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12 ELEMENTARY PHYSIOLOGY.

many subjects grows to be more and more perfect ; and when
1t becomes so accurate and sure that it is capable of being
proved to persons of suitable intelligence, it is called science.
The science of any subject is the highest and most exact
knowledge upon that subject. -

2. The Order of Nature.—That which makes science pos-
sible i the regularity of Nature’s order, and it is only possible
so far as that order can be traced. All the appearances-and
cffccts of Nature with which we can become acquainted are
known as Phenomena ; those which exist together constitute
the order of Coexistences; those which follow each other in a
regular succession form the order of Sequences. Thus all the
various parts of the human bedy, as bones, blood-vessels,
nerves, and fluids, and its simultancous operations, as of breath-
ing, digestion, circulation, constitute its coexistences; while the
succession of its numerous actions and eflects, as for example the
agreeable feeling and renewed strength which follow the taking
of food, constitutes its sequences. A scientific inquiry into the
order of Nature, therefore, resolves itself into an investigation of
the relations of coexistence and sequence among all objeets, while
each science is a statement of the coexistences and sequences
of some particular part of Nature. If there are any subjects
which have no coexistences and no sequences ascertainable
by the human mind, those subjects are incapable of becoming
sciences.

3. Connection of the Sciences.—Science is thus the most
perfect knowledge of Nature in all her aspects. But the parts
of Nature are intimately connected in one great whole; there-
fore the sciences which give an account of Nature must also be
intimately connected together. They overlap and interlace in
the closest manner, so as to be in a very great degree mutually
dependent on each other. To understand any one of them, it
is therefore important to have some knowledge of the others
most nearly related to it, and upon which it essentially de-
pends.
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14 ELEMENTARY PHYSIOLOGY.

which it deals are so few that it has been worked out to a con-
siderable degree of perfection.

6. Chemistry.—If there were only one kind of matter in
the universe, as iron or sulphur, there could still be a science of
physics. But there is a large number of elementary bodies in
Nature which combine intimately together in various propor-
tions and give rise to that infinite diversity of material sub-
stances which we see around us. These all have the general
physical properties, but they have also certain special and pecu-
lar properties which are different in different kinds of matter.
The knowledge of these givesrise to the science of chemistry,
which treats of substances as simple or compound, how they
are constituted, and how they act upon and change each other,
But a knowledge of the universal and constant properties of
bodies should precede the study of the more special and vari-
able properties; hence physics prepares for chemistry. The
ideas which pertain to chemistry are far more numerous and
complex tham those of physics, and accordingly chemistry is
much more backward than physies in its development.

SEGTIE;H III.—The Biological Sciences.

7. Biology.—All the objects of Nature may be divided into
two great classes—the living or the organic, and the not-living
or the inorganic. Biology is the name of that comprehensive
science which treats of living matter and living things in all
their grades, forms, and varieties. But in entering the field of
biology ge do not begin anew ; we carry with us a stock of
mathematical, physical, and chemical conceptions. We have
still to deal with numbers and forms, with the motion and rest
of masses, and with the composition and internal changes of
substances. These are indispensable keys to biological phe-
nomena, and not an intelligent step can be taken without them ;
but there is also a new order of ideas which is peculiar to this
great field of thought, as those of organic structure, vital func-
tion, growth, development, waste and repair, alimentation,
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18 ELEMENTARY PHYSIOLOGY,

13. Claims of Physiological Study,—There are two classes
of reasons why Physiology should be well studied by all who
aspire to be in any tolerable degree educated. The first is, that
1t is a part, and a most important part, of the great order of
Nature which the human mind is adapted to understand. The
first duty of a rational being is to cultivate in the best manner
possible the higher powers of his nature, and in no way can
this be done so well as by studying the plan of Nature, which
15 full of harmony, beauty, and the highest instruction. Thou-
sands of the greatest minds that have appeared in the world
have been occupied for ages in discovering the truths of Nature,
and a large amount of the most valuable and interesting knowl-
edge has thus been reached, of which past generations knew
little, and the acquisition of which is the noble privilege of the
present time., Is.t right that all this vast research which has
employed the genius of ages should go-for nothing in education
—that all this wealth of knowledge should be passed by as if 1t
had no existence, and the young people of this country grow
up as ignorant of it as if they had lived a dozen centuries ago?

14. Applied Physiology—Hygiene.—Another and an im-
perative reason for studying Physiology is, that it opens to usa
true understanding of our own natures. Tt teaches us how to
take careof ourselves, to preserve health, to economize strength,
and to improve and vigorate all our faculties. A large
amount of the suffering of life comes from self-exposure and
self-abuse, which take numberless forms. These may. be avoid-
ed through proper knowledge conscientiously applied.  The
truths of Physiology should therefore be inculcated and en-
forced early and earnestly, and with the emphasis of high reli-
glous duty.

Physiology treats of the laws of the human constitution in
a state of health; but so important is the application of physio-
logical principles to the art of preserving health and preventing
disease, that a second part has been added to the present work,
treating: definitely and separately of this application, the princi-
ples and rules of which constitute the art of Hygene.












929 ELEMENTARY PHYSIOLOGY.

source whence the body can obtain oxygen, except from food
and water, is the air which surrounds it. And careful investi-
gation of the air which leaves the chamber in the imaginary
experiment described above, would show, not only that it has
gained carbonic acid from the man, but that it has lost ozygen
in equal or rather greater amount fo him.

21. Variation of the Physiological Balance.—Thus, if a
man is neither gaining' nor losing weight, the sum of the
weights of all the substances above enumerated which leave
the body, ought to be exactly equal to the weight of the food
and water which enter if, together with that of the oxygen
which it absorbs from the air. And this is proved to be the case.

Hence it follows that a man, in health, and “ neither gain-
ing nor losing flesh,” is incessantly oxidating and wasting away
and periodically making good the lpss, So that if he could be
confined in the scale-pan of a delicate spring balance, like that
used for weighing letters, in his average condition, the scale-
pan would descend at every meal and ascend in the intervals,
oscillating to equal distances on each side of the average posi-
tion, which would never be retained for longer than a few
minutes. Thepe is, therefore, no such thing as a stationary
condition, and what we ecall such is simply a condition of varia-
tion within narrow limits—a condition in which the gains and
losses of the numerous daily transactions of the economy bal-
ance one another,

22. Conditions of this Balance.—Suppose this condition
of daily physiological balance to be reached, it can be main-
tained only under the condition that the quantity of the me-
chanical work done, or of heat or other force evolved, remains
absolutely stationary.

Let such a physiologically balanced man lift-a heavy body
from the ground, and his previous loss of weight will be imme-
diately increased by a definite amount, which cannot be made
good unless a proportionate amount of extra food be supplied
to him. Let the temperature of the air fall, and the sane Te-
sult will oceur, if his body remains as warm as before,




WORE AND WASTE. 23

On the other hand, diminish his exertion and lower his pro-
duction of heat, and either he will gain weight or some of his
food will remain unused. 4

23. Equation of Food and Force,—Thus, in a properly
nourished man, a stream of fod is constantly entering the body
in the shape of complex compounds containing comparatively
little oxygen ; as constantly, the elements of the food are leay-
ing the body, combined with more oxygen. And the incessant
breaking down and oxidation of the complex compounds which
enter the body is definitely proportioned to the amount of force
the body exerts, whether in the shape of heat or otherwise:
just in the same way as the amount of work to be got out of a
steam-engine, and the amount of heat it and its furnace give
off, bear a strict proportion to its consumption of fuel.

Secriox I1.— OQutlines of the Bodily Structure.

24, Structure of the Vital Mechanism.—From these gen-
eral considerations regarding the nature of life, considered as
physiological work, we may turn for the purpose of taking a
like broad survey of the apparatus which does the work. We
have seen the general performance of the engine, we may noy
look at its build.

The human body is obviously separable into head, trunk,
and limbs, In the head, the brain-case, or skull, is distinguish-
able from the face. The trunk is naturally divided into the
chest or thorax, and the abdomen or belly. Of the limbs there
are two pairs—the upper, or arms, and the lower, or legs;
and legs and arms again are subdivided by their joints into
parts which obviously exhibit a rough correspondence—thigh
and arm, leg and forcarm, ankle and wrist, fingers and toes,
plainly answering to one another. And the last two, in fact,
are so similar that they receite the same name of * digitss”
while the several joints of the fingers and toes have the com-
mon denomination of “ phalanges.”

The whole body thus composed is seen to be bilaterally
symmetrical ; that is to say, if it were split lengthways by a
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great knife, which should be made to pass along the middle
line of both the dorsal and ventral (or back and front) aspects,
the two halves would almost exactly resemble one another,

25. The Vertebral Column.—The bisected aspect of one-
half of the body, divided in the manner described (Fig. 1),
would exhibit, in the trunk, the cut faces of thirty-three bones,
joined together by a very strong and tough substance into a
long column, which lies much nearer the dorsal than the ven-
tral aspect of the body. The bones thus cut through are called
the bodies of the vertebree. They separate a long, narrow
canal, called the spinal canal, which is placed upon their dorsal
side, from the spacious cavity of the chest and abdomen, which
is lodged upon their ventral side. There is no direct commu-
nication between these two cavities,

26. Internal Organs.—The spinal canal contains a long
white cord—the spinal cord—which is an important part of
the nervous system. The ventral chamber is divided into the
two subordinate cavities of the thorax and abdomen by a re-
markable partition, the diaphragm (Fig. 1, D), which is con-
cave toward the abdoinen, and convex toward the thorax. The
alimentary caval (Fig. 1, AL) traverses these cavities from one
&d to the other, piercing the diaphragm. So does a long double
series of distinet masses of nervous substances, which are called
ganglia, are connected together by cords, and constitute the so-
ealled “ sympathetic” (Fig. 1, Sy.). The abdomen contains, in
addition to these two sets of organs, the two kidneys, one placed
against each side of the vertebral column, the liver, the pan-
creas, or “sweet-bread,” and the spleen. The thorax encloses,
besides its segment of the alimentary and sympathetic canal,
the heart in the middle, and the two lungs, one on each side.

27. The Head and Brain,—Where the body is succeeded
by_the head, the uppermost of the thirty-three vertebral bod-
ies is followed by a continnous mass of bone, which extends
through the whole length of the head, and, like the spinal
column, separates a dorsal chamber from a ventral one. The
dorsal chamber, or cavity of the skull, opens into the spinal
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of lime. They are animal tissues which have become, in a
manner, naturally petrified; and when the salts of lime are ex-
tracted, as they may be, by the action of acids, a model of the
bone in soft and flexible animal matter remains.

No fewer than 206 separate bones are ordinarily reckoned
in the human body. Of these, thirty-eight enter into the com-
position of the long axis, and five into that of the side walls of
the cerebro-spinal cavity. Twenty-four ribs bound the chest
laterally, twelve on each side, and most of them are connected
by cartilages with the breast-bone. In the girdle which sup-
ports the shoulder, two bones are reckoned; in that to which
the legs are attached, three. There are thirty bones in each
of the arms, and in each of the legs.

All these bones are fastened together by licaments or by
cartilages, and where they play freely over one another a coat
of cartilage furnishes the surfaces which come into contact.
The free surfaces of those articular cartilages which enter into
a joint, again, are lined by a delicate synovial membrane, which
secretes a lubricating fluid—the synrovia.

Secrion IV.—The Combination of Actions.

34, How we stand upright.—Though the bones of the
skeleton are all strongly enough conmnected together by liga-
ments and cartilages, the joints play so freely, and the centre
of gravity of the body, when erect, is so high up, that it is im-
possible to make a skeleton, or a dead body, support itself in
the upright position. That position, easy as it seems, is the
result of the contraction of a multitude of museles which op-
pose and balance one another. Thus, the foot affording the
surface of support, the muscles of the calf (Fig. 4, I.) must con-
tract, or the legs and body would fall forward. But this ac-
tion tends to bend the leg ; and to neutralize this and keep the
leg straight, the great muscles in front of the thigh (Fig. 4, 2)
must come into play. But these, by the same action, tend to
bend the body forward on the legs; and if the body is to be
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35, Relation of the Mind to the Muscles.—Let any per-
son in the erect position receive a violent blow on the head,
and you know what happens to him. On the instant he drops
prostrate in a heap, with bhis limbs relaxed and powerless.
What has happened to him? The blow may have been so in-
flicted as not to touch a single muscle of the body ; it may not
cause the loss of a drop of blood: and, indeed, if the * concus-
sion,” as it is called, has not been too severe, the sufferer, after
a few moments of unconsciousness, will come to himself, and
be as well as ever again, Clearly, therefore, no permanent in-
jury has in this case been done to any part of the body, least
of all to the museles, but an influence has been exerted upon
a something which governs the museles. And this influence
may be the effect of very subtle causes. A strong mental emo-
tion, and even a very bad smell, will, in some people, produce
the same effect as a blow.

These observations might lead to the conclusion that it is
the mind which dirvectly governs the muscles, but a little fur-
ther inquiry will show that such is not the case. For people
have been so stabbed or shot in the back as to cut the spinal
cord, without any considerable injury to other parts; and in
this case they lose the power of standing upright as much as
before, though their minds may remain perfectly clear. And
not only have they lost the power of standing upright under
these circumstances, but they no longer retain any power of
either feeling what is going on in the legs, or, by an act of
their volition, causing motion in them.

36..The Spinal Cord converts Impressions into Move-
ments.—And yet, thongh the mind is thus cut off from the
lower limbs, a controlling and governing power over them still
remains in the body. For, if the soles of the disabled feet be
tickled, though no sensation will reach the body, the legs will
be jerked up just as would be the case in an uninjured person.
And if a series of galvanic shocks be sent along the spinal cord,
the legs will perform movements even more powerful than
those which the will could produce in an uninjured person.

h. o -







NUTRITION, CIRCULATION, EXCRETION. S0

or, in other words, enable it to move in harmony with in-
fluences from without, we must consider the means by which
all this wonderful apparatus is kept in working order,

All work, as we have secen, implies waste. The work of the
nervous system, and that of the muscles, therefore implies con-
sumption either of their own substance or of something else.
And as the organism can make nothing, it must possess the
means of obtaining from without that which it wants, and of
throwing from itself that which it wastes; and we have seen
. that, in the gross, it does these things. The body feeds, and
it excretes. But we must now pass from the broad fact to the
mechanism by which the fact is brought about. The organs
which convert food into nutriment are the organs of alimenta-
tion ; those which distribute nutriment all over the body are
organs of circulation ; those which get rid of the waste prod-
ucts are organs of excretion. .

39. Alimentary Apparatus—The organs of alimentation
are the mouth, gullet, stomach, and intestines, with their ap-
pendages. What they do is to receive and grind the food ; to
act upon it with chemical agents, of which they have a store ;
and in this way to separate it into a nutritious solution, and
unnutritious dregs or feces.

40. Mechanism of Distribution.—A system of minute tubes,
with very thin walls, termed capillaries, is distributed through
the whole organism except the epidermis and its products, the
epithelium, the cartilages, and the substance of the teeth, and,
on all sides, these tubes open into others, which are called arte-
ries and veins, and becoming larger and larger, at length open
into the heart, an organ which, as we have seen, is placed m
the thorax, During life, these tubes, and the chambers of the
heart, with which they are connected, are all full of liquid,
which is, for the most part, that red fluid with which we are all
familiar as blood.

The walls of the heart are muscular, and contract rhythmi-
cally, or at regular intervals. By means of these contractions
the blood which its cavities contain is driven in jets out of
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CONNECTIONS AND BTRUCITURE OF THE HEART, 49

more museular substance than the auricles, and the left ventri
cle than the right; and it is this excess of muscular substance
which gives rise to the excess of thickness observed,

Fia. 20, F1a. 21.
Fra. 20. rer L.EPT SipE AKD F16. 21, voE Riconr Siok oF ToeE HEART DISSECTED.

Fig. 20.—r. A, the left auricle, P. V. the four pulmonary veins: ¢ d, a style passed
througu the auriculo-ventricular aperture; A V. the mitral valves; a b, a style
passed through the left ventriele into the aorta; R.4. B, V. parts of the right sile

_ of the heart; /. 4. pnlmonary artery.

Fig. 21.—R. A. the right auricle; V./.& superior vena cava: V.(.L inferior vena cava,
the styles fe, ¢  being passed through them into the auriclz; a b, style passcd
through the auriculo-ventricular aperture; 7. V. tricuspid valve; A, V. right ven
tricle: S.L eemilunar valves at the base of F.4. the pulmonary artery. throuzh
which the style ¢ & is passed; L.4. L. V. parts of the left side of the beart.

58, Muscular Fibres and Fibrous Rings.—The muscular
fibres of the heart are not smooth, nucleated bands, like those
of the vessels, but are bundles of transverscly-striped fibres, and
resemble those of the chief muscles of the body, except that
they have no sheath or sarcolemma, such as we shall find to
exist in the latter.

Almost the whole mass of the heart is made up of these
muscular fibres, which have a very remarkable and complex
-arrangement; but it has an internal lining called the endocar-
dium ; and at the junction between the auricles and ventricles
the apertures of communication between their cavities, callod
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CONNECTIONE AND ETRUCTURE OF 'THE HEART. 51

nar valves, but placed on the same level and meeting on the
middle line, so as completely to stop the passage when any
fluid is forced along the artery toward the heart.  On the other
hand, these valves flap back and allow any fluid to pass from
the heart into the artery with the utmost readiness.

The action of the auriculo-ventricular valves may be demon.
strated with great ease on a sheep’s heart, in which the aorta
and pulmonary artery are tied and the greater part of the auri-
cles cut away, by pouring water into the ventricles through the
auriculo-ventricular aperture. The valves then usually elose
themselves, and they may be made to do so at once by gently
squeezing the ventricles. So, in like manner, if the base of the
aorta or pulmonary artery be cut out of the heart so as not to
injure the valves, water poured into the upper ends of these
vessels will cause the valves to close tightly, and allow nothing
to flow out after the first moment.

Fia. 22,
The valves of the heart displayed by cutting away both auricles and all but the bases

of the pulmonary artery (4) and aorta (B); C, the tricuspid; D, the mitral
valve; @, a style passed into the e {'q'{*ir'l. \ cuspid; D, the mitra
Thus the arrangement of the auriculo-ventricular valves is
such that any ﬂu}d contained in the chambers of the heart ean

be made to pass through the auriculo-ventricular apertures in
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comprehend what must happen if (the whole apparatus con-
taining blood) the first step in the pulsation of the heart oceurs
and the auricles contract. DBy this action cach auricle tends
to squeeze the fluid which 1t contains out of itself in two direc-
tions—the one toward the great veins, the other toward the
ventricles; and the direction which the blood as a whole will
take will depend upon the relative resistance offered to it in
these two directions. Toward the great veins it is resisted by
the whole mass of the blood contained in the veins. Toward
the ventricles, on the contrary, there is no -resistance worth
mentioning, inasmuch as the valves are open. The walls of the
ventricles, in their uncontracted state, are flaceid and casily dis-
tended, and the whole pressure of the arterial blood is taken off
by the semilunar valves, which are necessarily closed. There-
fore, when the auricle contracts only a very little of the fluid will
flow back into the veins, and the great mass of it will pass at
once mto the ventricles. As the ventricles become distended,
the blood getting behind the auriculo-ventricular valves will
bring them toward one another, and almost shut them. The
auricles now cease to contract, and immediately that their walls
relax, fresh blood from the great veins flows into and slowly
distends them again,

But the moment the auricular systole is over, the yentricu-
lar systole begins. The walls of each ventricle contract vigor-
ously, and the first effect of that contraction is to shut the au-
riculo-ventricular valves completely, and to stop all egress tow-
ard the auricle. The pressure upon the valves becomes very
considerable, and they might even be driven upward if it were
not for the chorde iendinew which hold down their edges.

Farthermore, as the contraction continucs, and the cavity
of the ventricle becomes diminished, the points of the wall of
the heart to which the chorde tendinee are attached approach
the edges of the valves, and thus there is a tendency to allow
of a slackening of these cords, which, if it really took place,
might permit the edges of the valves to flap back and so de-
stroy their utility. This tendency, however, is counteracted by

_—J
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nary arteries, capillaries, and veins, it follows that the left ven-
tricle needs a thicker muscular wall than the right.

62. The Working of the Arteries.—Thus, at every systole
of the auricles, the ventricles are filled and the auricles emptied,
to be slowly refilled by the pressure of the fluid in the great
veins, which is amply sufficient to overcome the passive resist-
ance of their relaxed walls. And at every systole of the ven-
tricles the arterial systems of the body and lungs receive the
contents of these ventricles, and the nearly emptied ventricles
remain ready to be refilled by the auricles,

We must now consider what happens in the arteries.
When the contents of the ventricles are suddenly forced into
these tubes (which are already full), a shoek is given to the
whole mass of fluid which they contain. This shock is propa-
gated almost instantancously throughount the flnid, becoming
fainter and fainter in proportion to the increase of its mass in
the capillaries, and finally cease to be diseernible.  If the vessels
were tubes of a rigid material, like gas-pipes, the fluid which
the arteries contain would be transported forward as far as this
impulse was competent to carry it, at the same instant as the
shock throughout their whole extent; and as the arteries open
into the capillaries, the capillaries into the veing, and these into
the heart, there would be returned to the auricles almost at the
same moment that the ventricles contract a quantity of fluid
exactly equal to that driven out of the ventricles.

However, the vessels are not rigid, but, on the contrary,
very yielding tubes; and the great arteries, as we have seen,
have especially elastic walls, What happens then when the
ventricular systole takes place is—1st, The sudden slight shock -
already mentioned.  2d, The dilatation of the great arteries by
the pressure of the increased quantity of blood forced into
them.

Finally, when the systole is over, the force stored up in the
dilated arterial walls in the shape of elastie tension, comesinto
play and exerts a pressure on the fluid—the first effect of which
is to shut the semilunar valves; the second, to drive the fluid
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placed upon an artery, such as that at the wrist, what is termed
the pulse will be felt; that is to say, the clastic artery dilates
somewhat at regular intervals, which answer to the beatings of
the heart. The pulse which is felt by the finger, however, does
not correspond preciscly with the beat of the heart, but takes
place a little after it, and the interval is longer the further the
artery is from the heart. The beat in the artery on the inner
side of the ankle, for example, is a little later than the beat of
the artery in the temple. The reason of this is that the finger
is only delicate enough to distinguish the dilatation of the ar-
tery by the wave of blood which 1s driven along it by the
elastic reaction of the aorta, and is not competent to perceive
the first shock caused by the systole. DBut it instead of the
fingers very delicate levers be made to rest upon any two arte-
ries, it will be found that the pulse really begins at the same
time in both, the shock of the systole making itself felt all over
the muscular system at once; and that it is only the actual fluid
which is propelled into the two arteries by the elastic reaction
of the greater vessels, which takes longer to reach and distend
the more distant branch.

66. Jetting of Blood from cut Arteries— Fourthly,
when an artery is cut the outflow of the fluid which it coutains
is increased by jerks, the intervals of which correspond with the
intervals of the beats of the heart. The cause of this is plainly
the same as that of the pulse; the force which would be em-
ployed in distending the walls of the artery, were the latter en-
tire, is spent in jerking the fluid out when the artery is eut.

67. Why the Capillaries are Pulseless.—Fifthly, The
pulse, under ordinary ecircumstances, is no longer to be de-
tected in the capillaries nor in the veins. This arises from
several circumstances. One of them is that the capacity
- of the branches of an artery is greater than the capacity of
the trunk, and the capacity of the capillaries is greater than
that of the small arteries. Hence, supposing the capacity of
the trunk to be 10, that of its branches 50, and that of the cap-

illaries into which these open 100, it is clear that a quantity
g%
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again ; and in the course of these operations it gives rise inei-
- dentally to the beating of the heart, the sounds of the beart,
and the pulse.

Secerion IV.—The General Circulation.

70. The Course of the Circulation.—It is now nececes-
sary to trace the exact course of the circulation as a whole.
And we may conveniently commence with the portion of
the blood contained at any moment in the right auricle.
The contraction of the right auvicle drives that fluid, for the
reason above mentioned, into the right ventricle; the ventricle
then contraets and forces it into the pulmonary artery; from
hence it passes into the capillaries of the lungs. Leaving
these, it returns by the four pulmonary veins to the left auri-
cle; the contraction of the left auricle drives it into the left
ventricle ; that of the left ventricle forees it into the norta.
The branches of the aorta convey it into all parts of the body
except the lungs, and from the capillaries of all these parts, cx-
cept the intestines and certain other viscera in the abdomen,
it is conveyed by vessels which gradually unite into larecr and
larger trunks into either the superior or the infetjor vena cava,
which carry it to the right auricle once le‘Ef‘i% the blood
- brought to the capillaries of the stomach and intestines, spleen
and pancreas, by these arteries is gathered into veins which unite
into a single trunk—the vena porte. The vena portee distributes
its blood to the liver, mingling with that supplied to the capilla-
ries of the same organ by the hepatic artery. From these eapil-
laries it s conveyed by small veins which unite into a large
trank—the Aepatic vein, which opens into the inferior vena cava.
This course of the blood from the abdominal viscera to the
hepatic vein is called the portal cireulation.

The heart itself is supplied with blood by the two coronary
arteries which spring from the root of the aorta just above two
of the semilunar valves. The blood from the capillarics of the
heart is carried back by the coronary vein, not to cither vena
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_The latter are smallest in the little Musk Deer, in which animal
they are about a quarter as large as those of man. On the
other hand, the red corpuscles are largest in the Amphibia (or
Frogs and Salamanders), in some of which animals they are ten
times as long as in man.

Fic. 25

Rep CorruscLes oF HurmaX Broop arraneeD 1IN ComerexT RoLLs.

One free red corpuscle and one colorless corpuscle are seen, and the plasmain the
fleld of view is traversed by very delicate filaments of fibrin,

88. Red Corpuscles tend to cohere in Rolls.—As the
blood dies, its several constituents, which have now been de-
seribed, underogo marked changes.

The colorless corpuscles lose their contractility, but other-
wise undergo little alteration. They tend to eohere neither
with one another, nor with the red corpuscles, but adhere to
the slide on which they are placed.

It is quite otherwise with the red corpuscles, which at first,
as we have scen, float about and roll, or slide, over each other
quite freely. After a short time (the length of which varies in
diflerent persons, but usually amounts to two or threc minutes)
they scem, as it were, to become sticky, and tend to cohere;
and this tendency increases until, at length, the great maJﬂﬂtj’
of them become applied face to face, so as to form long series,
like rolls of coin. The end of one roll cohering with the sides
of another, a network of various degrees of closeness is pro-
duced j the corpuscles remain thus coherent for a certain length
of time, but eventually separate and float frecly again. The
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with one another and with the corpuscles, and binding the
whole into a semi-solid mass.

It is this deposition of fibrin which is the cause of the
apparent solidification, or coagulation, of the drop upon the
second slide; but the phenomena of coagulation, which are of
very great importance, cannot be properly understood until the
behavior of the blood, when drawn in larger quantity than a
* drop, has been studied.

91. Separation of the Constituents.—When, by the ordi-
nary process of opening a vein with a lancet, a quantity of
blood is collected into a basin, it is at first perfectly fluid; but
in a quarter of an hour, and sometimes in less than balf that
time, it separates into two very different constituents—the one
a clear yellowish liquid, the other a red semi-solid mass, which
lics in the liquid, and is paler in color and firmer at the surface
thap in its deeper part.

The liquid is called the serum ; the semi-solid mass the
clot, or crassamentum. Now the clot obviously contains the
corpuscles of the blood, bound together by some other sub-
stance; and this last, if a small part of the clot be examined
microscopically, will be found to be that fibrous-looking matter,
fibrin, which has been seen forming in the thin layer of blood.
Thus the clot is equivalent to the corpuseles plus the fibrin of
the plasma, while the serum is the plasma sinus the fibrinous
elements which it contained.

92. The Buffy Coat.—The corpuscles of the blood are
slightly heavier than the plasma, and therefore, when the blood
is drawn, they sink very slowly toward the bottom. Hence
the upper part of the clot contains fewer corpuscles and is
lighter in color, than the lower part—there being fewer cor-
puscles left in the upper layer of plasma for the fibrin to catch
when it sets. And there are some conditions of the blood in
which the corpuscles run together much more rapidly and in
denser masses than usual ; so that they more readily overcome
the resistance of the plasma to their falling, just as feathers

stuck fogether in masses fall much more rapidly through the
4
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in contact with the sides of the basing and a wire introduced
into a living vein will become coated with fibrin, although per-
fectly fluid blood surrounds it.

On the other hand, direct contact with living matter retards,
or altogether prevents, the coagulation of the blood. Thus
blood remains fluid for a very long time in a portion of a vein
which is tied at each end.

The heart of a turtle remains alive for a lengthened period
(many hours or even days) after it is extracted from the body;
and, so long as it remains alive, the blood contained in it will
not coagulate, though a portion of the same blood taken out
of the heart will coagulate in a few minutes.

Blood taken from the body of the turtle, and kept from
coagulating by cold for some time, may be poured into the
separated heart, and then will not coagulate.

Freshly deposited fibrin aets like living matter, coagulable
blood remaining fluid for a long time in tubes coated with such
fibrin.

94. Nature of the Process of Coagulation.—The coagu-
lation of the blood is an altogether physico-chemical process,
dependent upon the properties of certain of the constituents of
the plasma, apart from the vitality of that fluid. This is proved
by the fact that if the coagulation of blood-plasma be prevented
by cold, and it be greatly diluted, a current of carbonic acid
gas passed through it will throw down a white substance, which
white substance, dissolved in a weak solution of potash or soda,
coagulates and yields a clot of true pure fibrin. It would be
absurd to suppose that a substance which has been precipitated
from its solution, and redissolved, still remains alive,

There are reasons for believing that this white substance
consists of two constituents of very similar composition which
exist separately in living blood, and the union of which is the
cause of the act of coagulation. These reasons may be briefly
stated thus :—The pericardium and other serous cavities in the
body contain a clear fluid, which has exuded from the blood-
vessels, and cortains the elements of the blood without the

]
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action of two substances (or two modifications of the same sub-
stance), globulin and fibrinogen, the former of which exists in
great abundance in the corpuscles of the blood, and in some
_ tissues of the body; while the latter is known at present only
in the plasma of the blood, and the lymph, and the chyle, and
fluids derived from them.

96. The Physical Qualities of the Blood.—The proverb
that “blood is thicker than whter,” is literally true, as the
blood is not only “ thickened” by the corpuscles, of which it
has been calenlated that no fewer than 70,000,000,000 (cighty
times the number of the human population of the globe) are
contained in a cubic inch, but is rendered slightly viscid by the
solid matters dissolved in the plasma. The blood is thus ren-
dered heavier than water, its specific gravity being about 1055.
In other words, twenty cubic inches of blood have about the
same weight as twenty-one cubic inches of water. The cor-
puscles are heavier than the plasma, and their volume is usually
somewhat less than that of the plasma. OF colorless corpus-
cles there are usually not more than three or four for every
thousand of red corpuscles; but the number varies very much,
increasing shortly after food is taken, and diminishing in the
intervals between meals, The blood is, furthermore, hot, its
temperature being about 100° Fahrenheit, :

97. The Chemical Composition of the Blood.—Considercd
chemically, the blood is an alkaline fluid, consisting of water,
solid and gaseous matters. The proportions of these several con-
stituents vary according to age, sex, and condition, but the
fﬂl](}wi% statement holds good on the average :

In every 100 parts of blood there are 79 parts of water and
21 parts of dry solids; in other words, the water and the solids
of the b!oud stand to one another in about the same proportion
as the nitrogen and the oxygen of the air. Roughly speaking,
onc-quarter of the blood is dry, solid matter; threc-quarters
water.  Of the 21 parts of dry solids, 12 (= 4ths) belong to
the corpuscles. The remaining 9 are about two-thirds (67
parts = %ths) albumen (a substance like white of cog, coagu-
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98, Influence of Age, Sex, and Food upon the Blocd.—The
blood of adults contains a larger proportion of solid constitu-
ents than that of children, and that of men more than that of
women ; but the difference of sex is hardly at all exhibited by
persons of flabby, or what is called Iymphatic, constitution.

Animal diet tends to increase the quantity of the red cor-
puscles; a vegetable diet and abstinence to diminish them.
Bleeding excrcises the same influence in a still more marked
degree, the quantity of red corpuscles being diminished there-
by in a much greater proportion than that of the other solid
constituents of the blood.

99. Total Quantity of Blood in the Body.— The total
quantity of blood contained in the body varies at different
times, and the precise ascertainment of its amount is very diffi-
cult. It may probably be estimated, on the average, at not
. less than one-tenth of the weight of the body.

100. Vivifying Influence of Blood over the Tissues,.—
The function of the blood is to supply nourishment to, and
take away waste matters from, all parts of the body. It is ab-
solutely essential to the life of every part of the body that it
should be in such relation with a current of blood, that matters
can pass freely from the blood to if, and from it to the blood,
by transudation through the walls of the vessels in which the
blood is contained. Furthermore, this vivifying influence de-
pends upon the corpuscles of the blood. The proof of these
statements lies in the following experiments: If the vessels of
a limb of a living animal be tied in such a manner as to cut
off the supply of blood from the limb without affecting it in .
any other way, all the symptoms of death will set in. The
limb will grow pale and cold, it will lose its sensibility, and
volition will no longer have power over it; it will stiffen, and
eventually mortify and decompose.

But if, even when the death stiffening has set in, the lig-
atures are removed, and the blood is allowed to flow into the
limb, the stiffening speedily ceases, the temperature of the part
rises, the sensibility of the skin returns, the will regains power
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106. Diffusion of Gases.—The physico-chemical processes
involved in the exchange of carbonic acid for oxyveen when
venous is converted into arterial blllﬂd, or the reverse, 1n the
cases mentioned above, are not thoroughly understood, and are
probably somewhat complex.

It is known (a) that gases, mechanically held by a fluid in
a given proportion, tend to diffuse into any atmosphere to
which they are exposed, until they oceupy #hat atmosphere in
eorresponding proportions; and (b) that gases, separated by a
dry porous partition, or simply in contact, difluse into one an-
other with a rapidity which is inversely proportioned to the
squate roots of their densities.

Now, a knowledge of these physical principles does, in a
rough way, lead us to see how the gases, contained in the blood,
may effect an exchange with those in the air, whether the Qlood
be freely exposed, or enclosed in a membrane. But the appli-
cation of these prineiples gives no more than this sort of gen-
eral insight, sceing that, in the first place, the gases of the blood
arc not held merely mechanieally in it; and, secondly, that
when arterialization takes place through the walls of a bladder,
or any other thin anmmal membraae, the matter is still further
complicated by the circumstance that moisture dissolves car-
bonic acid far more freely than it will oxygen, and hence that
the wet bladder has a very different action upon carbonic acid
from that which it has upon oxygen. Thus a moist bladder,
partially filled with oxygen and suspended in earbome acid gas,
becomes rapidly distended in consequence of the carbonie acid
gas passing into it with much greater wapidity than the oxygen
passes out,

107. Causz of the Change of Color in Blood.—The cause
of the change of color in the blood—of its darkening when ex-
posed to carbonic acid, and its Lrightening when under the
influence of oxygen, is not thoroughly understood. There 1s
reason to think, however, that the red corpuscles are rendered
somewhat flatter by oxygen gas, while they are distended by
the action of carbonic acid. Under the former circumstances
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they may, not improbably, reflect the light more strongly, so
as to give a more distinet coloration to the blood; while, un-
der the latter, they may transmit more light and so allow the
blood to appear darker and duller,

108. Conditions of its Chemical Changes.—Whatever may
be their explanation, however, the facts are certain, (1) that
arterial blood, separated by only a thin membrane from car-
bonic acid, or from a fluid containing a greater amount of
carbonic acid than itself, becomes venous ; and (2) that venous
blood, separated by only a thin membrane from oxygen, or a
fluid containing a greater proportion of free oxygen than itself,
becomes arterial. :

In these facts lies the explanation of the conversion of
scarlet blood into dark blood as it passes through the capil-
larigs of the body, for the latter are bathed by the juices of
the tissues which contain carbonic acid, the produet of their
waste and combustion, in excess. On the other hand, if we
seck for the explanation of the conversion of the dark blood in
the veins into the scarlet blood of the arteries, we find, 1st,
that the blood remains dark in the right auricle, the right ven-
tricle, and the pulmonary artery ; 2d, that it is scarlet not only in
the aorta, but in the left ventricle, the left auricle, and the pul-
monary veins, -

Obviously, then, the change from venous to arterial takes
place in the pulmonary capillaries, for these are the sole chan-
nels of communication between the pulmonary arteries and the
pulmonary veins.

SecrioN IL.—The Lungs and their Ofice.

109.-The Essence-nature of Respiration.—But what are
the physical conditions to which the blood is exposed in the
pulmonary capillaries ?
These vessels are very wide, thin walled, and closely set, so
as to form a network with very small meshes, which is con-
tained in the substance of an extremely thin membrane, This

-
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exposed on both sides to the air—being separated from the air-
cell on- either hand only by the very delicate pellicle which
forms the wall of the capillary, and the lining of the air-sac.

111, The Provision for the Renewal of Air.—Iecnce no
conditions can be more favorable to a ready exchange between
the gaseous contents of the blood and those of the air in the
air-cells, than the arrangements which obtain in the pulmonary
capillaries ; apd, thus far, the strocture of the lung fully enables
us to understand how it is that the large quantity of blood
poured through the pulmonary circulation is enabled to be ex-
posed in very thin streams, over a large surface, to the air.
But this very cfrcumstance would only render the extraction
of the oxygen from the pulmonary air, and its saturation with
carbonic acid, a very speedy and complete process, if it were
not for the special arrangements by which a certain quantity
of this air is incessantly removed and replaced by fresh air.

112. Inspiration and Expiration.—If an adult man,
breathing calmly in the sitting position, be watched, the respi-
ratory act will be observed to be repeated thirteen or fourteen
times every minute. Each act consists of certain components
which succeed one another in a regular rhythmical order.
First, the breath is drawn in, or inspired ; immediately after-
ward it is driven out, or expired ; and these successive acts of
inspiration and expiration are followed by a brief pause. Thus,
just as in the rhythm of the heart we have auricular systole,
ventricular systole, pause ; so in similar order in the chest, in-
spiration, expiration, and pause succeed one another. At each
inspiration in an adult well-grown man about thirty cubic
inches of air are inspired, and at each expiration the same, or
a slightly smaller, volume (allowing for the increase of tem-
perature of the air so expired).

113. Differences between Inspired and Expired Air.—
The expired air differs from the air inspired in the following
particulars:

() Whatever the temperature of the external air, that ex-
pired is nearly as hot as the blood, or between 90° and 100°. .
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() However dry the external air may be, that expired is
quite, or nearly, saturated with watery vapor.

(¢) Though ordinary air contains nearly 2,100 parts of oxy-
gen, and 7,900 of nitrogen, with not more than three parts of
carbonic acid, in 10,000 parts, expired air contains about 470
parts of carbonic.acid, and ouly between 1,500 and 1,600 parts
of oxygen, while the quantity of nitrogen suffers little or no
change. Speaking roughly, air which has been breathed once
has gained five per cent. of carbonic acid, and lost five per cent.
of oxygen.

The expired air contains, in addition, a greater or less
quantity of animal matter of a highly decompofable character.

(d) Very close analysis of the expired air shows, firstly,
that the quantity of oxygen which disappears is always slightly
in excess of the quantity of carbomic acid supplied; and
secondly, that the nitrogen is variable—that in the expired air
being sometimes slightly in excess of, sometimes slightly less
than, that in the inspired air, and sometimes remaining sta-
tionary.

114, The Amount of Work done by the Lungs.—Three
hundred and fifty to four hundred cubic feet of air are thus passed
through the lungs of an adult man taking little or no exercise,
in the course of twenty-four hours, and are charged with car-
bonic acid, and deprived of oxygen to the extent of nearly five
per cent., which amounts to about cighteen cubic feet of the
one gas taken in, and of the other given out. Thus, if a man
be shut up in a close room, having the form of a cube seven
feet in the side, every particle of air in that room will have
passed through his lungs in twenty-four hours, and a fourth
of the oxygen it contains will be replaced by carbonic acid.

The quantity of carbon climinated in the twenty-four hours

- 1s pretty clearly represented by a piece of pure charcoal weigh-

ing eight ounces.

The quantity of water given off from the lungs in the
twenty-four hours varies very much, but may be taken on the
average as rather more than half a pint, or about nine ounces,
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of the respiratory apparatus, which have been described, if the
diaphragm alone should begin to contract at regular intervals,

When it contraets it increases the vertical dimensions of
the thoracic cavity, and tends to pull away the lining of the
bottom of the thoracic box from that which covers the base of

Fig. 38.

Tue DIAPORAGM VIEWED FROM THE LOWER OR ABDOMINAL SIDE.

V. . I, the vena eava inferior; (F, the wsophagus; Ao, the aorta; Th. D., the
thoracic duct, cut where they pass through the diaphragm, the broad white tendinous
middle of which is easily distinguished from the radiating muscular fibres which pass
down to the ribs and into the pillars in front of the vertebrie,
the lungs; but the air immediately rushing in at the trachea,
- proportionately increases the distension of the lungs, and pre-
vents the formation of any vacuum between the two pleurzw at
this point. When the diaphragm ceases to contract, so much
of the elasticity of the lungs as was neutralized by the contrac-
tion of the diaphragm, comes into play, and the extra air taken
in is driven out again. We have, in short, an Znspiration and
an Krpiration.

Suppose on the other hand that, the diaphragm being qui-
escent, the external intercostal muscles contract. The ribs
will be raised from their oblique position, the antero-posterior
dimensions of the thoracic cavity will be increased, and the
lungs will be distended as before to balance the enlargement.
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If now the external intercostals relax, the action of gravity
upon Ehe ribs, and the elasticity of the lungs, will alone suﬁce
to bring back the ribs to their previous positions and to drive
out the extra air; but this expiratory action may be greatly
, aided by the contraction of the internal iutergnstals.

Sperrox IV.—Inspiration and Expiration.

120. Accessory Muscles.—Thus it appears that we may have
either diaphragmatic respiration or costal respiration. As a gen-
eral rule, however, not only do the two forms of respiration coin-
cide and aid one another—the contraction of the diaphragm tak-
ing place at the same time with that of the external intercostals,
and its relaxation with the contraction of the internal inter-
costals—but sundry other accessory agencies come into play.
Thus, the muscles which connect the ribs with parts of the
spine above them, and with the shoulder, may, more or less

. extensively, assist inspiration; while those which connect the
ribs and breastbone with the pelvis and form the front and
side walls of the abdomen, are powerful aids to expiration. In
fact, they assist expiration in two ways : first, directly, by pull-
ing down the ribs; and next, indirectly, by pressing the vis-
cera of the abdomen upward against the under surface of the
diaphragm, and so driving the floor of the thorax upward.

It is for this reason that, whenever a violent expiratory effort
is made, the walls of the abdomen are obviously flattened and
driven toward the spine, the body being at the same time bent
forward.

In taking a deep inspiration, on the other hand, the walls
of the abdomen are relaxed and become convex, the viscera
being driven against them by the descent of the abdomen—the
spine is straightened, the head thrown back, and the shoulders

- outward, so as to afford the greatest mechanical advantage to all
the muscles which can clevate the ribs.

121, How Respiration differs in the two Sexes,—It is
a remarkable circumstance that the mechanism of respiration
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122. Residual, Supplemental, and Tidal Air.—It thus
appears that the thorax, the lungs, and the trachea constitute
a sort of bellows without a valve, in which the thorax and the
lungs repi‘esent the body of the bellows, while the trachea is
the pipe ; and the effect of the respiratory movements is just
the same as that of the approximation, and separation of the
handles of the bellows, viz., to drive out and draw in the air
through the pipe. There is, however, one difference between
the bellows and the respiratory apparatus, of great importanece
in the theory of respiration, though frequently overlooked, and
that is, that the sides of the bellows ean be brought close to-
gether so as to force out all, or nearly all, the air which they
confain ; while the walls of the chest, when approximated as
much as possible, ctill enclose a very considerable cavity
(Fig. 40); =o that, even after the most violent expiratory effort,
a very large quantity of air is left in the lungs.

- The amount of this air which cannot be got rid of, and is
called Residual air, is, on the average, from 75 to 100 cubie
inches.

About as much more in addition to this remains in the
chest after an ordinary expiration, and is called Supplemental
air. .

In ordinary breathing, 20 to 30 cubic inches of what is con-
veniently called 7idal air pass in and out. It follows that; after
an ordinary inspiration, 100 + 100 + 30 = 230 cubic inches,
may be contained inethe lungs. By taking the deepest possi-
" ble inspiration, another 100 cubic inches, called Complemental

air, may be added.

123. The Stationary Air plays the part of a Middle-
man.—If follows from these data that the lungs, after an ordi-
nary inspiration, contain about 230 cubic inches of air, and
that only about one-seventh to ome-cighth of this amount is
breathed out and taken in again at the next inspiration. Apart
from the cirenmstance, then, that the fresh air inspired has to

fill the cavities of the hinder part of the mouth, and the trachea,
and the bronchi, if the lungs were mere bags fixed to the ends
5
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when the frequency of respiration is increased without altering
the volume of each inspiration, though the percentage of car-
bonic acid in each inspiration is diminished, it is not diminished
in the same ratio as that in which the number of inspirations
increases ; and hence more carbonic acid is got rid of in agiven
tine. 2
Thus, if the number of inspirations per minute is increased
from fitteen to thirty, the percentage of carbonic acid evolved
in the second case remains more than half what it was in the
first case, and hence the total evolution is greater.

125. Nervous System controls Respiration.—Of the
various mecharical aids to the respiratory process, the nature
andk working of which have now been deseribed, one, the clas-
ticity of the lungs, is of the nature of a dead, constant force,
The action of the rest of the apparatus is under the control of
the nervous system, and varies from time to time.

As the nasal passages cannot be closed by their own action,
air has always free access to the pharynx, but the glottis, or
entrance to the windpipe, is completely under the control of
the nervous system—the smallest irritation about the mucous
membrane in its neighborhood being conveyed, by its nerves,
to that part of the cerebro-spinal axis which is called the me-
dulla oblongata. The medulla oblongata, thus stimulated, gives
rise, by a process which will be explained hereafter, termed
reflex action, to the contraction of the museles which close the
glottis, and commonly, at the same time, to a violent contrac-
tion of the expiratory museles, producing a “cough.”

. The musecular fibres of the smaller bronchial tubes, no less
than the respiratory pump itself, formed by the walls and floor
iﬂf ?he thorax, are under the complete control of the nerves
'which supply the muscles, and which are brought into action

[Aneonsequence of impressions conveyed by the pneumogastric
and other nerves,

% 126. Respiration and Circulation compared.—From what

as been said, it is obvious that there are many analogies be-
ween #ghe circulatory and the respiratory apparatus. Each
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whole, favorable to the circulation ; the increased resistance to
the opening of the valves during the ventricular systole being
more than balanced by the advantase gained in the addition
of the expiratory pressure to the elastic reaction of the arterial
walls during the diastole. -

When the skull of a living animal is laid open and the
brain exposed, the cerebral substance is seen to rise and fall
svnchronously with the respiratory movements; the rise cor-
responding with expiration.

132. Stoppage of the Heart by Distension of the Lungs,—
Hitherto, I have supposed the air-passages to be freely open
; during the inspiratory and expiratory movements. But if; the
| lungs being distended, the mouth and nose are closed, and a
| strong expiratory eflort is then made, the heart’s action may
| be stopped altogether.* And the same result occurs if, the
the lungs being partially emptied, and the nose and mouth
closed, a strong inspiratorv effort is made. In the latter case
the excessive distension of the right side of the heart, in con-
sequence of the flow of blood into it, may be the cause of the
arrest of the heart’s action, but, in the former, the reason of
the stoppage is not very clear.

133. Circumstances modifying Respiration.—The activ-
ity of the respiratory process is greatly modified by the cir-
cumstances in which the body is placed. Thus, cold greatly
increases the quantity of air which is breathed, the quantity
of oxygen.absorbed, and of carbonic acid expelled: exercise
and the taking of food have a corresponding effect.

In proportion to the weight of the body, the activity of the
respiratory process is far greatest in children, and diminishes
graduoally with age.

The excretion of carbonic acid is greatest during the day
and gradually sinks at night, attaining its minimum about mid-
night, or a little after,

The quantity of oxygen which disappears in proportion to
the carbonic acid given out, is greatest in carnivorous, least in

* There is danger in attempting this experiment.
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147, The Filtering Mechanism,—It is obvious from this
description that the surface of the glomerulus is, practically,
free, or in direct commumecation with the exterior; and further,
that, in each vessel of the glomerulus, a thin stream of blood
constantly flows, only separated by the very delicate membrane
of which the wall of the vessel is composed from the cavity of
the tubule. The Malpighian capsule way, in fact, be regarded
as a tunoel, and the membranous walls of the glomerulus as a
piece of very delicate filtering paper, into which the blood is
poured. .

148, Changes of the Blood while passing through the
Kidneys—The blood which supplies the kidneys is brought
directly from the aorta by the renal arteries, so that it has but
shortly left the heart. The venous blood which enters the
heart and is propelled to the lungs, charged with the nitro-
genous, as well as with the other, products of waste, loses only
an inappreciable quantity of them in its course through the
lungs; so that the arterial blood which fills the aorta is pure
only as regards carbonaceous waste, impure as regards urea and
uric acid.

In the healthy condition, the walls of the minute renal
arteries and veins are relaxed, so that the passage of the blood
is very free, and but little waste, arising from muscular con-
traction, is thrown into the renal blood. Furthermore, as the
urine contains very little oxygen and much carbonic acid, such
carbonaceous waste as arises from this source is probably
counterbalanced. Hence, so long as the kidney is performing
its functions properly, the blood which leaves the organ by the
renal vein is as bright scarlet as that which enters it by the
renal artery. Strictly speaking, it is the purest blood in the
body, careful analysis having shown that it contains a sensibly
smaller quantity of urea and of water than that of the left side
of the heart.

This difference is, of course, a necessary result of the excre-
tion of the urinary fluid from the blood as it travels through
the kidney; what is less intelligible, at present, is the circum-



SOURCES OF LOSS TO THE BLOOD. 115

| stance that the plasma of the blood of the Tenal vein yields
| little or no fibrin, and hence differs but little from serum.

149, The Nervous System controls the Renal Excretion,
| —Irritation of the nerves which supply the walls of the vessels
' of the kidney has the immediate eflect of stopping the excre-
(tion of urine, and rendering the renal blood dark and venous.
| The first effect would appear to be explicable by the diminu-
tion of the pressure exerted upon the blood in the Malpighian
: tufts, in consequence of the diminution in size of the channels
|—the small arteries—by which the blood reaches them. And

iwhile, to a greater extent, it is the result of the pouring in of
‘carbonic acid into the renal blood, in consequence of the work
fof the muscles of the small vessels, and the waste which results
‘thercfrom.

150. The Loss by the Skin,.—That the skin is a source of
icontinual loss to the blood may be proved in various ways., If
he whole body of a man, or one of his limabs, be enclosed in a
[caoutchouc bag, full of air, it will be found that this air under-
lgoes changes which are similar in kind to those which take
place in the air which is inspired into the lungs. That is to
say, the air loses oxygen and gains carbouic acid; it receives
a great quantity of watery vapor, which condenses upon the
sides of the bag, and may be drawn off by a properly disposed

upon the surface of the limb or body. Under ordinary cir-
icumstances no liquid water appears upon the surface of the

sensible perspiration. DBut, when violent exercise is taken, or
junder some kinds of mental emotion, or when the body is
lexposed to a hot and moist atmosphere, the perspiration be-
icomes sensible,—is visible in the form of scattered drops upon
the surface.

151. Quantity of the Cutaneous Excretions,—The quan-
of sweat, or perspiration, varies immensely, accordifg to
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body. They are fewest in the back and neck, where their
number is not much more than 400 to a square inch. They
are more numerous on the skin of the palw and sole, where
their apertures follow the ridges visible on the skin, and amount
to between two and three thousand on the square inch. At a
rough estimate, the whole integument probably possesses not
fewer than from two millions and a quarter to two millions and
a half of these tubules, which therefore must possess a very great
aggregate secreting power.

154. These Glands are controlled by the Nervous System,
—The sweat-glands are greatly under the influence of the
nervous system, This is proved, not merely by the well-
known effects of mental emotion in sometimes suppressing the
perspiration and sometimes caunsing it to be poured forth in
immense abundance, but has been made a matter of direet ex-
periment. There are some animals, such as the horse, which
perspire very freely. If the sympathetic nerve of one side, in
the neck of a horse, be cut, the temperature of that side of the
head rises, and it becomes njected with blood (par. 74); and,
at the same time, sweat is poured out abundantly over the
whole surface thus affected. On irritating the end of the cut
nerve, which is in connection with the vessels, the muscular
walls of the latter, to which the nerve is distributed, contract,
the congestion ceases, and with it the perspiration.

155. Variations in the Perspiratory Losses.—The quan-
tity of matter which may be lost by perspiration, under certain
circumstances, is very remarkable. Ileat and severe labor
combined, may reduce the weight of a man two or three
pounds in an hour, by means of the cutanecous perspiration
alone ; and, as there is some reason to believe, that the quantity
of solid matter carried off from the blood does not diminish
with the inerease of the amount of the perspiration, the quan
tity of urea eliminated by profuse sweating may be conside
able.

The difference between blood which is coming from, and
that which is going to, the skin, can only be concluded from












129 ELEMENTARY PHYSIOLOGY,

of its capillaries is poured into that vein by a minute veinlet
which traverses the centre of the aclous, and pierces its base
Thus the venous blood of the portal vein and the arterjal blood

Fic. 49.

A section of part of the liver, to show A T~ the hepatic vein, with L. the lobules or
neini of the liver, seated upon its walls, and sending their intralobular veins

into it.

of the hepatic artery reach the surface of the lobules by the
ultimate ramifications of that vein and artery, become mixed in
the capillaries of the acinus, and are carried off by its intra-
lobular veinlet, which pours its contents into one of the rami-
fications of the hepatic vein. These ramifications, joining
together, form larger and larger trunks, which at length reach
the hinder margin of the liver, and finally open into the vena
cava inferior, where it passes upward in contact with that part

of the organ,
Thus the blood with which the liver is supplied is a mixture

of arterial and venous blood.
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and it is consequently said to be a combination of taurecholute
and glycocholate of soda. DBesides this bilin, its chief con-
stituent, the bile contaivs a crystallized fatty substance, choles-
terine, together with a peculiar coloring matter which contains
iron, and is probably related to the haematin of the blood.

b. Of these constituents of the bile the water, the choles-
terine, and the saline matters, alone, are discoverable in the
blood ; and though doubtless some difference obtains between
the blood which enters the liver and that which leaves it, in
respect” of the proportional quantity of these constituents,
great practical difficulties lie in the way of the precise ascer-
tainment of those differences. The blood of the hepatic vein,
however, is certainly poorer in water than that of the portal vein,

160. Bile is formed in the Liver-Cells.—As the essential
constituent of bile, bilin, is not discoverable in the blood
which enters the liver, it must be formed at the expense of
the tissue of that organ itself, or of some constituent of the
blood passing through it. However this may be, it is a very
curious circumstance that, as almost all the bile which is
formed in the intestines is reabsorbed by the vessels in their
walls, it must, in some shape or other, enter the liver a second
time with the current of the portal blood.

Secrion IIT.—Sources of Gain to the Blood.

161. The Skin as an Organ of Respiration—We must
next consider the chief sources of constant gain to the blood§
and, in the first place, the sources of gain of matter.

The lungs and skin are, as has been seen, two of the prin-
cipal channels by which the body loses liquid and gaseous
matter, but they are also the sole means by which one of the
most important of all substances for the maintenance of life,
ozygen, is introduced into the blood. It has alveady been
pointed out that the volume of the oxygen taken into the blood
by the lungs is rather greater than that of the carbonic acid

given out.
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the organ, and will, after a time, pour ount colorless, and de-
void of sugar. Nevertheless, if the organ be left to itself at a
moderate temperature, sugar will soon again become abundant
in it. -

Thirdly, from the liver, washed as above deseribed, a sub-
stance may be extracted, by appropriate methods, which re-
sembles starch, dextrine, and gum in chemical composition,
consisting as it does of carbon united with hydrogen and oxy-
gen, the latter being in the same proportions as in water.
This *““amyloid ” substance is glycogen. It may be dried and
kept without change for long periods.

But, like the vegetable starch and dextrine, this animal
amyloid, which is necessarily formed in the liver, since it is
certainly not contained either in the biood of the portal vein,
or in that of the hepatic aitery, is very readily changed by
contact with many nitrogenous matters, which act as ferments,
into sugar.

Fourthly, it may be demonstrated that a nitrogenous fer-
ment, competent to change the “amyloid” glycogen into
saccharine * glucose,” exists under ordinary circumstances in
the liver.

Putting all these circumstances together, the riddle of the
appearance of sugar in the blood of the hepatic vein and vena
cava, when neither it nor any compound out of which it is
easily formed exists in the blood brought to the liver, is
readily explained.

The liver forms glycogen out of the blood with which it
is supplied. The same blood supplies the ferment which, at
the temperature of the body, very speedily converts that com-
paratively little soluble glycogen into very soluble sngar; and
this sugar is dissolved and carried away by each intralobular
vein to the hepatie vein, and thence to the vena cava.

164. Gain by the Lymphaties.—The lymphatic system has
been already mentioned as a feeder of the blood with a fluid
which, in general, appears to be merely the superfluous drain-
age, as it were, of the blood-vessels; though at intervals, as
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splenic artery, which proceeds almost directly from the aorta.

The 1:110-::-(1 which has traversed the spleen is collected by the
splenic vein, and is carried by it to the vena porte, and so to
the liver.

A section of the spleen shows a dark red spongy mass
dotted over with minute whitish spots. Each of these last is
the section of one of the spheroidal bodies called corpuscles of
the spleen, which ave scattered through its substance, and con-
sist of a solid aggregation of bodies, like the white corpuscles
of the blood, traversed by a capillary net-work, which is fed by
a small twig of the splenic artery. The dark-red part of the
spleen in which these corpuscles are imbedded is composed of
fibrous and elastic tissue supporting a very spongy vascular
net-work. '

« The elasticity of the splenic tissue allows the organ to be
readily distended, and enables it to return to its former size
after distension. It appears to change its dimensions with the
state of the abdominal viscera, attaining its largest size about
six hours after food is taken, and falling to its minimum bulk
six or seven hours later, if no food be taken.

The blood of the splenic vein is found to contain propor-
tionally fewer red corpuscles, but more colorless corpuscles and
more fibrin, than that in the splenic artery ; and it has been sup-
posed that the spleen is one of those parts of the economy in
which the colorless corpuscles of the blood are especially pro-
duced.

166, The Gain of Heat—its Source.—It has been seen that
heat is being constantly given off from the integument and
from the air-passages: and every thing that passes from the
body carries away with it, in like manner, a certain quantity
of heat. Furthermore, the surface of the body is much more
exposed to cold than its interior. Nevertheless, the tempera-
ture of the body is maintained very evenly at all times and in
all parts, within the range of two degrees on either side of 99°

Fahrenheit.
This is the result of three conditions:—The first, that heat
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182, Economy of a Mixed Diet.—These considerations
lead us to the physiological justification of the universal prae-
tice of mankind in adopting a mixed diet, in which proteids
are mixed cither with fats, or with amyloids, or with both.

Fats may be taken to contain about 80 per cent. of carbon, .
and amyloids about 40 per cent. Now it has been seen that
there is enough nitrogen to supply the waste of that substance
per diem, in a healthy man, in a pound of fatless meat; which
also contains 1,000 grains of carbon, leaving a deficit of 3,000
grains of carbon, Rather more than half a pound of fat, or a
pound of sugar, will supply this quantity of carbon. The
former, if properly subdivided, the latter, from its solubility, 1
passes with great case into the economy, the digestive labor
of which is consequently reduced to a minimum.

183 Advantages of a Mixed Diet.—Several apparently
simple articles of food constitute by themselves a mixed diet.
Thus butcher’s meat commonly contains from 30 to 50 per
cent. of fat. DBread, on the other hand, coatains the proteid,
gluten, and the amyloids, starch and sugar, with minute quan-
tities of fat. DBut, from the proportion in which these proteid
and other constituents exist in these substances, they are
neither, taken alone, such physiologically economical foods, as
when they are combined in the proportion of about 200 to 75;
or two pounds of bread to three-quarters of a pound of meat
per diem.

184, Intermediate Changes of the Food.—It is quite
certain that nine-tenths of the dry solid food which is taken
into the body, sooner or later leaves it in the shape of carbonie
acid, water, and urea (or uric acid) ;. and it is also certain that,
as the compounds which leave the body are more highly oxi-
dated than those which enter it, and as free oxygen is nowhere
_ eliminated, all the oxygen taken in by the lungs passes away
in these compounds.

The intermediate stages of this conversion are, however,
by no means so clear. It is highly probable that the amyloids
and fats are very frequently oxidated in the blood, without,
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237. Conveyance of Molecular Impressions,—Thus the
great majority (if not the whole) of the movements of the body
and of its parts are the effect of an influence (technically
termed a stimulus or irritation) applied directly, or indirectly,
to the ends of afferent nerves, and giving rise to a molecular
change, which is propagated along their substance to the
central nervous organ with which they are eonneeted. ~ The
molecular activity of the afferent nerve communicates itself to
the central organ, and is then transmitted along the motor
nerves, which pass from the central organ to the muscles
affected. And when the disturbance in the molecular condi-
tion of the efferent nerves reaches their extremities, it is com-
municated to the muscular fibres, and causes their particles to
take up a new position, so that ecach fibre shortens and be-
comes thicker.

238. Reflex Action. Sensations and Consciousness.—
Such a series of molecular changes as that just described is
called a refler action—the disturbance cansed by the irritation
being as it were reflected back, along the motor nerves, to the
muscles.

A reflex action, strietly so called, takes place without our
knowing any thing about it, and hundreds of such actions are
going on continually in our bodies without our being aware of
them. But it very frequently happens that we learn that
something is going on, when a stimulus affects our afferent
nerves, by having what we call a feeling or sensation. We
class sensations along with emotions, and volitions, and thoughts,
under the common head of states of consciousness. But what
consciousness is, we know not; and how it is that any thing so
remarkable as a state of consciousness comes about as the re-
sult of irritating nervous tissue, is just as unaccountable as the
appearance of the Djin when Aladdin rubbed his lamp in the
story, or as any other ultimate fact of nature,

239, Subjective Sensations.—Sensations are of very vari-
ous degrees of definiteness. Some arise within ourselves, we
know not how or where, and remain vague and undefinable.
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Each nasal chamber rises, as a high vault, far above the
level of the arch of the posterior nares—in fact, about as high
as the depression of the root of the nose. The uppermost and
front part of its roof, between the eyes, is formed by a delicate
horizontal plate of bone, perforated like a sieve by a great many
small holes, and thence called the eribriform plate (Fig. 77).
[t is this plate alone which, in this region, separates the cavity
of the nose from that which contains the brain. The ﬂlﬁ-w?;ury
lobes, which are directly connected with, and, indeed, a part

- FI‘G’. TT- 4
A transverse and vertical section of the nasal cavity taken neaﬂ; through the letter
A in the foregoing fignre,—Cr. the eribriform plate; S 7., AL 7. the chambered
superior and middle turbinal bones on which and on the septum., Sp. the fila-
ments of the olfactory nerve are distribnted ; £ 77 the inferior turbinal bone; PL

the painte: An. the Anfrum or chamber which occupies the greater part of the
maxillary bone and opens into the nasal cavity.

of the brain, enlarge at their ends, and their broad extremities
vest upon the upper side of the eribriform plate, sending im-
mense numbers of delicate filaments, the olfactory nerves,
through it to the olfactory mucous membrane (Figs. 75, 76).
On each wall of the septum this mucous membrane forms
a flat expansion, but, on the side walls of each nasal cavity, 1t
follows the elevations and depressions of the inner surfaces of
what are called the upper and middle turbinal, or spongy boncs.
These bones are called spongy, because the interior of each is
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it is the vibrations of the bones, as a whole, which are the
chicf agents in transmitting the impulses of the aérial waves,
For, in the first place, the disposition of the bones and the
mode of their articulation are very much against the trans-
mission of molecular vibrations through their substance, while,
on the other ltand, they are extreimely favorable to their vi-
bration ern masse. The long processes of the malleus and
incus swing, like a pendulum, upon the axis furnished by the
short processes of these bones; while the mode of connection
of the incus with the stapes, and of the latter with the edges
of the fenestra ovalis, allows of free play, inward and outward,
to that bone. And, in the second place, it is affirmed, as the
result of experiments, that the bone called columella, which, in
birds, takes the place of the chain of ossicles in man, does
actually vibrate as a whole, and at the same rate as the mem-
brane of the drum, when aérial vibrations strike upon the latter.
261. The Action of the Auditory Muscles.—Thus, there
is reason to believe that when the tympanic membrane is set
vibrating, it causes the process of the malleus, which is fixed
to it, to swiﬁg at the same rate; the head of the malleus con-
sequently turns through a small are on its pivot, the slender
process. But the turning of the head of the malleus involves
that of the head of the incus upon its pivot, the short process.
In consequence, the long process of the incus swings through
an arc as nearly as possible equal to that deseribed by the
handle of the malleus. DBut the long process is so fixed to the
stapes that it cannot vibrate without, to a corresponding ex-
tent and at the same rate, pulling this out of, and pushing it
in to, the fenestra ovalis. But every pull and push imparts a
earresponding set of shakes to the perilymph, which fills the
bony labyrinth and cochlea, external to the membrancus laby-
rinth and scala media, These shakes are communicated to the
endolymph and fluid of the scala media, and, by the help of
the otolithes and the fibres of Corti, are finally converted into
impulses, which act as irritants to the ends of the vestibular

and cochlear divisions of the anditory nerve.
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262. Intensity and Quality of Sounds—how discrim-
| inated.—The difference between the functions of the mem-
| branous labyrinth (to which the vestibular nerve is distributed)
| and those of the cochlea are, perhaps, not quite so certainly

made out, but the following conclusions are highly probable :

The membranous labyrinth is an apparatus whereby sounds
- are appreciated and distinguished according to their intensity

or quantity ; but it does not afford any means of discriminating
their qualities. The vestibular nerve tells us that sounds are
low or loud, but gives us no impression of tone, or melody, or
harmony.

The eochlea, on the other hand, discriminates the quality
rather than the quantity or intensity of sound. There is great
reason to believe that the excitement of any single filament of
the cochlear nerve gives rise, in the mind, to a distinet musical
impression ; and that every fraction of a tone which a well-
trained ear is capable of distingnishing, is represented by its
separate nerve-fibre. Thus, the scala media resembles a key-
board, in function, as well as in appearance, the fibres of Corti
being the keys, and the ends of the nerves representing the
strings which the keys strike. If it were possible toirritate
each of these nerve-fibres experimentally, we should be able to
produce any musical tone, at will, in the sensorium of the per-
son experimented upon, just as any note on a piano is pro-
duced by striking the appropriate key.

263. Probable Function of the Fibres of Corti.—A tuning-
fork may be set vibrating, if its own particular note, or one
harmonie with it, be sounded in its neighborhood. In other
words, it will vibrate under the influence of a particular set of
vibrations, and no others. If the vibrating ends of the tuning-
fork were so arranged as to impinge upon a nerve, their re-
peated minute blows would at once excite this nerve.

Suppose that of a set of tuning-forks, tuned to every note and
distinguishable fraction of a note in the scale, one were thus
connected with the end of every fibre of the cochlear nerve ;
then any vibration communicated to the perilymph would
















204 ELEMENTARY PHYRIOLOGY.

tures in the retina appear to be adapted to convert the infinitely
more delicate pulses of the luminiferous ether into stimuli of
the fibres of the optic nerve.

269, The “Blind Spot.”—The sensibility of the different
parts of the retina to light varies very greatly. The point of *
entrance of the optic nerve is absolutely blind, as may be proved
by a very simple experiment. Close the left eye, and look
steadily with the right at the cross on the page, held at ten or
twelve mches’ distance.

ol ©

The black dot will be seen quite plainly, as well as the cross.
Now, move the book slowly toward the eye, which must be
kept steadily fixed upon the cross; at a certain point the dot
will disappear, but as the book is bronght still closer it will
come into view again. It results from optical principles that,
in the first position of the book, the figure of the dot falls be-
tween that of the cross (which throughout lies upon the yellow
spot) and the entrance of the optic nerve ; while, in the second
position, it falls on the entrance of the optic nerve itself; and,
i the third, inside that point. So long as the umage of the
spot rests upon the entrance of the optic nerve it is not per-
ceived, and hence this region of the retina is called the blind
spot. '

270. Duration of Luminous Impressions.—The impres-
sion made by licht upon the retina is not merely coexistent
with the time the light affects it, but has a certain duration of
its own, however short the time during which the light itself
lasts. A flash of lightning is, practically, instantaneous, but
the sensation of light produced by that flash endures for an
appreciable period. It is found, in fact, that a luminous im-
pression lasts for about one-eighth of a second ; whence it fol-
lows, that if any two luminous impressions are separated by &
less interval, they are not distingnished from one another.

For this reason a “Catherine-wheel,” or a lighted stick
turned round very rapidly by the hand, appears as a circle of
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273. Luminous Effects of Pressure on the Eye.—The
sensation of light may be excited by other causes than the im-
pact of the vibrations of the luminiferous ether upon the retina,
Thus, an electric shock sent through the eye gives rise to an
apparent flash of light; and pressure on any part of the retina
produces a luminous image, which lasts as long as the pressure,
and is called a plhosphene. If the point of. the finger be pressed
upon the outer side of the ball of the eye, a luminous image is
seen—which, in my own case, is dark in the centre, with a
bright ring at the circumference (or as Newton described it,
like the “eye” in a peacock’s tail)—and this image lasts as
long as the pressure is continued. Most persons, again, have
experienced the remarkable display of subjective fireworks
which follows a heavy blow upon the eyes, produced by a fall
from a horse, or by other methods well known to English youth,

It is doubtful, however, whether these effects of pressure, or
shock, really arise from the excitation of the retina proper, or
whether they are not rather the result of the violence done to
the fibres of the optic nerve apart from the retina.

274. Function of the Rods and Cones.—The last para-
graph raises a distinction between the “fibres of the optie
nerve,” and the “retina” which may not have been anticipated,
but whith is of much importance.

We have seen that the fibres of the optic nerve ramify in
the inner fourth of the thitkness of the retina, while the layer
of rods and cones forms its outer fourth. The light, therefore,
must fall first upon the fibres of the optic nerve, and, only after
traversing them, can it reach the rods and cones. Conse-
quently, if the fibrillze of the optic nerve themselves are capa-
ble of being afleeted by light, the rods and cones can ounly be
some sort of supplementary optical apparatus. But, in fact, it
is the rods and concs which are aflected by light, while the
fibres of the optic nerve are themselves insensible to it. The
cvidence on which this statement rests is— :

a. The blind spot is full of nervous fibres, but has no cones

or rods. .
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must be studied elsewhere.” At present it is only necessary to
advert to some facts, of which every one can assure himself by
simple experiments. An ordinary spectacle glass is a trans-
parent body denser than the air, and convex on both sides,
If this lens be held at a certain distance from a screen or wall
in a dark room, and a lighted candle be placed on the oppo-
site side of it, it will be easy to adjust the distances of candle,
lens, and wall, so that an image of the flame of the candle, up-
side down, shall be thrown upon the wall.

276. Formation of the Luminous Picture.—The spot on
which the image is formed is called the focus. If the candle
be now brought nearer to the lens, the image on the wall will
enlarge, and grow blurred and dim, but may be restored to
brightness and definition by moving the lens farther from the
wall. But if, when the mew adjustment has taken place, the
candle be moved away from the lens, the image will again be-
come confused, and the lens will have to be brought nearer the
wall to restore its clearness.

Thus a convex lens forms a distinet picture of luminous
objects, but only at its focus; and that focus is nearer when the
object is distant, and farther off when it is near.

277. Effect of varying the Convexity.—Suppose, how-
ever, that, leaving the candle unmoved, a lens with more con-
vex surfaces is substituted for the first, the image will be blurred,
and the lens will have to be moved nearer the wall to give it
definition. And if, on the other hand, a lens with less convex
surfaces is substituted for the first, it must be moved farther
from the wall to attain the same end.

In other words, other things being alike, the more convex
the lens the nearer its focus; the less convex;, the farther off its
focus..

If the lens were elastic, pulling it at the circumference
would render it flatter, and thereby lengthen its focus; while,
when let go again, it would become more convex, and of shorter

focus. .
Anv material more refractive than the medium i which it
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the front of a spheroid of the diameter of the sclerotic, and
replacing this by a segment cut from a smaller, and conse-
quently more convex, sphere.
279. The Humors and Gryﬂta]li.na Lens.—The corneo-
sclerotic case of the eye 1s kept in shape by what are termed
the Lumors—watery or semi-fluid substances, one of which,
the agueous humor, distends the corneal chamber of the eye,
while the other, the vitreous, keeps the sclerotic chamber full,
The two humors are separated by the very beautiful, trans-
parent, doubly convex crystalline lens (Cry. Fig. 84), denser
and capable of refracting light more strongly, than either of
the humors. The erystalline lens 1s composed of fibres having
a somewhat complex arrangement, and is highly elastic. 1t is
more convex behind than in front, and it is kept in place by a
delicate, but at the same time strong and clastic, membranous
frame or suspensory ligament, which extends from the edges
of the lens to what are termed the ciliary processes of the cho-
roid coat,
280. The Choroid and Ciliary Processes.—This clhoroid
coat ( Ch. Fig. 84) is a highly vascular membrane, in close con-
tact with the sclerotic externally, and lined, internally, by a
layer of small polygonal bodies containing much pigmentary
matter, called pigment-cells. - These pigment-cells arg separated
. from the vitreous humor by the retina only. The rods and .
cones of the latter are in immediate contact with them. The
choroid lines E‘F’El'j; part of the sclerotie, except where the op-
tic nerve enters it, at a point below, and to the inner side of
the centre of the back of the eye; but when it reaches the
front part of the sclerotic its inner surface becomes raised up
into a number of longitudinal ridges, with intervening depres-
sions, terminating within and in front by rounded ends, but
passing, externally, into the iris. These ridges are the ciliary
processes (C.p. Fig. 84).
981. The Iris and Ciliary Muscle.— The dris itself
(Ir. Fig. 84) is, as has already been said, a curtain with a
round hole m the middle, provided with eircular and radiating.
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When the flame of a taper is held near, and a little on one side
of, a person’s eye, any one looking into the eye from a proper
point of view will see three images of the flame, two upright
and one inverted. One upright image is reflected from the
front of the cornea, which acts as a convex mirror. The second
proceeds from the front of the erystalline lens, which has the
same cffect ; while the inverted image proceeds from the pos
terior face of the lens, which, being convex backward, is, of
course, concave forward, and acts as a concave mirror,
Suppose the eye to be steadily fixed on a distant object,
and then adjusted to a near one in the same line of vision, the
position of the ball, of course, remains unchanged. Further-
more, the upright image reflected from the surface of the cor-
nea, and the inverted image from the back of the lens, remain
unchanged, though it is demonstrable that their size or appar
ent position must change if either the cornea, or the back o
the lens, alter ecither their form or their position. DBut the
second upright image, that reflected by the front face of the
lens, changes both its size and its position; and that in such a
manner as to prove that the front face of the lens has become
more convex. The change of form of the lens is, in fact, that
represented in Fig. 85.

A
Fic. 8h.
IMustrates the change in the form of thehljenza. when adjusted—4 to distant, B to neat
objece

These may be resarded as the facts of adjustment with
which all explanations of that process must accord. They ab
once exclude the hypotheses (1) that adjustment is the resuls
of the compression of the ball of the eye by its muscles, which
would cause a ¢hange in the form of the cornea; (2) that ad:
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Secrion IL.—Delusions of Judgment,

294, There are no “ Delusions of the Senses,”—Phenom-
ena of this kind are not uncommonly called delusions of the
senses ; but there 1s no such thing as a fictitious, or delusive,
sensation. A sensation must exist to be a sensation, and if it
exists it is real and not delusive. But the judgments we form
respecting the causes and conditions of the sensations of which
we are aware, are very often erroncous and delusive enough ;
and such judgments may be brought about in the domain of
every sense, either by artificially contrived combinations of
sensations, or by the influence of unusual conditions of the
body itself. The latter give rise to what are called subjective
sensations,

Mankind would be subject to fewer delusions than they
are, if they constantly bore in mind their liability to false
judgments, due to unusual combinations, either artificial or
natural, of true sensations. Men say, “I felt,” “ I heard,” “ T
saw”’ such and such a thing, when, in ninety-nine cases out of
a hundred, what they really mean is, that they judge that cer-
tain sensations of touch, hearing, or sizht, of which they were
conscions, were caused by such and such things.:

295. Subjective Sensations.—Among subjective sensations
within the domain of touch are the feslings of creeping and
prickling of the skin which are not uncommon in certain states
of the circulation. The subjective evil smells and bad tastes
which accompany some discases are very probably due to
similar disturbances in the cireulation of the sensory organs of
smell and taste. 4

Many persons are liable to what may be ecalled auditory
spectra—musie of various degrees of complexity sounding in
their ears, withont any external cause, while they are Svide
awake, I know not if other persons arc similarly troubled,
but in reading books written by persons with whom I am ac-

quainted, I am sometimes tormented by hearing the words
- |
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| pronounced in the exact way in which these persons would
. utter them, any trick or peculiarity of voice, or gesture, being,
| also, very accurately reproduced. And I suppose that every
| onc must have been startled, at times, by the extreme distinct-
| ness with which his thoughts have embodied themselves in ap-
1‘ parent voices. :

The most wonderful exemplifications of subjective sensa-
| tion, however, are afforded by the organ of sight.

Any one who has witnessed the sufferings of a man labor-
| ing under delirium tremens (a disease produced by excessive
drinking), from the marvellous distinctness of his visions, which
sometimes take the form of devils, sometimes of creeping ani-
mals, but' almost alwavs of something fearful or loathsome, will
| not doubt the intensity of subjective sensations in the domain
- of vision.

| 296. Remarkable Case of Delusive Appearances.—But
| that illusive visions of great distinctness should appear, it is
not necessary for the nervous system to be thus obviously de-
| ranged. People in the full possession of their faculties, and of
| high intelligence, may be subject to such appearances, for
which no distinet cause can be assigned. The best illustration
of this is the famous case of Mrs. A. given by Sir David
| Brewster, in his “ Natural Magic,” the chief points of which I
i proceed to quote :

“(1) The first illusion to which Mrs. A. was subject, was
one which affected only the ear. On the 21st of December,
1830, about half-past four in the afternoon, she was standing
| mear the fire in the hall, and on the point of going up to dress,
| when she heard, as she supposed, her husband’s voice calling
| her by name. ¢ : , come here! come to me!’ She
' imagined that he was calling at the door to have it opened;
- but upon going there and opening the door, she was surprized
. to find no persen there.  Upon returning to the fire she again
' heard the same voice calling out very distinetly and loudly,
£ , come, come here!’ She then opened two other doors
of the same room, and upon seeing no person, she returned to
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the fireplace.  After a few moments she heard the same voice.
still calling, ‘Come to me, come! come away!’ in a loud,
plaintive, and somewhat impatient tone; she answered as
loudly, ¢ Where are you? I don’t know where you are, still
imagining that he was somewhere in search of her; but re-
ceiving no answer, she shortly went up-stairs. On Mr. A's
return to thg house, about half an hour afterward, she inquired
why he called to her so often, and where he was, and she was of
course greatly surprised to learn that he had not been near the
house at the time. A similar illusion, which excited no pur-
ticular notice at the time, occurred to Mrs, A. when residing at
Florence, about ten years before, and when she was in perfect
health. When she was undressing after a ball, she heard a
voice call her repeatedly by name, and she was at that time
unable to account for it.

“(2) The next illusion which occurred to Mrs. A. was of a
more alarming character. On the 30th of December, about
four o’clock in the afternoon, Mrs. A. came down-stairs into
the drawing-room, which she had quitted only a few minutes
before, and on entering the room she saw her husband, as she
supposed, standing with his back to the fire. ~As he had gone
out to take a walk about half an hour before, she was surprised
to sce him there, and asked him why he had returned so soon.
The ﬁgu.m looked fixedly at her with a serious and thoughtful
expression of countenance, but did not speak. Supposing that
his mind was absorbed in thought, she sat down in an arm-
chair near the fire, and within two feet, at most, of the figure,
which she still saw standing before her.  As its eyes, however,
still continued to be fixed upon her, she said, after the lapse of
a few minutes,  Why don’t you speak?’ The figure imme-
diately moved off toward the window at the farther end of
the room, with its eyes still gazing on her, and it passed =0
very close to her in doing so, that she was struck by the cir-
cumstance of hearing no step or sound, nor feeling her clothes
brushed against, nor even any agitation in the air. |

“ Although she was now convinced that the figure was not
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for the purpose, and scemed as if she were pursuing something
which moved away. She followed a few steps, and then said,
‘It has gone under the chair.” Mr. A. assured Ler that it was
an illusion, but she would not believe it. e then lifted up
the chair, and Mrs. A. saw nothing more of it. The room was
searched all over, and nothing found in it. There was a dog
lying on the hearth, who would have betrayed great uneasiness
if a cat had been in the room, but he lay perfeetly quiet. In
order to be quite certain, Mr. A. rang the bell, and sent for the
cats, both of which were found in the housekeeper’s room,
“(4) About a month after this occurrence, Mrs. A., who
bad taken a somewhat fatiguing drive during the day, was
preparing to go to bed about eleven o’clock at night, and, sit-
ting before the dressing-glass, was occupied in arranging her
hair. She was in a listless and drowsy state of mind, but fully
awake. When her fingers were in active motion among the
papillotes, she was suddenly startled by sceing in the mirror
the figure of a near relative, who was then in Secotland, and in
perfect health. The apparition appeared over her left shoulder,
and its eyes met hers in the glass, It was enveloped in grave-
clothes, closely pinned, as is usual with corpsecs, round the
head and under the chin; and though the eyes were open, the
features were solemn and rigid. The dress was evidently a
shroud, as Mrs. A. remarked even the punctured pattern usu-
ally worked in a peculiar manner round the edges of that gar-
ment.  Mrs. A, described herself as, at the time, sensible of a
feeling, like what we conceive of fascination, compelling her,
for a time, to gaze upon this melancholy apparition, which was
as distinet and vivid as any reflected reality could be, the light
of the candle upon the dressing-table appearing to shine fully
upon its face. After a few minutes she turned round to look
for the reality of the form over her shoulder, but it was not
visible, and it had also disappeared from the glass when she |
looked again in that direction. -
#* # % # *

“(7) On the 17th March, Mrs. A. was preparing for bed.
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up the requisite resolution to enable her to eross the space be-
fore the fireplace, and seat herself in the same chair with the
figure. The apparition remained perfectly distinet till she sat
down, as it were, in its lap, when it vanished.”

297. Personal Characteristics,—It should be mentioned
that Mrs. A. was naturally a person of very vivid imagination,
and that, at the time the most notable of these illusions ap-
peared, her heaith was weak from bronchitis and enfeebled di-
gestion,

It is obvious that nothing but the singular courage and
clear intellect of Mrs. A. prevented her from becoming a mine
of ghost-stories of the most excellently "authenticated kind,
And the particular value of her history lies in its showing, that
the clearest testimony of the most unimpeachable witness may
be quite inconclusive as to the objective reality of something
which the witness has seen.

298. The Senses not at Fault.—Mrs. A. undoubtedly saw
what she said she saw. The evidence of her eyes as to the ex-
istence of the apparitions, and of her cars to those of the voices,
was, in itself, as perfectly trustworthy as their evidence would
have been had the objects really existed. For there can be no
doubt that exactly those parts of her retina, which would have
been affected by the image of a cat, and those parts of her
auditory organ, which would have been set vibrating by her
husband’s voice, were thrown into the same condition by some
internal cause. .

What the senses testify is neither more nor less than the
fact of their own affection. As to the cause of that affec-
tion they really say nothing, but leave the mind to form its
own judgment on the matter. A hasty or snperstitious per-
son in Mrs. A.’s place would have formed a wrong judgment,
and would have stood by it on the plea that *she must believe
her senses,” ; J

299. Ventriloquism.—The delusions of the judgment, pro-
duced not by abnormal conditions of the body, but by unusual
or artificial combinations of sensations, or by suggestions of
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It is a kind of visual ventriloquism—the painter putting upon
his canvas all the conditions requisite for the production of
images on the retina, having the form, relative size, and inten-
sity of color, of those which would actually be produced by
the objects themselves in nature. And the success of his pie-
ture, as an imitation, depends upon the closeness of the resem-
blance between the images it produces on the retina, and those
which would be produced by the objects represented.

305, Magnifying Glasses.—To most persons the image of
a pin, at five or six inches from the eye, appears blurred and
indistinct—the eye not being capable of adjustment to so short
a focus. If a small hole be made in a piece of card, the eir
cumferential rays which cause the blur are cut off and the
image becomes distinet.  But at the same time 1t is magnified,
or looks bigmer, because the image of the pin occupies a much
larger extent of the retina when close than when distant. All
convex glasses produce the same effect—while concave lenses
diminish the apparent size of an object, because they diminish
the size of its image on the retina.

306. Why the Sun and Moon look larger near the
Horizon.—The moon, or the sun, when near the horizon ap-
pear very much larger than they are when high in the sky.
‘When in the latter position, in fact, we have nothing to com-
parc them with, and the small extent of the retina which their
images oceupy suggests small absolute size. But, as they set,
we see them passing behind great trees and buildings which
we know to be very large and very distant, and yet occupying
a larger space on the retina than the latter do. L Hence the
vague suggestion of their larger size.

307. Judgment of Form by Shadows.—-If a convex sur-
face be lighted from oue side, the side toward the light is
bright—that turned from the light, dark, or in shadow—uwhile
a concavity is shaded on the side toward the light, bright on
the opposite side. y

If a new half-crown, or a medal with a well-raised head
upon its face, De lighted sideways by a candle, we at once know






254 ELEMENTARY PHYSIOLOGY.

going successive changes—the juggler seems to throw the balls,
and the boys appear to jump over one another’s backs. :

309. Single Vision with Two Eyes.— When an external
object is ascertained by touch to be single, the centres of its refi-
nal images in the two eyes fall upon the centres of the yellow
spots of the two ecyes, when both eyes are directed toward it ;
but if there be two external objects, the centres of both their
umages cannot fall, at the same time, upon the centres of the yel-
low spots.

Conversely, when the centres of two images, formed simul-
tancously in the two eyes, fall upon the centres of the yellow
spots, the mind judges the images to be caused by a single exter-
nal object : but if not, by two.

This scems to be the only admissible explanation of the
facts, that an object which appears single to the touch and
when viewed with one eye, also appears single when 1t is viewed
with both eyes, though two images of it are necessarily formed;
and on the other hand, that when the centres of the two im-
ages of one object do not fall on the centres of the yellow
spots, both images are seen separately, and we have double
vision. In squinting, the axes of the two eyes do not converge
equally toward the object viewed. In consequence of this,
when the centre of the image formed by one eye falls on the
yellow spot, the corresponding part of that formed by the other
eye does not, and double vision is the result.

310. The Pseudoscope.—7n single vision with two cyes, the
aves of the two eyes, of the movements of which the muscular
sense gives an indication, cut one another at a greater angle
when the object approaches, at a less angle when it goes farther

off. : 3
- Conversely, if without changing the position of an object, the '
axes of the two eyess, which view it can be made to converge or
diverge, the object will seem to approach or go farther off.

In the instrament called the pseudoscope, mirrors or prisms
are disposed in such a manner that the rays of light from a
stationary object can be caused to alter the angle at which
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CHAPTER XII.

THE NERVOUS SYSTEM ANB INNERVATION.

Secrion L—7he Spinal Cord—Reflex Actions.

312. The General Nervous System.—The sensory organs
are, as we bave seen, the channels through which particular
physical agents are enabled to excite the sensory nerves with
which these organs are connected; and the activity of these
nerves is evidenced by that of the central organ of the nervous
svstem, which becomes manifest as a state of consciousness—
the sensation.

We have also seen that the muscles are instruments by
which a motor nerve, excited by the central organ with which
it is connected, is able to produce motion. '

The sensory nerves, the motor nerves, and the central organ,
constitute the greater part of the nervous system, which, with
its function of innervation, we must now study somewhat more
closely, and as a whole.

313. The Cerebro-Spinal and Sympathetm Systems.—
The nervous apparatus consists of two sets of nerves and nerve
- centres, which are intimately connected together, and yet may
be convenicntly studied apart. These are the cerebro-spinal
system and the sympathetic system. The former consists of the.
cercbro-spinal awis {composed of the brain and spinal cord) and
the cerebral and spinal nerves, which are connected with this
axis. The latter comprises the chain of sympathetic ganglia,
the nerves which they oive off, and the nervous cords by which
they are connected with one another and with the cerebro-
spinal nerves.

314. Membrane of the Cerebro-Spinal Axis,—The cere-
bro-spinal awis lies in the cavity of the skull and spinal column,
the bony walls of which cavity are lined by a very tough fibrous
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possesses, is lodged in the fibres which compose its anteriop
roots; and all the power of giving rise to sensation, in those
of its posterior roots, Hence the anterior roots are commonly
called mofor, and the posterior sensory,

319. Experiment—Paralysis.—The same truth may be
illustrated in other ways. Thus, if, in a living animal, the an-
terior roots of a spinal nerve be cut, the animal loses all con-
trol over the muscles to which that nerve is distributed, though
the sensibility of the region of the skin supplied by the nerve
1s perfect. If the posterior roots be cut, sensation is lost, and
voluntary movement remains. - But, if both roots be cut, neither
voluntary movement nor sensibility are any longer possessed by
the part supplied by the nerve. The muscles are said to be
peralyzed, and the skin may be cut, or burnt, without any sen-
sation being excited.

If, when both roots are cut, that end of the motor root
which remains connected with the trunk of the nerve be irri-
tated, the muscles contract; while, if the other end be so
treated, no apparent effect results. On the other hand, if the
end of the sensory root connected with the trunk be irritated,
no apparent effect is produced, while, if the end connected with-
the cord be thus served, violent pain immediately follows.

When no apparent effect follows upon the irritation of any
nerve, it is not probable that the molecules of the nerve re-
main unchanged. On the contrary, it would appear that the
same change occurs in all cases; but a motor nerve is con
nected with nothing that can make that change apparent save s
muscle; and a sensory nerve with nothing that can show an
effect but the central nervous system,

320. Molecular Changes in Irritated Nerves.—It will be
observed that in all the experiments mentioned there is evidence
that, when a nerve is irritated, a something, probably a change
in the arrangément of its molecules, is propagated along the
nerve fibres. If a motor or a sensory nerve be irritated, at any
point, contraction in the muscle, or sensation in the centrs
organ, immediately follows. But if the nerve be cut, or even
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this region of the cord produces the same effect as irritation
of the vaso-motor nerves tbemselves, and that destruction of
this part of the cord paralyzes them.

Fia. 91,

The base of the brain.—.A. frontal lobe: B, temporal lobe of the cerebral hemispheres:
. t1. corpus eailosum; Of. cercbellum ; AL medulla oblongata; P the pituitary
body: 1. the olfactory nerve; II. the optie nerve: JIZ I'V. VI the nerves of the
museles of the eye: V. the trigeminal nerve; VIT. the portio dura: FIIL the
auditery nerve ; LY. the glossopharyngenl; X, the pneumogastrie: X7 the spinal
aceessory ;3 XIT the hypoglossal, or motor nerve of the tongne. The number FZL
is placed upon the Pons Varolid,. The erura cerebri are the broud bundies of
fibres which lle between the third and the fourth nerves on each side,

The gray matter of the upper part of the cord is therefore
a vaso-motor centre for the head and face.

328. Outlines of Anatomy of the Brain.—The brain
(Fig. 91) is a complex organ, consisting of several parts, the
hindermost of which, termed medulla oblongata, passes insen-
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The tenth pair is formed by the two pneumogastric nerves,
These very important nerves, and the next pair, are the only
cerebral nerves which are distributed to regions of the body
remote from thehead. The pneumogastric supplies the larynx,
the lungs, the liver, and the stomach. -

Tic. 93,

A dingl;nm illustrating the arrangement of the parts of the Lrain and the origin of the
nerves.—4f the cerebral hemispheres; .8 eorpus strintum; 74 oplic thala-
mus; /. pincal gland; F4 piroitar hmy'; Q. corpora quadrigemina; OB,

cerebellum ;3 M, medulla oblongata ; Z-X/1 the pairs of cerebral nerves; &p. 1,
Sp. 2, the first and sceond pairs ol spinal nerves,

The eleventh pair again, called spinal accessory, difier widely
from all the rest, in arising from the sides of the spinal marrow,
between the anterior and posterior roots of the dorsal nerves.
They run up, gathering fibres as they go, to the medulla ob-
longata, and then leave the skull by the same aperture as the
pneumogastric and glossopharyngeal. They are purely motor
nerves, while the pneumogastric is mainly sensory, or at least
afferent. As, on cach side, the glossopharyngeal, pneumogas-
tric, and spinal accessory nerves leave the skull together, they
are frequently reckoned as onc pair, which is then counted as
the eighth.

The last two mnerves, by this method of counting, become
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. the pages, TFurther, the most delicately adjusted and rapid
movements of the muscles of the lips, tongue, and throat, of
the laryngeal and respiratory muscles, are involved in the
production of speech. Perhaps the reader is standing up and
accompanying the lecture with appropriate gestures. And
yet every one of these muscular acts may be performed with
utter unconsciousness, on his part, of any thing but the scnse
of the words in the book. In other words, they are reflex acts,

337. Artificial Reflex Actions — Education.—The reflex
actions proper to the spinal cord itself are natural, and are
involved in the structure of the cord and the propertics of
its constituents. DBy the help ofsthe brain we may acquire an
infinity of artificial reflex actions, That is to say, an action
may require all our attention and all our volition for its first,
or second, or third performance, but by frequent repetition it
becomes, in a manner, part of our organization, and is per-
formed without volition, or even consciousness,

As every one knows, it takes a soldier a long time to leamn
his drill—to put himself, for instance, into the attitude of *at-
tention " at the instant the word of command is heard. DBut,
after a time, the sound of the word gives rise to the ast,
whether the soldier be thinking of it or not. There is a story,
which is eredible enough, though it may not be true, of a prae-
tical joker, who, sceing a discharged veteran carrying home
his dinner, suddenly called out “ Attention!” whereupon the
man instantly brought his hands down, and lost his mutton
and potatoes in the gutter. The drill had been thorough,
and its cffects bad become embodied in the man’s nervous
structure.

The possibility of all education (of which military drill is
only one particular form) is based upon the existence of this
power which the nervous system possesses, of organizing con-
scious actions into more or-less unconscious, or reflex, opera-
tions. It may be laid down as a rule, that, if any two mental
states be called up togcther, or in succession, with due fre-
quency and vividness, the subscquent production of the one of
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In many glands (Fig. 56) the epithelial cells remain globu-
lar, and cnlarging, cventually burst and disappear, to be re-
placed by others.

Ciliated epithelivm is usually of the eylindrical kind, and
differs from other epithelium only in the circumstance that one,
or more, incessantly vibrating filaments are developed from the
free surface of each cell.

Ti1g. 104

Fig. 08.—A longitudinal and vertieal section of a nail: a, the fold at the base of the
nail ; b, the nail; ¢, the bed of the nail. y

Fig. 09 is n transverse Section of the same—a, small lateral folds of the integument;
b, nail; e, bed of the nail, with its ridges.

Tig. 100 is a hizhly-maenified view of a part of the foregoing—e, the ridges; d, the
deep layers of epidermis; e, the horny scales, coulesced into nail subsiance.

349, Nails.—In certain regions of the integument, the epi-
dermis becomes metamorphosed into nails and hairs. 5
Underncath each nail the deep layer of the integument s
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All bones, except the smallest, are traversed by small
canals, converted by side branches into a net-work, and con-
taining vessels supported by more or less connective tissue and
fatty matter. Those are called Haversian canals (Figs. 108,
109). They always open, in the long run, upon the surface
' of the bone, and there the vessels which they contain become
conuceted with those of a sheet of tough connective tissue,
which invests the bone, and is called pericsteum.

In many long bones, such as the thigh-bone, the centre of
the bone is hollowed out into a considerable cavity, containing
great quantities of fat, supported by a delicate connective tis-
sue, rich 1n blood-vessels, and called the marrow, or medulla,
The inner ends of the Haversian canals communicate with this
cavity, and their vessels are continuous with those of the mar-
Tow. »

When a section of a bone containing Iaversian canals is
made, it is found that the lacune are dispersed in concentric
zones around each Haversian canal, so that the substance of
the bone appears laminated; and, where a medullary cavity
exists, more or fewer of these concentric lamelle of osseous
substance surround it,

350, How Bones grow.—This structure arises from the
mode of growth of bones, * In the place of every bone there
exists, at first, either cartilage, or connective tiszue hardly
altered from its primitive condition of indifferent tissue. When
ossification commences, the vessels from the adjacent parts
extend into the ossifying tissue, and the calcarcous salts are
thrown down around them. These calcarcous salts invade all
the ossifying tissue, except the immediate neighborhood of it
nuelei, around each of which a space, the lacuna, is left. Th
- Jacunze and canaliculi are thus, substantially, gaps left in th
ossific matter around each nucleus, whence it is that nuclei a
found in the lacunge of fully-formed bone.

Bone, once formed; does not remain during life, but is con:
stantly disappearing and being replaced in all its parts. Never
theless, the growth of a bone, as a general rule, takes plac









through the opening at the point of the fang, with the mucous
membrane of the gum,

The chief constituent of a tooth is dentine—a dense calei-
fied substance containing less animal matter than bone, and
further differing from it in possessing no lacune, or proper
canaliculi. Instead of these it presents innumerable, minute,
parallel, wavy tubuli, which give off lateral branches. The

OSSEOUS TISSUES. 267

Fic 112

Fri. 111.

Fig. 111, vertical—Fig. 112, horizontal seetion of a tooth.—a, enamel of the crown;
b, pulp cavity ; ¢, cemeus of the fangs; d, dentine,

wider ends of these tubules open into the pulp cavity, while
the narrower ultimate terininations ramifv on the surface of
the dentine, and may even extend into the enamel or cement
(Fig. 115). : |

The enamel consists of very small six-sided fibres, sct
closelv, side by side, at right argles to the surface of the den-
tine, and covering the crown of the tooth as far as the neck,
toward which the enamel thins off and joins the cement (Figs.
113, 114).

Enamel is the hardest tissue of the body, and contains not
more than two per cent. of animal matter.

The cement coats'the fangs, and has the structure of true
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to be properly understood that which is capable of serving
for guidance in the various circumstances of life, or which
has a definite bearing on human welfare. Man is a being
constituted for action ; all knowledge which will enable him to
act most efliciently, which will help him to economize his
energies and gain the largest results with the smallest expen-
diture of force, is practical knowledge. He is an organized
being of high complexity; his system is liable to derangement
from many causes, which produce bodily and mental sullering
and disease ; the knowledge which is necessary to avoid these
resuits is practical knowledge. He is a social being, and capa-
ble of varied enjoyment: whatever understanding of his own
nature, or the laws and constitution of society, will help him
to the discharge of his social duties, or enable him to increase
his happiness, is also of the nature of practical knowledge.

360. Applied Physiology —In the previous part of the
present work the student has been occupied in getting an un-
derstanding of the truths of physiological science, or the ac-
tions of the living' system in normal conditions, This knowl-
edge has two great practical applications: the first to Hygiene,
or the art of preserving health ; and the second to Medicine, or
the art of restoring it. When the vital machine has once be-
come seriously deranged in any of its movements, profound
knowledge and great skill and cxperience may be required to
set it right again, and this is the work of the physician, who
has to devote his life to professional study. But happily it
requires less knowledge to keep what we already have than to
recover it when lost. How to take care of the health, or to
avoid many causes of disease, may be learned by all. That
general acquaintance with the mechanism and working of the
living system, which all persons, even moderately educated,
should possess, is not only valuable to guard it against in-
jury, but also to improve its various powers and capabilities.
If life and its opportunities be valuable, what knowledge can
compare in importance with that which teaches how it is to be
prolonged and its various capacities augmented ?

-
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362, The true Idea of Health and Disease.—Modern
physiology has brought us to a better understanding of the
subject. As stated in the first chapter, and as illustrated
throughout the work, physiology is the science of vital power.
Power is the accompaniment of material change, and the man-
ifestation of all animal functions we have seen to be dependent
upon vital transformations, Not only is the living body in
constant visible movement, but in all its minutest parts and tis-
sues there is an incessant metamorphosis—a rapid escape and
renewal of the constituent atoms, and it is in this that life essen-
tially consists. That active and unimpeded metamorphosis and
prompt elimination of waste products which gives rise to the
highest and most vigorous life, constitutes Heavrn ; while the
obstruction, depression, or perversion of these vital changes
constitutes Disease. We thus escape fromn the mischievous
error that maladies are foreign intrusions—substantive exist-
ences which get mysterious lodgment in the living organism,
and find that they are simply disturbed physiological actions.
A disease may consist in the loss of power to remove or ex-
crete normal but injurious products; or perverted transforma-
tions may give rise to wrong products, and these may crecate
still further disturbance, but in all cases the essence of discase
is to be regarded as morbid activity.

Gout, for example, is a malady in which bad habits pervert
the nutritive changes and originate morbid produets ;—its chief
peeuliarity being the deposition of urate of soda in and abont the
joints. In health there is scarcely a trace of this salt to be
found in the blood, and even this small proportion is being con-
stantly thrown off. Certain conditions of living, however, such as
the habitual use of wines or malt liquors, and high feeding upon
animal substances, attended with but little exercise, are known
greatly to increase its quantity and seriously to interfere with
its excretion, It is then deposited as a foreign or morbid in-
gredient in the joints. Careful avoidance of the causes which
give rise to this condition of the blood secures complete free-
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are controllable, the predisposing alarms have ceased, the ray-
ages of the epidemic have been greatly circumseribed, and
there is the amplest experience to show that thorough, yet
simple, measures of purification are sufficient for its complete
prevention,

Another example is furnished by Seurvy. This disease,
which, until recently, has been the scourge of the sailor and
soldicr, and for centuries was regarded as wholly beyond the
power of remedies, also turns out to be fully preventable.
“ There is no more interesting fact in the history of medicine
than that this condition, which has been looked upon at various
times as plague, as a mysterious infliction of Divine justice,
against which man could only strive in vain, or as a discase
inseparable from long voyages, should have been proved by
evidence of a most satisfactory character to arise from causes
in the power of man to prevent, and to be eurable by means
which every habitable country affords.” Instead of inquiring
into the conditions of its origin, and seeking means of preven-
tion, the medical -profession was for hundreds of years en-
gaged in ransacking nature, with the hope of finding some-
thing that might prove an effectual remedy. This was sought
in vain until attention was turned to its cause, which was
found to consist in a lack of vegetable food, and the sim-
ple precaution of furnishing it has been the signal for the
almost total disappearance of the disease. Many other illus-
trations might be given of the efliciency of hygienic resources
to arrest and prevent the spread of dangerous maladies, but
they are ncedless.

365. Remedial Influence of Hygienic Agencies,—Another
important consideration deserves to be stated in this place: it
is that hygienic measures have a most important remedial °
value., If the causes of health, when modified or perverted,
become causes of discase, to whatever extent restorative medi-
cines may be desirable, it is certain that the first dictate of
wisdom is to rectify these wrongly-acting causes, Medieal
treatment, thus, has its bygienic resources, and, with the ecn-
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make action harmonize with thought, while the more vividly
traths are mentally realized, the more powerful will be the ten-
dency to bring practice into conformity with them. While,
thercfore, it is not to be expected that, by the introduction of
the study of physiology and hygiene into schools, disease will
at once disappear, and everybody live to be a hundred years
old, it is nevertheless certain that the diffusion of this kind of
knowledge is the only road to amelioration. As it has
already led to great improvement, it cannot fail, in future, to
lead to still more extensive improvement.

In the following chapters I propose to call attention to the
various agents and activities which have a bearing, more or less
direct, upon bodily and mental health,

OHAPTER K XV.

AIR AND HEALTH.
Section I.—Impurities of the Air.

367. Constitution of the Atmosphere.—The chief constit-
uents of the atmosphere are a pair of elements, oxygen and nit-
rogen, and a pair of compounds, carbonic acid and watery
vapor. The student will remember that, in treating of respira-
tion (Chap. V.), it was stated that oxygen forms 21 per cent. and
nitrogen 79 per cent., very nearly, of the bulk of the air. Oxy-
gen is the life-sustaining element, and requires to be kept
up to this standard for healthy respiration. Nitrogen is the
negative or diluting element of the air. The proportion of
carbonic acid varies from three to six parts in 10,000, while
the watery vapor varies also from g5 to 5y of the atmos-
pheric volume. Minute traces of other substances may also
be obtained, but the foregoing constituents, in the propor-
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10 to 12 per cent. makes it speedily destructive to life, When
breathed pure it causes suffocation. Air contaminated with
it acts as a narcotic poison. The symptoms of poisoning by
it are throbbing headache, with a feeling of fulness and tight-
ness across the temples, giddiness, and palpitation of the Leart.
The pulse falls, respiration is slow and labored, the skin cold
and livid, and convulsions and delirium ensue, which are fol-
lowed by death.

A cubic foot of air of average purity contains a little less
than a cubic inch of carbonic acid. A cubic foot of air, as it
comes from the lungs in ordinary respiration, contains up-
ward of 70 cubic inches of carbonic acid. The quantity
poured into the air by combustion is enormous. In Manches-
ter, England, Angus Smith has calculated that 15,000 tons are
daily thrown out. The products of firing pass into the exter-
nal air, and, if gaseous, are rapidly diffused, but those of light-
ing are for the most part allowed to disseminate in the apart-
ment. The combustion of 1 cubic foot of coal gas consumes
the oxygen of 10 cubic feet of air, and produces 2 cubic feet
of carbonic acid. The combustion of a pound of oil consumes
the oxygen of 130 cubic feet of air, and produces about 21
cubic feet of carbonic acid. A person, by breathing, adds 1
per cent. of carbonic acid to 55} cubic feet of air in an hour,
which would vitiate to this extent 1 foot per minute, while
this effect is much increased by the surface exhalations, These
facts show the rapidity with which the breathing medinm of
inhabited apartments tends to become deteriorated.

370. Watery Vapor as an Impurity.—Air saturated with
moisture acts injuriously upon the system by refusing to re-
ceive the perspiration which is offered to it by the skin and
lungs. This produces the fecling of oppression and langnor
which even the most robust often feel in close and sultry days.
By this obstruction of insensible perspiration, not only arc the
-waste matters generated in the system unduly retained, but
miasmas introduced through the lungs by respiration are pre-
vented from escaping. This would lead us to expect a greater
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and through pure water, renders it offensive. It is probably
in 2 state of combination with water, as the most hygroscopic
substances, such as wool, feathers, and damp walls, absorb it in
largest quantities. It has a peculiar, feetid smell, and on decom-
position yields ammonia, being thercfore nitrogenous. It is
oxidized slowly, and is supposed to float through the air in
clouds instead of undergoing rapid diffusion. The feetid odor
of a bedroom in the morning, after it has been occupied
during the night, well attests the presence of these organic
vapors in the air.

In the air of sick-rooms and hospitals organic matters ac-
cumulate in large quantities unless there is the most thorough
ventilation. In addition to the amount contributed by respi-
ration, which is often much larger in sickness than in health,
the exhalations from the skin are greatly increased, and large
quantities of effluvia also escape from the discharged evacu-
ations. Moscatti, who condensed the watery vapor of a hos-
pital ward at Milan, describes it as being “slimy, and having a
marshy smell.” The dust of a ward in St. Louis, in Paris,
was discovered by Chalvert to contain, in one experiment, 36
per cents, and in another, 46 per cent. of organic matter, which
cousisted chiefly of epithelium, and when burnt gave an odor
of horn. Pus-cells have been discovered in the air of an oph-
thalmie ward, and epithelium-cells are found in that of all ill-
ventilated rooms. It is very likely that the specific poison of
small-pox, scarlet fever, measles, diphtheria, etc., consists of
molecular organic matter thrown off from the skin and mucous
surfaces. If not rapidly oxidized, it no doubt retains its poi-
sonous properties, and throngh the medium of the atmosphere
conveys the disease. It is also equally probable that the ema-
nations from cholera evacuations may, through the medium of
an impure atmosphere, propagate cholera.

In the air of dwellings, starch-cells, particles of cotton,
wool, ete., are very common. Injurious exhalations from the
imperféct combustion of oil, tallow, gas, and other illuminating

substances, are scarcely less so.
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Grenhow states that, of 107 flax-factory operatives, whose
cases were taken indiscriminately, 79 were suflering from bron-
chial irritation, and in 19 of these there had been haemoptysis,
Among 27 hacklers, 23 were diseased: The suspended parti-
cles are drawn into the air-passages at cach inhalation, and
there find lodgment upon the delicate mucous surfaces with
which they come in contact. The irritation thus set up dis-
turbs the working of the lungs, and, if maintained, eventually
ends in organic disease.

Brass-founders, coppersmiths, plumbers, white-lead manu-
facturers, house-painters, workers in mercury, match-makers,
are all subject to peculiar forms of disease produced by
inhaling the fumes with which their business contaminates the
air. These fumes gain access to the blood, and through this
to the whole system, producing severe local disturbance in
many cases, and always aflecting the general health.

874. Scrofula.—The accumulation of carbonic acid and
organic matter in ill-ventilated dwellings, workshops, hospitals,
and other places, by its depressing and disturbing influence
upon the vital powers, is promotive of various disorders, but
of none more generally than that imperfect and perverted
state of the nutritive functions known as scrofula. Baudo-
loque, an eminent French physician, affirms “that the repeated
respiration of the same atmosphere is a primary and efficient
cause of scrofula,” and that “if there be entirely pure air,
there may be bad food, bad clothing, and want of personal
cleanliness, but that scrofulous diseases cannot exist.” Again
he says: “Invariably it will be found on examination that a
truly scrofulous disease is caused by a vitiated air, and it is
not always necessary that there shounld have been a prolonged
stay in sich an atmosphere. Often a few hours each day is
“suflicient, and it is thus that persons may live in the most
Lealthy eountry, pass the greater part of the day in the open
air, and -yet become scrofulous, becatse of sleeping in a con-
fined place where the air has not been renewed.”

When scrofula localizes itself in the lungs, there is pulmo-
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Besides bearing the specific poison, an atmosphere of this
character is exceedingly depressing to those brought within
the range of its influence. Interfering with the acration and
the nutritive capacity of the blood, it lowers the powers of the
system, and thus paves the way for epidemic visitations of a
malignant and fatal type.

376. Effects of Impure Air upon the Course of Disease.
—Toul air increases the severity of disease, rendering a fatal
result much more probable, and, even if this is avoided, greatly
prolongs the period of convalescence. It also predisposes to
complications, and renders recovery more likely to be followed
by subsequent trouble. This appears to hold true of all dis--
cases, but especially of the febrile. It is known that in the .
treatment of typhus and typhoid fevers, the freest ventilation,
even to the extent of placing the patient in the open air, re-
duces their mortality more than half, and greatly shortens the
time of recovery. A like provision in the treatment of scarlet
fever, measles, small-pox, diphtheria, ete., not only renders them
much less severe, but does away in a great degree with the
necessity for medication, and also markedly diminishes the
liability to those distressing sequele which in less favorable
conditions so often supervene.

877. Consumpticn.—Probably those afflieted with con-
sumption and other pulmonary complaints sufler more from
the cffects of foul air than any other invalids. The reason is
obvious. The capacity of the lungs is more or less reduced,
hence less air can be conveyed to the blood, and if this is de-
ficient in oxygen and contains impurities, the blood is directly
affected and the malady much aggravated.

378. Its Effects upon Inherited Taints.—Inherited ten-
dencies to disease, particularly of a scrofulous character, are
rapidly developed by impure air. The incompletencss of nu-
trition gives strength to the lurking predisposition. Instances
are constantly recurring in which consumptive tﬂndcuci_c? are
developed to a fatal issue through various bad cundl:t-l?ns,
impure air being the most potent: agency. And physicians
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openings of rooms, but it proceeds so slowly that it is not to
be relied upon for ventilation, The mixture of large masses
of air and the dispersion and dilution of local impurities are
also effected by the winds. Gascous exhalations are washed
out and absorbed frome the atmospherc by the fall of rains,
The carth’s vegetation destroys carbonie acid, while the oxygen
slowly burns up the numberless combustible vapors and con-
taminations which are thrown into the air. By these means
the earth’s atmosphere is constantly maintained respirable and
pure. "

381, Ventilation.—The object of ventilation is to extend
these natural means of purification to the air of dwellings, hos-
pitals, workshops, and, indeed, to all places where impurities
are liable to accumulate and prove injurious. Taking the ex-
ternal air as the standard of purity, it aims to conduct it
through those places in a manner that, without inconvenience to
their inmates, shall accomplish the rapidi and thorough dilu-
tion and transfer of whatever impurities their atmosphere may
contain. To do this effectually and without risk to the health
and comfort of the inmates, the ventilation must conform to
certain indispensable conditions. The air which enters must
itself be pure. This may gencrally be secured by taking it
from almost any exposed situation, unless there be some special
source of impurity in close proximity. It is desirable, if pos-
sible, particularly in cities, to introduce the air from a level a
few feet above the surface, as there are more or less exhalations
constantly floating in air next the ground. :

382. Amount of Air required.—It must be in sufficient
quantity. We find Nature's standard of purity in the exter-
nal atmosphere, and, other things cqual, the unearver we ap-
proach this in our dwellings, the healthier will be their in-
mates. The earlier authorities on ventilation varied greatly
in their estimates of the quantity neccessary, some placing it as
low as 60 cubie feet per head per hour, while others consid-
ered 500 cubic feet as not too much. More thorough investi-
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cerous uleer, although the ventilation at the time was 3,500
cubic feet per head per hour,

383. Heating the Air.—The temperature of the air must
be cavefully regulated. In this climate, cooling the air is rarely
necessary, but in the colder months of the year the incoming
air requires to be warmed sufficiently for comfort, and in such
manner as not to disturb the normal proportions of its con-
stituents. The great danger is that of overheating it, whercby
its capacity for moisture is greatly increased and ventilation
becomes converted into a kiln-drying process scarcely less in-
jurious than impure air. The poliey should be to introduce
large quantities of air raised only to a proper breathing tem-
perature (60° to 70° Fal.), the temperature to be maintained
by a steady and rapid change, so directed as to remove the
cooler air of the apartment, and replace it'with that freshly
warmed. It may be said that this icvolves a much greater
loss of heat than the opposite course, viz, the raising to a
Ligh temperature of small quantities of air. Iven 1f this were
true, which is not the case, waste of heat would be far prefer-
able to the loss of health, which the latter process involves,
both by the increased drying power it gives the air, and by
insuflicient ventilation.

The heat imparted to the air in this process becomes a
means of promoting its movement. With this as a motive
powet, by the aid of flues and ventilating shafts, very thorough
purification may be obtained. .

384. Rate of Movement.—The mdtion of the air must be
impereeptible.  Air may move at the rate of 100 feet per
minute without violating this requirement; but it is a much
greater velocity than is nceded for ventilating purposes; that |
is to say, after the air has once entered the apartment. In the
flues, of course, a much preater velocity is necessary. If there
is little or no interference from ontside currents, the air within
the building may readily be made to move in a body from
above downward, and the rapidity of its movement can be
easily regulated. It may be objected to this downward move-
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off oxygen, and rapidly destroys organic matter. Ammoni.
acal compounds are at once decomposed. Permanganate of
soda, taken into the mouth, quickly destroys the odor of to-
bacco (Hoffman).

Compounds of chlorine act through the liberation of chlo-
rine gas, which rapidly decomposes sulphuretted hydrogen and
sulphide of ammonium, and also destroys organic odors. It
may be obtained by moistening chloride of lime, or soda, when
it slowly escapes into the atmosphere. Tt is also casily evolved
by mixing 1 part of powdered binoxide of manganese with 4
parts of common salt and 4 of dilute sulphuric acid. A gentle
heat will aid the evolution. The gas, however, will corrpde all
exposed metallic surfaces.

Nitrous acid may be evolved by placing nitre in sulphurie
acid, or by dropping a bit of copper into dilute nitric acid. It
is a very efficient disinfecting agent, but irritating to the air-
passages and lungs. The ease with which it yields up a por-
tion of its oxygen makes it a powerful oxidizer, which acts
rapidly upon organic emanations, Sulphurous acid is given
off when sulphur is burned. It decomposes sulphuretted hy-
drogen, and acts with energy upon organic substances.

CHAPTER ZXVI,

WATER AND IIE:I!.LTH.
Secrion L.—Physiological Offices of Water.

386. Amount in the Body.—The student is aware that
water is a very large constituent of all parts of the body. The
bones contain 130 parts of it in 1,000 ; musecle, 750 ; brain,
789 ; blood, 795; and it forms nearly three-fourths the entire
weight of the body.
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found free from foreign ingredients, which modify its char-
acter according to the quantity present, and their own pecu-
Liar properties. This gives rise to the several varietics
that we know as hard-water, soft-water, mineral-water, and
sca-water.

392. Soft-Water.—This is water that gives a feeling of
softness in washing, from the absence of certain mineral sub-
stances, which render it rough or hard. Rain-water may be
talken as a fair example, for when caught in the open country,
it is the purest water that Nature provides. It is not entircly
free from foreign matters, however, for, as it fulls through the
air, it absorbs oxygen, uitrogen, carbonic acid, ammonia, and
organic substances, and also washes out any impurities which
the atmosphere may happen to contain. Thus, in the vicinity
of the ocean the air contains traces of common salt; in the
neighborhood of cities, various saline, orgauie, and gascous
impuritics, while dust is raised from the ground and scattered
through it by winds. These are all rinsed out of the air by
rain. In passing through it, water becomes highly aerated;
that is, acquires an atmosphere of its own, which contains from
ten to fifteen per cent. more oxvgen than ordinary air. This
gives to water its agreeable taste.

Soft water, which is free from dissolved mineral matters,
malkes its Wway into organized tissues with much more readiness
than hard water. It also exerts a more powerful solvent, or
extractive action, and is thus a better vehicle for conveying
alimentary substances into the living system. In culinary
operations, where the object is to soften the texture of animal
and vegetable compounds, or to extract from them and present
in a liquid form some of their valuable parts, as in making
soups, broths, stews, or infusions, as tea and coffee, soft water is
much to be preferred.

In consequence of its acration, rain-water is both healthy
and ‘pleasant as a beverage. The greatest benefits have re-
gulted in many cases from its use, where the spring and well
waters were largely impregnated with earthy salts.

.
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ate, and in dolomitic distriats much sulphate and carbonate of
magnesia. They contain little organic matter, but are very
hard, soften little on boiling, and are generally unwholesome,

396. Sand and Gravel Waters—These vary in character
in different regions. Some are very pure, containing less than
5 grains of mineral matter in a gallon, and less than 1 grain of
organic matter. Others again, particularly such as flow over
soft sand-rock, are liable to be very impure, containing much
chloride of sodium, carbonate of soda, iron, and a little lime
and magnesia, amounting altogether to from 30 to 80 grains
per gallon. The organic matter may also be in large amount,
from 4 to 10 grains per gallon, or even more.

397. Alluvial Waters—These are generally highly
charged with carbonate of lime, sulphate of lime, sulphate of
magnesia, chloride of sodium, carbonate of soda, iron, silica,
and often with organic matter. The amount of solids per
gallon ranges from 20 to 120 grans.

398. Surface and Sub-soil Water.—This is often very
impure. Cultivated lands, with rich, manured soils, farnish a
water often containing both organic matter and salts in large
quantity. In towns, and dmong the habitations of men, the
surface and shallow well-water frequently contains large quanti-
ties of nitrites and nitrates, sulpbates and phosphates of lime,
and soda and chloride of sodium. Organic matter, also, exists
often in large amount.

399, Marsh-Water.—This is always impure from the
presence of much organic matter, which is chiefly of vegetable
origin, and varies in quantity from 10 to 50 grains in the gal-
lon. The proportion of mineral ingredients is usually small,
unless the marsh be salt, when the mineral constituents of sea-
water are present.

400, River-Water.—This varies much in the number and
quantity of its constituents. Coming from various sources, it
is even more complex in constitution than spring or well water.
Oftentimes it iz greatly contaminated by the sewage of towns
and the refuse of manufacturing operations which are carried
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. suspended or dissolved in the water. If suspended, and of
vegetable origin, their presence will often be indicated by a
peculiar yellowish or brownish tinge, such as most are familiar
with in the water of marshes or peat-bogs. If of animal origin,
they may impart no tinge, and are more likely to be dissolved.
They ave derived from numberless sources, but those of most
importance, hygienically, ave furnished by the habitations and
trades of men. Rain-water carries down from the air floating
organic impuritics, and it may also become contaminated by
dceaying leaves that bave accumulated on the roofs of houses.
Cisterns are also liable to receiye impurities from the leaking
of sinks or waste-pipes, or by the washing in of leaves from the
roof. Shallow weils are extremely apt to become contami-
nated by floods carrying in organic surface impurities. Deep
wells*frequently drain large areas about them, and are very
often, particularly in towns, rendered impure and even offensive
by collecting the drainage from cess-pools, vaults, ete. In epi-
demies of typhus and typhoid fever and cholera, cases have
occurred where it was known that the specific poison of the
disease found its way into the system by this means. Springs
and streams oftentimes reeeive the discharges from large man-
ufactories; and although the water appears pure, an exami-
nation reveals the presence of organic matter. The effects of
this contamination may be shown by taking a liitle of the
sediment that has accumulated at the bottom of a cistern, and
placing it in a bottle of perfectly pure distilled water, when in
a short time, if the weather be warm, it will smell offensively.
Thus, at ordinary summer temperatures, this organic matter is
liable to undergo putrefactive change, and it is then that it ex-
erts its most bancful effects upon the system. This is, no
doubt, one of the causes of the greater prevalence of diarrheeas
and dysenteries during the warmer portions of the year.

Sgorroy 11L.—Morbid Effects of Impure Water.

404. ]jyspepaia.h—‘.ﬁfater containng sulphate of lime, chlo-
ride of calcium, and the magnesia salts, has a decided tendency.
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or animal origin, will causc diarrheca. In the recent war,
great numbers of cases occurred from the use of marsh or
diteh water, which ceased when wells were sunk, Water con-
taining feecal matter, sulphuretted hydrogen, or other sewage
products, often oceasions the worst forms of diarrhcea, attended
sometimes with marked choleraic symptoms—such as purging,
vomiting, and cramps—even when the senses give no indica-
tion of these impuritics.

The effects of sulphuretted hydrogen are well shown by a_
case that occurred in the recent war in Mexico.. The French
troops suffered greatly at Orizaba, from the use of water taken
from sulphurous and alkaline springs. This produced dyspep-
sia and diarrheea, attended with enormous ecructations after
meals, the eructed gas having a strong smell of sulphuretted
hydrogen. Sewage gases, sefting back through untrapped
overflow pipes into tanks and cisterns, often contaminate the
wafer very rapidly.

406. Dysentery —This also frequently results.from the use
of impure water. The impurities which produce it appear to
be of the same kind as those which cause the allied condition
of diarrhea. The drainage from grave-yards coutains large
quantities of organic matter and nitrates, and its use is very
liable to produce this disease. Water contaminated by the
discharges of dysenterie patients is known to produce dysen-
tery in others, and thus the disease oftentimes becomes
epidemic.

407. Cholera.—Symptoms of this malady often follow
the usc of water containing sewage or decomposing organic
matter. Many believe that it is capable of producing the dis-
ease, but this point is still unsettled. The use of water ren-
dered impure by the presence of choleraic evacuations, how-
ever, is known to give rise to the discase in others, and in
towns this is found a ready means of propagation.

In addition to the production of cholera from drinking
water containing cholera-stools, it is quite certain’that the use
of impure water of any kind predisposes to cholera, though it
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Seerion IV,—Purification of Waler,

411, Examination by the Senses.—If water is examined
by the unaided senses, the information obtained is very limited
and should not be relied upon. They will only indicate cx-
treme conditions, and arc very liable to overlook the most
characteristic impuritics, Taste, for instance, even though it
be extremely delicate, is wholly untrustworthy. Organic mat-
ter, when dissolved, is often quite tasteless; 55 grains of car-
bonate of soda and 70 of chlorid2 of sodium per gallon are
imperceptible; 16 grains of carbonate of lime give no taste,
and 25 grains of sulphate of lime very little. If, from its
cficets, a given water is suspected of impurity, and its use can-
not be avoided, examination of it should be intrusted to some
competent person.

412. Distillation,—Water may be most thoroughly puri-
. fied by distillation, but this is impracticable when considerable
quantities are required, and besides, the water is not fit to drink
until acrated. To render it perfectly pure, it must be redis-
tilled at low temperatures, in silver vessels,

413. Boiling and Freezing.—DBoiling kills most animal
and vegetable organisms that water may contain, expels gases,
and precipitates carbonate of lime. It is the latter that consti-
tutes the fur or crust often seen lining tea-kettles and boilers.

Freezing renders water much purer, by expelling a large
proportien of its saline contents. Carbonate and sulphate of
lime may be thus got rid of. DBut, like boiling and distillation, -
freezing expels the air and thus renders the water insipid. In
all these cases the water regains its palatability on standing.

414, Purification by Chemical Means.—The addition of
two or three grains of alum to the quart cleanses muddy or
turbid water, but often renders it harder than before. When
alum is added, the water should not be used under 24 hours.
Permanganate of potash destroys organic matter and ammo-
niacal compounds by rapid oxidation, and may be used with -
advantage for this purpose. -
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bon, are the most energetic supporters of the calorifying
funetion. 3

420. The Amyloids.—This group comprises the starches,
sugars, and gums—principally vegetable products, and, in one
form or another, is a large constituent of our ordinary food.
Starch is abundant in grain, peas, beans, and potatoes. The dif-
ferent preparations known as sago, tapioca, arrow-root, and the
like, are almost entirely starch extracted from different species of
plants.  Starch is capable of conversion into sugar, and-is thus
changed by the juices of the alimentary canal. Sugar is pro-
duced by both plants and animals, but our supply comes chiefly
from fhe vegetable kingdom, where it is contained in great
abundance in sap, fruit, and seeds. By the ageney of heat,
starch may be converted into gum, known as dextrine. Gums
are, vegetable products widely distributed, but not in great
abundance. Their composition is simiiar to that of starch and
sugar, and their dictetical fanction is supposed to be the same.

421, Their Offices—It has until lately been supposed that
as the nitrogenous and non-nitrogenouns substances are clearly
- separated by chemical compositions, they are sharply divided
in their physiological effeets. The first were supposed to nour-
ish the tissues, the decomposition of which was believed to be
the sole source of animal power, while the fatty and amyloid
group served only to maintain animal heat by their oxidation.
Bat while it is maintaingd that the bodily tissues can only be
reproduced from the nitrogenous elements, it is admitted that
the decomposition of these tissues must be-a source of heat;
and recent researches have established that the combustion
of the hydro-carbons is a source of power, the heat produced
being converted into mechanical ioree, _

422. Mineral Aliments.—1he inorganic or mineral con-
stituents of food consist of water and various saline substances.
Common salt occurs in all forms of food, but in larger propor-
“tion in animal than in vegetable tissues. An instinctive crav-
ing impels animals to seek for a larger supply of it than is fur-
nished in their food. Chloride of potassium, phosphate of lime,
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also requisite, and the body feels the want of them sooner or
later, even though the proteids are furnished in abundance,

Secmion 11— Animal Foods.

Foods may be conveniently divided into three classes :
animal food, vegetable food, and auxiliary food; substamces
derived from animals, such as milk, 'cggs, and meats, are ex-
amples of the first class,

424. Milk.—As this liquid contains all the elements ne-
cessary for complete nutrition, it has been regarded as the type
of composite foods, but, as just remarked, it is only completely
adapted to a certain stage of animal life. A hundred parts of
cow’s milk contain of casein, 4.48; of butter, 3.13 ; of milk-
sugar, 4.47; salts, .60; and of water, 87.32. This, however,
1s only an average statement, as no two cows give milk exactly
‘alike in composition, while the milk of the same cow varies
with the food. The milk of goats and ewes is richer in solids
than that of the cow. Human milk is poorer in casein, and
contains a larger proportion of sugar than cow’s milk; hence,
wlen the latter is substituted for it in the case of infants, a lit-
tle sugar should be added.

In cities, milk is often largely adulterated with -water, If
much water has been added, it may be deteeted by applying
the specific gravity test. The specific gravity of unadulterated
milk ranges from 1.026 to 1.033; the average is about 1.030.
Two-parts water to eight-parts milk will reduce its specific
gravity to 1.024; four-parts water to six-parts milk, to 1.018.
Good milk should be of a full white color, perfectly opaque,
without deposit, and free from any peculiar taste or smell. It
should give a neutral reaction, and have a specific gravity of at
least 1.028.

425, Butter and Cheese.—These furnish the nutritive con-
stituents of milk in a concentrated form. DButter is habitually
associated with substances which are deficient in fat, and 1s
held to promote their digestibility. All butter contains casein,
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pale-reddish color, somewhat lighter toward the centre than at

the surface, and show mno disposition to tear across its fibres.
The fat should be white, or but slightly tinged with yellow,
and also firm to the touch. The pale, moist muscle marks the
young animal; the dark colored, the old one. The meat
should be free from any disagreeable odor, and the muscles,
when cut across, should present a uniform solidity. Any mar-
bling, or points where the knife passes more easily than at
others, indicates commencing decomposition. As a rule, the
flesh of young animals is tenderer, and more easily digested
than that of old ones; veal, however, is an exception, so far as
digestibility is concerned. The flesh of young animals contains
more water than that of old ones, consequently it is more
juicy, but bulk for bulk less nutritious, *

428. Salt Meat.—DBeef and pork are commonly preserved
for future use by salting, and in this condition are largely em-
ployed as food. Salting, however, reduces the nutritious value
of meat, detracts from its flavor, and renders its digestion more
difficult. It does this by extracting a portion of its juiees,
which remain dissolved in the brine, thus leaving the fibres of
the meat harder and consequently less easily acted upon by the
fluids of the stomach. _

429. Poultry and Game.—Meat of this kind is more casily
digested than that just considered, but is regarded as less nu-
tritious. It is not so juicy as butcher’s meat, and, as a rule,
contains less fat. DBroths made from it have a delicate flavor,
and contain considerable nutriment, hence they make an excel-
lent food for convalescents.

430. Fish.—The flesh of fish is very similar in composition
to that of other animals. It is somewhat poorer in nitrogenous
matter, but richer in important salts, and contains a higher pro-
portion of water than butcher’s meat.

It is generally of casy digestion, but it should not be used
exclusively, nor for a long period together, as it is liable to
produce a scorbutic state of the system. The flesh of fish un-

dergoes rapid decomposition, and is then highﬁ}' injurious. It

e e
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practical test of baking. Still something may be told by its
‘appearance, It should contain very little bran, and its starch
should be white, or with the very slightest tinge of yellow,
‘The flour ought not to be lumpy, or if so, the lumps should
readily give way under the slightest pressure, Grittiness in-
dicates that the starch-grains are changing, and such flour will
give an acid bread. When compressed in the hand, good flour
will adhere in a lump, and retain the imprints of the fingers
longer than that of inferior grade. If cast against the wall, a
portion should firmly adhere. The dough made with good
flour is ductile and elastic, and may be drawn ont into long
strips, or rolled into thin sheets without breaking.

Flour becomes whiter with age, but it is at the expense of
flavor, swectness, and nutritive value. The greater the propor-
tion of gluten, the sooner will this deterioration take place.
Flour is sometimes contaminated by the presence of fungi or
inscets, and they always indicate inferior quality. It is also
occasionally adulterated with the flour of other grains, which
can only be detected by the microscope,

434, Rye.—This comes next to wheat in nutritive value,
though it furnishes less flour to the bushel, and that of a de-
cidedly darker color. Its gluten appears to contain more
casein and less vegetable fibrin than that of wheat, conse-
quently it is less tenacious. Owing to this quality, bread made
from rye flour does not rise well, and is liable to become heavy
on cooling. Rye bread soon becomes acid, and with many is
not easily digested. :

435. Buckwheat.—This is poor in nitrogenous and fatty
constituents, but rich in starch. Bread made from buckwheat
flour does not rise well, owing to its deficiency in gluten. It
is, therefore, chiefly consumed in making griddle-cakes, which,
while warm, are licht and palatable, but not well received by
weak stomachs. ‘

436. Indian Corn contains a much larger proportion of
fat than any other grain in common use. It is also rich in
starch, but has far less nitrogenous matter than either wheat
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tions consist mainly of starch and sugar, with a small percent-
age of fat and salts. They each possess a peculiar, volatile
principle, which adds much to their flavor, and causes them to
be eaten more as a relish than as a strength-giving food.

Onions and cabbage are more watery than the preceding,
but their solid parts contain a very large proportion of nitro-
genous matter. They are relished chiefly for their pungency,
but should be eaten only at intervals, as they are likely to
cause flatus and indigestion.

440. The Fruits.—These consist mostly of water and cel-
lulose, with varying amounts of fruit sugar, and small quantities
of potash, soda, and lime, in combination with certain organie
acids. Their juices contain a gelatinous substance termed
pectine, which forms the basis of the various jellies. Fruits
are prized more for those qualities which relate to their taste
than for nourishing and strengthening power. Nevertheless,
they arc valuable as sources of the alkaline and earthy carbo-
nates, and useful when eaten in moderate quantity, as safe-
guards against constipation. They are most wholesome when
cooked, but in all cases the skins, seeds, and cores should be
rejected, as indigestible and prolific sources of irritation,

Secrion 1V.—Aduziliary Foods,

441. Auxiliary foods comprise a class of substances very
extensively employed to give relish to other dietary compounds,
to provoke the digestive organs, and for nervous stimulation,
rather than for any nutritive properties of their own. Useful
when taken with care, they are liable to prove most injurious
when too freely indulged in. Under this head come the
various condiments and beverages,

449. The Condiments,— Vinegar is essentially a solution
of acetic acid in water. Good vinegar ought to contain at Jeast
5 per cent. of the acid. Commercial vinegar is often largely
adalterated, and some samples which pass under the name are
made of sulphuric acid and water, colored with burnt sugar,
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20 per cent. of gluten, and is also rich in salts, but these last
ingredients are not usuallysobtained in the heverage.

In making tea, it is desirable to obtain from the leaves the
largest possible amount of matter, without destroying its flavor,
If the tea is boiled, the volatile oil is driven off with the steam
—and yet a boiling temperature is required -to dissolve the
compound of thein and tannic acid, the most important con-
stituent of the leaf. To. preserve the one and obtain the other
is the principal object, and this is best attained by pouring
boiling water upon the leaves in close vessels, and allowing
them to steep for a time, with the temperature slightly below
the boiling point.

Tea acts as a gentle stimulant upon the nervous system,.
without producing subsequent perceptible depression. It also
quickens the pulse somewhat, and inereases the amount of pul-
mounary carbonic acid exhaled. It produces an astringent effeet
upon the bowels, but not to any harmful extent. It hastens
digestion and is invigorating, but it should not be taken in
excess, as it is apt to induce wakefulness and an irritable state
of the system. G'reen fea is more injurious in this respect
than black, often giving rise to nervous tremors.

Tea of all sorts is liable to the groszest adulteration, green
teas being worse in this respect than the black varieties, The
Chinese heighten their color, or face them, as it is termed, by
the addition of Prussian blue, indigo, turmeriec, gypsum, and
China clay. A bright-green gplor is to be looked upon with
suspicion, as the pure article always presents a dull, faded
green appearance. The leaves of other plants are often mixed
with tea. Sometimes, also, exhausted tea leaves or grounds
are bought up, their astringent property restored by the addi-
tion of catechu, and colored with black lead, or logwood, they
are sold again as genuine tea. Another fraud of great preva-
lence consists in mixing inferior qualities of tea with better
sorts, and cheating the purchaser by selling the compound at
the price of the best article.

In selecting tea, it should appear not to be too much

O e
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comparative effects of coffee, tea, and aleohol, in enabling men
to endure cold and hardship, are thus stated by Dr. Hayes, in
describing the experiences of Aretic exploration : “Dr. Kane's
parties, after repeated trial, took most kindly to cofiee in the
morning, and tea in the evening. The coffee scemed to last
throughout the day, and the men seemed to grow hungry less
rapidly after taking it than after drinking tea, while tea soothed
them after a day’s hard labor, and the better enabled them to

sleep. They both operated upon fatigued and over-taxed men

like a charm, and their superiority over alcoholic stimulants
was very marked.”

In the process of roasting, the coffee should be first care-

fully dried in an open pan, over a gentle fire, until it becomes
yellow. It should then be scorched in a covered vessel, to pre-
vent the escape of aroma, taking care, by proper agitation, to
prevent any portion from being burnt, as a few charred grains
communicate a bad odor to the rest. The operation should be
continued until the coffee- acquires a deep cinnamon or chest-
nut color, and an oily appearance, or uutil the peculiar fra-
grance of roasted coffee is sufficiently strong. Unroasted coffee
may be kept for any length of time, and grows better with age.
After roasting, it is constantly losing flavor; hence, it is well
to roast but a small quantity at once, and this ought to be
kept in close vessels, and ground as it is wanted for use. This
course necessitates the purchase of the berry and home pre-
paration, but the additional trouble is more than compen-
sated by the superior beverage thus obtained. The finer it
is ground, the more readily, of course, will it yield its soluble
constituents, g

Ground coffee is very extensively adulterated ;—hence an-
other inducement for purchasing the whole berries. Various
substances are employed as adulterants, such as roasted peas,
beans, corn, turnips, carrots, potatoes, etc. But the substance
most commonly used is chiccory, which has a large white pars-
nip-like root, abounding in a Dbitter juice. A little of this,
when roasted, gives as dark a color and as bitter a taste to

-
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ing the recently-shelled beans to paste, mixing this with sugar,
and flavoring it with vanilla, cinnamon, and the like. When
used as a beverage, the chocolate or cocoa is scraped into pow-
“der, mixed with water and milk, and brought to a boiling heat.
As thus prepared, chocolate is refreshing to the spirits, and
highly nutritious.

Secrion V.—Culinary Preparation of Foods.

446. Cooking has a twofold olject—first, to soften the
food, and thus facilitate its solution in the digestive juices;
and second, to develop its flavor, and thus render it more
agreeable to the palate. When the operation is pmpeﬂj per-
formed, both these purposes may be attained, and yet by im-
proper management both may be defeated. For example, in
cooking meats, it is desirable to retain their flavor, preserve
their juices, and soften their texture, and with the requisite
care, all this may be accomplished; yet how often does care-
less or improper management give us a hard, dry, tasteless
mass, as indigestible as it is unpalatable! Over-cooking should
be specially avoided, as it results in waste and loss of sapidity,
without in any respect improving the character of the food.

447. Cooking of Meats.— Boiling.—Mecats lose from 25
to 85 per cent. of their weight by this process. If it is desired
to retain their juices and flavor, the pieces should be cut large,
and when first put in, the water should be boiling, This co-
agulates the albumen near the surface of the piece, and thus
prevents further escape. After boiling three or five minutes,
the heat should be lowered to about 160°, and maintained at
that point until the completion of the process. If the temper-
ature is kept above 170°, the muscular tissue shrinks, and be-
comes hard and indigestible. In making broth, the object is
to extract the juices; hence the meat should be ent into small
pieces and placed in cold water. After standing a li'itle time,
it may be slowly heated to about 150°; never much above this.
Coagulation 6f the albumen is. thus prevented, and the con-:
tained juices extracted. A nutritious beef broth, or beef taa,
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soups, broths, or infusions, soft water is to be preferred. In
these cases where it is not the object to dissolve out the con-
tents of a structure, but rather to preserve it firm and entire,
hard water is the best. To prevent the over-dissolving action
of soft water, salt is often added, and proves quite effectual.

Secrion VI.—TInjurious Effects of Bad Diet.

449, Effects of Excess in Diet.—The influence of food
upon health is immediate and powerful, and is manifested in
various ways. Imperfect diet is chiefly injurious by its excess,
by its deficiency, by the wrong proportions of its elements,
and by the unwholesome condition of the articles consumed.

The quantity of food that it is proper to take, varies, of
course, with different circumstances: those thinly clad and
exposed to cold require more than the well-protected ; those in
active exercise more than the sedentary or persons of inactive
habits ; while the growing need, proportionally to their size,
more than adults, DBut whatever the ecircumstances, if the
quantity of food taken exceed the demangs of the system, evil
consequences are certain to follow. The immediate results of
over-eating are lethargy, heaviness, and tendency to sleep.
Overtaxing of the digestive organs soon deranges their func-
tions, and is a common and efficient cause of dyspepsia. If
the food is not absorbed from the digestive apparatus into the
system, it rapidly undergoes chemical decomposition in the
alimentary canal, and often putrefies. Large quantities of gas
are thus generated, which give rise to flatulence and colicky
pain. Dyspepsia, constipation, and intestinal irritation, caus-
ing diarrheea which does not empty the bowels, are produced.
If digestion be strong, and its products are absorbed, an excess
of nutriment is thrown into the blood, and the ecirculation
overloaded. If food is not expended in force, the natural
alternative is its accumulation in the system, producing pleth-
oric or abnormal inerease of muscle, tissue, and fat. This
is accompanied by congestion of important organs, mal-assimi-
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ounces of nitrogenized matter (estimated dry) are daily dis-
charged from the organism, and that to replace this, there is
required a daily consumption of from two to three pounds of
solid food. Dr.-Dalton says: “ From experiments performed
while living on an exclusive diet of bread, fish, meat, and
butter, with coffeec and water for drink, we have found that the
entire quantity of food required during twenty-four hours, by a
man in full health, and taking free excrcise in the open air, is
as follows :
Meat, . . ‘ . 16 ounces, or 100 Ibs. avoirdupois.

Bread, i A , 19 i 1-19 © G
Butter, or fat, o il 8RS ()99 e
Water, . - . 52 fluid oz. ** 3:38 “

That is to say, rather less than two and a half pounds of solid .
food, and rather over three pints of liquid food.”

‘It is undoubtedly true that the daily ration has frequently
been diminished considerably below the physiological standard
in charitable institutions, prisons, ete.; but when there is com-
plete inactivity of body and mind, this produces no other effect
than that of slightly diminishing the weight and strength. The
systemn then becomes reduced without any actual disease, and
there is simply a diminished ecapacity for labor. DBut in the
alimentation of large bodies of men subjected to exposure, and
frequently called upon to perform great labor, the question of
food is of vital importance, and the men collectively are like a
powerful machine, in which a certain quantity of material must
be furnished in order to produce the required amount of force,
This important physiological fact is most strikingly exemplified
in armies; and the history of the world presents few examples
of warlike operations in which the efficiency of the men has
not been impaired by insufficient food.

“The United States army-ration is the most generous in
the world; and the result has been that, in the recent civil
war, scurvy and other diseases which are usually so rife in
armies subject to the exposure and fatigue incident to grand
military operations, have been comparatively rare. In some
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a scorbutie condition of body is produced. Hence, for the
preservation of health, mixed food and a various, well-balanced
diet are indispensable.

In the case of infants and children, where food subserves
the double purpose of maintaining activity and growth,
there must be extra provision in the dict for the development
of muscular and bony tissues, Milk, though a liquid, by its
abundance of salts and casein, is adapted to this end. DBut too
frequently, after weaning, the food of children is given with no
reference to this important condition. Sago, tapioca, arrow-
root, and jellies, which rank lowest in nutritive value, with per-
haps other substances less objectionable, but still inadequately
nourishing, are frequently made use of, to the sérious injury of
the growing constitution. .

453. Effects of a Deficiency of Fat.—It is believed that
a lack of oleaginous elements in diet predisposes to consump-
tion. The immediate cause of this disease, as has been al-
ready observed, is an abortive or perverted nutrition, tubercle
being produced instead of healthy tissue. The seeds of con-
sumption are most generally sown in the system in youth,
when there is a double demand upon nutrition, for current
waste and steady growth. There is, however, sufficient proteid
matter present to nourish the structures; some other condition
must, therefore, be wanting. Eminent ‘physiologists have lately
maintained that the faulty nutrition which results in tubercle
is caused by a deficiency of oily substances, and therefore such
of these bodies as are easiest digested and abaqrbed have been
indicated as remedies, Cod-liver oil has come into use for this
purpose. Dr. Hughes Bennett, who first introduced this oil to
the notice of the public, states that butchers, cooks, oilmen,
tanners, and others who are constantly coming in contact with
fatty matter, are less liable than others to tubercular disease;
and Dr. Simpson has observed that children and young persons
employed in wool factories, where large quantities of oil are
daily used, are generally exempt from scrofula and pulmonary
consumption. These facts would indicate that even the ab-

£l
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and often serious disease. Meat that has entered upon decom-
position, or the flesh of diseased, immature, or over-driven
animals, is unfit for use. They are liable to produce gastric
disturbance and diarrhea, or they may be actively and dan-
gerously poisonous.

455. Flesh Parasites.—The disease known as “ measles”
in the pig is due to little pavasitic animals which infest the
flesh. \When pork is thus affected, there are found scattered
through the areolar or connective tissues numerous opaque or
whitish points, which counsist of little membranous bags, or
cysts, each containing a small embryonic animal, known as the
Cysticercus cellulosus. These microscopic creatures are devel-
oped from the eggs of the common tape-worm (Z@nia soliuim).

Dr. Kiichenmeister fed a number of eysticerci to a eriminal
at different periods before his execution, varying from 12 to 72
hours, and, upon post-mortem examination of the body, no less
than ten young tmenia were found in the intestine, four of which
could be distinetly recognized as specimens of T'@nia solium
(Dalton).

The cysticerci are sometimes found in the organs of the
human body as well as in those of the lower animals. They
are most likely to be met with in the voluntary muscles, but
have been observed in the tissue of the heart, and, what is
more remarkable, in such organs as the eye and brain. Their
presence in the muscles is not known to be harmful, inasmuch
as they have been found in considerable numbers in those
of individuals who were accidentally killed while in a state of
apparently perfect health,

The T'richina spiralis is another parasite which infests the
muscles of the pig, and is also found in those of the human subject.
A muscle containing trichina appears as if thickly beset with
small whitish specks. Each speck is in reality a cyst, which
contains a single trichinz, a minute, worm-like animal, coiled
up in a spiral form. When straightened out, it measures about
g5 of an inch in length, and about 5} of an inch in diameter.
Like the cysticerci, these animals find their way into the human
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CHAPTER: XVIIL

CLOTHING AND HEALTH.

Secrion L—Properties of Clothing Material.

456. Purposes to be subserved.—The principal object of
clothing being to defend the bedy against the effects of heat
and cold, it is obvious that the qualities best suited to these
purposes are what we are to seek in the selection of fabrics for
wearing apparel in different seasons and climates, and at dif-
ferent times. These qualities are chiefly connected with the
rclations of fabrics to heat and moisture. The body is con-
stantly losing heat both by conduction and evaporation. In
cold weather, the object is to prevent this loss as far as possi-
ble; in warm weather it is desirable to promote it ; hence, we
select our clothing with a view to these different purposes,
wearing the free conductors and ready absorbers in summer,
and the non-conduectors and slow absorbers in winter. As far
as is consistent with these primary objects, clothing should be
light, durable, and readily cleansed. It should also be of such
a character as will allow of the free passage of the exhalations
from the skin, and yet not be readily absorbent of moisture
from without. Imperviousness is a very objectionable quality,
and may, by retaining the cutaneous exeretions in contact with
the body, lead to serious disease.

457. Linen as an Article of Clothing.—This is a good

conductor, and allows the free escape of heat. It is also a
rapid absorber of moisture, which it readily gives off by evapo-
ration from the external surface of the body. For this reason,
it produces a rapidly-cooling effect, even in hot weather, and
is thus well adapted for summer use. It should not, however,
under any circumstances, be worn next the skin, as it not only
quickly cools the surface itself, but is incapable of preventing

sudden chills from other causes.
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them in the interstices of the cloth, The latter can be wrung
out, and 1s called water of inferpesition. The former is only
got rid of by evaporation, and is termed hygroscopic water.
Woollen greatly exceeds either linen or cotton in this power
of hygroscopic absorption, taking up at least double the
amount of water in proportion to its weight, and quadruple in
proportion to its surface.

“¢This property is a most important one. During perspi-
-ration, the evaporation from the surface of the body is neces-
sary to reduce the heat which is generated by exercise, When
‘the exertion is finished, evaporation still goes on, often to such
an extent as to chill the frame. When dry woollen clothing is
put on after exertion, the vapor from the surface of the body
is condensed in the wool, and gives out again the large amount
of heat which had become latent when the water was vaporized.
Therefore, a woollen covering, from this cause alone, at once
feels warm when used during sweating. In the case of cotton
and linen, the perspiration passes through and evaporates from
the external surface without condensation ; the loss of heat then
continues. These facts make it plain why dry woollen clothes
are so useful after exertion.”—(Parkes.)

As an equalizer of the temperature and protector of the
surface against sudden chills, wool stands ab the head of all our
usual wearing fabrics, and, when it can be tolerated, should be
constantly worn next the skin.

460. Color influences the relations of clothing to solar heat,
though it does not affect it in regard to non-luminous heat,
such as that emitted from stoves. Black clothes absorb heat
in a sunny day; while white clothes reflect more of it. The
power of absorption decreases as the shade grows lighter.
Thus, black absorbs the most, blue next, then greer, yellow,
and lastly white. Color also affects the relations of cloth to
moisture, the darker colored materials absorbing more moisture
than the light colored. Black will absorb nearly as much

again as w hite. °
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circulation is more absolutely required than here. At the
Junction of the chest with the abdomen are located the lower
portions of the lungs, the spleen, stomach, liver, ete. There
are also given off from the aorta at this point several large ves-
sels, which carry blood to the adjacent viscera, The diaphragm,
the most important muscle engaged in the process of respiration,
is likewise found in this immediate vicinity. Every function
of the body calls for the utmost freedom of movement in this
important region. And yet it is the almost universal practice
among females to bind down these parts often to half their
natural dimensions. Reference to Fig, 125 shows this to be one
of the roomiest portions of the body when left in_its natural
condition,

Fia. 125.

A diagram ehowing the natural form of the healthy chest, and the proper position
of the organs which it containe.

Fig. 126 shows the distortion which often results from com-
pression. This deformity is not the worst of the evils which
follow the practice of compressing these parts. Thﬁ. dis:,phragm
is hampered in its actions, and the process of respiration thus
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out, and thus arise permanent and life-long deformity of the
chest and continued restraint of its fmportant organs. The
persistence with which this practice is followed by females,
betrdys either outrageous ignorance or an almost eriminal dis-
regard of consequences.

465, Compression of the Feet,—This is a common prac-
tice, that often rcsults in distortion and great discomfort. Fig,
127 shows the deformity produced by compression, while Fig.

Fia. 127,

128 gives the natural shape of the foot. When we are walking
with the feet unrestrained, each foot, as it receives the weight
of the body, broadens slichtly, and lengthens to the extent of
half an inch or more. Freedom of motion in the foot itself is
thus seen to be a natural requisite, and without it case, grace,
and comfort in walking are out of the question. Compression
by the boot or shoe not only prevents this freedom of action,
but also gives rise to deformity of the feet. The sole of the
boot should be as wide as and somewhat longer than the foot
when the weight of the body is resting upon it. The upper-
leather requires to be soft and yielding, and not so tight
as to pinch the foot down upon the sole. The toe of the
boot ought to be wide, leaving the toes perfect freedom of
movement. If too mnarrow, they are made to override each
other, thus producing ingrowing toe-nails, corns, bunions, ete.
The heels should be low and broad, so as to furnish a firm
support.  High heels throw the feet forward toward the
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especially when other regions are at the same time imperfectly
protected. An instance forcibly illustrating the bad effects of
habitually overheating a part recently came within the writer's
notice. A boy, 16 years old, had been daily employed for a
period of about three months in the winter season, in a work-
shop where he was obliged to stand with his back very near a
hot stove. This maintained an almost constant congestion of
the kidneys, which had led, when I saw him, to well-marked
Bright's disease. The region of the kidneys is commonly
overdressed by the lapping at this point of the garments which
clothe the trunk and lower extremities. In this way, two or
three extra thicknesses are commonly obtained, and a tendency
is thus created toward the accumulation of blood in these im-
portant organs.

468. Overdressing the Throat.—Muffling the throat is
very common, particularly among children, and it is often re-
marked that those who wrap it the most are the ones who suf-
fer most from its disorders. This practice is perhaps respon-
sible for more sore throats, coughs, and croups, than all other
causes put together ; and when this overdressing of the neck
is supplemented, as it commonly is in children, by short dresses
and thinly-clad extremities, the conditions are most complete
for the production of all sorts of throat and lung affections.

469. Flannel next the Skin—Uniformity of temperature
is greatly promoted by constantly wearing next the skin some
non-conducting material, such as flannel or silk. This prevents
sudden chilling of the surface, which, in our variable climate,
is liable to take place at any time, unless specially guarded
against. Flannel is found by experience to be best for this
purpose; bat, in those cases where it irritates the skin, cotton-
flannel or silk may be conveniently substituted. Linen should
never be used. The good effects of wearing flannel next the
skin the year round are unquestionable, In both cold and hot
climates it is found to be an efficient safeguard against dis-
ease; aund there are few who cannot soon become accustomed

to its use.
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CHAPTER' XIX:

EXERCISE AND HEALTH,
SecrioNn I.—Labor and Exercise.

472. Man intended for Action—Anatomy and Physi-
ology alike proclaim that the purpose of the human constitution
is activity, The provision for varied and complex movement
is seen in the jointed skeleton, the contractile muscles, the
controlling nerves, and the power-supplying apparatus of di-
gestion and ecirculation. Thus the whole economy of the
organism testifies that its end is action. Moreover, the cir-
cumstances of life involve the necessity of action. Effort must
be put forth for the maintenance of existence, and for the
gratification of the various faculties of our nature.

473. Labor.—This great end of our being finds its legiti-
mate and natural expression in labor, which is human action
applied to various materials and objects, for the attainment of
some productive or useful result. The necessity of labor is thus
doubly provided for in the construction of the human fabric
and the order of external nature, and, when performed with
due regard to the laws and rights of our being, it is in every
respect a benefit and a blessing. But when pursned to excess,
as has unhappily been too common in the past history of man-
kind, it is perverted into degrading drudgery, and then be-
comes a curse.

As skilful and effective Jabor involves intelligence, time
and thought are needed to secure aptness in its performance,
and the narrower the range of effort, the greater is the facility
attained. This restricts the individual to specific pursuits, and
gives rise to that diversified system of division of labor which
has grown to such vast complexity in modern society. ']E‘he
tendency of this system is to call into intense cmr-::is? a Pc:rtmn
—perhaps but a small portion—of the activity of the individual,
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power. It follows that in work, or exercise, the voluntary
muscular system draws upon the involuntary functions for its
supply of energy; and hence, in proportion to the force ex-
pended, is the general exaltation of the vital processes,

476. Exercise, Waste, and Repair.—Bodily exertion thus
increases atomic changes, and quickens that metamorphosis of
tissues in which health essentially consists. Exercise is at the
expense of waste; waste involves repair, and these augmented
processes call into higher action the whole apparatus of supply
and excretion. Habitual exercise is thus the cause and condi-
tion of that vital renovation of parts which is the source and
measure of constitutional vigor.

477. Effect upon the Circulation.—As the circulation
ministers immediately to all the functions, its energy rises and
falls with their activity. Exercise increases the movements of
the heart in both force and frequency, and accelerates the flow
of blood through all parts of the body. The circulation is also
aided by the contractions of the voluntary musecles, which, by
pressing upon the walls of the veins, tend to force along the
current of blood. Moreover, this increased activity of the cir-
culation meets the increased demand of the muscles for new
material, to renew the disintegrated structures; and it also
effects the speedy removal of all waste products, by rapidly
transferring them to the proper eliminating organs, Thus, the
complex stream from which nutritive materials are constantly
drawn, and into which waste matters are constantly poured, is
directly atfected, both in its composition and rate of movement,
by the state of action of the voluntary muscles,

Exercise also, it is well known, heightens the calorifying
functions. It is through the increased activity of the circula-
tion that the body is warmed by exercise. This is the reason
why walking is so effectual in warming the feet, and why
exertion of any kind raises the temperature of the parts em-
ployed.

478, Effect upon Respiration.—Circulation and respira-
tion are accelerated together by exercise, as whatever quickens
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it receives. During exertion, heat is rapidly developed within
the body, but its accumulation is prevented by the escape of
water through the skin. No amount of external cold is able to
prevent this outward passage of fluid, though it may slightly
hinder evaporation. There is, therefore, little danger of chill
during active exercise; but when exertion is over, there is great
danger of it, for the heat of the body rapidly declines, while
evaporation continues, which still more reduces the tempe-
rature. During exertion, the skin may be exposed without
danger; but during the intervals of rest, it should be covered
sufficiently to prevent the least feeling of coolness of the
surface. '

481, Exercise should be Regular.—Like eating and
sleeping, exercise should become a regular and persistent daily
habit. It is an imperative necessity of the system, and, as an
element of personal hygiene, is indispensable. If it be resorted
to in any form of bodily training, as in military drill, rowing,
or other athletie effort, it is found that the periods of exertion
must not be less than half an hour, in order to take hold of the
system, and produce the positive effect of bodily discipline.

482. The Mind in Exercise—Exercise, or simple muscu-
lar movement, whatever may be its value for health, has in
itself very few attractions, and will be avoided rather than prac-
tised, unless there is connected with it something capable of
callimg the mind into pleasurable activity. When taken merely
from a sense of duty, or * because the health requires it,” ex-
ercise becomes a drag and a bore, without vigor and of little
benefit. When, however, it can be made the means of enjoy-
ment, by associating with it something agreeable and exhila-
rating, it becomes at once spontaneous, vigorous, and hearty,
and its value to the health, both of mind and body, is increased

in a great degree.
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it is at such times that blood-vessels are ruptured, and that the
walls of important cavities give way.

Rest after exertion is one of the most im portant conditions
of health. Work or exercise carried habitually to the length
of exhaustion, by lowering the bodily vigor and depressing the
powers of the constitution, not only diminishes resistance to
the encroachments of disease, but greatly reduces the capability
of recovery in cases of sickness. f-‘articu]ar]y in childhood,
when the bones are yet incompletely ossified, and the muscles
undeveloped, excessive labor or exertion is liable to entail per-
manent injury. If persisted in, arrested development of either
body or mind can hardly fail to result. Irom the age of 15
to 25, although full growth may have been reached, the powers
of endurance have not attained their maximum, and all ex-
hausting tasks require to be avoided. Young soldiers break
down under the toils and privations of the camp sooner than
mature men. This is also true in civil life, where the young
and immature arc called upon to match their powers with
those in the maturity of manhood; and the remark is equally
applicable to the female, under the spur of competition with
the male sex. The consequences are seen in broken-down
constitutions and premature decay.

484, Effects of Imsufficient Exercise.—Inaction contra-
venes the supreme design of the human constitution, and is
therefore adverse to its health. As bodily vigor results only
from active and well-regulated exercise, the absence of such
exercise must entail bodily debility. As exertion favors nutri-
tion and the healthy development of active parts, inaction im-
pairs nutrition, reduces the size of the muscles, and gives rise to
fecbleness. The amount of injury in the case may, however,
depend much upon accompanying circumstances. If abstinence
from exercise be attended by abstinence in diet, there wil still
be loss of power, low vitality, and diminished resistance to
morbific influences; the evils will be rather of a negative char-
qcter. But if deficient exercise be accompanied by a free in-
dulgence of the appetite, perverted nutrition and positive dis-
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subject to the double metamorphosis of waste and repair, but
the transformations take place in this organ with more rapidity
than in any other part of the system. Upon these changes
the mental operations are vitally dependent, and if in any way
they are interfered with, there is disturbance of the intellectual
processes. If the cerebral circulation is lowered, mental activity
is diminished ; if accelerated, the mind’s action is exalted.
Various foreign substances introduced into the blood-stream
alter the course of thought, some affecting it one way and
some another, but each, through its specific physiological
effects, producing characteristic psychological effects. Inflam-
mation of the brain induces delirium, while different diseases
of the organ, or perversions of the blood eirculating through it,
give rise to various forms of insanity.

It is important to note, not only that mind and body are
both governed by laws, but that they are to a great extent
governed by the same laws, Whatever improves the physical
qualities of the brain, improves also the mind; whatever
deteriorates the brain, impairs the mind, They have a com-
mon development, are equally increased in vigor, capacity, and
power by :;ystcumtic and judicious exercise, and are alike in-
jured by deficient or excessive effort. The brain is exhausted
by thinking as much as the museles by acting, and, like the
exhausted muscles, it requires time for the restoration of vigor
through nutritive repair. As thus the mind 1s dependent upon
the conditions of the brain, while the brain is controlled by
the bodily system, we see how impossible it is to deal with
the mental powers in a practical way without taking the ma-
terial organization into account.

The objection often made, that this method of considering
mind involves or leads to materialism, is altogether groundless.
Materialism is a doctrine of causation which affirms that mind
is a produet of organization. But the degree to which mind is
organically conditioned and limited is a pure question of fact
and observation, and is totally independent of all speculation
upon the former subject. If, to assert that *the brain is the
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and discloses the extent to which they are avoidable, As bodily
and mental health depend to a great degree upon the same
conditions, all that has been said in the foregoing chapters
concerning the sanitary influences which affect the corporeal
system has likewise its bearing upon health of mind. But the
mental aspeets of the subject are so generally overlooked as to
demand 'special consideration.

Diseases of the brain are, above all others, complex and
obscure. Those of subordinate parts affect only the organic
functions ; but when the higher nervous centres become dis-
ordered, thought, feeling, will, conduet, and character are im-
plicated, and the whole circle of individual relations and actions
becomes a study of symptoms—a field of diagnosis. So great
is the difficulty and responsibility of the task, that ounly the
educated and capable physician who devotes his life to this
specialty is competent to deal with these cases. Aund yet all
members of the community have a vital interest in the subject :
because, first, health and vigor of mind are of the highest im-
portance, while cach person has these interests in his own im-
mediate cave; second, the causes which undermine them are
numerous and insidious; third, every one is liable to be called
upon to act responsibly with reference to others who may be
the subjects of mental iwpairment ; fourth, socicty has a duty
to perform toward the defective-minded, which should be per-
formed, not ignorantly, but intelligently; and, finally, because
a real knowledge of the characteristics and causes of mental
deterioration is the key to a true understanding of the consti-
tution of human nature.

While, thercfore, that detailed and deeper understanding
of these questions which is necessary to discriminate their
minor distinctions is only to be expected of the professional
expert, such a general acquaintance with the leading types of
mental disease as will facilitate an understanding of causes is
needed for all. A section of the present chapter may there-
fore be properly devoted to their description and illustra-

tion.
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objects appear to be present, when in reality they are not ;
sensations are perceived, although there are no material objects
to produce them. All the senses are subject to these decep-
tions; sights, sounds, tastes, smells, and contacts are experi-
enced when there are no realities to cause them. Mental mis-
takes of this kind are known as hallucinations.

They are very common, and the greatest minds are often
subject to them. Byron fancied he was visited by a spectre,
which, he confesses, was but the effect of an overworked brain.
Dr. Johnson said that he distinetly heard the voice of his
mother calling *Sam,” although she was, at the time, residing
a long way off. Goethe positively asserts that he one day saw
the exact counterpart of himself coming toward him. Descar-
tes, after long confinement, was followed by an invisible per-
son, calling upon him to pursue the search of truth. Luther
imagined he saw the devil, and threw his inkstand at him.
Hullucinations may thus coexist with a sound state of the rea-
son, which recognizes their true character. In the insane they
assume a thousand singular and fantastic forms.

Illusions.—Again, an object may be perceived, but misun-
derstood, or mistaken for something else. In this case there
is an #llusion. These, also, are very common. The apparent
flight of the trees and fences as we glide swiftly along in the
railway-train is an example of illusion, which is immediately
corrected by the judgment. The mirage at sea, or on the des-
ert, is another illustration. When the imagination becomes
morbidly excited through the influence of fear, superstition, or
otherwise, there is great liability to illusion. The folds of
drapery, or pieces of furniture, seen by a pale, uncertain light,
are taken for apparitions; the clouds are -transformed into
figchting armies, or the heavens appear filled with blood. When
the mind becomes more deeply perverted, one person is mis-
taken for another; animals are mistaken for men, and con-
verscly, an old hat for a royal crown, and a handful of pebbles

for heaps of gold.
Delusions.—~In the foregoing cases the seat of error is, not
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due to various causes, the effects of which are seen in a pro-
found change in the conduct.

Examples of the former kind are numerous where inertness
or obtuseness of the moral nature, and a controlling activity
of the lower propensities, have been witnessed from childlood,
and over which threats, rewards, and punishments were with-
out influence. Cases of this kind are well represented by the
individual deseribed by Dr. Crawford :

“He exhibited a total want of moral feeling and principle,
yet possessed conmsiderable intelligence, ingenuity, and plausi-
bility. IIe has never been different from what he now is; he
has never evinced the slightest mental incoherence on any
point, nor any kind of hallucination. He appears, however, so
totally eallous with regard to every moral principle and feeling,
so totally unconscious of ever having done any thing wrong, so
completely destitute of all shame or remorse when reproached
for his vices or his erimes, and has proved himself so utterly
incorrigible through life, that it is almost certain that any jury
before which he might be brought, would satisfy their doubts
by returning him insane,”

In the other class of cases, persons in whom mental de-
rangement had never appeared, become the subjects of a
gradual change of feeling and conduct. They are noticed
to be unusually absorbed, reserved, and irritable upon the
slightest provoeation. As the cloud gathers, there is increas-
ing suspicion and moroseness, and, without perhaps knowing
the reason, the patient’s friends regard him as an altered man,
At last the storm bursts, and some outrageous act is committed.
If it is not a breach of law, he is pronounced insane, and sent to
the asylum; if in violation of law, he is probably declared a
criminal, and sent to prison or to execution. Or the case may
terminate in suicide, under a blind impulse to self-destruction.

A good illustration of emotional insanity is given by Dr.
Maudsley. A married lady, aged thirty-one, who had only
one child a few months old, was for months afflicted with a
strong and persistent suicidal impulse, without any delusion,
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“‘There may be no primary disorder of the intellectual
faculties, and the insanity may essentially consist in a tendency
to disordered emotional excitement, which affects the course
of thought, and consequently of action, without disordering
the reasoning powers in any other way than by supplying
wrong materials to them.  Moral insanity may, and frequently
does, exist without any disorder of the intellectual powers, or
any delusion whatever.’”

Dr. Ray makes the following judicious and foreible obser-
vations upon the practical aspects of this subject: “While
people clearly recognize the infinite diversity of intellectual -
gifts, and would no more expeet the fruits of genius and talens
from those who had been denied by Nature the slightest por-
tion of either, than we should grapes from thorns or figs from
thistles, they arc in the habit of believing that for all practical
purposes the moral endowments of men are equal. Not exactly
that they are equally benevolent, equally honest, equally true to
the vight and the good; but that they might be if they chose.
They never would think of saying to men, ‘ Here is poetry,
here is philosophy, here is art; you have the capacity to execel
in either; take your choice, and be rewarded or punished
accordingly.’.

“1In the moral sense or jfaculty it is easy to recognize two
different elements, viz., the power to discern the distinction
between right and wrong, virtue and vice, the honest and the
base, and the disposition” to pursue the one and avoid the
other. These elements, like those of the intellect, are une-
qually developed in different men, which inequality may be
either congenital or produced in after-life by moral or physical
causes. And thus, though a person may act with perfect free-
dom of will, unconsecious of any irresistible biag, yet it is obvi-
ous that his conduct is actually governed more by these varia-
ble conditions of his moral nature than by any abstract notions
formed by the intellect. )

“ From the unquestioned fact that the brain is the material
instrument of the mind, we are led to the inevitable conclusion
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:"mg them is not difficult; for in this form of disease the patient
is so demonstrable, that he usually dibs his delusion into your
ears 7 (Bucknill and Tuke).

Fra. 129,

ACUTE MANIA.

Represents the physicgnomy of a case of acute manin. The patient is a woman thirty
vears of age, whose insanity was brought on hy loss nPc]mmntur, want, and dis-
tress. There is much emotional and intelleclial disturbanece, with eompara-

_ tively little derangement of the physieal health. She believes that she is tormented
by witches, and that she is compelled by them to make noises rasembling dogs,
cats, ete. She sometimes destroys crockery and glass, and attempts to get up
the chimney ; says she is cut to pieces, and that all the people around her are
murderers. She strikes without warning straigbtforward blows at the faces of

those who converse with her,*

Chronic Mania is in most instances the result of the acute
form of the disease. “It represents the rudderless and shat-
tered state of the vessel after the tornado of raving madness
has swept by.” There is mental debility, persistent delusion,
and less violent emotional disturbance. Chronic mania which
has not passed throngh the acute stage frequently presents a
remarkable vigor of the intellectual functions, in so far as they

are not affected by delusion.
Patieuts with this form of discase not only retain the per-

* This likeness and those that follow (excepting the case of idioey), which repre-
sent the leading types of mental disease, are engraved from photographs taken from
the life, and given in the authoritative work of Drs. Bucknill and Tuke on insanity.
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pulse to self-destruction—a marked case of this kind has been
already described (492); kleptomania is a diseased propen-
sity to theft; and in pyromania there is an impulse to burn
buildings. There are also monomanias of pride, vanity, ete.
Dr. Bucknill deseribes the following representative case: “ An
industrious, honest, well-informed artisan had a fever, which
«resulted in an attack of maniacal excitement. IFrom this hLe
appeared to recover, but his temper was altered; he became
irritable, suspicious, and quarrelsome. After the lapse of more
than a year he declared himself to be the Son of God., His
temper now improved, and at the present time the delusive
opinion is, perhaps, as nearly the sole mental affection as is
ever seen in cases of so-called monomania. Occasionally there
are outbursts of violence toward those whom he thinks ought
to obey him; but on the whole he is docile, and on other
matters reasonable, and works industriously at Lis trade.”

495, Melancholia.—The forms of mental impairment thus
far noticed gre mmlu.d 113 undue intensity or exaltation of the
cerebral function: we now pass to the consideration of those
of an opposite character; which exemplify deficient or depressed
conditions ofithe mental constitution. While, for example, the
monomaniac is excited, lively, and gay, * living without himself
and diffusing among others the excess of his emotions,” the
melancholiac is sad and sorrowful, and fastens all his gloomy
thoughts upon himself. Uit

In simple melancholia thie patient loses his interest in life,
feels depressed and unequal to his duties, is c]mctl-::ss, moody,
and taciturn. His thoughts are centred upon Lis own desper-
ate condition, which he believes to be more wretched than that
of any other person. IHec magnifies every circumstance which
can be regarded as of unfayorable omen, and is unable to realize
those which are favorable; he misconstrues every observation
that is addressed to him, and when he reads, every sentence
appears intended ecspecially for him, if of a gloomy nature,
One pours forth his grief in sad and wailing accents ; another
is depressed and silent. He is a prey to gloomy apprehensions,
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The diseased depression of the feelings characteristic of
n?elanchﬂ]ia may exist without impairing the intellectual opera-
tions, but it is generally accompanied by delusions and hallu-
cinations, although these usually derive their tone from the
character of the disorder. They are insane explanations of the
patient’s wretchedness, or gloomy forebodings of what is to
happen to him in the future.

496. General Paralysis is defined to be a form of insanity
characterized by a progressive diminution of mental power and
by an incapacity which .gradually increases and invades the

Fra. 132,

GENERAL PARALYSIS.

Represents the physiognomy of a case of general paralysis—a man, aged forty-ef h:i
who had been insane three months before his admission to the asylnm. Hein
been destroctive of clothing and violent to his wife, attempting to pull her ears off.
He =aid it was his duty to kill her, and yet that he was always at prayer with her
and for her. Although he wounld kick or scratch any patieat who inadvertertly
tonched him, his general condition in the asylom was tranquil, verging gradnally
to mindleseness. He had only in o modified degree the delnsions of grandeur §
he nsed to say he had a gold wateh and ehain, and very fine clothes, bat they
were in pawn, The portrait shows the curtain-like fuece, devoid of all expression,
a perfuct blank of thought and feeling. The head is well shaped, and the features
are handsome; but the amount of intellectual expression is less even than that

displuyed in the face of the idiot.

whole muscular system. Its victims are generally men in strong
health, from the better classes of society. * General paralysis
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judgment being still good within the sphere of distinet recol-
lection. The second stage has been defined to be loss of Judg-
ment or an incapacity of ordinary reasoning. From this point

Fie. 138,

PRIMARY DEMENTIA.

Represents the aspect of a woman, aged forty, the victim of primary dementia. She had
a severe attack of typhus fever when nineteen years of age, after which, her hus-
band says, “ ner jaw dropped and she has never been perfecily right since.™ Bhe
was admitted inaconditivn of extreme G1th and personal negiect, and mentally was
volill of sensation, emotion, and thought. On ber hlank physiognomy there are
no traces of passion, telling of former storms of mania; there is not even the
elightest cffort of attention which corrugates the brow of the idiot. She never
langhs, weeps, or indicates any annoyance; knows none of the attendants by
name, and il ghe were not fed like an infant, wounld die of starvation. She is fat,
has a good color, and the physiecal funetions are pecformed well, affording a good
example of the extent to which physical haalth may be retained when the activity
of the cerebral functions is reduced to its lowest ¢bb.

the malady may advance to the stage of incomprehension, the
individual affected being.incapable of understanding the mean-
ing of any thing said to him. The thoughts are incoherent and
the determinations vague, uncertain, and aimless. The last
stage is marked by the loss of all sense, volition, and even
instinet, the vietim of discase having sunk to a mere organic
existence,

Dementia is said to be primary when it is the first stage
of the mental disorder, and develops itself directly by loss of
memory, the power of attention, and executive ability. It is
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below even the vegetable and he would perish but for the con-
stant care of others.

Fra. 135

IDIOCY.

This eut is from a photograph of J. R., at the Randall’s Island House of Refuge. He
is twenty-four years of age, four feet seven and a half inches high, and weighs
seventy-two pounds. His head is but fourteen und a half inches in circom-
ference, its growth having been arrested at birth. Mentally he is a child, with
only the faintest rudiments of intelligence. He knows his attendants and
his name, and attempts to speak a few words, but is incapable of definite artien-
lation. He feeds liimself with a spoon, the food having been preparved for him.
He ghows his red cap with vanity, and is not without affection. He is usnally
passive and quiet, and gives but little trouble except when provoked; his feeble
and torpid mind being only roused by external stimulation, His is a remarkable
ense of congenital idioey, in which persistent efforts st improvement bave aceom-

plished but little.

A grade higher than this manifests imperfeet sensation,
feeble power of motion, and the dawn of intellectual and moral
capacity. The idiot may be capable of moving about, shuns
the cold, and gives notice of his desire for food, but recognizes
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of the evil intentions of others, which often make®™hem dan.
gerous,

Fia. 136

IMBECILITY.

Represents » rgse of congenital imbecility in a youth aged twenty-seven. He is the
gon of a weak-minded futher, and has alwoys been of o weak mifd. When first
aamitted he was dirty in his Labits, restless and mischievous, but has become
cleanly, quiet, and docile, His intellectual power is very low, and the likeness
well represents the vacant, expressionless stave of imbecility,

500. Degrees of Mental Impairment.—We have here
briefly deseribed the leading forms of mental disease, which, in
their nltimate stages, dissolve the responsible relation of their
victim to society., What to do with these cases is a question
for the physician and the judge; but from the point of view of
Mental Hygiene, which aims at their prevention, our attention
is drawn to the definite causes of mental impairment w hich are
seen in many other cffects besides those of overt insanity.
There is much perverted mental action that never passes into
mania; much mental weakness that never reaches dementia
much morbidity of feeling that never ripens into moral insan-
ity. The classes in which mental defects are so prominent
that the State Must assume their charge, are deplorably numer-
ous; yet they form but a fraction of the total amount of
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remotely, or by slow degrees, to undermine the mental health ;
while exciting causes are those untoward events which imme-
diately precede the breaking down of the mind. It is a com-
mon error to assign some shock or calamity as the efficient and
adequate cause of an insane outbreak, whereas the real caus-
ality lies farther back, and the oceurrence in question is only
the occasion of its development, The germ of the insanity may
have been deeply latent in the constitution, and a long train of
influences may have been at work to impair the cerebral vigor,
while some event, perhaps of slight importance in itself, serves to
bring on the final catastrophe. When it is said that a person has
become insane through disappointment or religious exeitement,
we are not to suppose that this is the whole statement : the
question arises, how is it that others in quite similar circum-
stances are unaflected? The human mind is not so coustituted
as to snap by a sudden strain, like cast-iron ; insanity suddenly
produced by the action of a single cause is of the rarest occur
rence. Only by a “conspiracy of conditions,” internal and
external, proximate and remote, is the fabric of reason usually
overthrown.

We will first notice the immediate physiological actions by
which health of mind is destroyed, and this will prepare us to
understand how the remoter causes of mental impairment take
effect.

502. Nutrition of the Cerebral Structures.—If the mind
is dependent upon the brain, it follows that each act of mind
has its physical conditions, and this conditioning must of course
be in accordance with the structure of the organ. The men-
tal mechanism consists essentially of millions of cells and fibres,
the former of which are the generators and the latter the trans-
mitters of force. In thinking and feeling, these are called into
exercise, and according to its intensity exhausted; while their
functional power is rtestored by nutritive assimilation. The
strueture of the parts being perfect, mental coherency, energy
and health depend upon their perfect nutrition. On the other
hand, disordered mental manifestations are due to incapacitated
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504. Congestion and its Effects,—As mental action de-
pends upon the interchange taking place between the blood-
capillarics and the nerve-cells, it follows that inereased excits-
tion and interaction of ideas is accompanied by inereasing
interchange and demand for more blood. Or if, from any
cause, there 1s excessive brainward determination of blood,
the plethora of the capillaries gives rise to increased mental
excitement.

If this heightened activity is prolonged beyond due limits,
and especially if the brain is weakly organized, a state of mor-
bid congestion is induced, and over-stimulation is followed by
stagnation of ideas, head-swimming, and emotioual depression
and irritability. “ There are few students who are not practi-
cally conversant with the slighter symptoms of cerebral conges-
tion. Absorbed in some intellectual pursuit, the student's head
becomes hot and painful, and his brain even feels too large for
his skull.  With exhausted powers of thought and attention, he
retires at a late hour, as he hopes, to rest, but he finds that he
cannot sleep; or, if he does, his repose is unrefreshing and dis-
turbed by dreams. An hour’s freedom from thought before
retiring to bed would have erabled the partly-congested brain
to recover ifself.”

The stagnation.of the cerebral currents and imperfect re-
moval of noxious products, with the irregularities of excitement
and depression which are the results of frequent brain-conges-
tion, produce defective nutrition, which tends to impair the
soundness of the organ.

505. An@mia, or bloodlessness, the opposite state of con-
gestion, produces similar mental effects. Insufficiency of healthy
blood, whether eaused by its actual loss from the system, or by
poverty and dilution of the fluid through want of food, imper-
feet digestion, or any of the numerous anti-hygienic influences,
by impairing the nutritive powers, enfeebles the organ and
powerfully predisposes to insanity. The impediment to cell-
nutrition, though arising from an opposite cause to the state of
congestion, produces similar mental effects. In hyperaé,mi_ﬂ.,
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to engender the gloomiest feelings, from which the individual
cannot fiee himself, although he knows that the cause of his
depression is not in the actual condition of external cireum-
stances, but is internal, and of a transient nature. But it only
requires the prolonged aetion of this cause to carry this morbid
state of nerve-clement to that further stage of degeneration
which shall result in the genuine melancholia of insanity. So
alsg the non-evacuation of urinary pmdlicts in the blood of a
gouty patient acts upon the brain to produce an irritability
which the mind cannot prevent; and this, too, if not arrested
by medical resources, is liable to pass on to maniacal excite-
ment.

In like manner suppressed discharges, the morbid products
of typhus and typhoid fevers, and organic poisons generated in
the system by small-pox or syphilis, and not promptly elimi-
nated, are often efficient causes of nutritive perversion in the
brain which result in various forms of mental disorder,

Various substances introduced into the blood, as opium,
hashish, belladonna, take effect upon the brain, each perverting
the mental funetions in a manner peculiar to itself. Ingested
alcohol produces an artificial insanity, in which the various
types of mental disease are distinctly mmﬁf.'ested. Its first
effect is a gentle stimulation and a mental excitement, such as
often precedes an outbreak of mania. This is followed by a
rapid flow of ideas, an incoherence of thought and E]JEEE}], at::d
an excitement of the passions, which disclose automatic dis-
turbance and diminished voluntary control, as in delirium from
other causes. A condition of depression and maudlin melan-.
choly succeeds, as convulsion passes into paralysis—the last
scene of all being one of dementia and stupor.

507. Nutritive Repair of the Bra.in.——But.indepertdm?t
of the quantity or quality of the blood supplied to thc.b'ram, it
is Tiable to certain conditions of exhaustion and nutritive de-
generacy to an extent far greater than the other organs of the
body. These other organs have various means of escape fmm.
: ey camnot increase their power s0 as to en-

-

overtasking; if th
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convictions, give way to a spirit of dissatisfaction and dejection
while the even demecanor, the measured activity, are replaced
either by a lassitude that renders any exertion painful, or an
impatience and restlessness not very conducive to happiness.”

Such are the effects upon the healhy constitution of that
slight disturbance of brain nutrition which accompanies insuf-
ficient repose; but when this state of things is much protracted
or takes eflect upon a weakly-orgarized nervous system, the
mental integrity becomes endangered. Sleeplessness is both a
symptom and an immediate cause of cerebral disorder. Buck-
nill and Tuke observe: “ Want of refreshing sleep we believe
to be the true origin of insanity dependent upon moral causes,
Very frequently when strong emotfion leads to insanity, it
causes in the first instance complete loss of sleep.”

The quality of the sleep, moreover, that is, whether it be total
or partial, is of the first importance. In painful and harassing
dreams the emotional perturbation continues, and the individual
awakens exhausted rather than invigorated. It is probable
that in such cases, when the mind is abandoned to fantasy,
ani the control of the judgment is lost, the wasteful activity of
certain parts of the brain may exceed that of the waking state.
Various cases are mentioned in which patients have ascribed
their attacks of mania to the influence of frightful dreams.

We thus see in what mental impairment, in its various
degrees, really consists,. To the physiologist the question of
healthy mental activity resolves itself into that of the sound-
ness of nerve-element, and of the vigor and completeness of
nutrition; while mental impairment is scen to result from
instability of the nervestructures comzequent upon defective
nutrition. In this view, therefore, all causes, physical or moral,
immediate or remote, which influence the nutritive operations
of the system, have a bearing, more or less direct, upon mental
conditions and character.

We will now pass to some of the remoter influences by

which mental health is impaired.
508, Hereditary Transmission.—The living constitution
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Esquirol ®observes that of all diseases insanity is the most
bereditary. The proportion of cases in which this malady
is aseribed to predisposition, bas been variously estimated at
from one-fourth to nine-tenths; probably at least one-half of
all these cases of disease have®this origin. Extensive and care-
ful inquiry has led to the conclusion that predisposition to in-
sanity on the part of the mother is more liable to be trans-
mitted to children than a like tendency on the part of the
father, but it is the daughters that are most exposed ; the ma-
ternal defect, while it is equally dangerous to the sons as the
paternal, is twice as dangerous to the daughtms

The common notion, that insanity is inherited only wheu
madness in a parent reappears as madness in the child, is
most serious error. That which is transmitted is nervous
infirmity, which may assume an endless variety of forms.
Parental nervous defect may issne in one member of the
family in unbalanced character, which is manifested in violent
outbreaks of passion and unaccountable impulses, while another
may go smoothly through life without exhibiting a trace of it,
and a third will break down into mania upon some trying
emergency. As featurgs are modified by descent, so are
discases, and nome assume so wide a diversity of aspect as
those of the nervous system.

“Tf, instead of limiting attention to the individual, we scan
the organic evolution and decay of a family—processes which,
as in the organism, are sometimes going on simultaneously—
then it is made sufficiently evident how close are the funda-
mental relations of nervous diseases, how artificial the divisions
between them may sometimes appear. Epilepsy in the parent
may become insanity in the ofispring, or insanity in the parent
epilepsy in the child; and chorea or convulsions in the child
may be the consequence of great mervous excitability, patural
or accidental, in the mother. TIn families in which there is a
strong predisposition to insanity, it is not uncommon to find
one member afflicted with one form of nervous disease and
another with another; onc suffers, perhaps, from epilepsy,
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vigor have more fire and potency even of animal appetites ;
and their superiority comes, not from lack of impulses and
temptations, but from greater activity and power of the
restraining faculties of reflection and of conscience.”

In the light of these facts, the causes of mental impair-
ment acquire a new and startling significance. The various
agencies which are adverse to health not only shorten the
duration of life, but they degrade its quality; while dete-
riorated life involves debilitated intellect and perverted
moral powers. The general causes of impaired health which
have been noticed, impure air, overcrowding in apartments,
bad water, and insufficient food, exposure to weather from
inadequate clothing, want of exercise, or exhausting labor,
and the whole array of bad physical conditions, by undermin-
ing the bodily vigor and lowering the nutritive operations, be-
come powerful and extensive causes of mental impairment, and
stand in close relation to the evils and vices of society. Their
baneful influence, however, is not measured by their immediate
effects upon the individual ; their power is multiplied by trans-
mission, for they infliet upon his pesterity the curse of a bad
descent. Evil habits and bad conditions of life may not in the
first case reach the extent of mental derangement, but they so
impair the vital stamina that their vietim bequeathes to his chil-
dren enfeebled and degenerated nervous organizations, which
are incapable of withstanding the strains and shocks of social
experience. The lowered vitality and perverted nutrition of the
parent become feeble-mindedness or insanity in the offspring.

Hence, “ for the moral and intellectual elevation of the race,
we are to look not exclusively to education, but to whatever
tends to improve the bodily constitution, and especially the
qualities of the brain. In our schemes of philanthropy we are
apt to deal with men as if they could be moulded to any
desirable purpose, provided only the right instrumentalities are
used ; ignoring altogether the fact that there is a physical
organ in the case, whose original endowments must limit very
strictly the range of our moral appliances. But, while we are
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cause of mental derangement, though perhaps less so than those
just comsidered. The baneful effects of cerebral exhaustion
have already been noticed (507), and that study is often carried

«to this injurious length is notorious. Moderate use undoubt-
edly develops and strengthens the brain, and it is equally cer-
tain that if the amount of work is carried much beyond this
point, the organ is endangered. Amdng the causes of insan-
ity tabulated in insane asylum reports, excess of study figures
as an inconsiderable item; but this belongs to the class of
causes which mainly act by paving the way to a mental break-
down. Cases like that of Hugh Miller, where, after an intense
and protracted strain, the brain at last gives way, are by no
means inirequent ; but in many an over-stimulated child or over-
worked student there may be only sown the seeds of future
mental disease, while other circumstances, such as loss of rest,
grief, or disappointment, may cause the seed to germinate, and
itself be taken as the cause, whereas it is in reality only the
occasion,

It has been objected to this view that the lunatic asylums
are chiefly peopled with inferior rather than highly-cultivated
minds ; but inferior minds are just those most likely to be in-
Jured by excessive study. The more highly developed the
brain, the greater is its capacity of endurance., In his testi-
mony before the Parhamentary Sehool Commission, Dr, Car-
penter announced his conviction, as a physiologist who had
specially studied the question, that the children of the educated
classes are capable, without injury, of twice as many hours of
school-study as the children of the uneducated classes.

What amount of labor the brain will endure without over-
straining, depends upon various conditions, such as the age,
original vigor of constitution, habits as to physical exercise,
and intensity of application. The brain of the adult will bear,
unharmed, an amount of labor which would be most injurious
to a young person, and men of active habits can endure, with-
out fatigue, mental application, which would be dangerous to
the sedentary. Probably six hours a day of close brain-work
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apartments ; the resuming of work directly after dinner, and
prolonging it into the late hours of the night ; the provocation
of stimulants and irregular habits ; the hard, repulsive task-work
continned without reereation, and the unrelieved tension of
anxiety that frets and strains and softéns the delicate gray mat-
ter of the brain, and ends at last in paralysis or imbecility,

512, Early Symptoms of Mental Impairment—Of all
the calamities to which man is liable, none is so appalling as
the loss of reason, and when the diseases which cause it are
far advanced, they are mostly beyond the reach of restorative
measures. DBut a calamity so terrible does not come unheralded.
Mental disease has its gradual beginning—its period of incu-
bation, as the alienist physicians term it—which is accom-
panied by various signals of impending difficulty ; and it is
important that these early indicatiofis should be understood
by all.

One of the gravest warnings of approaching cercbral disease
is debilitated attention and loss of memory. When an indi-
vidual begins to fail in his customary power of keeping his
mind to a subject, or forgets the names of familiar persons
and objects, or is unable to make simple numerical -calcula-
tions with his usual facility and accuracy, or oddly transposes
his words in conversation, there is serious ground for appre-
hending softening of the brain or apoplectic seizure. Slight
deviations of the facial features, the trifling elevation of an eye-
brow, the drawing aside of the mouth a hair’s breadth, or a
faint faltering of the speech, are dangerous intimations of the
advance of paralysis.

The more active forms of mental disease have also their
early symptoms. Preternaturgl acuteness of the senses, caus-
ing exaggerations of sight, hearing, and smell, is the frequent
precursor of a maumcal outbreak. The sensibility s not
only exalted, so that the individual sees, hears, feels, and smells
more keenly than in health, but it is often vitiated ; he sees
double, agreeable odors become disgusting, and pleasant tastes
offensive, A prickling sensation, or a sense of coldness, or
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which is becoming intolerable. I am urged to say the most
shocking things ; blasphemous and obscene words are ever on
my tongue.” y

913. Hints and Precauntions,—It is a serious error to sup- |
pose that, because there may be a predisposition to insanity in
a family, therefore the members of it are to regard their danger
in the light of a fatality from which there is no escape ; on the
contrary, these are preéminently the cases in which, to a wise
discretion, forewarning is forearming. The instances are prob-
ably very few in which latent tendencies are developed into
actual disease in spite of all precaution. It will generally be
found that the outbreak is due to some immediate disturb-
ing agency which might have been avoided. |

Where such a tendency exists, the education, occupation,
and habits should be ordered with the strictest reference #® it :
the establishment of strong bodily health should be a para-
mount consideration. The physical education should be
specially directed to strengthen the mnervous system and
diminish its excitability. Much study, bodily inaction, con-
finemert to warm rooms, sleeping on feathers, are all favor-
able to undue nervous susceptibility.

In the education of children thus circumstanced, that is, in
their brain-exercises, it is of the first importance to remember
that whatever tends in any degree to impair the mental health,
acts with redoubled power when codperating with morbid
tendencies. While the brain is yet plastic and pliable, a little
mismanagement—the humoring of precocity, the repression of
- physical and nervous activity, or over-stimulation of thought,
may awalen the germs of mental disorder, and lead to the most
injurious consequences.

To persons thus predisposed, sieady and agreeable oceupa-
tion, which does not try the patience or the temper, or involve
much responsibility, exeitement, or exhaustion, is in the high-
est degree desirable. Religious, political, and reformatory
gatherings, where the passions are aroused and the sympathies
excited, should be carefully avoided, together with all excite-

.
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pline and a more gen.erous culture naturally furnish. The re-
sult of this continual dwelling on a favorite idea is, that it
comes up unbidden, and cannot be dismissed at pleasure. Rea-
son, fancy, passion, emotion—every power of the mind, in
short—are pressed into its service, until it is magnified into
gigantic proportions and endowed with wonderful attributes.
The conceptions become unnaturally vivid, the general views
narrow and distorted, the proprieties of time and place are dis-
regarded, the guiding, controlling power of the mind is dis- .
turbed, and, as the last stage of this melancholy process, reason
is completely dethroned.” :

514, Medical Management.—Although diseases of the
higher nervous centres, when they become scated, are, to a
great extent, incurable ; yet, in their incipient stages, they are
in most cases quite amenable to treatment. DBut, unhappily,
those instances where delay is fraught with the greatest danger
are, of all others, most liable to be neglected in their earlier
stages. If the liver or the lungs get out of order, there is
usnally incontinent haste to consult the physician; but if
the very organ of reason is in danger of giving way, a mys-
tery is made of it, and the dictates of common-sense are
unheeded.

Nor is mere mneglect the worst aspect of the case; false
notions of delicacy frequently become hinderances to early and
decisive action. The ancient superstition, which connected
insanity with special Providential disfavor, descends fo wus
in the shape of prejudices which speak of it still as a “taint,”
and lead to a culpable obliquity in dealing with it. Physi-
cians of the largest experience attest that, even when they ave
consulted in these cases, there is often the greatest difficulty in
cetting at the real conditions ; both the patient and ‘his friends
studiously concealing or flatly denying the facts. _

The progress of medical science and the impulses of plll:-Ilc:
philanthropy have ealled into e:_-;istenee those noble iustitu-
tions, where alone physical and moral medication can be best
united, and which are generally administered by physicians of
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141. What is said of its losses in the liver and lungs ?

142, What are the intermittent ®ources of loss und gain to the blood ¢

143. Give the position and anatomy of the kidneys.

144. In what respects are the lungs and kidneys alike ?

1456. What is the composition of the renal excretion? What is its
average daily amount ?  1ts average of specific gravity ¥

146, Describe the structure of the kidney. 3

147. What is said of its filtering mechanism ?

148. From what source are the kiduneys supplied with blood ¢ How

do they change the blood ?

149. How is the excretory action of the kidneys controlled ?

150. What does the blood lose through the skin #

151. What quantity of matter is thus lost? What is the composition
of the sweat %,

152, Give the conditions of its escape.

: 1953. What is said of the sweatglands? What of their distribu-
tion :

154, How is the action of the sweat-glands controlled ?

155. What conditions increase the amount of perspiration ?

156. In what respects are the lungs, kidoeys, and skin alike ?

157. What does the blood lose in the liver? What does it gain ?
Deseribe the liver. With what great vessels is it connected ? « Give its
internal anatomy. What route does the blood take in its passage through
the liver ? What is said of the liver-cells ?

158. What is their function ¢

159. What is the daily quantity of bile excreted ? Its composition ?

160. What becomes of the hile ?

161. What organs furnish the blood with oxygen?

162, What does the blood gain in the liver? What does it lose?

163. How may the sugar-forming power of the liver be proved ?

164, What does the blood gain from the lymphatics ? What of the
“ ductless glands " ?

1656. What is =aid of the spleen? What is its supposed funetion ?

166. Through what chanuels does the body lose heat? What is the
source of bodily heat ?

167. How ig the heat of the body equalized ?

168. How does evaporation affect the temperature ?

169. What relation has the nervous system to temperature ?

170. What is said of the action of the glands? What is the duct of a
gland ? What are racemose glands? What determines the activity of
certain glands ? :

171, In what way are the salivary glands called into action ? What is
the character of their secretion ¥

172. What does the blood gain from the muscles ?

CHAPTER VIL
173. What is another great source of gain to the blood ?
174. How much solid material does a man daily receive ? How much

oxyzen ?
“1%75. What is the daily loss of dry solids? In what shape does the

balance leave the body ? ; ' |
176. How are foods clagsified? What are Proteids ? Give examples.
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207. What muscles are attached to solid levers? What is a lever?

208. How many orders of levers are deseribed? What is a lever of
the first order? Of the second order? Of the third order ?

209. What levers of the first order are found in the human body ¢

210. What of the second order ?

211. What of the third order ?

i 212. How may a single part of the body represent the three kinds of
evers ? .

213. How many kinds of joints are found in the human body ?

214. Describe the structure and movements of a perfect joint.

215. Whgt are ball-and-socket joints ?

216. What are hinge-joints ?

217. What is a pivot-joint? Give an example from the human body.

218. Describe the bones of the fore-arm. How are they articu-
lated together ? What is meant by pronation and supination ?

219. What ave ligaments? How do the ligaments differ in the differ-
ent joints ?  What is said of the hip-joints ?

220, What different movements are the joints capable of executing ?

221. How are these movements effected? In what way are they
limited ?

222. What is meant by the origin and insertion of a muscle? How
are the muscles attached to the bones? What direction does the axis of
a muscle usually take? The exceptions ?

223, Describe the operation of walking,

224. When does a man walk with least effort ?

225. What is said of running and jumping ?

226. What conditions are essential to the production of voice ?

227. Describe the vocal chords. To what are they attached ?

228, What cartilages enter into the structure of the larnyx ? 4

229. Describe the muscles of the larynx. What does their action
effect ? IHow are musical notes produced ¥

230. When will the musical note be low? When high? Upon what
does range of voice depend? Upon what the quality of voice ?

231, What is speech ?  How is the voice modulated? What is said
of the vowel sounds ¥ What of consonant sounds ?

232, What sounds require blocking of the air-current ?

233. What are explosive consonants ? ]

234. How are speaking-machines constructed ?

235, What is said of tongueless speech? What example is given?

CHAPTER IX.

236. How are the muscles made to contract ?

237, What calls the nerves into action ?

938, What is reflex action? What is a sensation? With what are
sensations classed ?

239. What are subjective sensations ?

940. What is said of the muscular sense? How may its existence be
demonstrated ¥

941, What is said of lth? higlimr senses ?

492, Give the general plan of a scnsory organ.

‘23-1:3. Where isgthe nrmlm of the seusefnfriiueh located 2 What are

papille?  What is a lactile corpuscle ?
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274. What is the function of the rods an
Kinje's fipuria? and cones? What are Pus.

275. What physical agent gives rise to vision? What is a convex
lens? Describe the experiment with the eandle and lens,

E’i'ﬂ:w:liﬂmt is meant by the “focus”? What is adjustment. of the
eye ? 1en does the lens give a distant picture? V ;
of movinz the object ? = DR el M

277. What follows from varying the convexity of the lens? What
relation does convexity bear to the focus? How does a convex surface
affect the rays of light? Describe the experiment with the watch-glass
and water-box. What is a camera obseura ? .

. 278. What organs must the light puss through to reach the retin ?
Give ;Im ;:trur.:ture of the eychall. '

279. What are the humors of the eve? By wh
humors sepavated ? Deseribe the crystallinj'e lens, Ay

280. Describe the choroid coat? What is its position? Where are
the ciliary processes situated ?

281. Describe the dris. Where is it situated? What of the ciliary
muscle? What relation has the iris to the lens ?

282. How does the eyeball resemble u water-camera 9

283. How is the focus adjusted in a camera obscura? How in the eye ?

284. Describe the expeiiment, What does it show ?

285. What iz said of the mechanism of adjustment? What are the
facts of adjustment? What explanations of the process have been offered ?
Which is the most probable ?

286. What limits the power of adjustment ?

287. Name the muscles of the eyeball. What are their respective

positions ?  What does their action effect?
’ 288, Describe the structure of the eyvelids. What muscles move
them ?

289. Where is the conjunctiva situsted? Describe the lachrymal ap-
paratus ?  What is the source of the tears?

290. What is meant by a simple sensdtion? What is the character
of most of our sensations ?

291. What sensations are the simplest?

292, Of what does a tactile senzation consist ?

293. What is =aid of complex sensations and judgments ?

294, Why are delusions of the senses impossible? What is said of
delusive judzments ?

295. What are subjective sensations ? What examples are given ?

296, Relate the case of Mrs. A. What senses were implicuted ? To
what class did her peculiar sensations belong ? g

297. What conditions seemed to favor their development? What
prevented her forming false judgments ?

998. Were her senses really at fault ?

299, How many outside causes give rise to delusive judgments ? Give
an example. ;

300, What is said of optical delusions ? .

301. What is meant by the oplic axis? How is the position of a
phosphene aceounted for?

802, What is =aid of the inversion of visual images ?

303. How do objects and their visual images correspohd in number ?

What is the action of multiplying glasses ?
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331, What is said of the olfactory and optic nerves ?

332, What effects follow injuries of the medulla oblongata ?

333. What direction do the afferent impulses take in the medulla ob-
longata? Give the course of the fibres in the anterior pyramids, What
would be the effect of dividing one of the crura-cerebri ¢

334, What is the function of the cerebral hemispheres ?

385, What is suid of the reflex action of the brain ¥

836. What takes pluce in reading aloud ?

387, What is meant by “ artificial reflex actions” ?

838, What is said of the sympathetic system 7 .

CHAPTER XIIL.

339. What is said of the microscopical analysis of the tissues ?

840. What is the early primitive structure of the body ?

841. What is the character of the epidermis and epithelium? How do
these tissues grow ? What is sguamous epithelium ? What kind of
epithelium lines the alimentary canal? What is ciliated epithelium ¥

342, From what kind of tissue are the nails developed ?

343. Of what are haivs composed ? Describe their growth. How are
the hairs kept supplied with oil? What is meant by horripilation, or
“ goose skin "' ?

844, What is the structure of the erystalline lens

345. Of what is cartilage composed ¥

346. What is the structure of conneclive tissue? How is it affected
by being hoiled in water? How does acetic acid affect it? Of what are
ligaments and tendons composed ?  What is fibro-cartilage ?

847. Describe fat-cells, :

348. What are pigment-cells ?

849, Deseribe the minute structure of bone. What are lacune?
Conalienli# What were the lucunse once supposed to be? Describe
the Haversian canals, What is periestewn? What is found in the
cavities of the bones ? ; .

3560, How do bones grow? What are sutures? In what kind of
material are bony matters first deposited ? What is meant by centres of
ossification ? :

351, Of what are the teeth composed ? Name the different parts of a
tooth. What is the character of dentine? What is the structure of

enamel ¢ {
352, How are the teeth developed? Which are the deciduous, or

milk teeth? When do they appear ?

368. How are the pernfauggt teeth formed? How divided ? When
do they begin to appear? How long before the set is completed ?

a54. What two kinds of museles are found in the body ? Of what
are the striated composed? What is a fascia? The sarcolemma?
What does it enclose? Of what is the contractile substance made up ?
What is the structure of smooth muscle ? i

355. What are the elements of nerve tissue? Describe the siructure

of a nerve fibre, How do the nerve fibres terminate ?
356. Whatis a lactile corpusele 7 "What is the structure of the olfactory

erves ? ; -
: P'Bﬁ"r. Where ave ganglionic corpuscles found ?  What is their structure ?
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QUESTIONS. *

CHAPTER XVI.

What proportion of water do the various tissues contuin ?
What duties does it perform in the economy ?

What leading property fits it for this office ¢

The average daily consumption of an adult ?

What is =aid of itz exeretion ¥

What gives rise to the several varieties of water.

What is said of soft water ?

How is hard water formed ?

What are mineral waters ?

Give the characters of limestone water,

What is said of sand and gravel waters ?

What are the foreign ingredients of alluvial waters ?

The impurities of surface and sub-soil waters ?

What is said of marsh-water ?

What is the general character of river-water ?

What is said of sea-water?

How may perfectly pure water be obtained ? What water may

be recarded as most healthy ¥

403.
404,
405.

What is said of the organie impurities of water ?
What kinds of impurities are likely to produce dyspepsia ?
What kinds of water are said to produce diarrheea ?

406, 407. Are dysentery and cholera ever caused by impure water ?

408,
409.
410.
411.
412,
413.
414,
415.
416.

417,
418.
419,
4240,
421,
4929,
423,
4924,
425,
4284,
cooked ?
427,
428,
499,
430,
431,
433.

How are malarious fevers often produced ?

What is the supposed cause of goitre ?

What animals may pass into the body with the drinking-water ?
Are the senses alone trustworthy in the examination of water ?
What is said of distillation as a means of purification ?

What is the effect of boiling and freezing ?

What chemical substances are sometimes used as purifiers ?
What is said of filtration ?

How is water affected by contact with lead ?

CHAPTER XVIIL

Into what four groups may food be classed §

What is said of the proteids ?

What of the fats as articles of diet ?

What substances belong to the amyloid group ?

To what uses ure these various food-stuffs applied ?

What are the mineral aliments ?

Why is a mixed diet necessary ?

What is said of milk as food ?

Of butter and cheese ? -

What is the composition of eggs, and how should they be

What is said of the various meats ?

Why is salt inferior to iresh meat ? .

What peculiarity does poultry and game present ?
How is the flesh of fish regarded as food ?

432, What is said of erabs and lobsters ? Clams and oysters ?
Why is wheat such a valuable food ?







410 . : QUESTIONS.

474. How does exercise remedy the evil ?

475. Describe the transformation of physiological forces,

476. Why is habitual exercise invigorating ?

4;?*?. How does exercise affect the circulation? How the tempera-
ture *

478. What is its influence upon respiration # Why should we exercize
in pure air ?

479. How does exercise affect digestion ? Why is immediate exercise
after a full meal injurious ?

480 What is the effect of exercise upon the skin

481. How should exercize be regulated ?

4582. What are the most favorable conditions for exercise ?

483. Why is over-exercise injurions? How is proper rest to be
secured ! How should exercise be managed after sickness? How does
nver—exgemise injure the system? Why does it particularly injure the
young ¢

484. What are the consequences of insufficient exercise? Deseribe
its operation in different circumstances,

485. What is said of the amount and conditions of exercise ? What
course should the sedentary pursue ? Why is pure air specially necessary
during exercise ?

486, What is the value of the “ movement-cure "9

CHAPTER XX.

487. Why is mental health a physiological question ?

488. What is said of the office and changes of the brain? What is
the effeet of disturbing its normal movement ? Deseribe the mutual rela-
tions of the mind and brain. What is remarked as to materialism #

489, What constitntes disease? What error is to be guarded against ?
How is mental disease to be regarded ? On what is Mental Hygiene
founded ? What is its province ? What is said of diseases of the brain ?
Why have all a vital interest in the subject ?

490, Describe the modes of mental action. How are these psychical
elements to be regarded ? In what forms may insanity manifest itself ?

491. What are hallucinations ? Examples, What are illusions ?
Examples. Delusions ? What is delusional insanity ?

492. Describe the different phases of emotional insanity. Give the
example of congenital perversity. How is the other class of cases affect-
ed ? Describe the case given by Dr. Maudsley. What is said of moral
insanity ? Repeat the remarks of Dr. Carpenter. Of Dr. Ray concern-
ing moral endowments. What of the different elements in the moral
faculty # To what conclusion are we led ? ‘ ;

493. What is mania? Its kinds? What is acute mania ? ; Give
the mental differences in cases of acute mania mentioned by Bucknill and

te. Describe chronic mania. .
Tulfm_ In what does monomania consist? Mention different kinds.
Give the case deseribed by Dr. Bucknill. ‘ F :

495. How is melancholia manifested? Describe the victim of simple
melancholia. What are its forms ? . Relate the case mentioned by Dr.
Conolly. How does melancholia affect the intellect?

496. Define general paralysis. Who are generally its victims ? De-
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Oxidation, 85, 129,
Oxygen, 85, 80, 184, 282,

A absorption of, 121,
Oysters, 315

Pancreas, 24, 152, 148,
Pancreatic juice, 1561,
Palate, 140, 153,
Papille, 181,
Paralysis, 240, '

w general, 368,
Parke’s experiments, 203,
Parotid glands, 142,
Parsnips, 317.

Peas and beans, 317,
Pectine, 818,
Pelviz of the kidney, 112.
Pepsin, 1446,
Peptie glands, 146.
Peptone, 147, 1
Pericardinm, 47, T5, 287.
Perilymph, 190, 185
Periosteum, 264.
Periztaltic contraction, 150,
Paritonenm, 120, 148,
Permanent food, 133,
Permanganate of gtﬂﬂh, 200,
Perspiration, 117, 231.
Pharynx, 8D, 140, 185,
Phenomena, coexistences and sequences
of, 12.

Phosphorus, 134, 206,
Phosphate of lime, 28
Physies, 13,
Physiology, divisions of, 11.

i study of, 15

i human, 19.
Physiological balance, 22,
Pia-mater, 237.
Pigment-cells, 210, 263,
Pineal gland, 248,
Pituitary body, 248,
FPivot-joint, 1
Plasma, 66, T2,
Pleura, 90.
Plexuses, 255,
Puenmogastrie nerve, 63, 260.
Pons Varolii, 247,
Portio dura, 249,
Portio mollis, 249, .
Posterior arytenoid museles, 178,

i nares, 185,
Potatoes, $17.

Potter's asthma. 287,
Poultry, 814,

Practical knowledge, 275,
Production of voice, 173
Pronation, 164

Proteids, 134, 808,
Protein, 21,

w  pecessity for its supply, 156.

Paendoscope.

'_i’t ralism, 145, i

‘nlmonary artery,

i Fconm{m tion, 288, 200.
"t veins,

Pulse, bHb.

Panetum lachrymale, 217.

Purification of air, 201,

INDEX,

Purification of water, 806.
Purkinje's fizures, 207,
Pus-cells, Eﬁﬁ.

Pylorus, 146.

Quality of voice, 174,

Radial fibres, 202
Racemose glands, 132
Rain-water, 293,
Range of voice, 174.
Receptacle of the chyle, 43,
Rectum, 150.
Eeflex action, 99, 178, 242,
= o L) fn:ll.'ll.-lITll::I:ﬂ, 254, 10
Regulation of the temperature,
Eenal apparatus, 109, 113, %
* circulation, 114
Residuoal air, 07,
Respiration, 84,
o affected by exercise, 846,
= and cirenlation compared, 99,

1 different in the two sexes, B5.

L effect of, upun the cireulation,
100.

i in children, 108.

= mechanism of, 86,

Eespiratory sounds, 100.
Reparation, 43

Retina, 201.

Bhythm of the heart, 52,
Ribs, 20, 90,

Rice, 367,

Rickets, 527,
River-water, 300,
Ronsting, 324, .

Eods and cones, 202,

] & funetions of the, 208,
Rotation, 166 ;
Round iigaments, 165.

Eoutes of the circulation, 66,
Rnnning, 168,
KEye, 816,

Salamanders, blood-corpuscles of, T1.
Saline substances, effect of, on the blood,
(8
Saliva, 142,
Salivary glands, 182,
Salts, 135.
Salt meat, 314,
Sand-and-gravel waters, 300,
Bankey's experiments, 203,
Sanitary congress, S01.
Sarcolemma, 49, 270,
Becala media, 188, 190,
»  tympani, 190,
“ yestibuli, 190,
Searf-skin (see Epidermis).
Seicnee, 11.
Reiences, connection of, 12
Belerotie, 200,
Serofula, 283,
gﬂurv}f., ES':E.UI
ea-water, 91,
Sehaceons lnu&is, '.llﬂi‘s'i;‘ 116, 259,
eerctor il g
P i l’anﬂnnuﬂlﬂ‘l
Semiclrenlar canals, 190,
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Tidal air, 87,
Tight boots and shoes, 838.
Tight clothing, 835,
Tissues, 27.
Tissue formers, 139,
Tongne, 140,
“  mucous membrane of, 183,

e

papill 188,

Tongueless speech, 176.

Tonsils, 140, :

Touch, sense of, 150,

Trachea, 86,

Transformations of physiological forces,
45,

Tranemisslon of vibrations, 197.
Transmissions of impressions, 241,
Transudation, 116,
Transverse colon, 149,
Trapezinm, 162
Triching spiralis, 331,
Trjﬁuapild imlva, MM'EI'
Trigeminal nerves, 249.
Trunk, 23.
Tubereular consumption, 288,
Tuning-fork, 199,
Turbinal bones, 187,
Turnips, 817,
Tympannm, 193,
Tym?nnit: membrane, 195
'* muscles, function of the, 200,

Tlna, 164,
Uneconomical food, 136,
Uniformity of body, 230,
Unprodnetive labor, 137,
Unwholesome food, 824,
Urea, 21, 84,
Ureters, 108,
Urethra, 109,
Urie aeid, 111.
Urinary exevetion, 110,
“  products, 380,
Urine, constituents of, 111
“  daily quantity of, 111,
% gpecific gravity of, 111,
Uwula, 140,

Valve, ileo-caeeal, 149,
Valves of the arteries, 41.

“ & % Jymphatics 49.

o # % yeins, 40,
Valvul@ conniventes, 150,
Vapor of the body, 20.
Vascular system, ﬁb
Vaso-motor nerves, G2,
Veoetable foods, 315,
Yeins, 28, 87, 89
Vena cava, 44, 46, 121,

% portm, 46, 121, 125
Venous blood, 81,

“  pulse, 102

Ventilation, 106, 202,

INDEX,

Ventilation, conditions of, 202, 205,
o effects of, in mines, 208,
[ ik b upon the sick, 208,

b movement of air in, 204,
Ventral chamber, 24, '
Ventricle, 48,

Ventricles of the brain, 248,
Ventriloguism, 298, .

Vermiform appendix, 149, -

Vertebral cn]ﬂ]in:ll, EE 160,

Vertebre, 24.

Yerte%nte animals, blood-corpuscles of,
Vestibule, 189, 192, -
Yestibular sac, 190,

Vibrations of the tympanum, 197,
Villi, 44, 151.

Vinegar, 318,

Visual images, inversion of, 280

. Visual gize and form, 252,

Vital eddy, 1583,

Vital food-stuifs, 185,

Vitreous humor, 202, 210,

Voeal chords, 86, 170, s
“ eushions, 171.

Yoiee, 170,

Volition, 178,

Vowel sounds, 174,

Walking, 168,

Walls of the heart, 49,
Warmih, 152,

W‘aftn nif the ﬁg&&lea, 182,

L} -p 5

Water, 2]1):21535.

“  action of, in the organism, 207.
amount daily taken, 207, =
and health, 296,
camera, 200,
excretion of, 119,
of interposition, 854,
peisoning, by lead, 807,

2“;’:';-ﬂpu:ul-tlu|r|| in the several tissues,

“ - purity of, 208, 801,
‘Watery vapor, 20, 282, 284,
Wearing flannel, 840,
Weight, an of, 22,

¥ oss of, 22,
Wheat, 515.
White clothes, 854,
Will, the, 357,
Windpipe, 86, 172,
Wiadum-leatfl, 270,
Wonllen, 888,
Work and waste, 20, 83,
Working of the arteries, 55.
Wrist, 163,

Yellow-spot, 201.
Zein, 817.
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THE END.







D. Appleton & Co., New York, have now ready,
A NEW

CLASS-BOOK OF CHEMISTRY,

IN WHICH

THE LATEST FACTS AND PRINCIPLES OF THE BCIENCE ARE
EXFLAINED AND APPLIED TO THE ARTS OF LIFE
AND THE PHENOMENA OF NATURE.

A NEW EDITION,
ENTIRELY REWRITTEN AND MUCH ENLARGED.
L
. WITH

Three Hundred und Ten Engrubings,

Br EDWARD L. YOUMANS, M.D.

12mo. 460 pages.

The special attention of Educators is solicited to this work, on the fol-
lowing grounds:

1. It brings up the science to the present date, inecorporating the new discov-
eries, the correcled views and more comprehensive principles which have resulted
from recent inquiry. Among these may be mentioned the discoveries in Spectrum
Analysrs, the doctrines of the Conserevation and Correlation of Forces, the researches
of Berthelot on the Aritficial Production of Organie Substances. the interesting re-
searches of Graham on the Crystalloid and Colloid condition of matter, with many
other results of recent investigation not found in contemporary text-hooks,

II. Avoiding excess of technicalities, it presents the subject in a lucid, forcible,
and attractive style.

1I1. Tt is profusely illustrated with cuts of objects, apparatus, and experiments,
which enable the student to pursue the subject alone or in schools without ap-
paratus,

IV. Dircctions for experimental operations are much condensed, and deserip-
tions of unimportant chemical substances are made very brief, or altogether omit-
ted, thus obtaining space to treat with unusual fulness the *‘ chemistry of common
life,”” and the later revelations of this beautiful science.

V. It presents just such a view of the leading pri neiples and more important
facts of the science as is demanded for the purposes of general education.

VI. The work is arranged upon a natural method, the topics being =o presented
as to unfold the true order of Nature's activitiee. Part 1 treats of the natural
forces by which matter is transformed. Part IT, of the application of these forces
to the lower or mineral world. Part I1F, of the organie kingdom, which rises out
of the preceding ; while Part IV, or Phyeiological Chemistry, completes the stheme
in the world of life. .

VII. It presents the science not only as a branch but as a means of education—
a valuable instrumesnt of intellectual culture and discipline.

VIIT. Tt gives a elear exposition of the origin and nature of scientific knowl-
edge and the value of seientific studies for purposes of education.

8T~ A Specimen Copy for examination will be sent, post paid, on
receipt of 02 cents,







D. APPLETON & C0.)8 PUBLICATIONS,

Ulass-Book of Physiology.

By B. N. Comivgs, M. D., Professor of Physiology, Chemistry, and
Nataral History, in Connecticut State Normal School. 12mo. ¥94
Pages,

Revised Edition, with an Appendiz,

Tiofessor Comings’ thorough acquaintance with every department of
"iysiology, and his long experience as a teacher of that science, qualify
him in an eminent degree for preparing an accurate and useful text-book on
ihe subject. He has lost no opportunity of introducing practical instructions
in the prineiples of hygiene, thus not only making the pupil acquainted with
the wonderous workmauship of his own frame, but showing him how to
preserve it in a sound and healthy state, Avoiding technical terms, as far
a8 possible, he has brought the subject fully within the comprehension of
the young, and has clothed it with unusual interest, by judicious references
to the comparative physiology of the inferior animals. Pictorial illustrations
have been freely introduced, wherever it was thonght they could aid or interest
the student. '

Physiology gannot bul be considered, by every intelligent and reflecting
memd, an exceedingly interesting and necessary study. It makes us ac-
quainted with the structure and uses of the organs of life, and the laws by
which we may keep them active and vigorous for the longest period. The
publishers would respectfully urge its importance on such teachers as have
not heretofore made it a regular branch in their institutions; and would
wolicit, at the hands of all, an impartial examination of what is pronounced
by good judges, *“the best elementary text-book ™ on the science.

From M. Y. Brows, Principal of Webster School, New fHaven.

4 [ have nsed Comings' Class-Book of Physiology for nearly two school terms in tio
First Department of my school. I am happy to say that T regard it the best iﬂfﬁﬂﬂi
on this irnportant branch with which [ have any acquaintance. The subjects are system-
stieally srranged: the principles, facts, and illustrations, are clearly represented to the
pupil. - I find that his introduction of Comnparative Anatomy and Physics tends greatly
to increase the interest of the pupil in this mros! important and necessary study. 1
therefore can cheerfully recommend this admirable work to my fellow-teachers ns one
of rave excellence, and hope it may take the rank it deserves as a text-book upon thie

eudjeck " g
From Asranax Powersow, Je., Teacher, Brooklyn, New York.

“ Aflor & very careful examination of the Class-Book of Physiology by Comings, 1
san freely say that 1 consider it a performance of superior excellence. It embodies a
mind of information surpassing in importance and variety that of any other work of the
kiud which has come under mv notice.”
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D. APPLETON & CO.’S NEW WORKS.

APPLETONS’ EUROPEAN GUIDE-BOOK, Illug-

trated, including England, Scotland, and Ireland, France, Belgium,
Holland, Northern and Southern Germany, Switzerland, Italy, Spain
and Portugal, Russia, Denmark, Norway, and Sweden ; containing
a Map of Europe, and Nine other Maps, with Plans of Twenty of the
Principal Cities, and 120 Engravings. 1 vol, 12mo. Second Edi-
tion, brought down to May, 1871. 720 pages. Red French moroc-

co, with a tuck, Price, $6.00,
“In the preparation of this Guide-book, the author has sought to give, within the
limits of a EIE:IglI:} volume, all the information necessary to enable the tourist to find his
way, without difficulty, from place to place, and to see the objects best worth seeing,

throughout such parts of Europe as are generally visited by American and English trav-
ellers."—futract firom Preface.

THE ART OF BEAUTIFYING SUBURBAN
HOME GROUNDS OF SMALL EXTENT, and the best Modes of
Laying out, Planting, and Keeping Decorated Grounds. Illlustrated
by upward of Two Hundred Plates and Engravings of Plans for
Residences and their Grounds, of Trees, and Shrubs, and Garden
Embellishments. With Desecriptions of the Beautiful and Hardy
Trees and Shrubs grown in the United States. By Fraxk J. Scort.
Complete in one Elegant Quarto Volume of 618 pages. Is printed
on tinted paper, bound in green morocco cloth, bevelled boards,
with uncut edges, gilt top. Price, $8.00.

work is the only book published on the especial subject indicated b
the ':ii::{g.ﬁ Elmtﬂ'n uﬁﬂ ohject nra{o aid Pimna of moderate I;:nmmea, i]vhu are not i‘i:l]lJr
sted on the arts of decorative gardening, to beautify their homes, to suggest and il-
ustrate the simple means with which beautiful home-surroundings may be realized on
small ground, and with little cost; also to assist I? Eﬂug an intellirent direction to

the desires and a satisfactory result for the labors of those who are e d in embel-
lishing houses, as well as those whose imaginations are warm with the hopes of homes

that are yet to be.

LIFE OF MAJOR JOHN ANDRE. By Wintaror

SarGENT. A newand revised edition. 1 vol., 12mo, with Portraits

of the Author and Editor. Price, $2.50.
This work is an important contribution to our historieal literature—*a volume," says
Robert C. Winthrop, “y}'ul] of attractive and vgluable matter, and dm]a}]uying the fruit of

rich culture and rare accomplishments.” The * Life of André"™ has been fortunate
lncmu?;ilvlng the commendation, at home and abroad, of careful eritics and distinguished

historians.

THE TWO GUARDIANS; OR HOME IN

THIS WORLD. By the author of ““ The Heir of Redclyffe.” 1 vol.,
12mo. Cloth. Price, £§1.00. Forming one of the volumes of the
new illustrated edition of Miss Yonge's popular novels, Volumes
already published: *“The Heir of Redclyffe,” 2 vols.; “ Hearts-
ease,” 2vols. ; © Daisy Chain,” 2 vols. ; * Beecheroft,” 1 vol.
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D. APPLETON & COS NEW WORKS.

A TREATISE ON DISEASES OF THE NER-
VOUS SYSTEM. By Wiinian A, Haxsmoxnn, M, D., Professor of
Diseases of the Mind and Nervous System, and of Clinical Medicine,
in the Bellevue Hospital. Medical College ; Physician-in-chief to the
New-York State Hospital for Diseases of the Nervous System, ete
;‘Fith Forty-five Illustrations. 1 vol, 8vo, 750 pages. Price,

5.00.

“In the following work I have endeavored to present o *Treatise on Dizeases of the
Nervous System,’ which, without being superficial, would be concise and explicit, and
which, while making no claim to being exhaustive, would nevertheless be sufficiently
complete for the instruction and guidance of those who might be disposed to seek in-
formation from its pages. How far I have been successful will soon be determined by
the judgment of those more compe than myself to form an unbiassed opinion.

“One feature I may, however, with justice claim for this work, and that is, that it
rests, to a great extent, on my own observation and experience, and is, therefore, no
mere compilation. The reader will readily perceive that I have views of my own on
Er:% disease considered, and that I have not hesitated to express them.—Ebdract from

s

wfiea.
Over fifty diseases of the nervous system, including insanity, are considered in this
treatise. ;

ON THE PHYSIOLOGICAL EFFECTS OF SE-
VERE AND PROTRACTED MUSCULAR EXERCISE, with Spe-
cial Reference to its Influence upon the Excretion of Nitrogen. By
Avsriy Frint, Jr., M. D., Professor of Physiology in the Bellevue
g[uapital Medical College, New York. 1 vol, 8vo. Cloth, Price,

1.25.

APPLETONS’ HAND-BOOK OF AMERICAN

TRAVEL. Northern and Eastern Tour. New edition, revised for
the Summer of 1871, Including New York, New Jersey, Pennsylva-
nia, Connecticut, Rhode Island, Massachusetts, Maine, New Hampshire,
Vermont, and the British Dominion, being a Guide to Niagara, the
White Mountaing, the Alleghanies, the Catskills, the Adirondacks,
the Berkshire Hills, the 8t. Lawrence, Lake Champlain, Lake George,
Lake Memphremagog, Saratoga, Newport, Cape May, the Hudson,
and other Famous Localities ; with full Deseriptive Sketches of the
Cities, Towns, Rivers, Lakes, Waterfalls, Mountains, Hunting and
Fishing Grounds, Watering-places, Sea-side Resorts, and all scenes
and objects of importance and interest within the distriet named.
With Maps and various Skeleton Tours, arranged as suggestions and
guides to the Traveller. One vol,, 12mo. Flexible cloth. Price,

$2.00.
JAMES GORDON’S WIFE. A Novel. 8vo. Paper.

Price, 50 cents,
“An interesting novel, pleasantly written, refined in tone, and easy in style."—

London Globe. .
“This novel is conceived and exeented in the purest aEh-[t. The illustrations of
society in ita various phases are eleverly and spiritedly done."—.London Post.
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D. APPLETON & (0.8 NEW WORKS.

THE NOVELS AND NOVELISTS OF THE
EIGHTEENTH CENTURY. In Illustration of the Manners and
Morals of -the Age. By WiLLiam Forsyra, M. A., Q. C. 1 vol,
12mo. Cloth. Price, $1.50.

Mr. Forsyth, in his instructive and entertaining volume, has suceeeded in showing
that much real information concerning the morals as well o5 manners of onr ances-
tors may be gathered from the dovelists of the last century. With judicial impartiality
he examines and cross-examines the witnesszes, laying all the evidence hefore the reader,
Essayists as well as novelists are called up. ﬁ:gﬂpecmtur, The Tatler, The World,
The Connoisseur, add confirmation strong to the testimony of Parson Adams, Trulliber,
Trunnion, Squire Western, the * Fool of Quality,” * Betsey Thoughtless,” and the like,
A chEEtar on dress is sngrestive of comparizson. Costume is a subject on which novel-
ists, like careful artists, are studiously precise.

REMINISCENCES OF FIFTY YEARS. By Marx
Boyp. 1 vol, 12mo, 390 pp. Price, §1.75.

Mr. Boyd has seen much of life at home and abroad. He has enjoyed the acquaint-
ance or friendship of many illustrious men, and he has the additional advantage of re-
membering ?numbﬂr of anecdotes told by his father, who possessed o retentive memory
and a wide cirele of distinguished friends. The book, as the writer acknowledges, is a
perfect olle podrida. There is considerable variety in the anecdotes. Some relate to
great gﬂnﬂrﬂ%‘ like the Duke of Wellington and Lord Clyde; some to artists and men
of letters, and these include the names of Camphell, Rogers, Thackeray, and David
Roberts ; some to statesmen, and, amdng others, to Pitt, who was a friend of Mr. Boyd's
father, to Lords Palmerston, Brongham, and Derby; some to discoverers, like Sir John
Franklin and 8ir John Ross: and others—among which may be reckcnr:EL perhaps, the
most amusing in the volume—to persons wholly unknown to fame, or to mangers and
customs now happily obsolete.

FRAGMENTS OF SCIENCE FOR UNSCIEN-

TIFIC PEOPLE. A Series of Detached Essays, Lectures, and Re-
views. By Joms Tywparr, LL. D, F. R. 8. 1 vol, 12mo. Cloth.

422 pages. Price, $2.00.
Pror. Tyx¥parr 18 THE PoEr oFr MobERN SCIENCE.

This is a book of genins—one of those rare productions that come but once in a
generation. Prof. Tyndall is not only a bold, broad, and original thinker, but one of the
most eloquent and attractive of writers. In this volume he goes over a large range of
scientific questions, giving us the latest views in the most loeid and graphic language,
g0 that the subtlest order of invisible changes stand ont with ail the vividness of stereo-
scopic perspective, Thon%lh a disciplined scientific thinker, Prof. Tyndall is also a poet,
alive to all E:autf and kindles into a glow of enthusinsm at the harmonies and wonders
of Nature which he seeson every side. To him science is no mere dry inventory of
ﬁmsuic: facts, but a disclosure of the Divine order of the world, and fitted to stir the

ighest feelings of our nature.

GABRIELLE ANDRE. An Historical Novel. By
8. Barivg-Gourp, author of “ Myths of the Middle Ages.” 1 vol,
8vo. Paper covers. Price, 60 cents.

Those who take an interest in comparing the effects of the present French Revolu-
tion on the Church with that of 1780 will find in this work a great deal of information
illnsteating the feeling in the State and Church of France at that period. The Literary
Churchman says: * The book is a remarkably able one, full of vigorous and often ex=*

tremely beautiful writing and deseription.”
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D. APPLETON & CO’S NEW WORKS,

LIGHT AND* ELECTRICITY. Notes of Two

Courses of Leetures before the Royal Institution of Great Britain,
gljrﬂg oBN TyNpair, LL. D, F. R. 8. 1vol, 12mo. Cloth, Price,
“For the benefit of those who attended-his Lectures on Light and Eleetricity at th

Royal Institution, Prof. dall prepared with much care a alnlajﬁes of notes, EmmEl:g ua
briefly and clearly the lea facts and principles of these sciences. The notes prov
B0 serviceable to those for whom they were designed that they were widely sought by
students and teachers, and Prof. Tyndall had them reprinted in two small books. nder
the conviction that they will be equally appreciated g}' instructors and learners in this

country, they are here combined and republished in a single volume,"— Eutract from
Preface. '

THE DESCENT OF MAN AND SELECTION
IN RELATION TO SEX. By Caarnes Darwiy, M. A. With
Illustrations. 2 vols., 12mo. Cloth, Price, §4.00.

:Jg? can find no fault with Mr. Darwin's facts, or the application of them."— [D#iea

e .
*The thmgr is now indorsed by many eminent scientists, who at first combated it
iﬁﬂudmg Sir Charles Lyell, probably the most learned of living geologists,"—Evening

ON THE GENESIS OF SPECIES. By St
IG}EPRG% llgxgum, F.R. 8. 1 vol, 12mo. Cloth, with Tllustrations.
rice, $1.76.

** Mr. Mivart has sueceeded in producing a work which will clear the ideas of hiolo -
gists and theologians, and which treats the most delicate questions in a manner which
throws light upon most of them, and tears away the barriers of intolerance on each
side."—British Medical Journal,

MARQUIS AND MERCHANT. A Novel By
Mortmmer CorriNs. 1 vol, 8vo. Paper covers. Price, 50 cents.

“We will not compare Mr. Collins, as a novelist, with Mr, Disracli, but, nevertheles
the qualities which have made Mr. DMaraell’s fictions so widel,\:: 1pupulfw are to be foun
inno small degree in the pages of the author of * Marguis and Merchant.! "— Times.

HEARTSEASE. A Novel. By the author of the
“ Heir of Redelyffe.” An Illustrated Edition. 2 vols., 12mo. - Prite,
£2.00.

This is the second of the series of Miss Yonge's novels, now belng issued in s new
and heantiful style with illnstrations. Since this novel was first published a new genera-
tion of readers have appeared. Nothing in the English language can equal the delinea-
tion of character which she so beautifully portrays.

., WHAT TO READ, AND HOW TO READ,
‘being Classified Lists of ’ﬁhuic:e Reading, with appropriate hints

* and remarks, adapted to the general reader, to subseribers, to li-
bravies, and to persons intending to form collections of books.
Brought down to September, 1870. By Cmanries H. Moore, M. D.
1 vol, 12mo. Paper Covers, 50 cents. Cloth, Price, 75 cents.
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