealled because,
when seen under the microscope, it is coiled
up in a kind of spiral.

_____

f‘%ﬁ@\" Trichinae in Muscle Fibres. This or-
5},%‘#‘5 ganism 18, as a rule, only found in the
N7 flesh of the pig. When meat containing
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these is eaten, the small organisms begin
to bore their way through the walls of the
alimentary canal, causing severe pain, great
prostration and weakness, and frequently
producing death. This disease is ealled
trichiniasis. 1f the general health of the
Fig. 127, patient is good, if he has a strong consti-
woscre vanes, tution which has not been weakened by
aleoholic stimulants, and is able to retain
vitality until the trichine have found their way into the
muscular tissue and settled down there, the patient may
recover. 7'richiniasis is most prevalent where pork is
eaten in the form of sausages, ham, ete., either uncooked
or very imperfeetly cooked,
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 Diseases connected with Milk.

It is a well-known fact that if milk is allowed to stand
for some time it turns sour and coagulates, Sour milk is
liable to cause sickness and diarrheea in children, and under
some conditions the parasitic disease of the mouth known
as “thrush” has been caused by this.

It is possible that certain diseases from which the cow
suffers may be transmitted through the milk ; instances of
scarlet fever, diphtheria, and foot and mouth disease have
been recorded.

Milk, however, most frequently acts as a carrier of
infection from other human beings, and owing to the
present lax system of dairy inspection, it is advisable to
avoid risk by actually boiling the milk for three or four
minutes. In addition to the danger mentioned above of
disease being transmitted from the cow through the milk,
there is always the possibility of

(1) Accidental contamination from an outside source,
such as may happen when scarlet fever or
diphtheria occurs at the dairy or farm, or at
the house of one of the workpeople,

(2) The washing of the milk cans or other vessels
with water which has become econtaminated
in some way (as from sewage percolating into
a well), and germs of cholera or typhoid fever
thereby entering the milk.

(3) Or in some cases milk may be adulterated with
such water.

In those epidemics of scarlet fever which have been
traced to milk, it is usually found that the milk has been
infected through human agency by a previous case of the
disease at the farm or dairy,

A milk epidemic is characterised by the suddenness with
which it makes its appearance, the sufferers being usually
attacked about the same time, and the houses affected
being as a rule those which have received milk from the
same source. Owing to the ease with which milk transmits
diseases, the greatest possible cleanliness should be observed
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in collecting, storing, and distributing milk, Milk should
be thoroughly cooled after being obtained from the cow
before being sent out. Special attention should be paid to
dairy inspection.

It has also been proved that the milk from cows
suffering from tuberculosis can convey that disease to
animals, and it is extremely probable that it can do so to
human beings,

Tuberculosis.

Tuberculosis is a disease produced by an organism known
as the tubercle bacillus. The lungs are the organs most
frequently affected, although the intestines or bowels are
also often attacked.

As a result of the bacillus finding its way into the
system, and increasing and developing there, the body is
unable to retain its healthy state, and a general wasting
of tissues sets in. On account of this the disease is
frequently spoken of as Consumption or Phthisis. The
terrible mortality produced by this disease will be appre-
ciated when it is mentioned that 11 out of every 100
deaths in England are due to this cause.

The direct eause of this disease is the tubercle bacillus,
but in order for it successfully to set up the disease it is
probable that there must be other predisposing causes
acting at the same time. A predisposition is usually
acquired by a deficient supply of food and fresh air, or by
prolonged illnesses. The predisposing causes may be divided
as follows :

(a) Heredity. Consumption itself is not hereditary,
At the same time a predisposition may be in-
herited, so that it behoves people belonging to
consumptive families to take extra precautions,

(6) Damp soil. Tn some cases it has been found that
the lowering of the ground-water of a district
by drainage has been immediately followed by
a reduction of the local death rate from con-
sumption,
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(¢) Overcrowding, with consequent deficient ventila-
tion, is a very potent factor in giving rise to a
predisposition to consumption.

(d) Occupation. Working long hours in close work-
rooms, especially those where a large amount of
gas is burned, is a further predisposing cause.
Those ﬂccupatmna in which sharp particles of
dust are inhaled, causing a chroniec inflam-
matory condition of the lungs, render the work-
men susceptible to the tuberele bacillus, Any
exhausting occupation, particularly when
coupled with deficient supply of food, renders
the body liable to invasion by the bacill,
Occupations necessitating an exposure to wet
and damp may also be regarded as predisposing
pauses.

(¢) Other predisposing canses are indulgence in alecohol,
and exhausting diseases such as typhoid fever.

If a person is in a thoroughly healthy condition he is
not so liable to suffer from this disease even if the germs do
find an entry into the body ; but if, owing to any of the
above-mentioned predisposing causes, his vitality is lowered
the germs may quickly develop and produce the disease.

In addition to germs entering the body by means of
milk from tuberculous cows, or by means of beef taken
from such cows, the most prevalent method whereby it is
spread is by means of the sputum, or spittle. The germs
are present in the expectoration of people suffering from
this disease, and as this rapidly dries on exposure to the air
(e.g. on the street pavement), it is disseminated through
the air in the form of dust, and is inhaled by other people.
On this account some means should be adopted to make it
a punishable offence to spit in trams, railway carriages, and
in public places. All affected persons should be compelled
to spit into some vessel containing a 10 per cent. solution
of carbolic acid,

No consumptive person should sleep in the same room as
another person,
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Questions on the Appendix.

(1) Whatdo you understand by reflex action ? What structures ar »
essential for the recurrence of a reflex action? Give two or three
examples of 1eflex action as it may be observed in your own body,

(2) 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?

(3) What is the general condition of an animal, such as a frog,
when deprived of its brain? What may we learn from this con-
dition as to the chief uses of the brain on the one hand, and of the
spinal cord on the other.

(4) A brainless frog will move its hind limb when the toe of the
limb is touched. What various structures are involved in this
movement, and why is it termed a purposive reflex!?

(6) Classify the spinal nerves of man in accordance with the
regions of the vertebral column. What differences are there
between the two roots of any spinal nerve?

(6) What muscles are attached to the eyeballs!? What move-
ments of the eyeball are brought about by the contraction of
these muscles ?

(7) How can you show that there is a * blind spot ™ in each of
your eyes? What does the blind spot teach us as to the nature
of sight !

(8) Draw a diagram to illusirate the relative positions of the
contents of the eyeball. What happens to (a) the pupil, (5) the
lens, when the visual gaze shifts from a distant to a near object ?

(9) What is the blind spot? How would you convince yourself
of its existence as regards each of your eyes?

(10) What diseases may be produced in man from the consump-
tion of meat ?

(11) How is the disease called tuberculosis spread ! Explain the
principles which should be observed to prevent the spread of
tuberculosis,

(12) What diseascs may be caused by impure milk ?






SPECIMEN EXAMINATION PAPERS.

1903.
Elementary Human Physiology.

(a) Explain how the spinal column is constructed so as fo protect
the spinal cord.

(4) Describe briefly the general structure of the liver., What is the
action of bile on food stuffs?

(¢) Where are the kidneys situated, and what is their function?
‘What is the chief nitrogenous constituent of urine ?

(d) Fxplain how the movements of the ribs produce an alteration in
the capacity of the chest.

1. What do yon understand by (a) a shallow well ; (8) a deep well;
(¢) an artesian well? How can shallow wells be protected from
surface pollution? (20)

2. Explain the term * fermentation.”” Describe shortly how beer
is made. (20)

3. What is the composition of coal-gas? Explain why its products
of combustion are more oppressive than those of paraffin oil. (20)

4. What do you understand by propuision and extraction methods of
ventilation? Which is the better, and why ? (20)

5. Explain and illustrate by a sketch the proper method of con-
structing the waste and overflow pipes from a bath. (20)

6. What principles should guide you in selecting clothes for infants
healthy adults, and old people P (20)

7. State briefly the precautions to be taken to obtain a stable, dry
and healthy house bailt on the following subsoils :—
(@) Stiff clay.
(6) Band containing springs. (20)
8. What 1s the effect of exercise on the heart, respiration and skin ?
How should the body be clothed during and after exercise? (20)

9. What assistance would you render in & case of carbolic acid
poisoning ? (20]
258
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1904.
Elementary Human Physiology.

(@) Give a short account of the teeth, more particularly with
reference to their situation, number, names, and structure.

() Describe the structure and functions of the skin. To what
other organs is it most closely allied, so far as its functions are
concerned ?

(¢) Describe the position, general form, and structure of the
stomach, and the process of digestion in it.

(d) What is the general composition of the blood? State the form,
size, and structure of the blood-corpuscles. How does lymph differ
from blood ?

1. Give a list of the materials used for cisterns for the storage of
water in houses, and state the advantages of each, and the defects each
is liable to. (20)

2. What is meant by Ahard and soft waters? What advantage has
the one over the other for domestic purposes? What process is
usually adopted to soften water for a public supply ? (20)

3. Compare the compositions of expired and inspired air, and
explain the bearing which the differences between the two airs have
upon the necessity for ventilating a room. (20)

4. What are fats, and what changes do they undergo in the process
of digestion in (a) the mouth, (3) the stomach, (¢) the intestines? (20)
5. Describe suitable clothing for children’s underwear, (@) in
summer, (J) in winter, and explain the important points to be borne
in mind in constructing clothing (1) at the neck, (2) at the waist,

(3) about the knee joints. : (20)
6. Explain the difference between a privy and a water-closet, and
point out their respective advantages or disadvantages, (20)

7. What are the uses of soil pipes? How should they be constructed
and connected with the house drain? Illustrate your answer by a

sketch. (20)
8. How do the physical characters of the soil affect the health of
those living on it ? (20)

9. What assistance would you give to a person whose clothes have
caught fire? Explain briefly the general management of scalds and
burns. (20;
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1905.
Elementary Human Physiology.

(@) Write a short account of the nature and use of ti'ur. blood.

(b)) What are the boundaries of the thorax, and what organs are
contained in that body cavity ?

(¢) State what you know as to the position, structure, and use of the
kidney.

(d) Describe the position, general form, structure, and function of
the liver.

1. Give the characteristics of (@) rain water, (b) river water, (¢) water
from a spring in the chalk. (20)

9. What are the precautions necessary to procure a pure supply of
drinking water from a well? Enumerate the diseases which are
believed to be propagated by drinking water. (20)

3. Give the average composition of ordinary air. What are the
impurities added to air in inhabited rooms, and whence are they

derived ? (20)
4. What is the usual classification of food substances?! Explain the
uses of these different classes of food. (20)
5. Contrast the general composition and dietetic value of beef,
bread, and tea., _ (20)
6. Describe and contrast the action of ordinary fire-places and
hot-water pipes in warming and ventilating rooms. (20)

7. What are the essentials of a good drain-trap? Where are traps
generally placed, and what are the common causes of their becoming
inefficient ? (20)

8. Why is exercise essential to health? What is the effect of 1t
upon the heart and skin? Which form of exercise do you think is
better for a man, a bicycle ride or a game of football ? Give your
reasons. (20)

9. Deseribe a method of carrying out artificial respiration. (20)
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19086.
Elementary Human Physiology.

(a) Write a short account of the structure and functions of
the skin.

() Where are the salivary glands sitnated? What action has
the juice secreted by these glands upon food taken into the mouth ?

(¢) Explain the following terms:—serum, cartilage, peptone,
chyme,

(d) What are the changes which take place during respiration
(1) in the air breathed, (2) in the blood ?

1. Name three common sources of drinking water, and, in respect
of each, point out the probable risks of pollution, and how they can
be best prevented. (20)

2. What rules and precautions should be observed in the storage
of water in a house? Explain the chief risks attaching to this
practice. (20)

3. What is carbon dioxide? What are its sonrces, and what part
does it play as a sign of good or bad ventilation ? (20)

4. What is the use of food ? Explain the chief changes which
& piece of bread undergoes during the act of digestion, (20)

5. What diseases are occasionally caused by milk, and how should
milk be collected, stored, and distributed ? (20)

6. What are the advantages of woollen clothing? Explain its
action in preventing chill; explain also the more important points
to be borne in mind in making clothing of any kind, (20)

7. How should an ash pit be constructed, and why is it likely
to become a nuisance ? (20)

8. What is the use of traps, as met with in a drain-system’
Where are these contrivances usually placed, and what are the
common causes of their being rendered useless? (20)

9. A child falls out of a swing, cutting the forehead badly, with
much bleeding, and becomes unconscious ; what would you do? (20)
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1907,
Elementary Human Physiology.

(@) Write a short account of the forms and relative positions of
the bones which make the upper limb.,

(b) Give an account of the structure of the spinal cord, so far as
it can be made out with the naked eye. Explain the meaning of
reflex action and state what structures are concerned in a reflex
act,

(¢) Give a brief description of the kidney and explain its
functions.

(d) Write a short account of the structures and uses of the lungs.

Hygiene.

1. How is water likely to be contaminated in (a) a well, (») a
cistern? Explain how, in each case, the contamination can be
prevented. (20)

2. What is the composition of inspired and expired air? By what
standard is respiratory impurity expressed? Describe a simple

2xperiment to indicate the effect of respiration on air. (20)
3. What general properties characterise the carbo-hydrates?
Explain the purposes they serve in the body. (20)

4, Explain the changes which meat undergoes in cooking, and
indicate the essential differences between the processes of stewing
and boiling. (20)

5. Name three soils with which you are familiar, and state what
precautions should be taken in erecting healthy dwellings upon each
of them., (20)

6. Describe a good form of dust or ash pit, and explain some
good methods for the disposal of house refuse in town and
country. (20)

7. Describe and illustrate by means of a diagram a good form of
water-closet. Explain its proper connection with any system of
drainage. (20)

8., What materials are in common use for clothing? Mention
the advantages or disadvantages of each and indicate the more
important points to be borne in mind in the construction of
clothing. (20)

9. How is the disease called tuberculosis spread? Explain
the principles which should be observed to prevent the spread of
tuberculosis. (20)
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1908.
Elementary Human Physiology.

(@) Describe the general structure, position and chief funetions of
(1) the pancreas, (2) the liver.

(b) Explain the difference in structure and use between an Artery
and a Vein.

(¢) What is a Salivary Gland? Where are these Glands situated,
and what is the use of their seeretion ?

() Write a short account of the composition and funetion of the
blood. What is lymph, and how does it differ from blood ?

Hyqiene.

1. Deseribe a spring or bourne. If a house is depending upon a
spring for its supply of water, explain how that spring should be

protected, and why. (20)
2. What are the objections to shallow wells ; and what are the
diseases to be attributed generally to impure water ? (20)

3. What is the composition of ordinary air? What impurities are
given into the air in ordinary respiration? Give a simple experi-
ment to indicate the effects of respiration on air. (20)

4. Compare the composition and dietetic value of bread, cheese
and milk. Suppose you had only one of these three kinds of fond
to live upon for a week, which would be the best, and why ?  (20)

5. Describe how you would boil (@) a potato, (h) an egg. Explain
the changes which take place in each as the result of boiling.  (20)

6. A house is to be erected on a damp subsoil. Describe in detail
what you would do to make it perfectly dry and healthy. (20)
7. It is sometimes necessary to pass the drain of a house into a
cesspit. Describe how the cesspit should be constructed and what

arrangements should be made for its connection with the house.
(20)

8. What is the difference between a cotton and wool fibre?
Explain the advantages and disadvantages of cotton and wool
clothing generally. (209

9. If a child’s clothing caught fire whilst she was standing in
front of a grate, state in detail what you would do. (20)
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Education, etc.

Principles and Methods of Teaching. By J. WELTON, M. A., Pro-
fessor of Education in the University of Leeds. d4s. 6d.

CONTENTS.—General Function of Teaching—Material of Instruc-
tion—Form of Instruction—The Teaching ﬂfti.*:ugliah : Preparatory,
Reading, Literature, Composition and Grammar, Summary-—Music
—History — Geography — Natural History — Mathematics —Form
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“A well-written and full presentation of the best edueational methods of the
time. Not only to college student, but to skilled and experienced practitivner, we
commend this suggestive and very helpful volume."—Schoolniaster.

The Teaching of Foreign Languages. Dy I. B. B. KIRKMAN,
M.A. [ L the press.

Principlea and Methods of Physical Education and I-I;rg'ena. (A

Companion Volume to Principles and Methods of Teaching.)
By W. P. WELPTON, B.Sc., Master of Method in the Univer-
sity of Leeds. With a Short Sketeh of the History of Physical
Education by Professor WELTON. 4s. 6d.

“ A comprehensive scientific text-book."—The T'imes,

School Hygiene. By R. A. LYSTER, M.D., B.Se., D.P.H., County

Medical Officer of Health for Hampshire and Chief Medical
Officer to the Education Committee of the Hampshire County
Council. Second Edition. 3s. 6d.

“*The best book of its kind."— British Medical Journal,

School Organisation. By S. E. BrRAY, M.A., Inspector of Schools
to the London County Council. 2s.

** We can heartily recommend the treatise."—Jouwirnal of Education.

School Training. By R. E. Hucues, M.A. 2s.
“ Well written and thoroughly up-to-date.”"—Journal of° Education.

Voice Training in Speech and Song. By H. H. HuLBerT, M.A.,
M.R.C.S., L.R.C.P., Lecturer on Voice Production and
Examiner in Physical Education to the London County Couneil,
ete. 1s. 6d. -

An account of the structure and use of the vocal organs and of
the means of securing distinet articulation.

The Science of Speech. An Elementary Manual of English
Phonetics for Teachers. By B. DumviLLe, M.A., F.C.P.
2s. 6d.
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Matbematics and (MDechanics.

Algebra, The Tutorial. ADVANCED Course. By WM. BRIaGas,
LL.D., M,A., B.Se., and G. H. BRYAN, Se.D,, F.R.S. 6s, 6d.

A higher text-book of Algebra in which the more elementary
properties of quadratic equations and progressions are assumed.
‘It is thronghout an admirable work."—Jouwirnal of Eduecation.

Algebra, The New Matriculation. With a Section on Gmghﬂ. By
R. DEAKIN, M. A,, late Headmaster of Stourbridge Grammar

School. Fourth Edition. 3s. 6d.

“‘ The scope and material of this book are comprehensive and full. Clearness of
idea and accuracy of work are insisted on,"—Schoolmmaster,

Arithmetic, The Tutorial. By W. P. WorgMAN, M.A., B.Se.
Third Edition. (With or without Answers.) 4s. 6d.

A higher text-book of Arithmetic containing a very thorough
treatment of Arithmetical theory, with numerous typical examples.
‘' Takes first place among our text-books in Arithmetie. "—Schoolmaster.

Arithmetic, The School. An edition of the Tutorial Arithmetic for
school use. By W. P. WorkMAN, M.A., B.Se. Second
Edition. (With or without Answers.) In one vol., 3s. 6d.
Part 1., 2s. Part II., 2s.

“‘The best Arithmetic for schools on the market.”"—Mathematical Gazette,

Arithmetic, The Junior. Adapted from the Tutorial Arithmetic by

R. H. CuHorEg, B.A. (With or without Answers.) 2s. 6d.
“t Excellent.”—Educational Times.

Arithmetic, Clive's New Shilling. Edited by Wwm. Bricas, LI.D.,
M.A., B.Se. 1s. With Answers, 1s. 3d. ANSWERS, 6d.

“ These exercises are well chosen and progressive, '—Schoolmaster,

Arithmetic, The Primary. Edited by WM. BriGas, LL.D., M. A,
B.Se., F.R.A.S. An Introductory Course of Arithmetical
Exercises. In Three Parts. Parts I. and IIL., each 6d. Part
IIL., 9d. With Answers, each Part 1d. extra,

“Thoroughly suited for use in elementary schools generally,.” —S8chool Guardian.

Astronomy, Elementary Mathematical. By C. W. C. BArLow,
M.A., B.Sc., and G. H. BRYAN, Se.D., M.A., F.R.S. @6s. 6d.

Book-keeping, Practical Lessons in. Adapted to the requirements
of the Society of Arts, London Chamber of Commerce, Univer-
sity Locals, ete. By T. C. JACKSON, B.A., LL.B. 3s. 6d.

Book-keeping, Junior. By T. C. JACKsON, B.A., LL.B. 1s. 6d.

“ The book is an excellent one."—dccoyntants’ Magazine.
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Matbematics and Mecbanics—continued.

Coordinate Geometry. By J. H. Grace, M.A., F.R.S., and F.
ROSENBERG, M. A., B.Sc. 4s. 6d.

An elementary treatment of the straight line, circle, and coniec.

Dynamics, The Tutorial. By Wwm. Bricas, LL.D., M.A., B.Se.,
and G. H. BRYAN, Se.D., F.R.S. Second Edition. 3s. 6d.

‘A clear and lueid introduction to Dynamies,.”"—Saturday Review,

Euclid By RUPERT DEAKIN, M.A. With an Introductory Course
of Drawing and Problems in Practical Geometry. Books I.,

b=

IE, 1s. BooksI.-1IV., 2s. 6d. Books V., VI., XI., 1s. 6d.

“ If any schoolmaster is not satisfied with the text-book he has at present in use,
we recommend him to try this one.”"— Educational T'imes.

Geometry, Deductions in. A Collection of Riders and Practical
Problems. By T. W. EDMONDsON, B.A., Ph.D. 2s. 6d.

Geometry, Theoretical and Practical. By W. P. WorkMAN, M.A.,
B.Se., and A. G. CRACKNELL, M.A., B.Sec., F.C.P.

PART I. Contains the matter of Euclid, I., ITL. (1-34), IV. (1-9).
2s. 6d.
PART II. Euclid, IL, IV. (10-16), VI. 2s.

PART III. Contains the matter of Euclid XI. 1s. 6d.
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Matriculation Geometry (containing the matter of Eueclid
L-IV.). 2s. 6d. Intermediate Geometry (containing the
matter of Euclid VI., XI1.). 2s. 6d.

“"One of the best books on modern lines."—0xford Magazine, (Part L)
“ Sound and sensible throughout."—~Nature. (Part 11.)

Graphs : The Graphical Representation of Algebraic Functions.
By G. H. FRENCH, M. A., and G. OSBORN, M.A., Mathematical
Masters of the Leys School, Cambridge. Second Edition. 1s. 6d.

Graphs, Matriculation. (Contained in The New Matriculation
Algebra.) By C. H. FRENCH, ML A., and G. OSBORN, MLA. 1s.

Hydrostatics, Intermediate. By WM. Bricas, LL.D., M.A., B.Se.,
F.R.A.8., and G. H. BRYAN, Sc.D., F.R.8. 3s. 6d.

Hydrostatics, The Matriculation. (Contained in Infermediate
Hydrostatics.) By Dr. BRIGGS and Dr. BRYAN, 2s,

Mechanies, The Matriculation. By Dr. WM. Briaas and Dr. G, H.
BRYAN. Second Edition. 3s. 6d.

¥ 1t is a good book—clear, concise, and accurate.”"—Journal of Education.

Mensuration and Spherical Geometry. By Dr. BRIGGS and Dr.
EDMONDSON. Third Edition. 3s. 6d.
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Matbematics and Mechanics—continued.

The Right Line and Circle (Coordinate Geometry). By Dr. BRIGGS
and Dr. BRYAN. Third Edition. 3s. 6d.

““It is thoroughly sound thronghout, and indeed deals with some diffienlt points
with a clearness and accuracy that hias not, we believe, been surpassed.”— Ed ucation.

8tatics, The Tutorial. @By Dr. WM. BricGs and Dr. G. H.
BRYAN. Third Edition. 3s. 6d.

“ Written with commendable clearness.”" — Educational Times.

Tables, Clive’'s Mathematical. Edited by A. G. CRACKNELL, M. A.,
B.Se. 1s. 6d.

“ Well designed to combine speed and accuracy."—School Guardian.

Trigonometry, The Tutorial. By WM. BriGcas, LL.D., M.A., B.Se.,
and G. H. BRYAN, Se.D., F.R.S. Second Edition. 3s. Gd.

“The book is very thorough."—Schoolmaster,

Biology.

Plant Biology. An elementary Course of Botany on modern lines.
By F. Cavers, D.Se., F.L.S., A.R.C.S. 3s. 6d.

 The freshness of treatment, the provision of exact instruction for practical work
really worth doing, and the consistent recognition that a plant is a living thing,
shonld secure £fir Professor Cavers' book an instant welcome."—School World.

Plants, Life Histories of Common. An Introductory Course of

Botany based on the study of types by both outdoor and indoor
experiment. By F. CAVERS, D.Se., A.R.C.8., F.L.S. 3s

“The author is to be congratulated on the excellent features of his book, which
may be summarised as a clear diction, a logical sequence, and a recognition of the
essentials,"" —Nafvre,

Botany, The New Matriculation. By A. J. EwART, D.Se.  3s. 6d.

Botany, A Text-Book of. By J. M. LOWSON, B.Sc., F.L.S. Fourth
Edition. 6s. 6d,

“ [t represents the nearest approach to the ideal botanical text-book that has yet
been produced.”—Plarmaceutical Journal.

Physiology, First Stage Human. By G. N. MEACHEN, M.D., B.S.
Lond., L.LR.C.P., M.R.C.B. 2sa.

Zoology, A Text-Book of. By H. G. WELLS, B.Se., and A. M.

DAviEs, D.Se. Fourth Edition. 6s. 6d.

Tt is one of the mwost reliable and useful text-books published.”—Natuialisl's
Quarterly Review.
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Physics.

The Tutorial Physies. DBy R. WALLACE STEwWART, D.Se.,
" E. CATCHrooL, B.Sec., C. J. L. WAGsTAFF, MLA.,, W. R.
BowkRr, A.R.C.Sec., and J. SATTERLY, B.A., B.Se. In 6 Vols,

I. Sound, Text-Book of. By E. CATCHPOOL, B.Sc. 3s. fid.

““A fuil, philosophical, and decidedly original treatment of this branch of
physics,"—Bducational 1iines.
II. Heat, Higher Text-Book of. By R. W. STEwWARrT, D.Sc.
Second Edition. 6s, 6d.

“Clear, concise, well arranged, and well illustrated."—Jowinal of Edueation,

III. Light, Text-Book of. By R. W. StEwArt, D.Se. Fourth
Edition, Revised and Enlarged. 4s. 6d.
““A very full and able treatment of the elements of Geometrical Opties.”"—
EBducational News.

IV. Magnetism and Electricity, Higher Text-Book of. DBy R. W,
STEWART, D.Se. Second Edition 6s. 6d.

“The text is exceedingly lucid and painstaking in the endeavour wo give the
student a sound knowledge of physics."—Nature.

V. Properties of Matter. By C.J. L. WAGSTAFF, M.A.  3s. Gd.

““Very interesting sections are those on moments of inertia from an elementary
point of view, Boys' modification of Cavendish's experiment, surface tension, and
capillarity.’ —Sch:m!

VI. Practical Physies. Bv W. R. Bowegr, A.R.C.S., and J.
SATTERLY, B.Sec., A.R.C.5. 4s. 6d.

“ Great pains have evidently been taken to secuve efficiency, and the result is a
text-book which merits great praise."—Nufure.

The New Matriculation Heat: The New Matriculation Light : The
New Matriculation Sound. By R. W, STEWART, D.Se. 2s. 6d.
each volume.

“ The treatment is lucid and concise, and thoroughly in accordance with the most
recent methods of teaching elementary physics. An outstanding feature of these
books is the inclusion of a number of experiments which may be performed with
the most simple and inexpensive apparatus, and from which satisfactory results
may be obtained,"— Natwuie

Electricity, Techmical. By Professor H. T. Davince, B.Se.,
M.I.E.E., and R. W. HuTcHINSON, B.Sc. 4s. 6d.

“ A most desirable combination of sound instruction in scientific principles and
engineering practice. — Educationul News.

Magnetism and Electricity, School. By R. H. Jubg, D.Se. 3s. 6d.

A useful text-book that seems much sonnder as regards fundamental con-
coptions than most elementary works on electricity,"—0Ouxford Magazine,
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Chemistry, ctc.

The Tutorial Chemistry. By (i. H. BAILEY, D.Se., Ph.D. Edited
by WM. Bricas, LL.D., M.A., B.Sc., F.C.S.

Part I. Non-Metals. Fourth Edition. 3s. 6d.

Part II. Metals and Physical Chemistry. Sec. Bd. 4s. 6d.

*“The leading truths and laws of chemistry are here expounded in a most masterly
manner.”'—Chemical News.

The New Matriculation Chemistry. By G. H. BAILEy, D.Se.,

Ph.D. Edited by WM. BRriGGs, LL.D., M.A., B.Sec., F.C.S.
Fourth Edition. 5s. 6d.

Chemical Analysis, Qualitative and Quantitative. By WM.
BRIGGS, LL.D., M.A., B.Sc., F.C.S., and R. W. STEWART,
D.Se. Fourth Edition. 3s. 6d.

The Junior Chemistry. By R. H. Apig, M.A., B.Se., Lecturer in
Chemistry, St. John's College, Cambridge. 2s. 6d.

This is a course of combined theoretical and practical work
written primarily to cover the requirements of the Oxford and
Cambridge Junior Locals, Tts method of treatment differs from
that of most modern books of this standard, inasmuch as it aims at
bringing the pupil, sfrom the outset, into touch with fundamental

principles.
The Elements of Organic Chemistry. By E. I. LEwIS, B.A., B.Se.,

Science Master at Oundle School. 2s. 6d.

The fundamental principles of the Chemistry of Carbon Com-
unds developed from and illustrated by the behaviour of the
thyl, Methyl, Phenyl, and Benzyl compounds mainly.

Systematic Practical Organic Chemistry. By ;. M. NORMAN, B.Se.
A.R.C.Se., F.C.S. ls. 6d. ’

Perspective Drawing, The Theory and Practice of. By 8. POLAK,
Art Master. 5s.

A complete course of instruction covering the requirements of the
Board of Education Syllabus in Perspective Drawing.

Science German Course. DBy C. W. PAGET MOFFATT, M.A., M.B.,
B.C. 3s, 6d.

Containing an efficient grammatical introduction, a section on
word-formation, extracts from German text-books on the several
sciences, and voecabularies of scientific terms.

“ The book provides a convenient means of obtaining sufficient acquaintance with
the German language to read simple acientifie descriptions in it with intelligenee,”
— Nuature.
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french.

Junior French Course. By E. WEEKLEY, M.A., Professor of
French at University College, Nottingham, and Examiner in
the University of London. Second Edition. 2s. 6d.

“ Distinctly an advance on similar conrses.”"—Journal o Education.

The Matriculation French Course. By E. WEEKLEY, M. A., E_xu.miner
in French at the University of London. 71'hwrd Edition, En-

larged. 3s. 6d.

““The rules are well expressed, the exercises appropriate, and the matter accurate
and well arranged.”" —Guardian,

French Accidence, The Tutorial. By ERNEST WEEKLEY, M.A.
With Exercises, Passages for Translation into French, and a
Chapter on Elementary Syntax. Z7hird Edition. 3s. 6d.

“ We can heartily recommend it."—Schoolnaster.

French Syntax, The Tutorial. By ErNEsT WEEKLEY, M.A., and
A. J. WyaTrT, M.A. With Exercises. 3s. 6d.
It is a decidedly good book."—Guardian.

French Grammar, The Tutorial. Containing the Accidence and the
Syntaxz in One Volume. Second Edition. 4s. 6d. Also the
Exercises on the Accidence, 1s. 6d. ; on the Synfax, 1s.

French Prose Composition. By E. WEEKLEY, M.A. With Notes
and Vocabulary. Third Edition, Enlarged. 3s. 6d.

““The arrangement is lncid, the rules clearly expressed, the suggestions really
helpful, and the examples carefully chosen.”"— Educational I'ines.

Junior French Reader. By E. WEERLEY, M.A. With Notes and
Vocabulary. Second Edition. 1s. 6d.
“t A very useful first reader with good vocabulary and sensible notes.”"—Schoolmaster.

French Prose Reader., By S. BARLET, B. és Sec., and W, F.
MAsoMm, M.A., Examiner in the University of London. With
Notes and Vocabulary. 2s. 6d.

““ Admirably chosen extracts."—School Government Chronicle,

The Matriculation French Reader. Containing Prose, Verse, Notes,
and Vocabulary. By J. A. PERRET, Examiner in French at
the University of London. 2s. 6d.

““ We can recommmend this book without reserve.”—School World,

Advanced French Reader. Kdited by S. BARLET, B. és Se., and
W. F. MAasom, M.A. Second Edition. 2s. 6d.

““Chosen from a large range of good modern authors."—Schoolinaster,

Higher French Reader. Edited by E. WEEKLEY, M.A. 3s. 6d.

*“The passages are well chosen, interesting in themselves, and representative of
the best contemporary stylists.”"—Journal of Education.
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English Classics.

Bacon’s Essays, I.-XX. By A. F. Warr, M.A. 1s. 6d.

Chaucer.—Canterbury Tales. By A. J. Wyarr, M.A., With
Glossary. Prologue. 1s. Knight's Tale, Nun's Priest’s Tale,
Man of Law’s Tale, Squire’s Tale. Each with Prologue, 2s. 6d.

Dryden.—Essay of Dramatic Poesy. By W. H. Low, M.A. 3s. 6d.

Dryden.—Defence of the Essay of Dramatic Poesy. Preface to the
Fables. By ALLEN MAWER, M.A. 1s. 6d. each.

Johnson. —A Journey to the Western Islands of Scotland. By E. J.
THOMAS, M.A. 2s. 6d.

Johnson.—Life of Milton. By 8. E. Gocain, M.A. 1s. 6d.

Langland. —Piers Plowman. Prologue and Passus I.-VII., Text B.
By J. F. Davis, D.Lit., M.A. 4s, 6d.

Milton.—Early Poems, Comus, Lyecidas. By S. E. GoGaGIn, M. A.,
and A. F, WarT, M.A, 2s. 6d. Areopagitica. 1s. 6d.

Milton.—Paradise Lost, Books I., II. By A. F. WarT, M.A. 1s. 6d.
Books IV., V. By 8. E. GoGGIN, M.A. ls. 6d.

Milton.—Paradise Regained. By A.J. Wyarr, M.A. 2s, 6d.

Milton.—Samson Agonistes. By A.J. Wyarr, M.A, 2s. 6d.

Milton.—Sonnets. By W. F. MaAsom, M.A. 1s. 6d.

More.—Utopia. By R. R. Rusk, Ph.D. 2s,

Pope.—Rape of the Lock. By A. . WarT, M.A. 1s. 6d.

Shakespeare.—Midsummer Night's Dream. Richard II. By A. F.
WATT, M.A. Hamlet. Merchant of Venice. By S. E.

GOGGIN, M.A. Tempest. By A. R. WEEKES, B.A. 2s. each.
Shakespeare. By Prof. W. J. RoLrg, D.Litt, In 40 volumes.

25, a Volume.

King John Midsummer Night's Much Ado About Nothing
Dream Tempest
2s, 6d. a Volume.

All's Well that Enda Well | Julius Caesar Romeo and Juliet
Antony and Uleopatra King Lear Sonnets
As You Like It Love's Labour's Lost The Taming of the Shrew
Oomedy of Errors Macbeth The Two Noble Kinsmen
Coriolanus Measure for Measure Timon of Athens

beline Merchant of Venice Titus Andronicus

amlet Merry Wives of Windsor| Troilus and Cressida

Henry IV, Partl. Othello Twelfth Night
Henry IV, Part IL. Pericles Two Gentlemen of Verona
Henry V. Richard IL Venus and Adonis
Henry VI. Parts L.-IIL. | Richard IIL Winter's Tale
Henry VIII

S8hakespeare.—Henry VIII. By W. H. Low, M.A, Zs,
8penser.—Faerie Queene, Book I. By W. H. HiLr, M.A. 2s. 6d.
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English Language and Literature,

The English Language : Its History and Structure. By W. H. Low,
M.A. With TEST QUESTIONS. Sixth Edition, Revised. 3s. 6d.

“* A clear workmanlike history of the English language done on sound prineiples,”
—daturday Review,

The Matriculation lish Course. By W. H. Low, M.A., and
JoHN BrigaGs, M.A., F.Z.8. Second Edition. 3s. 6d.

CONTENTS.—Historical Sketch—Sounds and Symbols—OQOutlines
of Accidence and Syntax—Common Errors—Analysis—Parsing—
The Word, the Sentence, the Paragraph-—Punectuation—Rules for
Composition—Simple Narrative—Compound Narrative—Descriptive
Composition—The Abstract Theme—The Essay—Paraphrasing—
Précis-Writing—Letter-Writing and Proof-Reading—Index.

*The matter is clearly arranged, concisely and intelligently put, and marked by
accurate scholarship and common sense."—Guardian.

English Literature, The Tutorial History of. By A. J. Wyarr,
M.A. Second Edition. 2s. 6d.

““This is undoubtedly the best school history of literature that has yet come
under our notice."—Guvardian,

““The scheme of the book is clear, proportional, and scientifie.”"—Aeademsy.
“ A sound and scholarly work."—S§8t. James' Gazetie.

English Literature, The Intermediate Texi-Book of. By W. H.,
Low, M.A., and A. J. WyATT, M.A. 6s. 6d.

‘* Really judicious in the selection of the details given."—Saturday Review.
“Well-informed and clearly written."" —Journal o Education.

“ The historical part is concise andclear, buit the eriticism is even more valuable,
and a number of illustrative extracts contribute a most useful feature to the
volume."—School World,

An Anthology of English Verse. With Introduction and Glossary.,
By A. J. WyATT, M.A., and S. E. GogGgIN, M.A. 2s.

Ior use in Training Colleges and Secondary Schools. The ex-
tracts have been selected as representative of English verse from
Wyatt to the present time (exclusive of drama).

“We look upon this collection as one of the best of its kind.”"— Teachers’ Aid.

Précis-Writing, A Text-Book of. By T. C. JACKSON, B.A., LL.B.,
and JOHN Briags, M.A., F.Z.8. 2s. 6d.

In writing this text-book, the authors have aimed at increasing
the educational value of Préeis-Writing by giving a more sys-
tematic and a less technical treatment to the subject than is usual.

# Admirably clear and busineasslike."—Guardian.
“Thoronghly practical, and on right lines educationally.”—Schoo! World,
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Philosophy.

Ethics, Manual of. By J. S. MACKENZIE, Litt.D., M.A., formerly
Fellow of Trinity College, Cambridge. 6s. 6d. :

*“In writing this book Mr. Mackenzie has produced an earnest and striking con-
tribution to the ethical literature of the time."—Mind.

Logic, A Manual of. By .J. WELTON, M. A., Professor of Education
in the University of Leeds. 2 vols. Vol I,, 8s. 6d. ; Vol. II.,
fis. fid.

Vol. 1. contains the whole of Deductive Logic, except Fallacies,
which are treated, with Induetive Fallacies, in Vol. 11,

** A clear and compendioussummary of the views of various thinkers on important
and doubtful points."—Jouwrnal of Education.,

Psychology, The Groundwork of. By G. F. Stour, M.A., LL.D,,
Fellow of the British Academy, Professor of Logic and Meta-
physies in the University of St. Andrews. 4s. 6d.

‘¢ All students of philosophy, both beginners and those who wonld describe thew-
selves as ‘advanced,’ will l!u well to ‘read, mark, learn, and inwardly digest’ this
book."—0xford Magazine,

Psychology, A Manual of. By G. F. Stour, M.A., LL.D. 8s. 6d.

“There is a refreshing absence of sketchiness about the book, and a clear desive
manifested to help the student in the sabject,” —Saturday Keview,

(Dodern Mhistory and Constitution.

The Tutorial History of England. (To 1901.) By C. S.
FEARENSIDE, M.A. 4s. 6d.
“ An excellent text-book fur the upper forms of a school."—Jouwrnal of Bducation,

Matriculation Modern History. Being the History of England
1485-1901, with some reference to the Contemporary History of
Europe and Colonial Developments. By C. 8. FEARENSIDE,
M.A. 3s. 6d.

“ A work that gives evidence of scholarship and clever adaptability to a special
purpose,—Guardian,

Groundwork of English History. By M. E. Cantenr. 2s

“ It presents the salient facts of English History in a readable but definite form,
unencumbered with irrelevant detail.”—School master.

European History, Main Landmarks of. By F. N. Dixon, B.A.
2s.

“ A capable sketeh in which historical movements are indieated accurately and
with vigour,”"—Guardian.

Citizenship, The Elements of the Duties and Rights of. DBy W. D.
ASTON, B.A., LL.B. Third Edition. 1s. 6d.

Goveinment of the United Kingdom. By A. E. Hoc AN, LI.D. 2s, 6d.

CONTENTS. —Introduction — Legislature — Executive — Judicial
System—Loeal Government—Imperial Government,
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Geograpby.

Text-Book of Geography. By G. C. Fry, M.Se., F.I.C., Science
Master at West Buckland, North Devon. 4s. 6d.

This book is intended for use in the upper forms of schools and by
candidates for London University Matriculation, the Oxford and
Oambridge Locals, and other Examinations of similar standard.

It deals with both General and Regional Geography. In
Regional Geography the natural features are first dealt with and
then the political facts that are the outcome of these features.

““It is one of the most scientific and rational text-books yet published.”"—
Educational Neiws.

W“ I:'ﬂr' Fry brings out the fascination of the broad view of Geography."—Literary
o'r d'

TRoman and Greek history.

The Tutorial History of Rome. (To 14 A.D.) By A. H. ALLCROFT,
- M.A., and W. F. MAsoM, M.A. With Maps. Third Edition,
Revised and in part Rewritten. 3s. 6d.

It is well and clearly written."—Saturday Review.
“ A distinctly good book, full, clear, and accurate, "—Guardian.

The Tutorial History of Greece. (To 323 B.C.) By Prof. W. J.
WooDpHOUSE, M.A. 4s. 6d.

“Prof. Woodhonse is exceptionally well qualified to write a history of (reece,
and he has done it well."—=School World.

A Longer History of Rome. By A. H. Arrcrorr, M.A., and
others (each volume containing an account of the Literature of
the Period)—

390—202 B.c.. 3s. 6d. 78—31 B.C. 3s. 6d.
202—138 B.C. 3s. 6d. 44 B.C.—138 A.D. 3s. 6d.
1383—78 B.C. 3s. 6d.

“ Written in a clear and direct style. Its authors show a thorough acquaintance
with their anthorities, and have also used the works of modern historians to good
effect.”—Jowrnal of Education.

A Longer History of Greece. By A. H. ALLCROFT, M.A.

(each volume containing an account of the Literature of the
Period)—
To 495 B.C. 3s. 6d. 404—362 B.C. 3s. 6d.
495—431 B.C. 3s. 6d. 862—3238 B.C. 3s. 6d.
440—404 B.C. 3s. id. Sicily, 491—289 B.C. 3s. 6d.

““The authors have apparently spared no pains to make their work at once com-
preliensive and readable.”—=Schoolmaster,
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Latin and Greeh.

GRAMMARS AND READERS.
Junior Latin Course. By B. J. HAvEs, M.A. 2s. 6d.

‘A good practical gunide. The principles are sound, and the rules are clearly
stated.”"— Educational Times.

The Tutorial Latin Grammar. By B. J. HAvEs, M.A., and W. F.
MAsoM, M.A. Fourth Edition. 3s. 6d.

“ Accurate and full without being overloaded with detail."—S8choolmaster.

Latin Composition. With copious Exercises and easy continuous
Passages. By A. H. ALLCROFT, M.A., and J. H. HAYDON,
M.A. Siwth Edition, Enlarged. 2s. 6d.

“ Simplicity of statement and arrangement, apt examples illustrating each rule,
exceptions to these adroitly stated just at the proper place and time, are among some
of the striking characteristics of this excellent book,"—Schoolmaster,

Junior Latin Reader. By E. J. G. Forsg, M.A. ls. 6d.

Matriculation Selections from Latin Authors. With Introduction
(History and Antiquities), Notes, and Vocabulary. By A, F.
WATT, M.A,, and B. J. HAYES, M.A. 2s. 6d.

Provides practice in reading Latin in preparation for Examina-
tions for which no classies are prescribed.

“ It is quite an interesting selection, and well done,"—S8chool World.
“The selection is a good one, and the notes are brief and to the purpose.,'—
Journal of Education,

Matriculation Latin Construing Book. By A. F. WATT, M.A., and
B. J. HAYES, M.A. 2s

A guide to the construing of the Latin period and its translation
into English.

“One of the most useful text-books of this very practical Tutorial Series."—School
Guardian.

The Tutorial Latin Reader. With VOCABULARY. 2s. 6d.

“ A goundly practical work."—Guardian.

Advanced Latin Unseens. Being a Higher Latin Reader. Edited
by H. J. MAIDMENT, M. A., and T. R. MILLS, M. A. 3s. 6d.

“ Contains some good a8, which have been selected from a wider field than
that previously explored by similar manuals.”"—Cambridge Review.

The Tutorial Latin Dictionary. By F. G. PLAISTOWE, M.A., late
Fellow of Queens’ College, Cambridge. 6s. 6id.

# A sound school dictionary.”—Speaker.
Advanced Greek Unseens. Second Edition, Enlarged. 3s. 6d.

The Tutorial Greek Reader. With VOoCABULARIES. By A. WAvGH
Youna, M.A. Second Edition, Enlarged. 2s. 6d.
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EDditions of Latin and Greeh Classics.

The Text is in all cases accompanied by Introduction and Notes; books
marked (¥) contain also an alphabetical Lexicon.

The Vocalndaries are in order of the text and are preceded by Test Papers,

Text.
Acts of Apostles,
AESCHYLUS—
IKumenides, 3/6
Persae. 3/6

Prometheus Vinctus. 2/6
Septem contra Thebas. 3/6

ARISTOPHANES—
Ranae. 3/6
CAESAR—
Civil War, Book 1. 1/6
Civil War, Book 3. 2/6
Gallic War, Books 1-7.
(each) 1/6
Gallic War, Book 1,
Ch. 1 to 29. 1/6

The Invasion of Britain. 1/6
Gallic War, Book 7, Ch,
1 to 68. 1/6

CICERO—

Ad Atticum, Book 4. 3/6
De Amicitia. *1/6
De Finibus, Book 1. 2/6
De Finibus, Book 2. 3/6
De Officiis, Book 3. 3/6

De Senectute. *1/6
In Catilinam L.-IV, 2/6
y 1., I11I. (each)1/6
Phlhppm 11, 2/6
Pro Archia. 1/6
Pro Balbo.
Pro Cluentio. 3/6
Pro Lege Manilia. 2/6
Pro Marcello. 1/6
Pro Milone. 3/6
Pro Plancio, 3/6
CurTIUS—
Book 9, Ch. 6-end. 1/6

Yoe.

1/0

1/0
1/0
1/0

1/0
1/0

1/0

1/0

1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0

Odyssey, Books 11 L! 2/6

Odyssey, Books 13 14. 2/6
l}dysqe:,, Book 17. 1/6
HORACE—

Epistles (including Ars
Poetica). 4/6
Epistles (excluding 43
Poetica).
Epodes. 1/6
Udes, Books 1-4, “3/6
Separately, each Book

("2, 8,4). 1/6
Satires. 4/6
ISOCRATES—

De Bigis. . 2/6

Text. Voo

DEMOSTHEN ES—

Androtion, 4/6
EURIPIDES —

Alcestis. 1/6 1/0

Andromache. 11 S

Bacchae. 3/6  1/0

Hecuba. <

Hippolytus. 3/6 1[0

Iphigenia in Tauris. 3/6 1/0

N})edﬂa. L 7 L S
HERODOTUS—

Book 3. 4/6 1/0

Book 4, Ch. 1-144. 4/6 1/0

Book 6. 2/6 1/0

Book 8. 36 ..
HoMmeER—

Iliad, Book 6. 1/0

Iliad, Book 24. 3;‘b

Odyssey, Books 9, 2/6

1/0

1/0

1/0
1,0
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EDditions of Latin and GreeR Classics—continued.
; Text. Voe. Tu::..?un.

J UBap ENAL. SALLUST—

tires 1, 3, 4. 3/6 Catiline. 1/0
Satires 8, 10, 13. 2/6 e i L
Satires 11, 13, 14. 3/6 SOPHOCLES—

Ajax. 36 1/0

Livy— . : /

A ' 2/6 1/0
Book 1. 26 10 | Eleotra 3/6 do
Books 3, 6, 9. (each) 36 1/0 '
Book 5. 2/6 10 | TAcrTus—
Book 21. 2/6 1/6 Agricola. 2/6 1/0
Baook 21, Ch. 1-30. 16 ... Annals, Book 1. 26 1/0
Book 22, 2/6 1/6 Annals, Book 2. gfﬁ

LuciAN— bermanta /6 1/0
Charon and Piscator 3!6 :”0 Histories, Books l, 3.

: feach) 3/6 1/0

SRR~ TERENCE—

Eratosthenes. 2/6 *Al 1 .lJ' 36
Eratosthenes and risas ace :
Agoratus, 1/0 | THUCYDIDES—

Neros— Book 7. 3/6
Hannibal, Cato, Atticus, 1/0 VERGIL —

Ovin— Aeneid, Books 1-8. (each)*1/6 1/0
Fasti, Books 3, 4. 2/6 1/0 Book 9. o 7. L
Fasti, Books 5, 6. 3/6 1/0 Books 9, 10. . 1/0
Heroides, 1,2, 3,5,7,12. ... 1/6 Book 10. *1/6 ...
Heroides, 1, 5, 12. 1/6 ... Book 11. *1/6 1/0
Metamorphoses, Book 1, Book 12. 5 A

lines 1-150; Book 3, Eclogues. 3/6 1/0

lines 1-130; Book 35, Georgics, Books 1and 2. 3/6 1/0

lines 385-550. (each) 1/6 ... ::f}em;,i!ba, I];lmta-il and4. 3/6 1/0

Bm.k 11. 1,!0 ;eurgm&, 00 .

Book 11, lines 410-748. l;‘b (separately) 16
T'ristia, Books 1,3. (each) l 6 1/0 Ansbnals: ok 1. 16 10

PLATO— : Anabasis, Book 4. 1/6
Apology. 3/6 10 Cyropaedeia, Book 1. 1/6 l,!ﬂ
Crito. 2/6 1/0 Cyropaedeia, Book 5. R
Euthyphro and Mene- Hellenica, Books 3, 4.

xenus. 4/6 1/0 (each) 1/6 ...
Ion. 36 1/0 | Memorabilia, Book 1. 8/8 1/0
Laches. 36 1/0 Oeconomicus. 4/6 1/0
Phaedo. &k = Ch 300 38 .

A detailed catalogue of the above can be obtained on application,
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The Winiversity Tutorial Eeries.

General Editor: WM. BriGes, LL.D., D.C.L., M. A., B.Se.,
Principal of University Correspondence College.

The object of the UNIVERSITY TUTORIAL SERIES is to provide
candidates for examinations and learners generally with text-books
which shall convey in the simplest form sound instruction in accord-
ance with the latest results of scholarship and scientific research.
Important points ave fully and clearly treated, and care has been
taken not to introduce details which are likely to perplex the be-
ginner.

The Publisher will be happy to entertain applications from
Teachers for Specimen Copies of books mentioned in this List.

SOME PRESS OPINIONS, g
.l.

“This series is successful in hitting its mark and supplying much help e
students in places where a gniding hand is sorely needed."—Journal ¢f Education. ol

L Msmy aditors of more pmtent.lmﬁ books might study the methods of the * 'I]"nln
versity Tutorial Series' with profit."—Guardian.

“The ‘University Tutorial Series' is favourably known for its practical ﬂ‘-‘
workmanlike methods.”"—Public Schools Year Book. :
L*
k|

“ The series is eminently successful.” —Spectator.

“The classical texts in this series ave edited by men who are thoronghly masters . 8
of their craft.”"—Saturday Revicie. b4

“The competent manner in which the volumes of this series ave edited is now
well known and generally regpgnised.”—Fducational Times.

““This useful series of text-books.”"— Nature.

‘““ Any books published in this series are n{hu:mhly adapted for the needs of th
large class of students for whom they are intended.”—Cambridge Review.

““ Clearness in statement and orderliness in arrangement characterise the puhliﬁ-
tions of the University Tutorial Press."—0Oxford Magaszine. >

‘“ All books which issue from the ‘ University Tutorial Press’ are both scholarly lﬁ
and practical.”— Westminster Review.

““The merit of this series of publications consists in the workmanlike exeention 5-’
of an orderly practical plan.”—Sechool Government Chronicle,

“The books of the ‘ University Tutorial Series’ have deservedly won a h.iﬂl
reputation for sound scholarship, clear and orderly arrangement and presentation,
and practical and up-to-date methods."— Bookman. 1

£ Thﬁ more we seée of these excellent manuals the more highly do we think of é-:
them. " —Schoolmaster.

“*Buch text-books are immeasurably superior to the heavy tomes, overburdened '-;'
with extraneous matter, with which boys of a previous generation were familiar.,"
—School Guardian,
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