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PREFACE TO THE SIXTH EDITION.

A consinpErseLE number of illustrations have been
added to this edition; and several of them have
been taken, not from the Human subject, but from
the Rabbit, the Sheep, the Dog, and the Frog, in
order to aid those, who, in accordance with the
recommendation contained in the Preface to the
Sefond Edition, attempt to make their knowledge
Yeal, by acquiring some practical acquaintance with
the facts of Anatomy and Physiology.

My thanks are again due to my friend Dr. Foster,
F.R.S.,, for many valuable suggestions, and, more
especially, for the trouble he has taken in super-
intending the execution of the new woodcuts.

LONDON, Seplember 1872.






PREFACE.TO THE SECOND EDITION.

THE present edition of the “ Lessons in Elementary
Physiology,” has been very carefully revised. A few
woodcuts have been added; others have been re-
plased by better ones, as in the case of the figures
of the retina, which embody the results of Schultze’s
latest fesearches.

Some additions (but as few as possible, lest the
book should insensibly lose its elementary character)
have been made ; among the most important I count
the very useful “ Table of Anatomical and Physi-
ological Constants” drawn up for me by Dr. Michael
Foster, for whose friendly aid I am again glad to
express my thanks. .

It will be well for those who attempt to study
Elementary Physiology, to bear in mind the impor-
tant truth that the knowledge of science which is
attainable by mere reading, though infinitely better
than ignorance, is knowledge of a very different kind
from that which arises from direct contact with fact ;
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and that the worth of the pursuit of science as an
intellectual discipline is almost lost by those who
seek it only in books.

As the majority of the readers of these Lessons
will assuredly have no opportunity of studying ana-
tomy or physiology upon the human subject, these
remarks may seem discouraging. But they are not
so in reality. For the purpose of acquiring a prac-
tical, though elementary, acquaintange with physi-
ological anatomy and histology, the organs and tissues
of the commonest domestic animals afford ample
materials. The principal points in the structure and
mechanisin of the heart, the lungs, the kidneys, or
the eye, of man, may be perfectly illustrated by the
corresponding parts of a sheep ; while the phenonfena
of the circulation, and many of the most important
properties of living tissues, are better shown by the
common frog than by any of the higher animals, *

Under these circumstances there really is no reason
why the teaching of elementary physiology should not
be made perfectly sound and thorough. But it should
be remembered that, unless the learner has previously
acquired a knowledge of the elements of Physics and
of Chemistry, hi¢' path will be beset with difficulties
and delays.

T. H. H.

LONDON, Fuly 1868,



PREFACE TO THE FIRST EDITION.

THE following “ Lessons in Elementary Physiology ”
are primarily intended to serve the purpose of a
text-book for teachers and learners in boys’ and girls’
sch8ols.

* My gbject in writing them has been to set down,
in plain and concise language, that which any person
who desires to become acquainted with the prin-
ciples of Human Physiology may learn, with a fair
prospect of having but little to unlearn as our know-
ledge widens.

It is only by inadvertence, or from an error in
judgment, therefore, that the book contains any
statement, or doctrine, which cannot be regarded as
the common property of all physiologists. I have
endeavoured simply to play the part of a sieve, and
to separate the well-established and essential from
the doubtful and the unimportant portions of the
vast mass of knowledge and opinion we call Human
Physiology.
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The originals of the woodcuts are, for the most
part, to be found in the works of Bourgery, Gray,
Henle, and Kolliker. A few are new.

I am particularly indebted to my accomplished
friend, Dr. Michael Foster, for the pains and trouble
he has bestowed upon the Lessons in their passage
through the press.

THE ROYAL ScHoOL OF MINEs, LONDON, ¢
October 1866.



CONTENTS.

LESSON I

A GENERAL VIEW OF THE STRUCTURE AND FUNCTIONS

oF THE HumaN Bopv. Pp. 1—20.

§ 1. Modes of studying the actions of man's body.

¢« 3.

45

Purpose of these Lessons.
Experimental proof that a living active man gives out
t, exerts mechanical force, and loses substance in the
Jorm of carbonic acid, water, and other matters.
These losses made good by the taking in of air, drink, and
v0d.

Jood.
Balance of bodily income and expenditure.
Work and Waste ; the body conipared to a steam-engine.
General build of the body—kead, trunk, and limbs,
The vertebre and spinal cord.  The cavities of the trunk.
The kuman body a double tube.
The tissues. Integument.
Connective tissue,
Muscle.
The skeleton.
The maintenance of an upright position the result of many
combined actions.

. The relation of the mind lo the action of the muscles.
. The spinal cord capable of converting impressions from

without into muscular contractions.

. Special sensations.

e tissues are constantly being d.
The renewal is effected by means of the alimentary appa-
ratus, whick converts food into nutriment ; and by the




xii CONTENTS.

§21,22. Organs of circulation, which distribute the nutviment

over the body.

23. The excretory organs drain waste matters from the body.

24. Double function of the lungs.

25. The nervous system combines the action of the various
organs.

26. Life and death.

27, Local death constantly going on in the body.

28. General death—death of the body as a whole, and death
of the tissues. -

29. Modes of death.

30. Decomposition and diffusion.

LESSON 11

THE VASCULAR SYSTEM AND THE CIRCULATION.
Pp. 21—37.

§1. The nature and arrangment of the capillaries. .
2. Structure and properties of arteries and veins.
3. Differences between arteries and veins. .
4. Structure and function of the valves of the veirm,
5. The Lymphatics. .
6. The Lacteals.
7. A general view of the way in whick the wvessels are
arranged in the body and are connected with the heart.
8, 0. The Heart, its connexions and structure; the pericardium
and endocardium ; the auricles and ventricles.

10. Its valves, their structure, action, and purpose.

11. /s systole and diastole.

12. The working of the heart; the mechamsm by which
the heart, through ils contractions, drives the blood
always in one direction, explained.

13. The working of the arteries.

14. The beat of the heart.

15. The sounds of the heart.

16. The pulse in the arteries.

17. Why blood flows in jerks from a cut artery.

18—20. Why no pulse can be felt in the capillaries.
21,22. The circulation traced in its whole rourse.

23. The nervous system regulates the calibre of the small
arteries and veins, and thereby controls the flow of blocd
through various parts: blusking, &c.



CONTENTS. xiil

§ 24. Eymmmtal proof of this.
25. Relation of this controlling power to disease.
26, 27. The movements of the heart ave also under the control
of the nervous system.
28. The proofs of the circulation. Direct observation of the
circulation of the blood in the web of a frog’s foot.

LESSON III
THE BLoOD AND THE LyMPH. Pp. 58—73.

§1—3. The propemies of a drop of blood, corpuscles, plasma,
coagulation.
4. Red corpuscles.
5,6. Colourless corpuscles ; their contractility.
7. Development of corpuscles ; the red corpuscles are probably
derived from the colowurless ones.
8. Red,corpm:le: of shed blood tend lo stick together in
rolls.
9. .B[oad-crystal:.
10, 11, Coagulation of blood ; fibrin, crassamentum or clot, serum
a2. Buffy coat.
13. Inflwence of circumstances on the vapidity of coagulatic
14. Nature of the process of coagulation; globulin, fibrin-
ogen.
15. The physical qualities of the blood.
16. The chemical composition of the blood.
17. .;rgﬂuence of age, sex, food, &c. on the blood.
18. Zotal quantity of blood in the body.
19. The vivifying influence of blood over the tissues: trans-
Suston.
20. The Lymph.

LESSON 1V,
RESPIRATION. Pp. 74—100.

$ 1. The blood a highly complex product derived from all parts
of the body.
2. Blood rendered venous in the capillaries.
3. Difference between arterial and venous blood.
4. Diffusion of gases
5. Cause of change in colour of blood.



xiv

CONTENTS.

. Blood is changed from arterial to venous in the systemic,

and from venous to arterial in the pulmonary capillaries.

. The essence of respiration.

. Mackinery of respivation. The atr-passages and chambers.
. Necessity for the renewal of the air in the lungs.

. The respiratory act ; inspiration, expiration.

Differences between inspired and expired air.

. The amount of work done by the lungs.
. Themechanismof the respiratory movements. The elasticity

of the lungs.
Contractility of the walls of the bronckial tubes. Ciliary
action.

. Movements of the ckest walls. The intercostal muscles.

. The diaphragm. *

. Actions of thediaphragm and intercostal muscles compared.
. Accessory muscles.

. Sighing, coughing, &,

. The chest compared to a bellows. Residual, suppl tal,

complemental, tidal, and stationary air.

. The stationary air plays the part of a middle man.
$0STti0n 0 g s

ar.,

. Tlte;e.rﬁratory mecharnism under the control of the gervous

system.

. Respiration and circulation compared.
. The respivatory murmurs.

Inspiration assists the circulation.

. Effect of expiration on the circulation.  Stoppage of the

heart by distension of the lungs.

. The activity of the respiratory process modified by the

circumstances of life.

. Asphyxia.

. Respiratory poisons,

. Slow asphyxiation.

. Necessity for an abundance of fresk air.

LESSON V.

THE SOURCES OF Loss AND oF GAIN 70 THE BLooOD.

§r
2—4.

5.

Pp. 101—132.

Distribution of arterial blood. .
The blood in various ways meels with constant or in

termitient gains and losses of material and heat.
Tabular view of the sources of loss and gain.



CONTENTS. xv

86. The loss by the kidneys. The urinary apparatus.
7. Composition of urine. .
8. Kidneys and lungs compared.
9. The structure of the kidney.
10, 11. Changes in the blood while passing through the kidney.
12. 7he nervous system controls the excretion of urine.
13. The loss by the skin. Sensible and i ble perspirals
14. Quantity and composition of sweat.
15. Perspivation by simple transudation.
16. Sweat-glands.
17. These glands are controll?d by the nervous system.
18. Variations in the quantity of matter lost by persprration.
19. The lungse skin, and kidneys compared together.
20. The liver, its connexions and structure.
21. The active powers of the liver-cells.
42. The bile. Its quantsty and compositi
23. Bile is formed in the liver-cells.
24. Sources of gain of matler. Gain of oxygen lhrough the
lungs.
25. Gaz'ngof corpuscles and of sugar through the liver.
26. Experimental proof of the formalion of sugar in ke
liver. Glycogen.
27. Gain by the lymphatics.
28. (7;'&: spleen.
ain of heat, Generation of heat by oxidation,
30 Distribution of heat by the blood current.
31. Temperature of the body kept down by evaporation.
Adjustment by means of the nervous system.
32. The glands are intermitiently acttve sources of loss.
Structyre and functions of glands.
33. Gain q/t waste products from the muscles,

LESSON VI.
THE FUNCTION OF ALIMENTATION. Pp. 133—155.

§1. The alimentary canal, the ckicf source of gan.

2. The quantity of dry, solid, and gaseous alimen: doily
taken in by a man.

3. The guantity of dry solid matter daily lost by a man.

4. Classtfication of aliments. Proteids, Fats, Amyloids,

. Minerals, ke chief vital food-stuffs.

8. Their ultimate analysis. The presence of Proteids and

Minerals in food mdispensable.



i CONTENTS.

§ 6. No absolute necessity for other food-:tuﬁ.
7. Vi starvation.
8. Disadvantages of a purely nitrogenous diet.
9. Economy of a mixed diet.
10. Advantage of combining different articles of food.
11, Intermediate changes undergone by food in the budy.
12. Division of food-stuffs into heat-producers and tissuc-
Jormers misleading.
13. Function of the alimentary apparatus.  The mouth
and pharynx.
14 The salivary glands.
1 2 The teeth.
Eating and swallowing. ¢
17. Drinking.
18, The stomach and the gastric juice.
19. Artificial digestion.
20. Chyme. Absorption from the stomack.
121, The large and small intestines.
22. The intestinal glands and yuice. The valvule conniventes
and villi.  Peristaltic contraction.
23. Entrance of bile and pancreatic juice.
24. Chyle. Absorption from the intestines.
25. Digestion in the large intestine.

LESSON VIL
MorioN AND LocoMoTION. Pp. 156—186.

§1. The vital eddy. The source of the aclive powers of the
economy.
2. The organs of mation are cilia and muscles.
3. Cilia,
4. Muscles. Muscular contraction. Rigor mortis.
5. Hollow muscles.
6 Muscles attacked to levers.  The three ovders of lecesrs.
7. Examples, in the body, of levers of the first order.
8. FExamples of levers of the second order.
9. Examples of levers of the third order.
10. The d.:m parts may represent, in turn, cack q/ the three
orders.
18, Joints or articulations. Imperfect joints,
12, Structure of perfect joints, pefect



CONTENTS. xvii

Ball and socket joints.
Hinge joints.

. Pivol goints. The atlas and axis. The radius and uino.

pronation and supination.

. Ligaments.
. Various kinds of movements of joints.
. Means of effecting them.

endons.

. Walking, running, jumping.

Conditions of the production of the Voice.

. The vocal chords.

The cartilages of the larynx.
The musclgs of the larynx, The action of the several
parts of the larynx.

. High and low notes ; vange and quality of voice.
. Speech.  Production of wvowel sounds and contintous

consonants.

. Explostve consonants.

Speaking machines.

. Tongueless Speech.

° LESSON VIIL

SENSATIONS AND SENSOKY ORGANs, Pp. 187—213.

o
-
SP W onpL

-

1.

. Animal movements the vesulls of a series of changes

usually originated by external impressions.
Reflex action.  Semsations and consciousness.
Subjective sensations.
The muscular sense.
The higher senses.

. General plan of a sensory orgar,

ToucH. Papille. Tactile corpuscles.

. Function of the epithelium.

Touck more acute in some parts of the skin than in
others.
The sense of warmth or cold.

12. TASTE. 7The Papille of the tongue.

13.

SMELL.  The anatomy of the nostrils. The turbinal

14. The reasan of ** sni

15.

s ”g."
Essential parts oA;he organ of HEARING ; the mem-



rviii CONTENTS:

branous labyrinth, the scala media of the cochlea,
otoconta, fibres of Corts,
§16. The vestibule, semicircular canals, perilymph, endolymph.

17. The cocklea. The scala tympans, scala vestibuli, scala
media.

18. 7%e bony labyrinth.

19. The external meatus, tympanum, and Eusta.hian tube.

20. 7he auditory ossicles.

21. The muscles of the tympanum.,

22, The concha.

23. MNature of sound.

24. Vibrations of the tympanum.

25. Transmission of the vibrations of the !ympanum.

26. The action of the audilory ossicles.

27. By the membranous labyrinth we appreciate the quaniity
or tnlensity of sound ; by the cocklea we discriminate the
gquality of sounds.

28,29. Probable function of the fibres of Corti.

30. The functions of the tympanic muscles. The Eustachian

tube.

LESSON IX.
THE ORGAN OF SIGHT. Pp. 214—235.

§ 1. General structure of the eye.
2. The surface of the retina; the macula lulea.
3. Microscopic structure of the retina.
4. The sensation of light.
5. The " blind spot.”
6. Duration of a luminous impression. :
7. Exhaustion of the retina. Complementary colours.
8. Colour blindness.
9. Sensation of light from pressure on the eye. Phosphenes.
10. Functions of the rods and cones. The figures of Purkingc,
11—13. The properties of lenses.
14. The intermedinte apparatus. The eyeball.  The sclerotic
and cornea.
15. Tke aqueous and witreous kumours.  The crystalline lens.
16, The choroid and ciliary processes.
17. The iris and ciliary musch. & ,
18, The iris a self-regulating diaphragm.
19. Focal adjusiment.



CONTENTS. xix

8§ 20. Experiment illustrating the power of adjustment possesse

by the eye.
21. The mechanism of adjustment explained. ‘
22, Limils of the power of adjustment. Long and short

stght.
23, The muscles of the eyeball ; thewr action.
24. Theeyelrds.
25. The lachrymal apparatus.

LESSON X.

L
THE COALESCENCE OF SENSATIONS WITH ONE ANOTHER
AND WITH OIHER STATES OF CONSCIOUSNESS. Pp.
236—247. -

§1. Many apparently simple sensations are, in realily,

composite.

The sensations of smell the least complicated.

Analysis of the sensation obtained by drawing the finger

along a table.

The notion of roundness a wery complex judgment;
ristotle's experiment.

. ““Delusions of the senses” in reality delusions of the

Judgment.

. Subjective sensations ; delusions of the judgment through
abnormal bodily conditions. Audilory and ocular
spectra.

7. Case of Mrs. A. related by Sir David Brewster.
8, Ventriloguism. -
9. Optical delusions.

10, Visual images referred to some pont without the body.

11, The inversion of the visual image.

12, Distinct visual images referred by the mind {o distinct

objects.  Multiplying glasses. .

13. The judgment of distance by the size and infensity of

visual tmages.  Perspetive,

14. Magnifving glasses.

15. Why the sun, or moon, looks large near the horizon.

16, The judgment of form by shadows.

17. The judgment of changes of form. 1ke thaumatrope.

18. Single vision with two eyes.

19. T%e pseudoscope.

20. 7he judgment of solidity. The stereoscoe.

3

LN

o v oa



CONTENTS.

LESSON XI.

THE NERVOUS SYSTEM AND INNERVATION, Pp. 248—271.

§n
2,
3.
4
5

6.
78

9, 10.

The nervous system.

The cerebro-spinal and sympathetic systems.

The membranes of the cerebro-spinal axis.

The spinal cord.  The roots of the spinal nerves,

Transverse section of the spinal cord ; the white and grey
matter,

Physiological propertics of nerves. Irritation.

The anterior roots of the spinal nerves, motor; the posterior,
sensory,

Molecular changes in a nerve when irritated. Propagotion
of an impulse. Afferent and efferent nevves.

Properties of the spinal cord. Conduction of afferent and
efferent impulses.

12. Reflex action through the spinal cord,

13. One afferent nerve may affect, through reflex action,
several efferent nevves,  Characters of reflex actions.

14. Conduction of efferent impulses by anterior white matter ;
of afferent impulses, by the grey matter. The'.rossing of
afferent impulses.

15. Vaso-motor centres.

16, The brain ; the outlines of tts anatomy.

17. The arvangement of its white and grey matler,

18, The nerves given off from the brain.

19. 7‘6&: olfactory and optic nerves in realily processes of the

rain.

20, Effect of injuries to the medulla oblongata.

21, The crossing of efferent impulses in the medulla oblongata.

22, The functions of different parts of the brain. Intelligence
and Will reside in the cerebral hemispheres.

23. Reflex actions lake place ecven when the brain is whole
and sound.

24. Many ordinary and very complicated muscular ccts are

2

mere reflex processes.
Artificial veflex actions. Education.
The sympathetic system.



CONTENTS. xxd

LESSON XII.

HISTOLOGY, OR THE MINUTE STRUCTURE OF THE TISSUES.
Pp. 272—296.

The microscopical analysis of the body.
Nuclei, cells,
ffitlzdium and epidermis.
ails,
Hairs,
. The crystalline lens.
Cartilage.
8. Connective tissue.
9. Fat cells.
10. Pigmment cells.
11. Bone. Growth of bone.  Ossification.
12, Zeeth.
13, 14. Development of teeth. Cutling of teeth.
15y Musck, striated and smooth.
16, Nervous tissue; nerve fibres and ganglionic corpuscies,
17. Zactile corpuscles.
18. TVg olfactory nerves.
19. Ganglionic corpuscles.

o
~
.

NONp L

APPENDIX A.

TABLE OF ANATOMICAL AND PHYSIOLOGICAL CONSTANTS,

Pp. 297—301.
1. General statistics. V. Cutaneous excretion,
I1. Digestion. V1. Renal excretion.
111, Circulation. VII. Nervous action.
IV. Respiration. VIIL Histology.

APPENDIX B.
Case oF Mrs. A. Pp. 302—306.






LESSONS

IN

ELEMENTARY PHYSIOLOGY.

. LESSON 1.

A GENERAL VIEW OF THE STRUCTURE AND
® FUNCTIONS OF THE HUMAN BODY.

1. THEbody of a living man performs a great diversity
of actions, some of which are quite obvious; others re-
quire more or less careful observation ; and yet others can
be detected only by the employment of the most delicate
appliances of science.

Thus, some part of the body of a living man is plainly
always in motion. Even in sleep, when the limbs, head,
and eyelids may be still, the incessant rise and fall of the
chest continue to remind us that we are viewing slumber
and not death.

More careful observation, however, is needed to detect
the motion of the heart ; or the pulsation of the arteries;
or the changes in the size of the pupil of the eye with vary-
ing light ; or to ascertain that the air which is breathed out
of the body is hotter and damper than the air which is taken
in by breathing.

And lastly, when we try to_ascertain what happens in
the éye when that organ is adjusted to different distances:
W B
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or what in a nerve when it is excited : or of what materials
flesh and blood are made : or in virtue of what mechanism
it is that a sudden pain makes one start—we have to call
into operation all the methods of inductive and deductive
logic ; all the resources of physics and chemistry ; and all
the delicacies of the art of experiment.

2, The sum of the facts and generalizations at which we’

, arrive by these various modes of inquiry, be they simple

: or be they refined, concerning the actions of the body and

i the manner in which those actions are brought about, con-
stitutes the science of Human Physiology. An elementary
outline of this science, and of so much agatomy as is inci-
dentally necessary, is the subject of the following Lessons ;
of which I shall devote the present to an account of so
much of the structure and such of the actions (or, as they
are technically called, “functions ”) of the body, as can be
ascertained by easy observation ; or might be so ascer-
tained if the bodies of men were as easily procured, exa-
mined, and subjected 1o experiment, as those of animals,

3. Suppose a chamber with walls of ice, through which
a current of pure ice-cold air passes; the walls of the
chamber will of course remain unmelted.

Now, having weighced a healthy living man With great
care, let him walk up and down the chamber for an hour.
In doing this he will obviously exercise a great amount of
mechanical force ; as much, at least, as would be required
to lift his weight as high and as often as he has raised him-
self at every step. But, in addition, a certain quantity of the
ice will be melted, or converted into water ; showing that
the man has given off héatin abundance. Furthermore, if
the air which enters the chamber be made to pass through
lime-water, it will cause no cloudy white precipitate of
carbonate of lime, because the quantity of carbonic acid
in ordinary air is so small as to be inappreciable in this
way. But if the air which passes out is made to take the
same course, the lime-water will soon become milky, from
the precipitation of carbonate of lime, showing the pre-
gnce of carbonic acid, which, like the heat, is given o?lfy

e man, .

Again, even if the air be quite dry as it enters the cham-
‘ber (and the chamber be lined with some material so a§to
“shut out all vapour from the melting ice walls), that which
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is breathed out of the man, and that which is given off
from his sKifi, will exhibit clouds of vapour ; which vapour,
theréfore, is derived from the body.

After the expiration of the hour during which the expe-
riment has lasted, let the man be released and weighed
once more. He will be found to have lost weight.

" Thus a living, active, man constantly exerts mechanical
Joree, gives off_keat, eyolves carbonic acid and water, and
lﬁdergoes a lnr;if crhetnnros

4. Plainly, this state of things could not continue for
an unlimited period, or the man would dwindle to nothing.
But long beforesthe effects of this gradual diminution of
substance become apparent to a bystander, they are felt
by the subject of the experiment in the form of the two
imperious sensations called hunger and thirst. To still
these cravings, to restore the weight of the body to its
former amount, to enable it to continue giving out heat,
water and carbonic acid, at the same rate, for an indefinite
period, it is absolutely necessary that the body should be
supplied with each of three things, and with three only.
These are, firstly, fresh air ; secondly, drink—consisting
of waterin sofiie shape or other, however much it may be
adulterated ; thirdlﬁ lfmd. That compound known to
chemists_as profe atter, and .which contains carbon,,
hydrogen,-oxygen, and.nitrogen, must form a part of this
food, if it is to sustain life indefinitely ; and fatty, starchy,
or saccharine matters ought to be contained in %Ee Tood,
if it is to sustain life conveniently. $ec P:}34

5. A certain proportion of the matter taken in as food
cither cannot be, or at any rate is not, used ; and leaves
the body, as excrementitious matter, having simply passed
through the alimentary canal without undergoing much
change, and without ever being incorporated with the
actual substance of the body. But, under healthy con-
ditions, and when only so much food as is necessary is
taken, no important proportion of either proteid matter,
or fat, or starchy or saccharine food, passes out of the
body as such. Almost all real food leaves the- in

the mmnwamzmwrd
" ancacalled ureg, or of certain saline compounds.
Chemicts have determined that these products which are

thrown out of the body and are called eacretions, contain,
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if taken altogether, far a_mn_nx;qg&n_:ham.ﬂ_fLod%nd
atertaken into the body. Now, the only possible soufce

wi
‘whence the body can obtain oxygen, except from food and
water, is the air which surrounds it! And careful inves-
tigation of the air which leaves the chamber in the imagi-
nary experiment described above would show, not only
that it has gained carbonic acid f7o» the man, but that it
has lost oxygen in equal or rather greater amount 7o him.

6. Thus, if a man is neither gaining nor losing weight,
the sum of the weights of all the substances above enume-
rated which leave the body ought to be exactly equal to
the weight of the food and water which gnter it, 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 “ncither
gaining nor losing flesh,” is #ncessantly oxidating and
wasting away, and periodically making good the loss,
So that if, in his average condition, he could be confined
in the scale-pan of a delicate spring balance, like that
used for weighing letters, the scale-pan would'descend at
every neal, and ascend in the intervals, oscillating to
ec*lual distances on each side of the avefage position,
which would never be maintained for longer thhn a few
minutes, There is, therefore, no such thing as a sta-
tionary condition of the weight of the body, and what we
call such is simply a condition 6f variation within narrow
limits—a condition in which the gains and losses of the
numerous daily transactions of the economy balance one
wanother. .

7. Suppose this diurnally-balanced physiological state
to be reached, it can be maintained only so long as: the
quantity of the mechanical work domne, and of heat, or
other force evolved, remains absolutely unchan;ed.

Let suck a physiologically-balanced man lift a heavy
body from the ground, and the loss of weight which he
would have undergone without that exertion will be
immediately increased by a definite amount, which
cannot be made good unless a proportionate amount of

t Fresh country air contains i rts nearly a1 of oxygen and
79 of nitrogen gas, together :"i'thma sma 1';‘3.%52.1 of a ngt of carbonic acid,
a . iﬂ p £y o . ) ia otk Q! ‘:ty of ‘"m
vapour, (See Lesson IV. § 11.) '
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extra food be supplied to him. Let the temperature of‘
the air fall, and the same result will occur, if his body?
remains as warm as before, 'h,v&uwﬂ, o My Core L

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

Thus, in a properly nourished man, a stream of food is
constantly entering the body in the shape of complex
compounds containing comparatively little oxygen.; as
constantly, the elements of the food (whether before or
after they have formed part of the living substance) are
leaving the body, combined with.more oxy%en. And the
incessant breakéng down and oxidation of the complex
compounds which enter the body are definitely propor-
tioned 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.

8. From these general considerations regarding the
hatute 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 now look
at its build.

The human body is obviously separable into /ead,
trunk, and Zimbs. In the head, the brain-case or skull/
is distinguishable from the face, The trunk is naturally
divided into the chest or t4orax, and the belly ot abdo-
men. Of the limbs there are two pairs—the upper, or
arms, and the lower, or Jegs, and legs and arms again
are subdivided by their joints into parts which obviously
exhibit a rough correspondence—#4igh and upper arm,
leﬁ and fore-arm, ankle and wrist, fingers and loes,
F inly answering to one another. And the two last, in
act, are so similar that they receive the same name of
digits; while the several joints of the fingers and toes
have the common denomination of phalanges. .

The whole body thus composed (without the viscera) is
seen to be bilaterally symmetrical ; that is to say, if it
were split lengthways by a great knife, which should be
made to pass along the middle line of both the dorsal and
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ventral (or back and front) aspects, the two halves would
almost exactly resemble one another.

9. One-half of the body, divided in the manner de-
scribed (Fig. 1, A), 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 dorsa/ (or back) than the
ventral (or front) aspect of the body. The bones thus
cut through are called the dodies of the vertebre. They
separate a long, narrow canal, called thc spinal canal,
which is placed upon their dorsal side, from the spatioms
chamber of the chest and abdomen, which lies upon their
ventral side. There is no direct communmication between
the dorsal canal and the ventral cavity.

The sﬁinal canal contains a long white cord—the sginal
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 remarkable,
partly fleshy and partly membranous, partition, the dZa-
phragm (Fig. 1, Dg, which is concave towards the abdo-
men, and convex towards the thorax. The alimemtary
canal (¥ig. 1, AL) traverses these cavities from one end to.
the other, piercing the diaphragm. So does a long double
series of distinct masses of nervous substance, which are
called ganglia, are connected together by nervous’cords,
and constitute the so-called sympathetic (Fig. 1, Sy.). The
abdomen contains, in addition to these parts, the two
kidneys, one placed against cach side of the vertebral
column, the Jiver, the pancreas or “swectbread,” and the
spleen, The thorax encloses, besides its segment of the
alimentary canal and of the sympathetic, the A¢ar# and
the two /ungs. The latter are placed one on each side of
the heart, which lies nearly in the middle of the thorax.

Where the body is succeeded by the head, the upper-
most of the thirty-three vertebral bodies is followed by a
continuous 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 cham-
ber, or cavity of the skull, opens into the spinal canal, It
contains a mass of nervous matter called the draé», which
is continuous with the spinal cord, the brain and the spinal
cord together constituting what is termed the cerebro-spinal
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Fic. 1.

A. Adiagrammatic section of the human body taken vertically through the
median J;!aue. C.S. the cerebro-spinal nervous system ; W, the cavity of the
nose ; M, that of the mouth ; A/ A/ the al y canal r d as a
simple straight tube ; 7, the heart ; D, the diaphragm ; Sy. the sympathetic

B. A transverse vertical section of the head taken along the line a & letters

as before,
C. A transverse section taken along the line ¢ d'; letters as before,
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axis (Fig. 1, C.S., C.S8.). The ventral chamber, or cavity
of the face, is almost entirely occupied by the mowutk and

karynz, into which last the upper end of the alimentary
canal (called gullet or @sopiagus) opens.

10, Thus, the study of a longitudinal section shows us
that the human body is a double tube, the two tubes being
completely separated by the spinal column and the bony
axis of the skull, which form the floor of the one tube and
the roof of the other. The dorsal tube contains the cere-
bro-spinal axis; the ventral, the alimentary canal, the
sympathetic nervous system, and the heart, besides other
organs.

Transverse sections, taken perpendiciffarly to the axis
of the vertebral column, or to that of the skull, show still
more clearly that this is the fundamental structure of the
human body, and that the great apparent difference be-
tween the head and the trunk is due to the different size
of the dorsa] cavity relatively to the ventral. In the head
the former cavity is very large in proportion to the size of
the latter (Fig. 1, B) ; in the thorax, or abdomen, it is very
small (Fig. 1, C). °

The limbs contain no such chambers as are found in
the body and the head ; but, with the exception of certain
branching tubes filled with fluid, which are called 4/ood-
vessels and lymphatics, are solid or semi-solid, throughout.

11. Such being the general character and arrangement
of the parts of the human body, it will next be well to con-
sider into what constituents it may be separated by the
aid of no better means of discrimination than the eye and
the anatomist’s knife.

With no more elaborate aids than these, it becomes
easy to separate that tough membrane which invests the
whole body, and is called the skin, or Znlegument, from the
parts which lie beneath it. Furthermore, it is readily
enough ascertained that this integument consists of two
portions : a superficial layer, which is constantly being
shed in the form of powder or scales, composed of minute
particles of horny matter, and is called the epidermis;
and the deeper part, the dermis, which is dense and fibrous
(Fig. 32). The epidermis, if wounded, neither gives rise’
to pain nor bleeds. The dermis, under like circum-
stances, is very tender, and bleeds freely. A practical



1] . THE TISSUES. A 9

distinction is drawn between the two in shaving, in the
course of which operation the razor ought to cut only
epidermic structures ; for if it go a shade deeper, it gives
rise to pain and bleeding. )
The skin can be readily enough removed from all parts
of the exterior, but at the margins of the apertures of the
body it seems to stop, and to be replaced by a layer which
is much redder, more sensitive, bleeds more readily, and
which keeps itself continually moist by giving out a more
or less tenacious fluid, called mucus. Hence, at these
apertures, the skin is said to stop, and to be replaced by
mucous membrane, which lines all those interior cavities,
such as the alinentary canal, into which the apertures
open. But, in truth, the skin does not really come to an
end at these points, but is directly continued into the
mucous membrane, which last is simply an integument of
greater delicacy, but consisting fundamentally of the same
»\two layers,—a deep, fibrous layer, containing blood-vessels
“and nerves, and a superficial, insensible, and bloodless
\ne, now called the epithelium. Thus every part of the
Bndy? might be said to be contained between the walls of
a Jouble bag, formed bc{ the epidermis, which invests the
outyide of the body, and the epithelium, its continuation,
whid\ lines the internal cavities.

12,.'The dermis, and the deep, sanguine layer, which
answely to it in the mucous membranes, are chieffy made
up of A-filamentous substance, which yields abundant
gelatine\on being boiled, and is the matter which tans
when hidé is made into leather. This is called areolar,
Jebrous, or, better, connective tissue.! The last name is the
best, because this tissue is the great connecting medium
by which the different parts of the body are held together.
Thus it passes from the dermis between-all the other
organs, ensheathing the muscles, coating the bones and
cartilages, and eventually reaching and entering into the
mucous membranes. And so completely and thoroughly
does the connective tissue permeate almost all parts of
the body, that if every other tissue could be dissected
away, a complete model of all the organs would be left
composed of this tissue. Connective tissue varies very

tE ch constituent of the body, as epidermis, cartilage, or muscle,
is uﬂm ‘,‘tlinu:.?" (See L:sson XIIX’ pid ’ i
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much in character ; sometimes being very soft and tender,
at others—as in the tendons and ligaments, which are
almost wholly composed of it—attaining great strength
and density. .

13. Among the most important of the tissues imbedded
in and ensheathed by the connective tissue, are some the
gre§encl¢iafand action of which can be readily determined

uring life.

If the upper arm of a man whose arm is stretched out
be tightly grasped by another person, the latter, as the
former bends up his fore-arm, will feel a great soft mass
which lies at the fore part of the upper arm, swell, harden,
and become prominent. As the arm is extended again,
the swelling and hardness vanish.

On removing the skin, the body which thus changesits
configuration is found to be a mass of red flesh, sheathed
in connective tissue., The sheath is continued at each end
into a tendon, by which the muscle is attached, on the
one hand, to the shoulder-bone, and, on the other, to one
of the bones of the fore-arm. This mass of flesh is'the
muscle called biceps, and it has the peculiar property of
changing its dimensions—shortening and becoming thick
in proportion to its decrease in length—when igfluenced
by the will as well as by some other causes,! and of
returning to its original form when let alone. This
temporary change in the dimensions of a muscle, this
shortening and becoming thick, is spoken of as its corn-
traction. 1t is by reason of this property that muscular
tissue becomes the great motor agent of the body ; the
muscles being so disposed between the systems of levers
which support the body, that their contraction necessi-
tates the motion of one lever upon another.

14. These levers form part of the system of hard
tissues which constitute the sZelefon. The less hard of
these are the cartilages, composed of a dense, firm sub-
stance, ordinarily known as “ gristle.” The harder are the
bones, which are masses either of cartilage, or of connec-
tive tissue, hardened by being impregnated with gkosphate
and carbonate of lime. They are animal tissues which
have become, in a manner, naturally petrified ; and when
the salts of lime are extracted, as tﬁey may be, by the

* Such causes are called stimzuls. .
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action of acids, a model of the bone in soft and flexible
animal matter remains,

More than 200 separate bones are ordinarily reckoned
in the human body, though the actual number of distinct
bones varies at different periods of life, many bones which
are separate in youth becoming united together in old age.
Thus there are originally, as we have seen, thirty-three
separate bodies of vertebra in the spinal column, and the
upper twenty-four of these commonly remain distinct
throughout life. But the twenty-fifth, twenty-sixth, twenty-
seventh, twenty-eighth, and twenty-ninth early unite into
one great bone, called the sacrum; and the four remain-
ing vertebre ofeen run into one bony mass called the
coccyx. In early adult life, the skull contains twenty-two
naturally separate bones, but in youth the number is
much greater, and in old age far less. 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 supports the shoulder, two bones are
always distinguishable as the scapu/a and the clavicle.
The $elvis, to which the legs are attached, consists of two
separate bones called the ossa énnominata in the adult ;
but eachfs innominatum is separable into three (called
pubis, ischiium, and élzum) in the young. There are thirty
bones in each of the arms, and the same number in each
of the legs, counting the patella, or knee pan.

All these bones are fastcned together by ligaments, or
by cartilages; and where they play freely over one
another, a coat of cartilage furnishes the surfaces which
come into contact. The cartilages which thus form part
of a joint are called articular cartilages, and their free
surfaces, by which they rub against each other, are lined
by azdelicate sy#ovia/ membrane, which secretes a lubri-
cating fluid—the synovia.

15. Though the bones of the skeleton are all strongly
enough connected together by ligaments and cartilages,
the joints play so freely, and the centre of gravity of the
body, when ercct, is so high up, that it is impossible 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 muscles which
oppose and balance one another. Thus, the foot affording
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the surface of support, the muscles of the calf (Fig. 2, I)
must contract, or the legs and body would fal forward.

F1G. 2.—A DIAGRAM ILLUSTRATING THE ATTACHMENTS OF SOME OF THE
MOST IMPORTANT MUSCLES WHICH KEEP THE BODY IN THE ERECT
PosTURE,

1. The muscles of the calf. II Those of the back of the thigh. IIL

Those of the spine. These tend to keep the body from falling fc )

1. The muscles of the fronit of the leg. 2. Those of the front of the thigh.
. Those of the front of the abdomen. 4, 5. Those of the front of the neck.
e tend to keep, the body from falling backwards. The arrows indicate

the direction of action of the muscles, the foot being fixed.
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But this action tends to bend the leg; and to néatralize
this and keep the leg straight, the great muscles in front
of the thigh (Fig. 2, 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 kept straight, they must be
neutralized by the action of the muscles of the buttocks
and of the back (Fig. 2, III),

The erect position, then, which we assume so easily and

without thinking about it, is the result of the combined

-'and accurately proportioned action of a vast number of
muscles. What is it that makes them work together in
this way ? » .

16. Let any person in the erect position receive a
violent blow on the head, and you know what occurs, On
the instant he drops prostrate, in a heap, with his limbs
relaxed and powerless. What has happened to himi
The blow may have been so inflicted 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 “ concussion,” as it
is calked, has not been too severe, the sufferer, after a few
moments of unconsciousness, will come to himself, and
be as we]l as ever again, Clearly, therefore, no per-
manent injury has been done to any part of the body,
least of all to the muscles, but an influence has been
exerted upon a something which governs the muscles.
And this janfluence may be the effect of very subtle
causes. A strong mental emotion, and even a very bad
%rlnell, will, in some people, produce the same effect as a

ow, .

These observations might lead to the conclusion that it
is the mind which directly governs the muscles, but a
little further 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 tc
other parts: and then they have lost the power of stand-
ing upright as much as before, though their minds may
"have remained perfectly clear, And not only have they
lost the power of standing upright under these circum-
stances, but they no longer retain any power of either
feeling what is going on in their legs, or, by an act of
their volition, causing motion in them., m
. 17. And yet, though the mind is thus cut off from the
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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. Again,if a serjes of galvanic
shocks be sent along the spinal cord, the.legs will per-
form movements even more powerful than those which
the will could produce in an uninjured person. And, finally,
if the injury is of such a nature that the cord is crushed
or profoundly disorganized, all these phenomena ccase ;
tickling the soles, or sendihg galvanic shocks along the
spine, will produce no effect upon the legs.

By examinations of this kind carried still further, we
arrive at the remarkable result that the brain is the
seat of all sensation and mental action, and the primary
source of all voluntary muscular contractions ; while the
spinal cord is capable of receiving an impression from
the exterior, and converting it not only into a simple
muscular contraction, but into a combination of such
actions. 2

Thus, in general terms, we may say of the cerebro-
spinal nervous centres, that they have the pgwer, when
they receive certain impressions from without, of giving
rise to simple or combined muscular contractions.

18. But you will further note that these impressions
from without are of very different characters. Any part
of the surface of the body may be so affected as to give
rise to the sensations of contact, or of heat or cold ; and
any .or every substance is able, under certain circum-
stances, to produce these sensations. But only very few
and comparatively small portions of the bodily frame-
work are competent to be affected, in such a manner as to
cause the sensations of taste or of smell, of sight or of
hearing : and only a few substances, or particular kinds
of vibrations, are able sa to affect those regions. These
very limited parts of the body, which put us in relation
wi K:mcular kinds of substances, or forms of force,
are what are termed sensory organs. There are two such
organs for sight, two for hearing, two for smell, and one,
or more strictly speaking two, for taste.

19. And now that we have taken this brief view of the
structure of the body, of the organs which support it,
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of the organs which move it, and of the organs which
put it in relation with the surrounding world, or, in other
words, enable it to move in harmony with influences from
without, we must consider the means by which all this
wonderful apparatus is kept in working order.

All work, as-we have seen, implies waste. The work
of the nervous system and that of the muscles, therefore,
implies consumption 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 off 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 alimentation,
those which distribute nutriment all over the body are
organs of circulation,; those which get rid of the waste
products are organs of excretion.

200 The organs of alimentation are the mouth, pharynx,
gullet, stomach, and intestines, with their appendages.
What they do is, first to receive and grind the food.
They théh act upon it with chemical agents, of which
they possess a store which is renewed as fast as it is|
wasted ; and in this way separate it into a fluid contain-
ing nutritious matters in solution or suspension, and in-
nutritious dregs or f@ces. hg' o Vet

21. A system of minute tubes,’ with very thin walls,
termed capillaries, is distributed through the whole or-,
ganism except the epidermis and its products, the epithe-'
lium, the cartilages, and the substance of the teeth. On
all sides, these tubes pass into others, which are called"
arferies and weins; while these, becoming larger and
larger, at length open into the /4ear?, an organ which, as
we have seen, is placed in 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
rthythmically, or at regular intervals, By means of these
contractions the blood which its cavities contain is driven
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in “jets out of these cavities into the arteries, and thence
into the capillaries, whence it returns by the veins back
into the heart.

This is the circulation of the blood.

22. Now the fluid containing the dissolved or suspended
nutritive matters which are the result of the process of
digestion, traverses the very thin layer of soft and per-
meable tissue which separates the cavity of the alimentary
canal from the cavities of the innumerable capillary vessels
which lie in the walls of that canal, and so enters the
blood, with which those capillaries are filled. Whirled
away by the torrent of the circulatior, the blood, thus
charged with nutritive matter, enters the heart, and is
thence propelled into the organs of the body. To these
organs it supplies the nutriment with which it is charged ;
from them 1t takes their waste products, and, finally, re-
turns by the veips, loaded with useless and injurious ex-
cretions, which sooner or later take the form of water,
carbonic acid, and urea.

23. These excretionary matters are separated from the
blood by the excretory organs, of which there are three—
the skin, the lungs, and the kidneys.

Different as these organs may be in appeaiance, they
are constructed upon one and the same principle. Each,
in ultimate analysis, consists of a very thin sheet of tissue,
like so much delicate blotting-paper, the one face of which
is free, or lines a cavity in communication with the ex-
terior of the body, while the other is in contact with the
blood which has to be purified,

‘The excreted matters are, as it were, strained from the
blood, through this delicate layer of filtering-tissue, and
on to its free surface, whence they make their escape.

Each of these organs is especially concerned in the
elimination of one of the chief waste products—water,
carbonic acid, and urea—though it may at the same time
be a means of escape for the others. Thus the lungs are
-especially busied in getting rid of carbonic acid, but at
-the same time they give off a good deal of water. The
duty of the kidneys is to excrete urea (together with other
| saline matters), but at the same time they pass away a
‘large quantity of water and a trifling amount of carbonic
.acid ; while the skin gives off much water, some amount
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of carbonic acid, and a certain quantity of saline matter,
among which urea is, at all events, sometimes present.

24. Finally, the lungs play a double part, being not
merely elirinators of waste, or excretionary, products,
but importers into the economy of a substance which is
not exactly either food or drink, but something as im-
portant as either,—to wit, oxygen. Itis oxygen which is
the great sweeper of the economy. Introduced by the
blood, into which it is absorbed, into all corners of the
organism, it seizes upon those organic molecules which
are disposable, lays hold of their elements, and combines
with them into the new and simpler forms, carbonic acid,
water, and urea.®

The oxidation, or, in other words, the burning of thes
matters, gives rise to an amount of heat which is as effi
cient as a fire to raise the blood to a temperature of about!
100° ; and this hot fluid, incessantly renewed in all parts
of the economy by the torrent of the circulation, warms
the body, as a house is warmed by a hot-water apparatus.

25. But these alimentary, distributive or circulatory, ex-
cretdty, and combustive processes would be worse than
useless if they were not kept in strict proportion one to
another.q If the state of physiological balance is to be
maintained, not only must the quantity of aliment taken
be at least equivalent to the quantity of matter excreted ;
but that aliment must be distributed with due rapidity to
the seat of each local waste. The circulatory system is
the commissariat of the physiological army.

Again, if the body is to be maintained at a tolerably
even temperaturs, while that of the air is constantly vary-
ing, the condition of the hot-water apparatus must be
most carefully regulated.

In other words, a combining orgar must be added to
the organs already mentioned, and this is found in the.
nervous system, which not only possesses the function al-
ready described of enabling us to move our bodies and o
know what is going on in the external world ; but makes
us aware of the need of food, enables us to discriminate '
nutritious from innutritious matters, and to exert the,
muscular actions needful for seizing, killing, and cooking ;
guides the hand to the mouth, and governs all the move-
ments of the jaws and of the alimentary canal. By it,

C
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the working of the heart is properly adjusted and the
calibres of the distributing pipes are regulated, so as in-
directly to govern the excretory and combustive processes.
And these are more directly affected by other actions of
the nervous system.

26. The various functions which have been thus briefly
indicated constitute the greater part of what are called
the vztal actions of the human body, and, so long as they
are performed, the body is said to possess Z7fe. The ces-
sation of the performance of these functions is what is
ordinarily called deaz?.

But there are really several kinds of death, which may,
in the first place, be distinguished from oae another under
the two heads of Joca/ and of general death.

27. Local death is going on at every moment, and in
most, if not in all, parts of the living body. Individual
cells of the epidermis and of the epithelium are inces-
santly dying and being cast off, to be replaced by others
which are, as constantly, coming into separate existence.
‘The like is true of blood-corpuscles, and probably of many
other elements of the tissues. o

‘This form of local death is insensible to ourselves, and
is essential to the due maintenance of life, Rut, occa-
sionally, local death occurs on a larger scale, as the re-
sult of injury, or as the consequence of disease. A burn,
for example, may suddenly kill more or less of the skin;
or part of the tissues of the skin may die, as in the case
of the slough which lies in the midst of a boil; or a
whole limb may die, and exhibit the strange phenomena
of mortification.

The local death of some tissues is followed by their
regeneration. Not only all the forms of epidermis and
epithelium, but nerve, connective tissue, bone, and, at
any rate, some muscles, may be thus reproduced, even on
a large scale. Cartilage once destroyed is said not to be
restored.

28. General death is of two kinds, death of the body as
a whole, and death of the tissues. By the former term is
implied the absolute cessation of the functions of the
brain, of the circulatory, and of the rei_piratory organs ;
by the lattcr, the entire disappearance of the vital actions
of the ultimate structural constituents of the body.
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‘When death takes place, the body, as a whole, dies first,
the death of the tissues sometimes not occurring until
after a considerable interval.

Hence it is that, for some little time after what is ordi¥
narily called death, the muscles of an executed criminal!
may be made to contract by the application' of proper |
stimuli. The muscles are not dead, though the man is.

29, The modes in which death is brought about appear
at first sight to be extremely varied. We speak of natural
death by old age, or by some of the endless forms of dis-
casc ; of violent death by starvation, or by the innumer-
able varieties of injury, or poison. But, in reality, the
immediate caus€ of death is always the stoppage of the
functions of one of three organs ; the cerebro-spinal ner-
vous centre, the lungs, or the heart. Thus, a man may
be instantly killed by such an injury to a part of the brain'
which is called the medulla oblongata (see Lesson XI.)
as may be produced by hanging, or breaking the neck.

Or death may be the immediate result of suffocation
by strangulation, smothering, or drowning,—or, in other
words, of stoppage of the respiratory functions.

Or, finally, death ensues at once when the heart ceases
to propgl blood, These three organs—the brain, the
lungs, and the heart—have been fancifully termed the
tripod of life.

In ultimate analysis, however, life has but two legs to
stand upon, the lungs and the heart, for death through
the brain is always the effect of the secondary action of
the injury to that organ upon the lungs or the heart, The
functions of the brain cease, when either respiration or
circulation is at an end. But if circulation and respira-
tion are kept up artificially, the brain may be removed
without causing death. On the other hand, if the blood
be not aérated, its circulation by the heart cannot pre-
serve life; and, if the circulation be at an end, mere
aération of the blood in the lungs is equally ineffectual
for the prevention of death.

30. With the cessation of life, the everyday forces of
the inorganic world no longer remain the servants of the
bodily frame, as they were during life, but become its
masters. Oxygen, the sweeper of the living organism,
Lecomes the lord of the dead body. Atom by atom, the

C2
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complex molecules of the tissues are taken to pieces and
reduced to simpler and more oxidized substances, until
the soft parts are dissipated chiefly in the form of car-
bonic acid, ammonia, water, and soluble salts, and the
bones and teeth alone remain. But not even these dense
and earthy structures are competent to offer a permanent
resistance to water and air. Sooner or later the animal
basis which holds together the earthy salts decomposes
and dissolves—the solid structures become friable, and
break down into powder. Finally, they dissolve and arc
diffused among the waters of the surface of the globe,
just as the gaseous products of decomposition are dissi-
pated through its atmospherc. °

It is impossible to follow, with any degree of certainty,
wanderings more varied and more extensive than thosc
imagined by the anecicnt sages who held the doctrine ‘of
transmigration ; but the chances arepthat sooner or later,
some, if not all, of the scattered atoms will be gathered
into new forms of life.

The sun’s rays, acting through the vegewdle world,
build up some of the wandering molecules of carBonic
acid, of water, of ammonia, and of salts, into the fabric
of plants. The plants are devoured by animalsf animals
devour one another, man devours both plants and other
animals ; and hence it is very possible that atoms which
once formed an integral part of the busy brain of Julius
Caesar may now enter into the composition of Ceesar the
negro in Alabama, and of Casar the house-dog in an
English homestead.

And thus there is sober truth in the words which Shake-
speare puts into the mouth of Hamlet—

¢¢ Imperial Caesar, dead and turned to clay,
Might stop a hole to keep the cold away ;
Oh that that earth, which kept the wor?d in awe,
Should patch a wah, t’ expel the winter’s flaw 1"
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LESSON II
THE VASCUELAR SYSTEM AND THE CIRCULATION,

1. ALMOST all parts of the body are vascular; that is
to say, they are traversed by minute and very close-set
canals, which open into one another so as to constitute a
small-meshed network, and confer upon these parts a
spongy texture, Tblf canals, or rather tubes, are pro-
vided with "®%finct But very delicate walls, composed of
a structureless memprane (Fig. 3 A, @), in which at inter-
vals small oval bodies (Fig. 3 A, 4), termed nuclei (see
Lesson X1I. § 2), are imbedded.

These tubes are the capillaries. Theyvary in diameter
from zggpth to y3lysth of an inch; they are sometimes
disposed in loops, sometimes in long, sometimes in wide,
sometimes in narrow meshes : and the diameters of these
meshes, or, in other words, the interspaces between the
capillaries, are sometimes hardly wider than the diameter
of a capillary, sometimes many times as wide (see Figs. 16,
20, 32, 33, and 37). These interspaces are occupied by
the substance of the tissue which the capillaries per-
meate (Fig. 3 A, ¢), so that the ultimate anatomical
components of every part of the body are, strictly speak-
ing, outside the vessels, or extra-vascular.

But there are certain parts which, in another and
broader sense, are also said to be extra-vascular or non-
vascular. These are the epi i itheliump, the
nails and.hairs,the substance of the teeth, car-
ti]aﬁ ; which may and do attain a very considerable
thickness or length,’and yet contain no vessels, How-
ever, as we have scen that all the tissues are really extra-
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vascular, these differ only in degree from the rest. The
circumstance that all the tissues are outside the vessels
by no means interferes with their being bathed by the
fluid which is inside the vessels. In fact, the walls of the

FiG. 3.

A, Diagrammatic representation of a capillary seen from above and in
section : @, the wall of the capillary with &, the nuclei ; ¢, nuclei belonging
to the connective tissue in which the capillary is supposed to be lying ; @, the
canal of the capillary.

B. Diag ic repre ion of the structure of a small artery : &,
epithelium ; 5, the so-called basement membrane ; ¢, the circular non-striate
muslcgl}r f{bres, each with nucleus @; e, the coat of fibrous tissue with
nuclei /.

capillaries are so exceedingly thin that their fluid contents
readily exude through the’delicate membrane of which
{bey are composed, and irrigate the tissues in which they
ie,

2, Of the capillary tubes thus described, one kind con-

taing, during life, the red fluid, é{fmd, while the.at]
ﬁﬂ%ﬁw@wﬂ
or cayle. The capillaries, which confain blood, are Ton-
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tinued on different sides into spmewhat larger tubes, with
thi i yleris 2.
The mere fact that the walls of these vessels are thicker
than those of the capillaries ‘constitutes an important
difference between the capillaries and the small arteries
and veins ; for the walls of the 1
f: , an irrjgation
of i ich-i illaries, cannot
be_performed-by-them.
The most important difference between these vessels
and the capillaries, however, lies in the circumstance that

- Q CYCrecl 1 S 0

is cular. The number, arrangement, and even nature
of these coats differ according to the size of the vessels,
and are not the same in the veins as indhe arteries, though
the smallest veins and arteries tend to resemble each
other.

If we take one of the smallest arteries, we find, first,
a veMy delicate l\ning of cells constituting a sort of epi-
thelium (Fig. 3 B, @). Outside this (separated from it by
a structyreless membrane, Fig. 3 B, 4) cames-the mus-

cular coat of kind galled plain -ST5%) e
(see Lesson XIIL), up of flattened spindle-shape
bmds_px__%l& which are wrapped roun € vessel
(Fig. 3 B, ¢).

Outside the muscular coat is a sheath of fibrous or
connective tissue (Fig. 3 B, /).

In the smallest arteries there is but a single layer of
these muscular fibres encircling the vessel like a series of
rings ; but in the larger arteries there are scveral layers
of circular muscular fibres variously bound together with
fibrous and elastic tissue, though as the vessels get larger
;he quantity of muscular tissue in them gets relatively
ess.

‘Now these plain muscular fibres possess that same
power_of contraction, or shortening in the long, and
br irections which, as w:
in the preceding Lesson, 1s the special property of mus-
cular tissue, And when they exercise this power, they,
of course, narrow the calibre of the vessel, just as
squeezing it in any other way would ¢o; and this con-
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traction may go so far as, in some cases, to reduce the
cavity of the vessel almost to nothing, and to render it
practically impervious.

The state of contraction of these muscles of the small

arteries and veins is regulated, 1i es,
i es ; or, in other words, d
t i se

tubasshgurlg_huuid&and free, or narrow and obstructed.
Thus while the small arteries and veins lose the function,
which the capillaries possess, of directly irrigating the
tissues by transudation, they gain that of regulating the
supply of fluid to the irrigators, or capillaries themselves.
The contraction, or dilatation, of the arteries which supply
a set of capillaries, comes to the same result as lowering
or raising tge sluice-gates of a system of irrigation-canals.
3. The smaller arteries and veins severally unite into,
or are branches of, larger arterial or venous trunks, which
again spring from or unite into still larger ones, and these,
at length, c&mmunicate by a few principal arterial and
ve rt. ‘
he smallest arteries and veins, as we have seen, are
similar in structure, but the larger arteries and veins differ
widely ; for the larger arteries have walls so thick and

stout that th r_when empty ; and
this thickness and stoutness arises from the circumstance

that not only is the muscular coat very thick, but that,

in addition, and more especially, s:ma.l.lm:s_%a_hxggly
elastic, strong, fibrous s ¢ _bccome mixed up with
t ers, Thus, when a large artcry 1 d
out and let go, it stretches and returns to its primitive
dimensions almost like a picce of india-rubber.

The larger veins, on the other hand, contain but little
of either elastic or muscular tissue. Hence, their walls
are thin, and they collgpse when empty.

This is one great difference betwcen the larger arteries
and the veins ; the other is the presence of what are
the veins, especially in

2 s y. They are
absent in the largest trunks, and in the smallest branches,
and ir:11 all the divisions of the portal, pulmonary, and

veins, :

4. These valves are pouch-like folds of the inner wall
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of the vein. The bottom of the pouch is turned towards

those capillaries from which the vein springs. The free

edge of the pouch is directed the other way, or towards

the heart.f The action of these pauches is.to-impede the
ge of an

valves may be very easily demonstrated in the living body.
When the arm is bared, blue veins may be seen running
from the hand, under the skin, to the upper arm. The
diameter of these veins is pretty even, and diminishes
regularly towards the hand, so long as the current of the
blood, which is running in them, from the hand to the
upper arm, is uninterrupted.

B s =)

(o = "

¢ L <"

F1G. 4. —~DI1AGRAMMATIC SECTIONS OF VEINS WITH VALVES,

Tn the upper, the blood is supposed to be flowing in the direction of the
arrow, towards the heart ; in the lower, the reverse way. C, capillary side ;
H, heart side.

But if a finger be pressed upon the upper part of one
of these veins, and then passed downwards along it, so as
to drive the blood which it contains backwards, sundry
swellings, like little knots, will suddenly make their ap-
pearance at several points in the length of the vein, where
nothing of the kind was visible before. These swellings

are simply dilatations of the wall of caused by
the_pre e of the blood at wall, above a valve
hiC xard _prog € momer

backward impulse ceases the blood flows on again; the

valve, swinging back towards the wall of the vein, affords
obstacle to its progress, and the distension caused
its pressure disappears (Fig. 4).
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The o, rterj i sess valves are the primary

trunks—the a —which spring

. from the heart, and they will be best
considered with the latter organ.

5. Besides the capillary network and
the trunks connected with it, which
constitute the blood-vascular system,
all parts of the body which possess

blood capillaries — except the brain
* spinal cord, t , the
5 t s, and perhaps the

bones!—also contain another set of
what are termed Zymphatic capilla-
ries, mixed up with those of the blood-
vascular system, but not directly com-
municating with them, and, in addi-

tion, differing fro a-
ries_jn being con i er
vessel ind, That is to
say, they open only into trunks%hich

carry fluid away from them, there
being no large vessels whi ing

an N
%‘hcse trunks further resemble the
small veins in_bej
vided with valves which freely
of the p. e of liquid from the lym-
phatic capiﬁarles, but_ opstrict ri}%e
Fic. 5.—Tur Lyvmena- flow of anything the other way. But
TICS OF THE FRONT OF the lymphatic trunks differ from the
THE RIGHT ARM.  yoing in that th idly unite
& Lymphatic glands, or . p :

ganglia, as they are m - - ) \iZ lC_h

. somesi,mescalledt. These present a continually increasing cali-

anglin are n 0 1 i -

B o er bre, and allow of a flow without inter
vous ganglia. ruption to the heart. .

R Og the contrary, remaining nearly

of the same size, they, at intervals, enter and ramify in

rounded bodies called Zymphatic glands, whence new

lymphatic trunks arise (Fig. 5). In these glands the

2 It is probable that these exceptions are apparent rather than rea', but
the question is not yet satisfactorily decided.
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J

F1c. 6 —Tue TxorAcic DucT.
the middle of the figure. It lies upon the

:n:f'r;mn" Du‘:m'd f hich ions of the ribs (1),

inal col at the sides of which are seen portions of the ribs ().

:I,, the r e of the chyle; 5, the trunk of the thoracic duct, opening
at ¢ into ¢! ejunctionoft.helef_i,.,'_ and subclavian (¢) veins as
they unite into the Jeft innominate vein,” which has beeri cut across to

show the thoracic duct running behind it ; 4, lymphatic glands placed in

i ior vena cava formed by the junction of

P

the Juml 3 &, the supe
the right and left innominate veins.
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lymphatic capillaries and passages are closely interlaced
with blood capillaries. .

Sooner or later, however, the great majority of the
smaller Iymphatic t ir i be,
W.

b ne is called the ¢koracic duct. This opens at
the root of the neck into the conjoined trunks of the great
veins which bring back the blood from the left side of the
head and the left arm (Fig. 6). The remaining lym-
phatics are connectgd by a common canal with the corre-
sponding vein on the right side.

Where the princ nks of the lymphatic system
open.i ein. 1 ed, which allow of the
g‘assagc_ of fluid only from the lymphafic to the vein.

hus the lymphatic vessels are, as it were, a part of the
venous system, though, by reason of these valves, the
fluid which is contained in the veins cannot get into the
lymphatics. On the other hand, every facility is afforded
for the passage into the veins of the fluid contained in the
lymphatics. Indeed, in consequence of the nugerous
valves in the lymphatics, every pressure on, and contrao-
tion of, their walls, not being able to send the fluid back-
ward, must drive it more or less forward, tSwards the
veins.

6. The lower part of the thoracic duct is dilated, and
is he zeceptacle, or cistern, of the ckyle (a, Fig. 6).
In fact, it receives the 1y, > which,
though they differ in no esscntial respect from other lym-
phatics, are_called Jacfeals, because, after a_meal con-

. e. The lacteals, or lym-
phatics of the small intestine, not only form networks in
its walls, but send blind prolongations into the little
velvety processes te (7, with which the mucous
me; i ined et (see Lesson VI.). The
trunks which open into the network lie in the mesentery
(or membrane which suspends the small intestine to
the back wall of the abdomen), and the glands through
which these trunks lead are hence termed the mesenteric

7. It will now be desirable to take a general view of the
arrangement of all these different vessels, and of their
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relations to the great central organ of the vascular system
—the heart (Fig. 7).
All the veins of every part of the body, e

xcept the lungs
ths_l_:ﬁg_rt_iﬁ.dﬂ.and_ccnw of the abdomen, join
together into larger veins, which, sooner or later, open
into one of two great trunks (Fig. 7, V.C.S. V.C.1)
tcrmed the supzrior and the inferior vena cava, which
debouch into the upper, or broad end of the right half
of the heart.
All the arteries of every part of the body, except the
are more or less remote branches of one great
trunk—the aorta (Fig. 7, Ao.), which springs from the
lower division of the Jeft half of the heart.

The artgries of the lungs are branche? of a great trunk
(Fig. 7, Pﬁ) springing from the Jower diviston of the
ri%& side of the gﬁ TMW‘W

o, i By he
leftside of the heart (Fig. 7, . V.).

Thus the venous trunks open into the upper division of
each hg)f of the heart—those of the body in general into
that of the right half; those of the lungs into that of the
left half: while the arterial trunks spring from the lower
moieties ofeach half of the heart-—that for the body in
gencral from the left side, and that for the lungs from the
right side.

Hence it follows that the great artery of the body, and
the great veins of the body, are connected with opposite
sides of the heart ; and the great artery of the lungs and
the great veins of the lungs also with opposite sides of
that organ, On the other hand, the veins of the body
open into the same side of the heart as the artery of the
lungs, and the veins of the lungs open into the same side
of the heart as the artery of the body.

The arferies which open into the capillaries of the sub-
stanceaf the heart are called coronary arferées, and arise,
like the other arteries, from the aorta, but quite close to
its origin, just beyond the semilunar valves. But the
coronary wein, which is formed by the union of the small
veﬁl_S‘\';%E!T’L—am from the capillaries of the heart, does
not open into either of the vena cava, but pours the
blood which it contains directly into the division of the
heart into which these cave 3 en—that ig to say, into the
s, ST e O, 3L 13 £o say, into the




30 ELEMENTARY PHYSIOLOGY. [tEss.

FiG. 72.—~DI1AGRAM OF THE HEART AND VESSELS, WITH THE COURSE OF
THE CIRCULATION, VIEWED FROM BEHIND SO THAT THE PROPER LEFT
OF THE OBSERVER CORRESPONDS WITH THE LEFT SIDE OF THE HEART
IN THE DIAGRAM.

L.A, left auricle ; L.V, left ventricle ; 4o. aorta ; AF. arteries to the upper
part of the body ; 42 arteries to the lower part of the body; /.4, hepatic
artery, which supplies the liver with part of itsblood ; /7. veinsof the upper
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The abdominal viscera referred to above, the veins of
which do not take the usual course, are the stomach: t?iel

intestines, the spleen, and the pancreas.

Ty

-.____-into a_single trunk, w. A

poriw (Fig. 7, V.P.), but this trunk does not open into the
Q' vena cava inferior. On the contrary, having reached th~

liver, it enters the substance of that organ, and breaks u

into an immense multitude of capillaries, which ramif,
through the liver, and become connected with those int:
which the artery of the liver, called the &epatic arter
(Fig. 7, H.A.), branches. From this common capillar;
mesh-work veins arise, and unite, at length, into a single
trunk, the Zepatic wein (Fig. 7, H.V.), \yhlch emerges
from the liver, and opens into the éinferior vena cava.
The portal vein is the only great vein in the body which
branches out and becomes continuous with the capillaries,
of an organ, like an artery. .

8. The heart (Figs. 8 and I0), to which all the vessels
in the body have now been directly or indirectly traced,
is an organ, the size of which is usually roughly estimeted

as W@&M@Wﬁﬁﬂ&w%n
it_belongs, and which has a broad end turned upwards
and backgards, and rather to the right side, called its
dase : and a_pointed cnd which is called its apex, turned
downwards and forwards, and to the Ieft side, so as to lie
opposite thﬂMlhﬂMﬁﬂJhﬁﬁﬂM&g_S}ﬂh_ﬁgﬁ-

It is lodged between the lungs, nearer the front than the
back wall of the chest, and is enclosed in a sort of double
bag—the pericardiun: (Fig. 9, #.). One-half of the
double bag is closely adherent to the heart itself, forming
a thin coat upon its outer surface, At the base of the heart,
this half of the bag passes on to the great vessels which
spring from, or open into, that organ ; and becomes con-

tinuous with the other half, which loosely envelopes the
heart and the adherent half of the bag. Between the two

part of the body; P72 veins of the lower part of the body; V.P. vena
porta ; H. V. hepatic vein ; V.C.J. inferior vena cava; V.C.S. superior vena
cava; R.A. ng}ht auricle ; R. V. right ventricle ; 2.4, pulmonary artery ;
Lg. lung; P.V. )mlr.nonary vein; Lct. lacteals; Ly. lymphatics ; 74.2.
thoracic duct; 4Z alimentary canal; L. liver. The arrows indicate the
~ougge of the blood, lymph, and chyle. The vessels which contain arterial
nlood bave dark contours, while those which carry venous blood have light
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F1G. 8.~—~HEART OF SHEEP, AS SREN AFTER REMOVAL FROM THE Bobpv,
LYING UPON THE Two Lungs. THE PERICARDIUM HAS BEEN -CUT
AWAY, BUT NO OTHER DISSECTION MADE.

R.A. Auricular appendage of right auricle; Z.A. auricular appendage of
left auricle ; R.V.right v entsicl ;%‘.V.leﬁ. icle; SWV.C. supeﬁorﬁna
cava ; Z.V.C. inferior vena cava; P A.pulmonary artery; Ao, aorta ; 4’7,
innominate branch from aorta dividing into subclavian and carotid arteries ;
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layers of the pericardium, conscquently, there is a com-'
pletely closed, narrow cavity, lined by an epithelium, and

, secreting into its interior a small quantity of clear fluid.!
The outer layer of the pericardium is_firmly connected

o 'mﬁi ihe diiphragm.

But the heart cannot be said to depend altogether upon
#the diaphragm for support, inasmuch as the great vessels
which issue from or enter it—and for thegmost part pass

FiG. 9.—TRANSVERSE SECTION OF THE CHEST, wiTH THE HEART AND
I.uNcs IN Prace. (A httle diagrammatic.)

D.V. dorsal vertebra, or joint of the backbone; 4o. 40", aorta, the top of
its arch being cut away in this section; S.C. superior vena cava;
P.A. pulmonary artery, divided into a branch for each lung; Z.7. R.P,
left and right “pulmonary veins; B». Bronchi; R.Z.L.L. right and
left lungs ; (Z. the gullet or cesophagus; , outer bag of pericardium;
27, the two layers of pleura; v, azygos vein,

L. lung; T'. trachea. 1, solid cord often present, the remnant of a once open
communication between the pulmonary artery and aorta. 2, masses of fat at
the bases of the ventricle hiding from view the greater part of the auricles.
z‘lme of fat marking the division Letween the two ventricles, 4, mass of
covering end of trachea.

* This fluid, like that ined in the peri pleura, and other shut
sacs of a similar character to the pericardium, is sometimes called serusm ;
whence the membranes forming the walls of these sacs are frequently termed
serous mensbranes.
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upyards from its base—help to suspend and keep it in

ace.
Thus the heart is coated, outside, by one layer of the
Bericardium. * Inside, it contains {wo great cavities or
divisions,” as they have been termed above, completely

. separatcd by a fixed partition which extends from the basc
to the apex of the heart; and, consequently, having no
direct commugication with one another. Each of these
two great cavities is further subdivided, not longitudinally

Fi¢ 10.~Tue IEART, GREAT VEssEls, AND LUnas. (Froxt Vicw.)

R.V. right ventricle; L.V. lcft ventricle; R.A. right auricle; L.4. left
auricle; Ao, gorta; P.A. pulmonary artery; # V. pulmonary veins:
R.L. right lung; L.L. left lung; V'S vena cava superior; S.C. sub-
clavian vessels ;" C. caratids; R.J.V. and L.J V. right and left jugular
veins ; 7./, vena cava inferior ; 7. trachea ; B. bronchi.

All the great vessels but those of the lurgs are cut.

but transversely, by a moveable partition. The cavity
above the transverse partition, on each side, is called the
auricle ; the cavity below, the ventricle—right or left as
the case may be, s
Each of the four cavities has the same capacity, and is
capable of containing from 4 to 6 cubic in of water
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F16. 11.—RigHT SinE ofF THE HEART OF A SHEEr.

R.A. cavity of right auricle ; S.V.C. superior vena cava, /.V.C. inferior
vena cava; {(a style has been passed through each of these ;) 4, a style
from the auricle to the ventricle through the auriculo-ventricular

orifice ; 4, a style passed into the coronary vein. .

R.F7. cavity of right ventricle ; #, 7, two flaps of the tricuspid valve : the
third is dimly scen behind them. the style @ passing between the three.
Between the two flaps, and atta:_:hed to them I;‘y chorde l‘l‘:dim, is ;efenha

illary muscle, gp, cut away from its attachment to that portion of the
3[ of the venu{c'le which has been removed. Above, the ventricle ter-
minates somewhat like a funnel in the pulmomary artery, £.4. One of the
pockets of the semilunar valve, sz, is seen in its entirety, another y.

1, the wall of the ventricle cut across; 2, the position of the auriculo-
ventrichlar ring ; 3, the wall of theauricle ; 4, masses of fat lodged Letween
the suricle and puimmry artery. _
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The walls of the a,jiriglgs_a,rg h_thinner than those
of WS. The wall of the left ventricle 15 much

thi that_of “The right vepmicle; but no such
difierence is perccptible between the two auricles (Figs.
11 and 12, 1 and 3).

9 I shall see, the ventricles | re
wi i ore
to .da.than the right, Hence the ventricles have more
muscular substance than the auricles, and the left ventricle
than the right ; and it is this excess of muscular substance
which gives rise to the excess of thickness observed in the
left ventricle.

The muscular fibres of the heart zre not smooth nu-
cL{&tﬂ_bands, like those of the vessels, but are bundles
of transversely-striped fibres, and resemble those of the

chief muscles of the body, ewﬁuﬂmuﬁgl‘w_agh,

gx_malmyfa, 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. T‘hm_i.sd_hgv_v.ﬁ\_r_edg_ﬁ_n_ig‘_f’egnal
membranous_and _epithelial lining, called the exdocar-
diym,; and at the junction between the auricles and
ventricles, the apertures of communication betwen their
cavities, called the awriculo-ventriculars apertures, are
strengthened by fidrous rings. To these rings the move-
able partitions, or walves, between the auricles and
ventricles, the arrangement of which must next be con-
sidered, are attached.

10. There are three of these partitions attached to the
circumference of the right auriculo-ventricular aperture,
and two to that of the left (Figs. 11, 12, 13, 14, v, m v).
Each is a broad, thin, but very tough and strong trian-

lar fold of the endocardium, attached by its base, which
joins on to its fellow, to the auriculo-ventricular fibrous
ring ; and hanging with its point downwards into the ven-
tricular cavity. On the right side there are, therefore,
three of these broad, pointed membranes, whence the
whole apparatus is called the fricuspid valve. On the
left side, there are but two, which, when detached from
all their connexions but the auriculo-ventricular ring, ook
something like a bishop’s mitre, and hence bear the fainé
of ‘the metral valve. T
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#16. 12.~Lert SineE oF THE HEART oF A SHEEP (LAID OPEN).
P. V. pulmonary veins opening into the left auricle by four openings, as

shown
by the styles: &, a style passed from auricle into ventricle through the
auﬁmlos-:yentﬂcular orifice ; 8, astyle Eassed into the coronary vein, s
though it has no connection with the left auricle, is, from its position,
necessarily cut across in thus laying open the auricle.
M. V. the two flaps of the mitral valve gi?:wn somewhat d mmatically) :
y muscles, helonging as before to the part of the ventricle cut
away; ¢, a style passed from ventricle in 4o, aorta ; Aot. branch of gorta
{see 8, 4 ;‘t. P.A. pulmonary artery ; S V.C. superior vena cava,
1, wal icle cut across; 2, wall of auricle cut away around auriguln-
i orifice; 3, mh:cronw of auricular wall cut across ; 4, mass
fait around base of ventricle (see Fig. 8, 2).
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The edges and apices of the valves are not completely
free and loose. On the contrary, a number of fine, but
strong, tendinous cords, called gaala.&ndiw, connect
them with some column-like elevations of the fleshy sub-
stance of the walls of the ventricle, which are termed

agi muscles (Figs. 11 and 12, pp); similar column-
ike elevatiom: the walls of the ventricles, but having
no chorde tendinee attached to them, are

carpec.

t follows, from this arrangement, that the valves
oppose no obstacle to the passage of fluid from the
auricles to the ventricles; but if any should be forced
the other way, it will at once get between the valve and
the wall of the heart, and drive the valve backwards and
upwards. Partly because they soon meet in the middle
and oppose one another’s action, and partly because the
chorde lendinee hold their edges and prevent them from
going back too far, the valves, thus forced back, give rise
to the formation of a complete transverse partition be-
tween the ventricle and the auricle, through which nq fluid
can pass.

Where the aorta opens into the left ventricle and where
the pulmonary artery opens into the right eentricle,
unother valvular apparatus is placed, consisting in each
case of three pouch-like valves, called the semilunar
valves (Fig. 11, s.v.; Figs. 13 and 14, Ao. P.A.), whi
sini ins. But.as they are placed
on the same level and meet in the middle line, they com-
pletely stop the passage whgn any fluid is forced along
the artery towards the heart;L'OT\Xﬂ\e‘mxﬁ'd',‘these
valves !gp 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
demonstrated with great ease on a sheep’s heart, in which
the aorta and pulmonary artery have been tied and the

eater part of the auricles cut away, by pouring water
into the ventricles through the auriculo-ventricular aper-
ture. The tricuspid and mitral valves then usually
become closed by the upward pressure of the water
which gets behind them. Or, if the ventricles be nearly
filled, the valves may be made to come together at once
by gently squeezing the ventricles. In like manner, if
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base of the aorta, or pulmonary artery, be cut out of the
heart, so as not to injure the scmulunar valves, water
poured into the upper ends of the vessel will cause its
valves to close tightly, and allow nothing to flow out after
the first moment.

Thus the arrangement of the auriculo-ventricular valves
is such, that any fluid contained in the chambers of the
heart can be made to pass through the auriculo-ventricular
apertures in only one direction : that is to say, from the

FIG. 13.—VIEW OF THE ORIFICES OF THE HEART FROM DELOW, THE WHOLE
OF THE VENTRICLES HAVING BEEN CUT AWAY.

R.A.V. right auriculo-ventricular orifice surrounded by the three flaps

¢v.3, 4.9. 2, L.v. 3, of the tricuspid valve, these are stretched by weighty
mciuélk to the ‘tz‘:mb tgm{fnm‘::

ce by d ‘ﬁin sn:_ne rmy by dae‘ two

flaps, m.v. 1, m.9. i valve ; /.4 the orifice of pulmonary artery,

mﬁﬁum l?; ving m;: ::d closed together ; Ao the orifice of the
% with its semilunar valves.

The shaded portion, leading from R, R
10 P.4., represents the funnel seen in Fig. 11.



40 ELEMENTARY PHVSIOLOGY. [LEss,

auricles to the ventricles, On the other hand, the arrange-
ment of the semilunar valves is such that the fluid con-
tents of the veniri ily i a and
pulmanary artery, while none can be made totravel the
other way from the arterial trunks to the ventricles.

FiG. 14.~THE ORIFICES OF THF HEART SEEN FROM ABOVE, THE AURICLES
AND GREAT VESSELS BEING CUT AWAY.

P.A. gulmonary artery, with its semilunar valves ; Ao. aorta, do.

R.A.V. right auriculo-ventricular orifice with the three flaps (/. 1, 2, 3) of
tricuspid valve. .
.A.V. left auriculo.ventricular orifice, with ».v. 1 and 2, flaps of mitral
valve ; 3, style passed into coronary vein. On the left part of L.4. V., the
section of the auricle is carried through the auricular appendage ; hence
the toothed appearance due to the portions in relief cut across.

11, Like all other muscular tissues, the substance of the
heart is contractile ; but, unlike most muscles, the heart
contai ithin. i jng which causes its
different-pacts.ta.contract in a dehnite n -and
at regular intervals.

If ‘the heart of a living animal be removed from the
body, it will go on pulsating for a longer or shorter time,
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much as it did while in the body. And careful attention
to these pulsations will show that they consist of :—(1) A
simultaneous contraction of the walls of both auricles,'

" (2) Immediately following this, a simultaneous contrac-
tion of the walls of both ventricles. (3) Then comes a
pause, or state of rest; after which the auricles and
ventricles contract again in the same order as before, and
their contractions are followed by the same pause as
before. .

If the auricular contraction be represented by A*, the
ventricular by V*, and the pauses by —, the series of
actions will be as follows: A*V*—; A"V —; A" V"
—; &c. Thus, the contraction of the heart is rzy2imical,
two short contractions of its upper and lower halves
respectively being followed by a pause of the whole,
which occupies about as much time as the two con-
tractions,

The state of contraction of the ventricle or auricle is
called its systole,; the state of relaxation, during which it
undergoes dilatation, its dZasiole.

12. Having now acquired a notion of the arrangement
of the dijfferent pipes and reservoirs of the circulatory
system, ot the position of the valves, and of the rhyth-
mical contractions of the heart, it will be easy to com-

rehend what must happen if, when the whole apparatus
1s full of blood, the first step in the pulsation of the heart
occurs and the auricles contract.

By this action each auricle tends to squeeze the fluid
which it contains out of itself in two directions—the one
to i i
and the direction which the blood, as a whole, will take,
will depend upon the relative resistance offered to it in
these two directions. Towards the great veins it is
resisted by the mass of the blood contained in the veins.
Towards the ventricles, on the contrary, there is no resist-
ance worth mentioning, inasmuch as the valves are open,
the walls of the ventricles, in their uncontracted state,
are flaccid and easily distended, and the entire pressure
of the arterial blood is taken off by the semilunar valves,
which are necessarily closed.

Therefore, when the auricles contract, only a very little
of the fluid which they contain will flow Kack into the
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veins, and the great proportion will pass into and distend
the ventricles, As the ventricles fill and begin to resist
further distension, the blood, getting behind the auriculo-
ventricular valves, will push them towards one another,
and almost shut them. The auricles now cease to con.
tract, and immediztely that their walls relax, fresh blood
flows from the great veins and slowly distends them
again,

gBut the moment the auricular systole is over, the ven-
tricular systole begins. Thc walls of each ventricle
contract vigorously; and the first effect of that contraction
is to shut the auriculo-ventricular valves completely and
to stop all cgress towards the auricle. The pressure upon
the valves becomes very considerable, and they might
cven be driven upwards, if it wcre not for the ckorde
lendinee which hold down their edges.

As the contraction continues and the capacities of the
ventricles become diminishcd, the points of the wall of
the heart to which the chorde trndinee are attached ap-
proach the edges of the valves ; and thus there isa ten-
dency to allow of a slackening of thesc cords, which, if
it really took place, might pcimit the edges of the valves
to flap back and so destioy thcir utility. This {endency:.

LY,-is.Counteracted ’ ; eing

thﬂﬁ? musgula;_g;ﬂz:s,-tha-papﬂlaqunusgles, ;

out from its substance. These muscular pillars shorten

at the same time as the substance of the heart contracts’;

and thus, just so far as the contraction of the walls of the

ventricles brings the papillary muscles nearer the valves,

d r, by their own_contraction, pull the chorde ten-
ote.

By the means which have now been described, the fluid
in the ventricle is debarred from passing back into the
auricle ; the whole force of the contraction of the ventri-
cular walls is therefore expended in overcoming the resist-
ance presented by the semilunar valves. This resistance
has several sources, being the result, partly; of the weight
of the vertical column of blood which the valves support ;
partly, of the reaction of the distended elastic walls of
the great arteries, and partly, of the friction and inertia
of the blood contained in the vessels. ,

X




1] TIE WORKING OF THE I[EART. 43

It now becomes obvious why the ventricles have so
much more to do than the auricles, and why valves are
needed between the auricles and ventricles, while none
are wanted between the auricles and the veins.

. All that the auricles have to do is to fill the ventricles,
which offer no active resistance to that process, Hence
the thinness of the walls of the auricles, and hence the
- T T e, theresistance
on the side of the ventricle being so insignificant that it
gives way, at once, before the pressure of the blood in the
veins.

On the other hand, the ventricles bave to overcome a
great resistance in_order to force fluid into elastic tuhes
which are already fyll ; and if there were no auriculo-
ventricular valves, the fluid in the ventricles would meet
with less obstacle in pushing its way backward into the
auricles and thence into the veins, than in separating the
semilunar valves. Hence the necessity, firstly, of the
auriculo-ventricular valves ; and, secondly, of the thick-
ness aild strength of the walls of the ventricles. And
since thg aorta, systemic arteries, capillaries, an i

capillaries, and veins, it follows that the left veaéricle
needs a thicker muscular wall than tke right.

13. Thus, at every systole of the auricles, the ventricles
are filled and the auricles emptied, the latter being slowly
refilled by the pressure of the fluid in the great veins,
which is amply sufficient to overcome the passive resist-
ance of the relaxed auricular walls, And, at every systole
of the ventricles, 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, it must be recollected, are alread
full), a s is given to_the enti f flui
they contain, is shock 1s propagated almost Instanta-
neously throughout the fluid, becoming fainter and fainter
in proportion to the increase of the mass of the blood in
the capillaries, until it finally ceases to be discernible.
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If the vessels were tubes of a rigid material, like gas-
pipes, the fluid which the arteries contain would be trans-
orted 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 veins, and these into the heart, a
quantity of fluid exactly equal to that driven out of the
ventricles would be returned to the auricles, almost at the
same moment that the ventricles contract.

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—firstly, the
‘production of the general slight and sudden shock already
mentioned ; and, secondly, the dilatation of the great
arteries by the pressure of the increased quantity of blood
forced into them.

But, when the systole is over, the force stored up in the
'dilated arterial walls, in the shape of elastic tension, comes
into play and exerts a pressure on the fluid—the first effect
of which is to shut the semilunar valves ; the second, to
drive a certain quantity of the fluid from the larger arte-
ries along the smaller ones, These it dilates if) the same
fashions The fluid at length passing into the capillaries,
the ejection of a corresponding quantity of fluid from
them into the veins, and finally from the veins into the
heart, is the ultimate result of the ventricular systole.

. 14. Several of the practical results of the working of
the heart and arteries just described now become intel-
ligible, For example, between the fifth and sixth ribs, on
the left side, a certain movement is percegtible by the
finger and by the eye, which is known as the deating of

the heart. It j of the striki f
th against i i he
inner of the chest, at this point, at the moment of the
sysfole of the ventricles. When the systole occurs, in
fact, two things happen : in the first place, as a result of
the manner in which the muscular fibres of the heart are
disposed, its apex bends upwards sharply; and, in the
second place, its front face is thrown a little downwards

and forwards, in consequence of the stretching and élon-
gation of the aorta by the blood which is thrown into it.
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The result of one or other, or both of these actions
combined, is the upward and forward blow of the apex of
the heart which we feel.

15. Secondly, if the ear be applied over the heart, cer-
tain sounds are heard, which recur with great regularity,
at intervals corresponding with those between every two

beats. First c%z_ngi,a‘ln_g&:%duu_sumd; thep a short
sharp sound ; then a pausg; then the long, then the sharp

sound, then another pause ; and so on. There are many
different opinions as to the cause of the first sound, and
perhaps physiologists are not yet at the bottom of the
matter ; though the mere probable view is, that past-ef it
isa mu 4 s-
cu icle, and_part is due to the ten-
signqg{_.thwdudmwuiuﬂauﬂhes; but the second
sound is, without doubt, caused by the sudden closure
of the semilunar valves when the ventricular systole ends.
That such is the case has becn proved experimentally, b
hooking back the semilunar valves in a living animal,
when the second sound ceases at once.

16. ‘Thirdly, if the finger be placed upon an artery,
such as that at the wrist, what is termed the pu/se will be
felt ; that¥s to say, the elastic 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 precisely with the beat of the heart,
but takes place a little after it, and the interval is longer
the greater the distance of the artery from the heart. The’
beat in the artery on the inner side of the ankle, for ex-
ample, is a little later than the beat of the artery in the

temple.

Tﬂe reason of this is that the sense of touch by finger
is only delicate enough to distinguish the dilatation of the
artery by the wave of blood, which is driven along it by
the elastic reaction of the aorta, and is not competent to

rceive the first shock caused by the systole, But if,
instead of the fingers, sufficiently delicate levers were
made to rest upon any two arteries, it would be found
that the pulse really begins at the same time in both, the
shock of the systole making itself felt all over the vascular
system at once; and that it is only the actual dilatation
of the arterial walls, which, travelling in the form of a ~
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wave from the larger to the smaller arteries, takes longer
to reach and distend the more distant branch.

17. Fourthly, when an artery is cut, the outflow of the
fluid which it contains is increased by jerss, 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 employed in dis-
tending the walls of the artery, were the latter entire, is
spent in jerking the fluid out when the artery is cut.

18, Fifthly, under ordinary circumstances, the pulse is

o longer to be detected in the capillaries, or in the veins.
his arises from several circumstances. One of them is

that the gg:&c_ismf_.}*.l,alza_nslzhss.ni.a-n.mm-ma&ar
thi{ﬁ the caEac1t¥ of its trunk, and the capacity of the

capiliaries, as a whole, 1s greater than that of all the small
arteries put together. Hence, supposing the capacity of
the trunk to be 10, that of its branches 50, and that of
the capillaries into which these open 100, it is clear that
a quantity of fluid thrown into the trunk, sufficient to
dilate it by one-tenth, and to produce a very consjderable
and obvious effect, could not distend each branch by more
than g4th, and each capillary by {}5th of its volume, an
effect which might be quite imperceptible, ¢

19. But this is not all. Did the pulse merely become
indistinguishable on account of its division and dispersion
among so many capillaries, it ought to be felt again when

,the blood is once more gathered up into a few large venous
trunks. But it is not. The pulsc is definitely lost at the
capillaries. There is, under ordinary circumstances, no
pulse whatever in the veins, except sometimes a backward
pulse from the heart along the great venous trunks § but
this is quite another matter. '

This actual loss, or rather transformation of the pulse,
is cffected by mcans of the clasticity of the arterial walls,
in the followingZ TTameT.

In the first place it must be borne in mind that, owing
to the minute size of the capillaries and small arteries, the
amount of friction taking place in their channels when the
blood is passing through them is very great; in other
words, they offer a very great resistance o the passage

'3 3 Mhoas
The consequence of this is, that the blood-cannot get
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through the cagillaries, in spite of the fact that their total
area js so much greater than that of the aorta, into the
veins so fast as it is thrown into the arteries by the heart.
The whole arterial system, therefore, becomes over dis-
tended with blood.

Now we know by experiment that under such conditions
as these, an elastic tubc has the power, if long enough
and elastic enough, to change a jerked impulse into a
continuous flow. If a syringe (or one of the clastic
bottles now so frequently in use) be fastened to one end
of a long glass tube, and water be pumped through the
tube, it will low from the far end in jerks, corresponding
to the jerks of the syringe. This will be the case whether
the tube be quite open at the far end, or drawn out to a
fine point so as to offer great resistance to the outflow of
the water. The glass tube is a rigid tube, and there is no
elasticity to be brought into play. If now a long india-
rubber tube be substituted for the glass tube, it will be
found to act differently, according as the opening at the
far end is wide or narrow. .

If itYs wide, the water flows out in jerks, nearly as dis-
tinct as those from the glass tube, There is little resistance
to the flowy little distension of the india-rubber tube, littlel
elasticity brought into play.

If, however, the opening be narrowed, as by fastening
to it a stopcock or a glass tube drawn to a point, or if a
piece of sponge be thrust into the end of the tube; if, in
fact, in any way resistance be offered 4o the outflow of the
water, the tube becomes distended, its elasticity is brought
into play, and the water flows out from the end, not in
jerks but in a stream, which is more and more completely
continuous the longer and more elastic the tube. I

Substitute forthe svringe the heart, for t cock

or he capillari ies, for the india-
r_tul i m, and you have
exactly the same result in the living body. Through the

action of the elastic arterial walls the separate jets
from the heart are blended into one continuous stream.
The whole force of each blow of the heart is not at once

speat.n driving-a-quantity-ef-bleed.aut.of the capillaries ;
a part only_ is thus spent, th to_distend the:
clastic arterjes. But during the mtervﬁ %ween that bext
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and the next the distended arteries are narrowing again,
by virtue of their elasticity, and so are tpressing the blood
on into the capillaries with as much force as they were
themselves distended by the heart. Then comes another
blcleat, and the same process is repeated. At each stroke
the e]a;;mnif %ggksz,ﬁmpﬂlanmﬁnm' i part of the
sydden blow, and then quietly and steadily pass on that
Ea.rt of the blow to the capillaries during the interv‘al

etween the strokes.
The larger the amount of elastic arterial wall thus

brought into play, 7. e. the grea istance he
h the greater is the fraction of 4 ke
which 1s thus converted Into a steady elastic pressure
between the beats. Thus Ise_becomes less and
le t om the heart ; any given
length of the arterial system, so to speak, being sheltered

by the lengths between it and the heart.

Every inch of the arterial system may, in fact, be con-

e ——— s oo &_SMaAll i art’s jerk
re, and when all these fractions are

summed up together in the total length of the arterial

system no trace of the jerk is left.

As the effect of each systole becomes dim inished in
the smaller vessels by the causes above mentioned, that
of this constant pressure becomes more obvious, and
gives rise to a steady passage of the fluid from the ar-
‘teries towards the veins. In this way, in fact, the arteries

perform the same functions as the air-reservoir of a fire-
engine, which converts the jerking impulse given by the
pumps into the steady flow of the delivery hose.

20. Such is the general result of the mechanical condi-
tions of the organs of the circulation combined with the
rhythmical activity of the heart. This activity drives the
fluid contained in these organs out of the heart into the
arteries, thence to the capillaries, and from them through
the veins back to the heart. And in the course of these
operations it gives rise, incidentally, to the beating of the

the sounds of the heart, and the pulse.
It has been found, by experiment, that in the horse it

takes abo or any substance, as for in-
stance a chemic: y, whose presence in the blood can
easily be recognized, to complete the circuit, ez. gr. to pass



m] RAPIDITY OF THE CIRCULATION, 49

from the jugular vein down through the right side of the
heart, the lungs, the left side of the heart, up through the
arteries of the head and neck, and so back to the jugular
vein.

By far the greater portion of this half minute is taken
up by the passage through the capillaries, where the
bﬂ)o moves, it 1s estimated, at the rate on e
and a half inches | in1ete, whereas t id
%mmmm“m

inchesina sccond.
Of coursc to complete the circuit of the circulation, a

blood-corpuscle need not have to go through so much
as half of an inch of capillaries in either the lungs or any
of the tissues of the body.

Inasmuch the forcé which drives the blood on is

(putting the other comparatively slight helps on one
side) the beat of the heart and that alone, however much
it may be modified, as we have seen, in character, it is
obvious that the velocity with which thghb]ggg ‘xinoves
must greatest 1n the aorta and diminish towards the
ca'p'xl'l%é‘!‘.‘
“For with each branching of the arteries the total area
of the arterial system is increased, the total width of the
capillary tubes if they were all gut together side by side
being very much greater than that of the aorta. Hence
the blood, or a corpuscle, for instance, of the blood being
driven by the same force, viz. the heart’s beat, over the
whole body, must pass much more rapidly through the
aorta than through the capillary system or any part of
that system,

It is not that the greater friction in any capillary
causes the blood to flow more slowly there and there’
only. The resistance caused by the friction in the
capillaries is thrown back upon the aorta, which
indeed feels the resistance of the whole vascular
system ; and it is this total resistance which has to
be overcome by the heart before the blood can move
on at all,

The blood driven everywhere by the same force simply
moves more and more slowly as it passes into wider and
wider channels. When it is in the capillaries it is slowest;
after escaping from the capillaries, as the veins unite into

E
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larger and larger trunks, and hence as the total venous
area is getting less and less, the blood moves again faster
and faster for just the same reason that in the arteries it
moved slower and slower.

A very similar case is that of a river widening outina
plain into alakeand then contracting into a narrow stream
again. The water is driven by one force throughout (that
of gravity). The current is much slower in the lake than
in the narrower river either before or behind.

21. It is now necessary to trace thc 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
auricle drives that fluid into the right ventricle ; the ven-
tricle then contracts and forces it into the pulmonary
artery ; from hence it passcs into the capillaries of the
lungs. Leaving these, it returns by the f%}’_&‘?ﬁﬂfu
veins to the left auricle; and the contraction of the left
auricle drives it into the left ventricle.

The systole of the left ventricle forces the blood into
the aorta. The branches of the aorta convey it into
all parts of the body except the lungs; and from the
capillaries of all these parts, except from these of the
intestines and certain other vi i
it is conveyed, by vesselS which gradually unite into
larger and larger trunks, into either the superior or
jthe inferior wena cawva, which carry it to the right auricle
once more.

But the blood brought to the capillaries of the stomach
ang intestines, spleen and pancreas, is gathered into veins
which unite info a $ingle trunk—the vena porte. The
vena distributes its blood to the liver, minglin
with that supplied to the capillaries of the same organ %

e

ths_hW. From these capillaries it is convey:
small veins, which unite into a large trunk—the

fc wein, which opens into the inferior vena cava.
flow of the R..ibho.2 ipal viscera,
throueh the liver, to the hepatic vein, is called the

circulali

The heart itself is supplied.with _blgod _b‘;u.h;_t.\zo
comgﬁgv_am%which spring from the root of the aorta
two

just above two of the semilunar valves, The blood from
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the capillarie t is carried back by the coronary
vein, not fg cither vena cava, ¢ night auricle. The
opening of th yein i lve, so

as to prevent the right auricle from driving the venoas
blood which it contains back into the vessels of the
heart.

22, Thus, the skortest possible course which any particle
of the blood can take in order to pass from one side of
the heart to the wother, is to leave the aorta by one of the
coronary arteries, and return to the right auricle by the
coronary vein. And in order to pass through the greatest
possible number of capillaries and r- turn to the point from
which it started, a particle of blood must leave the heart
by the aorta and traverse the arteries which supply the
alimentary canal, spleen, and pancreas. It then cnters,
1stly, the capillaries of these organs ; 2ndly, the capillaries
of the liver; and, 3rdly, after passing through the right
side of the heart, the capillaries of the lungs, from which
it returns to the left side and eventually to the aorta.

Fugghermore, from what has been said respecting the
lymphatic system, it follows that any particle of matter
which enters a lacteal of the intestine, will reach the right
auricle b%} the superior cava, after passing through the
lymph capillaries and channels of sundry lymphatic
glands ; while anything which enters the adjacent blood
capillary in the wall of the intestine will reach the right
auricle by the inferior cava, after passing through the
blood capillarics of the liver.

23. It has been shown above (§ 2) that the small
arteries may be directly affected by the nervous system,
which controls the state of contraction of their muscular
walls, and so regulates their calibre. The effect of this

power_of the nervous system is to give it a certain
co-%mﬂmﬁﬁm%&?gﬁ and to
produce such a state of affairs that, although the force of
the heart and the general condition of the vessels remain
the same, the state of the circulation may be very dif-
ferent in different localities.

Blusking is a purely local modification of the circu-
lation of this kind, and it will be instructive to consider
how a blush is brought about. An emotion—sometimes
pleasurable, sometimes painful—takes possession of the

E 2
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mind : thereupon a hot flush is felt, the skin grows red,
and according to the intensity of the emotion these
ﬁhanges are confined to the cheeks only, or.gxt ot

rgats of the hair,_or all over.”
hat is the cause of these changes? The blood is a

red and a hot fluid; the skin reddens and grows hot,
because its vessels contain an incrcased quantity of this
red and hot fluid ; and its vessels contain more, because
the small arteries suddenly dilate, the natural moderate
contraction of their muscles being superseded by a state

of relaxation. In word f the nerves
wh; is muscular con ion i .
n the other hand, in many people, extrcme terror

causes the skin to grow cold, and 'the face to appear pale
and pinched. Under these circumstances, in fact, the

supply of blood to the skin is greatly diminished, in con-
sequence nm:mmmﬁanm_ouham&d the

small_axteries, which causes them to contract and so to

ely.
24. That this is the rcal state of the case may be proved
experimentally upon rabbits. These animals may be’made

to blush artificially, If, in a rabbit, the sym ctic nerve
which sends branches to the vi cnd is cut,
the ear of the rabbit, which is covered by so delicate an

integument that thc changes in its vesscls can be readily
perceived, at once blushes. That is to say, the vessels
dilate, fill with blood, and the car becomes red and hot.
The reason of this is, that when the syi_!m.at.hsﬁc is cut,
the nervous stimulus which is ordinarily sent along its
branches is interrupted, and the muscles of the small
vessels, which were slightly contracted, become altogcther
relaxed.

And now it is quite possible to produce pallor and cold
in the rabbit’s ear. To do this it is only necessary to
irritate the cut end of the sympathetic which remains
connected with the vessels. :1 ge nerve then becomes
excited, so that the muscular fibres of the vessels are
thrown into a violent state of contraction, which di-
minishes their calibre so much that the blood can hardly
make its way through them. Consequently, the ear
becomes pale and cold.

25. The practical importance of this local control
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exerted by the nervous system is immense. When ¢x-
posure to cold gives a man catarrh, or inflammation of
the lungs, or diarrhcea, or some still more serious affection
of the abdominal viscera, the disease is brought about
through the nervous system. The impression m:

the cold on the skin is conveyed to the nerv tres,
which govern the walls of the vessels are called) of the
owwpmlmma and pro-
duce that state of congestion (or undue distension of the
vessels) which so commonly ends in inflammation. (See
Lesson XI. § 15.)

26. Is the heart, in like manner, under the control of
the central nervous system ?

As we all know, it is not under the direct influence of
the will, but everyone is no less familiar with the fact
that the actions of the heart are wonderfully affected by
all forms of emotion. Men and women often faint, and
have sometimes been killed by sudden and violent joy or
sorroy ; and when they faint or die in this way, they do
so because the perturbation of the brain gives rise to a
something which arrests the heart as dead as you stop a
stop-watch with a spring. On the other hand, other emo-
tions cause that extreme rapidity and vidlence of action
which we call palpitation.

Now there are three sets of nerves in the heart: one
set are supplied by ganglia, or masses of nerve-cells, in
its substance; another set come from the sympathetic
nerve ; a third set are branches of a remarkable nerve,
which proceeds straight from the brain, and is called the
pneumogastric nerve. There is every reason to believe
that the—tegulg ical_succession of the ordinary

ig_its substance. A y rate, it Is certain that these
neo‘wmﬂﬁs—ﬂ‘epend neither on the sympathetic, nor on
the pneumogastric, since they go on as well when th
heart is removed from the body.

In the next place, there is much reason to believe that
the influence which i idi t's
a :

And lastly, it is quite Certam that t ¢finfluence which
arrests the heart’s action is supplied by the pneumo-
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gutsic. This may be demonstrated in animals, such ag
ogs, with great ease.
27. If a frog be pithed, or its brain destroyed, so as to

}.ti. 25.~Portion of the web of a frog’s foot seen under a low magnifying
mver, e blood-vessels only being retgmented except in the corner of the
d, where in the portion marked off the pigment spots are also drawn,

a. small arteries; v. smallveins: the minute tubes joining the arteries of the
veins are the capillaries. The arrows denote the direction of the circula-
tion, The larger -neri.runmng straight up in the middle line breaks up

into capillaries at points higher up than can be shown in the drawing.
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obliterate all sensibility, the animal will contirue to live,
and its circulation will go on perfectly well for an inde-
finite period. The body may be laid open without
causing pain or other disturbance, and then the heart
will be observed beating with great regularity. It is
possible to make i

and forwards ; and if frog and index are covered with a
glass shade, the air under which is kept moist, the index
will vibrate with great steadiness for a couple of days.

It is easy to adjust to the frog thus prepared a contri-
vance by which electrical shocks may be sent throuih
the pneumogastric nerves, so as to irritate them. The
moment this is done the index stops dead, and the heart
will be found quiescent, with relaxed and distended walls.
After a little time the influence of the pneumogastric
passes off, the heart recommences its work as vigorously
as before, and the index vibrates through the same arc as
formerly. With careful management, this experiment
may be repeated very many times ; and after every arrest
by thg irritation of the pneumogastric, the heart resumes
its work.

28. The evidence that the blood circulates in man, al-
though prfectly conclusive, is almost all indirect. The
most important points in the evidence are as follows :—

In the first place, the disposition and structure of thz
organs of circulation, and more especially the arrange-
ment of the various valves, will not, as was shown by
Harvey, permit the blood to flow in any other direction
than in the one described above. Morcover, we can
casily with a syringe inject a fluid from the vena cava, for
instance, through the right side of the heart, the lungs,
the left side of the heart, the arteries, and capillaries, back
to the vena cava; but not the other way. In the
second place, we know that in the living body the blood is
continual]g; flowing in the arteries towards the capillaries,
because when an artery is tied, in a living body, it swells
up and pulsates on the side of the ligature nearest the
heart, whereas on the other side it becomes empty, and
the tissues supplied by the artery become pale from the
want of a supply of blood to their capillaries. And when
we cut an artery the blood is pumped out in jerks from
the cut end nearest the heart, whereas little or no blood



56 ELEMENTARY PHYSIOLOGY. [LESSs.

F1G. 16.—~Very amall portion of Fig. 15 very highly magnified.

A. walls of capillaries; B. tissue of web lying between the capillaries ;
C. cells of epidermis covering web (these are only shown in the right-hand
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. ifrom thg other end. When, however, we tie a vein
the state of things is reversed, the swelling taking place
on the-side farthest from the heart, &c. &c., showing that
in the veins the blood flows from the capillaries to the
heart. i

But certain of the lower animals, the whole, or parts,
of the body of which are transparent, readily afford direct
proof of the circulation, the blood visibly rushing from the
arteries into the capillaries, and from the capil%aries into
the veins, so long as the animal is alive and its heart is
at work. The animal in which the circulation can be
most conveniently observed is the frog. The web between
its toes is very transparent, and the particles suspended
in its blood are so large that they can be readily seen as
they slip swiftly along with the stream of blood, when the
toes are fastened out, and the intcrvening web is examined
under even a low magnifying power (Figs. 15 and 16).

and lower part of the field ; in the other parts of the field the focus of the
microscope lies below the epidermis) ; . nuclei of these epidermic cells; £,

igment @ells contracted, not partially expanded as in Fig. 15; . red
glood corpuscle (oval in the frog) passing along capillary—nucleus not
visible; G. another corpuscle squeeang its way through a capillary, the
canal of whigh is smaller than its ewn transverse diameter; /. another
bending as it slides round a corner ; K. corpuscle in capillary scen through
the epidermis ; 7. white blood-corpuscle.
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LESSON III.
THE BLOOD AND THE LYMPH.

1. IN order to become properly acquainted with the
characters of the blood it is necessary to examine it with
a microscope magnifying at least three or four hundred
diameters, Provided with this instrument, a hand lens,
and some slips of thick and thin glass, the student will be
enabled to follow the present Lesson, Py

The most convenient mode of obtaining small quantities
of blood for examination is to twist a piece of string,
pretty tightly, round the middle of the last jbint of the
middle, or ring finger, of the left hand. The end of the
finger will immediately swell a little, and become darker
coloured, in consequence of the obstruction to the return
of the blood in the veins caused by the ligature. When
in this condition, if it be slightly pricked with a shar
clean needle (an operation which causes hardly any pain{
a good-sized drop of blood will at once exude. Let it be
deposited on one of the slips of thick glags, and covered
lightly and gently with a piece of the thin glass, so as to
spread it out evenly into a thin layer. Let a second slide
receive another drop, and, to keep it from drying, let it be
EUt under an inverted watch-glass or wine-glass, with a

it of wet blotting-paper inside. Let a third drop be
dealt with in the same way, a few granules of common
salt being first added to the drop.

2, To the naked eye the layer of blood upon the first
slide will appear of a pale reddish colour, and quite clear
and homogeneous. But on viewing it with even a
lens its apparent homogeneity will disappear, and it will
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look like a mixture of excessively fine yellowish-red par-
ticles, like sand, or dust, with a watery, almost colourless,
fluid. Immediately after the blood is drawn, the particles
will appear to be scattered very evenly through the fluid,
but by degrees they aggregate into minute patches, and
the layer of blood becomes more or less spotty.

The “particles” are what are termed the corpuscles
of the blood; the nearly colourless fluid in which they
are suspended is the plasma.

The second slide may now be examined. The drop of
blood will be unaltered in form, and may perhaps seem to
have undergone no change. But if the slide be inclined,
it will be found that the drop no longer flows; and, indced,
the slide may be inverted without the disturbance of the
drop, which has become solidified, and may be removed,
with the point of a penknife, as a gelatinous mass, The
mass is quite soft and moist, so that this setting, or coagu-
lation, of a drop of blood is something very different from
its drying.

On the third slide, this process of coagulation will be
found not to have taken place, the blood remaining as
fluid as it was when it left the body. The salt, therefore,
has preveflted the coagulation of the blood. Thus this
very simple investigation teaches that blood is composed
of a nearly colourless plasma, in which many coloured
corpuscles are suspended ; that it has a remarkable power
of coagulating; and that this coagulation may be pre-
vented by artificial means, such as the addition of salt.

3. If, instead of using the hand lens, the drop of blood
on the first slide be placed under the microscope, the par-
ticles, or corpuscles, of the blood will be found to be
bodies with very definite characters, and of two kinds,
called respectively the red corpuscles and the colouriess
corpuscles. The former are much more numerous than
the latter, and have a yellowish-red tinge; while the
latter, somewhat larger than the red corpuscles, are, as
their name implies, pale and devoid of coloration.

4. The corpuscles differ also in other and more important
vespects. Thered corpuscles (Fig. 17) are flattened circular
disks, on an average of an inch in diameter, and
having about one-fourth of that thickness. It follows that
rather more than 10,000,000 of them will lie on a space
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one inch square, and that the volume of each corpuscle
does not exceed yp, th of a cubic inch,

The br hat
congave, as if they were pushed in towards one another.
Hence the corpyscle is thinner in the middlg than at the

F1G. 17.—~RED AND WHITE CORPUSCLES OF THE BLOOD MAGNIFIED.

A. Moderately magnified. The red corpuscles are seen lying in rouleaux ;
at @ and a are seen two white col:Fuscles.

B. Red corpuscles much more highly magnified, seen in face ; C. ditto, seen
in profile ; D. ditto, in rouleaux, rather more highly magnified ; £. a red
corpuscle swollen into a sphere by imbibition of water,

F. A white corpuscle magnified same as B.; G. ditto, throwing out some
blunt processes ; g ditto, treated with acetic acid, and showing nucleus

'oom ime as D. -

K. Red corp p dor all over. | N -

Z. Ditto, at the edge only. /

egdges, and when viewed under the microscope, by trans-
rmttec'l light, loo) i i at

the edges. or dark in the middle and clear at the
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edges, according to circumstances. When, on the other
hand, the disks roll over and present their edges to the
eye, they look like rods, All these varieties of appear-
ance may be made intelligible by turning a round biscuit
or muffin, bodies similar in shape to the red corpuscles,
in various ways before the eye.

The red corpuscles are very soft, flexible, and elastic
bodies, so that they readil% squeeze through apertures
and passages narrower than their own diameters, and im-
mediately resume their proper shapes (Fig. 16, G.A.). The
exterior of each corpuscle is denser than its interior,

\vhiwmmun_}iﬂmmmﬂ\uimmr, of a re
colour, called A@mogilobin. By proper processes this may
be resolved into an albuminous substance sometimes
called globulin, and a peculiar colouring matter, which is
called Aematin, The interior substance presents no
distinct structure.

From the density of the outer as compared with the
inner substance of each corpuscle, they are, practically,
small flattened bags, or sacs, the form of which may be
changed by altering the density of the plasma. Thus, if
it be made denser by dissolving saline substances, or
sugar, in it®water is drawn from the contents of the cor-
puscle to the dense plasma, and the corpuscle becomes
still more flattened and very often much wrinkled. On
the other hand, if the plasma be diluted with water, the
latter forces itself into and dilutes the contents of the
corpuscle, causing the latter to swell out, and even be-
come spherical ; and, by adding dense and weak solutions

alternately, the corpuscles may be made to become suc-
cessively sphggxﬁam_ﬁﬁﬁ;dgl. Exposure to,r.%gmnic
ac s seems to cause the corpuscles to swell out;

oxygen , on the contrary, appears to flatten them.

. TFIESS COTPUSC TT, e F. O, K are
larger than the red corpuscles, their average diameter being
gHogth of aninch. They are further seen, at a glance,
to differ from the red corpuscles bﬂhﬁﬂﬁ&@%ﬂ?ﬁﬂﬂﬂty
0(&1@;_{93:\, and by their tendency to attach themselves
{c #he glass slide, while the red corpuscles float about and

‘imble freely over one another.
¢/ A still more remarkable feature of the colourless
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corpuscles than the irregularity of their form is the
uncemmwr&ar_eﬁﬂiﬁﬁ_ﬂ_ﬁuﬂbit- The
form of a red corpuscle 1s changed only by influences
from without, such as pressure, or the like; that of the
colourless corpuscle is undergoing constant alteration, as
the result of changes taking place in its own substance.
To see these changes well, a microscope with a magni-
fying power of five or six hundred diameters is requisite ;
and, even then, they are so gradual that the best way
to ascertain their existence is to make a drawing of a
given colourless corpuscle at intervals of a minute or
two. This is what has been done with the corpuscle
represented in Fig. 18, in which & represents the form of
the corpuscle when first observed ; 4, its form a minute
afterwards ; ¢, that at the end of the second ; d, that at

the end of the third ; and ¢, that at the end of the fifth
minute,

N
N e ‘/(\ L .
@ [ [ <

d

F16. 18 —Succrssive Forms AssuMED BY CoLourLEss CORPUSCLES OF
HumaN Broop. (Magnified about 6oo diameters )

The interval between the forms a,5,¢,d, was a minute ; between d and e two
minutes ; so that the whole series of changes from a to ¢ took five minutes,

Careful watching of a_colourless corpuscle, in fact,
shows that every part of its surface is constantly chang-

ing—undergoing active contraction ively
dila the contrac of other parts. It exhibits
contractiltty In 1ts lowest and most primitive form,

6. While they are thus living and active, no correct
notion can be formed of the structure of the colourless
corpuscles. By diluting the blood with water, or, still
better, with ﬁ% ac;{'dulated with_acetic acid, the cor-
puscles are killed, an come distended, so that their
real nature is shown. They are then seen to be sphe-
roidal bags, or sacs, with very thin walls; and to contain
in their interior a fluid which is either clear or granular,
together with a spheroidal vesicular body, which is called



ti.] DEVELOPMENT OF THE CORPUSCLES. 63

the nucleus (Fig. 17, K). It sometimes, though very
rarely, happens that the nucleus has a red tint.

The sac-like colourless corpuscle, with its nucleus, is
whatds called a nucleated coll, 1t will be observed that
it lives in a free state in the plasma of the blood, and
that it exhibits an independent contractility. In fact,
except that it is dependent for the conditions of its exist-
ence upon the plasma, it might be compared to one of
those simple organisms which are met with in stagnant
water, and are calleld 4mebe. .

7. That the red corpuscles are in some way or other
derived from the colourless corpuscles may be regarded
as certain : but the steps of the process have not been
madc out with perfect certainty, There is very great
reason, however, for_believing tm_Mc_lgW.is
sir{mlx Ehe nucleus of_thc colourless_corpuscle somewhat
enlarged; Hattened from side to side ; cEange , by de-
velopment within 1ts interior of a red colouring matter ;
and set free by the bursting of the sac or wall of the

cot!ourle.ss corpuscle. In other words, the red corpuscle is

a Eis pucleus.

The origin of the colourless corpuscles themselves is
not certairfty determined ; but it is highly probable that
they are constituent cells of particular parts of id
su y which have been detached and
carricd into the blood, and that this process is chiefly
effected in, are called the ductless glands (Lesson V,
§ 27), from whence the detached cells pass, asufymph-

corpuscles, directl into the blood.

e following facts are of importance in their bearing
on the relation between the different kinds of cor-
puscles :— .- .

(@) The invertebrate animals,! which have true blood-
corpuscles, possess only such as resemble the colourless
coTuscles of man.

(6) The lowest vertebrate animal, the Lancelet (AnzpA:-
oxus), possesses only colourless corpuscles ; and the very

young embryos? of ate animal, ly
colourlggs and nucleated corpuscles,
* Invertel imals are 'L Is devoid of backb

snails, sea &c. V. Is are fishes, ar S"Qlﬁ'” ; tiles,
) fud&,'nnd onee, c. Ver are fishes, amphibia, reptiles,
An embryo is the rudimentary unborn young of any creature
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(¢) All the vertebrated animals, the young of which are
born from eggs,! have two kinds of corpuscles—colourless
corpuscles, like those of man, and large red-coloured
corpuscles, which are generally oval, and further differ
from thosc of man in presenting a nucleus. In fact, they
are simply the colourless corpuscles enlarged and
coloured.

(@) All animals which suckle their young (or what are
called mammals) have, like man, two kinds of corpuscles ;
colourless ones, and small coloured corpuscles—-the latter
being always flattened, and devoid of any nucleus. They
are usually circular, bg:_i?_glwmd_;ﬂhg_mmdﬁ.p.
tical. And it is worthy of remark that, in these animals
the nuclei of the colourless corpuscles become elliptical.

(e) The colourless corpuscles differ much less from one
another in size and form, in the vertcbrate series, than the
coloured. The lattegare smallest in the lmﬁgz Musk Deer,
in which animal they are about a quarter as large as those
of a 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. -

“"8. As the blood dies, its several constitucnts, which
have now been described, undergo marked changes.

The colourless corpuscles lose their contractility, but
otherwise undergo little alteration. They tend to cohere
neither with one another, nor with the red corpuscles, but
adhere to the glass plate on which they are placed.

It is quite otherwise with the red corpuscles, which at
first, as has been said, float about and roll, or slide, over
each other quite freely. After a short time (the length of
which varies in different persons, but usually amounts to
two or three minutes), they seem, as it were, to become
sticky, and tend to cohere; and this tendency increases
until, at length, the great majority 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
produced (Fig. 17, 4.). .

The corpuscles remain thus coherent for a certain
length of time, but eventually separate and float freely

1 These are fishes, amphibia, reptiles, and birds.
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again. The addition of a little water, or dilute acids or
saline solutions, will at once cause the rolls to break up.

1t is from this running of the corpuscles together into
patches of network that the change noted above in the
appearances of the layer of blood, viewed with a lens,
arises. So long as the corpuscles are separate, the sandy
appearance lasts ; but when they run together, the laycr
appears patchy or spotted.

‘The red corpuscles rarely, if ever, all run together into
rolls, some always remaining free in the mcshes of the
net. In contact with air, or if subjected to pressure, many
of the red corpuscles become covered with little knobs, so
as to look like minute mulberrics—an appearance which
has been mustaken for a breaking up, or spontancous divi-
sion, of the corpuscles (Fig. 17, A. H.).

9. There is a still more remarkable change which the
red blood-corpuscles occasionally undergo. Under certain
circumstances, the peculiar red substance which forms the
chief mass of their contents, and which has been called
hamoglobin (from its readily breaking up into globulin
and haematin, § 6), separates in a crystalline form. 1n
man, these cry.itals have the shape of Erisms; in other
animals tifey take other forms. Human blood crystallizes
with difficulty, but that of_the guineagig, rat, or_dog
much more casily. The best way to € blood-
crystals is to take a little rat’s blood, from which the
fibrin has been removed, shake it up with a little ether,
and let it stand in the cold for some hours. A scdiment
will form at the bottom, whicn, when examined with the
microscope, will be found to consist of long narrow
crystals.  Crystallization is much assisted by adding
after the ether a small quantity of .alcohol.

10. When the layer of blood has been drawn ten or

fifteen minutes, the plasma will be seen to be no longer
clear. - It then exhibits multitudes of extremely delicate

ﬁhmm&n&.ﬂstaﬁggﬁ%ﬁéﬁn, which have been
deposited from it, and which traverse it in all directions,
uniting 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 causec of
the apparent solidification, or coagulation, of the drop
upon the sccond slide ; but the phenomena of coagula-

F
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tion, which are of very great importance, cannot be
propergr understood until the behaviour of the blood,
when drawn in larger quantity than a drop, has been
studied.

11. When, by the ordinary 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 very few minutes it
becomes, through coagulation, a_jelly-like mass, so solid
that the basin may be turned ups:he éown without any of
the blood being spilt. At first the clot is a uniform red

jelly, but very soaﬁmm&f_a&xﬁl@v_i?_ﬂamy-
logking fluid make their appearance on the surface of the
clot, and on the sides of the basin. These drops increase
in number, and run together, and after a while it has
become apparent that the originally uniform jelly has
separated into two very different constituents—the one a
clear, yellowish liquid ; the other a red, semi-solid mass,
which lies in the liquid, and at the surface is paler in
colour and firmer than in its deeper part.

The liquid is called the ser#7z,; the semi-solid mass the
clot, or crassamentum. Now the clot obviously contains
the corpuscles of the blood, bound together by some
other substance ; and this last, if a small part of the clot
be examined microscopically, will be found to be that
fibrous-looking matter, fib»iz, which has been seen form-

_ing in the thin layer of blood. Thus the clot is equiva-

i lent to the corpuscles g/us the fibrin of the plasma, while
the serum is the plasma minus the fibrinous clements
Wwhich it contained.

.+ The corpuscles of the blood are slightly heavier
than-the-plasma, and therefore, when The BIOOT T8 drawh,
they sink very slowly towards the bottom. Hence the
upper part of the clot contains fewer corpuscles, and is
lighter in colour, than the lower part—there being fewer
corpuscles left in the upper layer of plasma for the
fibrin to catch when it sets. ‘And there are some con-
ditions of the blood in which the corpuscles run together
much more rapidly and in denser masses than usual.
Hence they more readily overcome the resistance of the
plasma to their falling, just as feathers stuck together in
masses fall much more rapidly through the air than the
same feathers when loose. When this is the case, the
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upFer stratum of plasma is quite free from red corpuscles
before the fibrin forms in it; and, consequently, the
uppermost layer of the clot is nearly white : it receives

thi name of the bufly coat.
ter the clot'1s formed, the fibrin shrinks and squeezes

out much of the serum contained within its meshes ; and,
other things being equal, it contracts the more the fewer
corpuscles there are in the way of its shrinking. Hence,
when the buffy coat is formed, it usually contracts so much
as to give the clot a cup-:like upper surface.

Thus the buffy coat is fibrin naturally separated from
the red corpuscles ; the same separation may be effected,
artificially, by whipping the blood with twigs as soon as
it is drawn, until its coagulation is complcte. Under
these circumstances the fibrin will collect upon the twigs,
and a red fluid will be left behind, consisting of the serum
Plus the red corpuscles, and many of the colourless ones.

13. The coagulation of the blood is hastcned, retarded,
or temporarily prevented by many circumstances.

(@) ol emperature.—A high temperature accclerates the
coagulation of the blood; a low one retards it very
greatly ; and some cxperimenters have stated that, when
kept at a%ufficiently low temperature, it does not coagu-
late at all.

(0) The addition of soluble matter to the blood—Many
saline substances, and more especially sulphate of soda

and common salt, dissolved in the blood In it
quantity, its coagulation ; but coagulation sets
in when water is added, so as to dilute the saline solution,

(¢) Contact with living or not living matter.—Contact
with not living matter promotes the coagulation of the.
blood. Thus, blood drawn into a basin begins to coagu-
late first where it is in contact with the sides of the
basin; and a wire introduced into a living vein will
become coated with fibrin, although perfectly 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 ir
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

F2
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the body ; and, so long as it remains alive, the blood con-
tained in it will not coagulate, though, if  portion of the
same blood be removed from the heart, it will coagulate in
a fey minutcs,

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

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

14. The coagulation 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 blood-plasma be prevented from coagulating by cold,
and greatly diluted, a current of carbonic acid passed
through it will throw down a white powdery substance.
If this white substance be dissolved in a weak solution of
common salt, or in an extremely weak solution of notash
or soda, it, after a while, coagulates, and yields a clot of
true pure fibrin, It Would be absurd to suppose that a
substance which has been precipitated from 1t$' solution,
and redissolved, still remains alive,

There are reasons for believing that this white sub-
stance consists of two constituents of very similar com-
position, 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 peri-
ca;dmm,and_w;agwities in the body contain a
cl%md
contai ¥ € blood-
coxpuscles. This fluid sometimes co pon-
taneously, as the blood plasma would do, but very often
shows no disposition to spontancous coagulation. When
this is the case, it may nevertheless be made to coagulate,
and yicld a true fibrinous clot, by adding toit-a little
serum-ef-blood.

Now, if scrum of blood be largely diluted with water
and a current of carbonic acid be gas passed through it,
a white powdery substance will be thrown down; this,
redissolved in a dilute saline, or extremely dilute alkaline,
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solution will, when added to the pericardial fluid, produce
even as good a clot as that obtained with the original
serum.

This white substance has been called globulin, It
exists not only in serum, but also, though in smaller
quantitics, in connective tissuc, in the cornea, in the
humours of the-eye, and in some other fluids of the body.

It possesses the same general chemical properties as
the albuminous substance which enters so largely into the
composition of the red corpuscles (§ 4), and hence, at
present, bears the same name. But when treated with
chemical reagents, even with such as do not produce any
appreciable effect on its chemical composition, it very
speedily loses its peculiar power of causing serous fluids
to coagulate. For instance, this power is destroyed by an
excess of alkali, or by the presence of acids.

Hence, though there is great reason to believe that the
fibrino-plastic globulin (as it has been called) which exists
in serum does really come from the red corpuscles, the
globy}in which is obtained in large quantities from these
bodies, by the use of powerful reagents, has no coagu-
lating effect at all on pericardial or other serous fluids.

Though globulin is so susceptible of change when in
solution, it may be dried at a low temperature and kept in
the form of powder for many months, without losing its
coagulating power.

Thus globulin, added, under proper conditions, to serous
effusion, is a coagulator of that cffusion, giving rise to the
development of fibrin in it.

It does so by its interaction with a substance contained
in the serous effusion, which can be extracted by itself,
and then plays just the same part towards a solution of
globulin, as globulin does towards its solution. This
substance has been called férinogen. It is exceedingly
like globulin, and may be thrown down from scrous
exudation by carbonic acid, just as globulin may be
precipitated from the serum of the blood. When redis-
-solved in an alkaline solution, and added to any fluid con-
taining globulin, it acts as a coagulator of that fluid, and
gives rise to the development of a clot of fibrin in it. In
accordance with what has just been stated, serum of blood
which has completely coagulated may be kept in one
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vessel, and pericardial fluid in another, for an indefinite
period, if spontanecus decomposition be prevented, with-
out the coagulation of either. But let them be mixed, and
coagulation sets in. )

Thus it seems to be clear, that the coagulation of the
blood, and the formation of fibrin, are caused primarily
by the interaction of two substances (or two modifications
of the same substance), globulin or fibrinoplastin and
fibrinogen, the former of which may be obtained from the
serum of the blood, and from some tissues of the body;
while the latter is known, at present, only in the plasma
of the blood, of the lymph, and of the chyle, and in fluids
derived from them.

15. The proverb that “blood is thicker than water” is
literally true, as the blood is not only “ thickened ” by the
corpuscles, of which it has been calculated that no fewer
than 70,000,000,000 (eighty times the number of the human
Bopulation of the globe) are contained in a cubic inch,

ut is rendered slightly viscid by the solid matters dis-
solved in the plasma. The blood is thus rendered hzavier
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 corpuscles are heavier than the plasma, and their
volume is usually somewhat less than that of the plasma.

more than
thr es ; but
the number varies very much, increasing shortly after
food is taken, and diminishing in the intervals between
meals.

The blood is hot, its temperature being about 100°
Fahrenheit.

16, Considered chemically, the blood is an alkaline
fluid, consisting of water, of solid and of gaseous matters.

The proportions of these scveral constitutents vary
according to age, sex, and condition, but the following
statement holds good on the average :—

In every 100 parts of the blood there are 79 parts of
water and 21 parfs of dry solids; in other words, the
water and the solids of the blood stand to one another in
about the same proportion as the nitrogen and the oxygen
of the air. Roughly speaking, one quarter of the blood
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is dry, solid matter ; three quartets water. Of the 21
arts of dry solids, 12 (= $ths) belong to the corpuscles,
he remaining g are about two-thirds (6'7 parts = %ths)

albumin (a substance like white of egg, coagulating by
heat), and one-third (= }th of the whole solid matter) a
mixture of saline, fatty, and saccharine miatters, sundry
products of the waste of the body, and fibrin. The
quantity of the latter constituent is remarkably small in
relation to the conspicuous part it plays in the act of
coagulation. Healthy blood, in fact, yields in coagulating
not more than from two to four parts in a thousand of its
weight of fibrin.

The total quantity of gaseous matter contained in the
blood is equal to rather less than half the wolume of the
blood ; that is to say, 100 cubic inches of blood will con-
tain rather less than 5o cubic inches of gases. These
gaseous matters arc carbonic acid, oxygen, and nitrogen ;
or, in other words, the same gases as those which exist in
the atmosphere, but in totally different proportions; fo
whergas air contains nearly three-fourths nitrogen, one-
fourth oxygen, and a mere trace of carbonic acid, the
average composition of the blood gases is nearly two-
thirds catbonic acid, rathcr less than one-third oxygen,
and not one-tenth nitrogen,

It is important to observe that blood contains much
more oxygen gas than could be held in solution by pure
water at the same temperature and pressure. This
power of holding oxygen appears in some way to depend
upon the corpuscles, firstly, because mere serum has no
greater power of absorbing oxygen than pure water has ;
and secondly, because red corpuscles suspended in water
instead of serum absorb oxygen very readily. The oxygen
thus held by the red corpuscles is readily given up by
them fcr purposes of oxidation, and indeed can be
removed from them by means of a mercurial gas pump.
It would appear that the connection between the oxygen
and the red corpuscles is of a peculiar nature, being a sort
of loose chemical combination with one of their con-
stituents, that constituent being the hzmoglobin; for
solutions of haemoglobin behave towards oxygen exactly
as blood does.

The corpuscles differ chemically from the plasma, in
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containing a large proportion of the fats and phosphates,
all the iron, and almost all the potash, of the blood ;
while the plasma, on the other hand, contains by far the
greater part of the chlorine and the soda.

17. The blood of adults contains a larger proportion of
solid constituents 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 lymphatic, constitution.

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

18. The total quantity of blood contained in the body
varics at different times, and the precise ascertainment of
its amount is very difficult. It may probably be esti-
mated, on the average, at notless than one-thirteenth of
t ight of th y. .

19. The Tunction of the blood is to supply nourishment
Lo, and takc away waste matters from, all parts of the

Odﬁ' It is absolutely essential to the life of ‘every part
of the body that it should be in such relation with a cur-
!rent of blood, that matters can pass frecly from the blood

o it, and from it to the blood, by transudation through
the walls of the vessels in which the blood is contained.
And this vivifying influence depends upon the corpuscles
‘of the blood. ~ The proof of these statements lies in the
following experiments :—If the vessels of a {imb of a
living animal be tied in such a manner as to cut off the
supp%y 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 an cold, it will lose its sensibility,
and volition will no longer have power over it ; it will
stiffen, and eventually mortify and decompose.

But, even when the death stiffening has begun to set in,
if the ligatures be removed, and the blood be allowed to
flow into the limb, the stiffening speedily ceases, the tem-
perature of the part rises, the sensibility of the skin re-
turns, the will regains power over the muscles, and, in
short, the part returns to its normal condition.
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If, instead of simply allowing the blood of the animal
operated upon to flow again, such blood, deprived of its
fibrin by whipping, but containing its corpuscles, be arti-
ficially Passed through the vesscls, it will be found as
effectual a restorative as entirc blood ; while, on the other
hand, the serum (which is equivalent to whipped blood
without its corpuscles) has no such effect

It is not necessary that the blood ttas artificially in-
jected should be that of the subject of the experiment.
Men, or dogs, bled to apparent death, may be at once and
cffectually revived by filling their vemns with blood taken
from another man, or dog ; an operation which is known
by the name of fransfusion.

Nor is 1t absolutely necessary for the success of this
-operation that the blood used in transfusion should belong
to an animal of thc same species. The blood of a horse
will germanently revive an ass, and, speaking generally,
the blood of one animal may be replaced without injurious
effects by that of another closcly-allied species; while
that ¢f a very different animal will be more or less in-
jurious, and may even cause immediate death, '

20. The Lymph, which fills the lymphatic vessels, is,
like the Blood, an alkaline fluid, consisting of a plasma
and corpuscles, and coagulates by the separation of fibrin
from the plasma. The lymph differs from the blood in
its corpuscles being all of the colourless kind, and in the
very small proportion of its solid constituents, which
amount to only about § per cent. of its weight. Lymph
may, in fact, be regarded as blood menus its red cor-
puscles, and diluted with water, so as to be somewhat less
dense than the serum of blood, which contains about 8
per cent. of solid matters.

A quantity of fluid equal to that of the blood is pro-
bably poured into the blood, daily, from the lymphatic
system, This fluid is in great measure the mere overflow
of the blood itself—plasma which has exuded from the
capillaries into the tissues, and which has not been taken
up again into the venous current ; the rest is due to the
absorption of chyle from the alimentary canal,
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LESSON 1V,

RESPIRATION.

1. THE blood, the general nature and properties of
which ‘have been described in the preceding Lesson, is
the highly comglex product, not of any one organ or con-
stituent of the body, but of all. Many of its features are’

doubtless given to it by its j.ngm%p_md.mpmmxral
elq%%;\;sﬁ_;hr_ggm?gles; but the general character of
the blood is also profoundly affected by the circumstance
thatexgry other part.of th thing from
the urs something.into it. The blood may
be compared to a river, the nature of the contents of
which is largely determined by that of the head watgrs,
angd by that of the animals which swim 1P 1t ; but which
is also very much anected Dy the soil over which it
flows, by the water-weeds which cover its banks, and
by affluents from distant regions; by irrigation works
which are supplied from it, and by drain-pipes which
flow into it.

2. One of the most remarkable and important of the
changes effected in the blood is that which results, in

most.parts of the body, from its simply passi h
* gapillaries, or, in other words, t vessels the walls
of which are thin enough to permit a free exchange be-
tween.the blood-and A 1 i
cenfti i (Lesson IL § 1).

I Thus, if blood be taken from the artery which supplies
a limb, it will be found to have a bright scarlet colour ;
while blood drawn, at the same time, from the vein of the
limb, will be of a purplish hue, so dark that it is com-
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_ -galled “ bl od.” And as this contrast is met
with in the contents of the arteries and veins in general
(except the pulmonary arte;z and veins), the scatlet blood
is commonly known as ar#erzal, and the black blood as
venous. '

This conversion of arterial into venous blood takes
place in most parts of the body, while life persists. Thus,
if a limb be cut off and scarlet blood be forced into its
irterciles by a syringe, it will issue from the veins as black

lood.

3. When specimens of venous and of arterial blood are
subjected to chemical examination, the differences pre-

small and-inconstant. As a rule, there is rather

— d rather more fatty matter,
But the gaseous contents of the two Kinas of Bood dilfer

widely in the proportion which the carbonic acid gas
bears to the oxygen ; there being aﬂw of'
oxygen.and.a greater quantity of carbonic acid, 1n venous
than imarterial blood.

And it may be experimentally demonstrated tift this
difference in their gaseous contents is the only essential
difference between venous and arterial blood. For if
venous blood be shaken up with oxygen, or even with air,
it gains oxygen, loses carbonic acid, and takes on the
colour and’ propertics of arterial blood. Similarly, if
arterial blood be treated with carbonic acid so as to be‘
thoroughly saturated with that gas, it gains carbonic acid,
loses oxygen, and acquires the true properties of venous
blood ; though, for a reason to be mentioned Felow, the

' is not so complete in_this case as in the o%p_ﬁr.
The same result 1s attained, though more slowly, if the
blood, in either case, be received into a bladder, and ther
placed in the carbonic acid, or oxygen gas; the thin
mgjst animal membrane allowing the cha ed
with perfect ease; offering no serious impediment to
the passage of either gas.

4. The physico-chemical processes involved in the
exchange of carbonic acid for oxygen when venous is
converted into arterial blood, or the reverse, in the cases

mentioned above, are not thoroughly understood, and are
probably somewhat complex.
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It is known (e) that gascs, m i held by a fluid

in a given pr
to _
sphere in_corresponding Erosortions; (0) that_gases
separate a dry porous parfition, or simply in contact,
diffti5€ Into one another with a rapidit Wm‘cl% is inversely
]Zr portioned _{Q th guare rgots o eir_denstties.
nowledge of these phy ples 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
blood be freely exposed, or enclosed in a membrane.

But the application of these principles gives no more
than this sort of general insight, For, in the first place,
when arterialization takes place through the walls of a
bladder, or any other thin animal membrane, the matter
is complicated by the circumstance thataaisture dissglves
cq@n&& acid ga; more freel¥ thag it will oxygen ; hence
a wet er has a ve ifferent action upon carbonic
acid from that which it has upon oxygen. A moist
bladder, partially filled with oxygen, and suspepded in
carbonic acid gas, becomes rapidly distended, in con-
sequence of the carbonic acid gas passing into it with
much Freater rapidity than the oxygen flasses out.

Yy

Secondly, the gaggs of 1 ot a

merely mechanical wa ;%Wbe
1o<§£mm§um%mcles (Lesson TIL.
§ 16), and there is reason to think thata great part, at

least, of the carbanic acid, is chemically connected, in a

similagly loose sway, with certain saline constituents of
the serum. Hence the arterialization ood in the
lungs seems to be a very mixed process, pagtly physical,
and ertain_exten ical, and consequently
very difficult to analyse.

The same may also be said of the change from arterial
to venous blood in the tissues. Owing to the pcculiar
relation of oxygen to the red blood-corpuscles, the process
which takes place in the tissues is not a simple inter-
ichange by diffusion of the oxygen of the blood for the
carbonic acid of the tissues ; on the contrary, the oxygen
is given up for purposes of oxidation, the demand being
'determined by the supply of oxidizable materials in the
tissue, whilc the blood, poor in carbonic acid, takes up,
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apparently by an independent action, a quantity of that
gas from the tissues rich in it.

Hence venous blood is characterized not only by the
large amount of carbonic acid present, but also by the

fact that the red corpuscles have given up a good deal of

chemists would say, ced. - This is the
reason why arterial blood is not so casily converted into
venous blood by exposure to carbonic acid as venous
blood into arterial by cxposure to oxygen. There is, in
the former case, a yan i to
ca ¢ red corpus-
cles. When such an oxidizable substance is added (as,
for instan salt of jron), the blood at once and imie-
diately becomes completely venous. ) i
Practically we may say that the most important differ-
ence between venous and arterial blood is not so much

the r ntities of carbonic acid he -
pusgcl apous blood have Iost a good deal of oxygen,
are redsced, and ready at once to take up any oxygen

offered to them.

5. The cause of the change of colour of the blood—ot
its darkening when exposed to carbonic acid, and its
brightening when under the influence of oxygen—is not

thoroughly understood. Therg is. to_think, how-
evgr, that the red cofpuscles are rendere somewhat

B . 4). Under the
former circumstances they may, not improbably, reflect

the_light mo;i §E§anly, so as to give a more distinct
coloration to the blood ; while, under the latter, they may
reflect less light,*and, in that way, allow the blood to
appear darker and duller.
This, however, is not the whole of the matter; for
solutions of haemoglobin or of blood-crystals (Lesson I11.
5 EVENl W, frce from actual blood-cor-
puscles, change in colour from scarlet to purple, accord-,
ing as they gain or lose oxygen. It has already been
stated (Lesson III § 16) that oxygen most probably
exists in the blood in loose combination with hzmo-
globin. But, further, there is evidence to show that a
solution of h2moglobin, when thus loosely combined with
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oxygen, has a scarlet colour, while a solution of heemo-
globin, deprived of oxygen, has a purplish hue. Hence
arterial blood, in which the hamoglobin is richly pro-
vided with oxygen, would naturally be scarlet, while
venous blood, which not only contains an excess of car-
bonic acid, but whose haemoglobin also has lost a grecat
deal of its oxygen, would be purple.

6. Whatever may be their explanation, however, the
facts are certain (1), that arterial blood, separated by
only a thin membrane from carbonic acid, or from a fluid
containing a greater amount of carbonic acid than itself,
and also carrying certain oxidizable materials, becomes
venous ; and (2) that venous blood, separated by only a
thin membrane from oxygen, or a fluid containing a
greater proportion of frec 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
vee— _of the body, for the latter _~ °~ _~~ -
juiﬁ;_q{_éhg_}jﬁues, which contain carbonic acid, the
product of their waste and combustion, in excess, to-
gether with highly oxidizable matters. On the other
hand, if we seek for the explanation of the cnversion of
the dark blood in the veins into the scarlet blood of
the arteries, we find, 1st, that the blood remains dark in
the rigud%smwmwme_wggary

. 2nd, that 1t is scar]et not_only jn the aorta; but in
- _deftventricle, the left auricle, and the pulmonary veins.

Obviously, then, the change from venous to arterial
takes place in the pulmonary capillaries, for these are the
sole channels of comMunicafion between the pulmonary
arteries and the pulmonaxy veins.

7. 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,
50 as to fo! > i s 3 esiZl which, js
contained in t ance of an e y thin mem-
brane. This mem 1%:5 i§in t&eﬂ %e air, so that
the blqpd in cach capillafy of the 1 eparated from
theaj :
and the lung mémbrane.” Hence an exchange very readily
takes place between the blood and the air; the latter

the lung is
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gaining moisture and carbonic acid, and losing oxygen
(Lesson L. §§ 23, 24).2

This is the essential step in respiration : that it really
takes place may be demonstrated very readily, by the
experiment described in the first Lesson (§ 3), in which
air expired was proved to differ from air inspired, by con-
taining more heat, more water, more carbonic acid, and
less oxygen ; or, on the other hand, hy putting a hgature
on_the windpipe of a living animal so as to prevent air
from passing into, or out of, the lungs, and then examin-
ing the contents of the heart and great vessels. The
blood on both sides of the heart, and in the pulmonary
veins and aorta, will be found to be as completely venous
as in the ven® cave and pulmonary artery.

But though the passage of carbonic acid gas und hot
watery vapour out of the blood and of oxygen into it
is the essence of the respiratory process—and thus a
membrane with blood on onc side, and air on the other,
is all that is absolutcly necessary to effect the purification

of the Rlood-—yet the accumulation of carbonic acid is so
rapid, and -f-hﬂ..n_ede_d_inx.-nx-)m.sunc_ewn , in all parts
of the human body, that the former could not be cleared
away, nor %the latter supplicd, with adequate rapidity,
without the aid of extensive and complicated accessory
machinery—the arrangement and working of which must
next be carefully studied.

8. The back of the mouth or pharynx communicates
by two channels with the external air (sce Fig. 40). One
of these is formed by the nasal passages, which cannot
be closed by any muscular apparatus of their own; the
other is presented by the mouth, which can be shut or
opened at will.

Immediately behind the tongue, at the lower and front
part of the pharynx, is an aperture—tha.glet#is (Fig.
19, G/.)—capable i id=—the
eﬁm{a‘s—or by the shutting together of its side bound-
afies, formed by the so-called wocal chords. The glottis

¥ The student must guard himself against the idea that drterial bl con- |
tains no carbonic acid, and venous blood no ox{g,e . N\In passing tHroui the
lungs venous blood loses only a part of its cdrbonis ; and arterial blood,
in passing through the tissues, loses only a part of its oxygen.  In blood,
however venous, there is in health always some oxygen; and in even the
brightest arten; blood there is actually more carbonic acid than oxygen.
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opens inmzs%am_efg_m%_c‘mnmwalls—.—the
lgrynx; and leading from the larynx downwards along

¢ front part of the threat, where it may be very readily -
felt, is the #frackea, or windpipe (Fig. 19, 77.).

F16 19.—BAck View or THE NECK AND THorAX oF A HuMAN SusjecT
FROM WHICH THE VERTEBRAL COLUMN AND WHOLE POSTERIOR WALL
oF THE CHEST AKE SUPPOSED TO BE REMOVED.

M. mouth ; G/ glottis; 7. trachea; L.Z. left lung; R.L. right lung ; Br.
bronchus; P.A. pulmonary artery; P I, pulmonary veins; Ao. aorta;
D. diaphragm ; 4. heart; ¥.C./. vena cava inferior.

If the trachea be handled through the skin, it will be
found to be firm and resisting. Its walls are, in fact,
strengthened by a series of cartilaginous hoops, which
hoops are incomplete behind, m united
only by muscle and membrane, where the trachea comes
into contact with th acus. The_trachea
pagsesi rax, and there divides into two branches,
a n%rt and a left, which are termed the Zuonghs (Fig.
19, Br.). Each bronchus enters the lung of its own side,
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and then breaks up into a great number of smaller
branches, which are called the dzouckigl fubes. As these
diminish in size, the cartilages, which are continued all
through the bronchi and their large ramifications, become
smaller and eventually disappear, so that the walls of the
smallest bronchial tubes_are entirely muscular or mem-
branous. Thus while theStrachea and bronchi are kept
Ptfanently open and pervious to air by their cartilages,
the smaller bronchial tubes may be almost closed by the
contraction of their muscular walls,

“The finer bronchial tubes end at length in elongated

dilatations, abtiut ;Eth ofan inch in diameter on the average
(Fig. 20,A). Each of these dilatations 1s peset with, or
perhaps rather is made up of, little sacs, which open irre-
gularly into the cavity o‘}%ﬁmmre
tlu‘__q__"-'l‘_!_‘ﬁ?.—-%v‘vm‘rhirr-wﬂs (Fig. 20, B) which
separate these air-cells are supported by much delicate
and highly elastic tissue, and carry the wide and close-set

capillaries into which the ultimate ramifications of the
pqlgéonarz arteg pour its blood (Fig. 20, D). Thus, the
blood contained in these capillaries is exposed on both
sides to the air—being separated from the air-cell on
either hanll only by the very delicate pellicle which forms |
the wall of the capillary, and the lining of the air-sac.

9. Hence no conditions can be more favourable 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 ; and, thus far,
the structure of the lung fully cnables us to understand
how it is that the large quantity of blood poured through
the pulmonary circulation becomes exposed in very thin
streams, over a large surface, to the air. But the only
result of this arrangement would be, that the pulmonary
air would very speedily lose all its oxygen, and become
completely saturated with carbonic acid, if special pro-
vision were got made for its being incessantly renewed.

10. If an adult man, breathing calmly in the sittin
position, be watched, the respiratory act will be observe

to be repeated thirteentofficen times cvery minute,
Each act consists of certain components which succeed

one another in a regular rhythmical order. First, the
breath is drawn in, or nspired; €diately afterwards
G
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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 the auricular
systole, the ventricular systole, and then a pause follow in

Fi6. 20,
A. Two air-cells () with the ultimate krom:hial tube (a) which opens into
them. nified 20 diameters ) .
B. Diagra ic_view of an air-cell of A seen in section: a, epithelium ;

&, partition between two adje{c‘egg cells, in _the thickness of which the

capillaries run : ¢, fibres of elastic fissue

C. Portion of injected lung magnified : 2, the capillaries spread over the walls
of two adjacent air-cells ; 4, small branches of arteries and veins,

D, Portion still more highly magnified.
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regular order ; so in the chest, the inspiration, the expi-
ration, and then a pause succeed one another. At each

inspiration of an adult well-grown man apout thirty cubic
ixu;ﬁgﬁ of air a;% inspired ; and at each expiration the
same, or a slightly smaller, volume (allowing for the in-
crease of temperature of the air so expired) is given out
of the body.

11. The expired air differs from the air inspired in the
following particulars :—

(@) Whatever the temperature of the external air is, that
expired is nearly as hot as the blood, or has a temperature
between 98° and 100°.

() However dry the external air may be, that expired is
quite, or nearly, saturated with watery vapour.

(¢) Though ordinary air contains nearly 2,100 parts of
oxygen, and 7,900 of nitrogen, with not more than 3 parts
of carbonic acid, in 10,000 parts, expired air contains
about 470 parts of carbonic acid, and only 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 ccnt, of
. and Jost ive por cent.Q

The expired air contains, in addition, a 5;;31:; or less
quantity “of _amimal matter of a highly decomposable
chagacter.

(@) Very closc analysis of the expired air shows, firstly,
that the quantity of oxygen which disappears is always
slightly in excess of the quantity of carbonic acid sup-
plied ; and secondly, that the nitrogen is variable—the
cxpired nitrogen being sometimes slightly in excess of]
sometimes slightly less than that inspired, and sometimes
remaining stationary.

12. From three hundred and fifty to four hundred cubic
feet of air amﬁmuu
man taking little or no exercise, in the course of twenty-

four hours; and are charged with carbonic acid, and,
deprived of oxygen, to t!

hegxtent of nearlyfive,

This amounts to about eigmm&%qu%lgggshgas

tmmw%mt. Thus, 1t a mah 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

bave passed through his lungs in twenty-four hours, and
: G 2
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a fourth of the oxygen it contained will be replaced by
carbonic acid.

_ The quantity of carbon eliminated in the twenty-four
hours is pretty nearly represented by a piece of pure char-

c s.
The quantity of water given off from the lungs in the
twenty-four hours varies very much, but may be taken on

the average 3 er less tha , or aboyt nine
It may fall below this amount, or increase to

double or treble the quantity.

13. The mechanical arrangements by which the respi-
ratory movements, cssential to the removal of the great
mass of effete matters, and the importation of the large
quantity of oxygen indicated, are effected, may be found

in—(a) the s; (&) thamuhunul{_t_hc
sid i ity in which the lungs
are gantained.

The thorax may be regarded as a complectely shut coni-
cal box, with the small end turned upwards, the back of
the box being formed by the spinal column, the sides by
the ribs, the front by the breast-bone, the bottom by the
diaphragm, and the top by the root of the neck (Fig. 19).

The two lungs occupy almost all the cavity of this box
which is not taken up by the heart. Each is enclosed in
its serous membrane, the plexra, a double bag (very simi-

lar to the pericardium, the chief difference being that the
outeg bag of each ple s, over the greater part of its ex-
tent, quite fiymly adh R Besl an

diaphragm (see Fig. g), while the outer bag of the peri-
cardium 1s for the most part loose), the inner bag closely
covering the lung and the outer forming a lining to the
cavity of the chest. So long as the walls of the thorax
are entire, the cavity of cach pleura is practically oblite-
rated, that layer of the pleura which covers the lung being
in close contact with that which lines the wall of the
chest ; but if a small opening be made into the pleura,
the lung at once shrinks to a comparatively small size,
and thus develops a great cavity between the two layers
of the pleura. If a pipe be now fitted into the bronchus,
and air blown through it, the lung is very readily dis-
tended to its full size ; but, on being left to itself, it col-
lapses, the air being driven out again with some force.
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The abundant elastic tissues of the walls of the air-cells
are, in fact, so dispoced as to be greatly stretched when
the lungs are full ; and, when the cause of the distension
is removed, this elasticity comes into play and drives the
greater part of the air out again.

The lungs are kept distended in the dcad subject, so
long as the walls of the chest are entire, by the pressure

IiG. 21 ~Vigw or Four Rics oF THE DoG wWITH THE INTERCOSTAL
Mvuscres.,

a. The bony rib ; 4, the cartilage ; ¢, the junction of bone and cartilage ;
d, unossified, ¢, ossified, portions of the sternum. 4. Externalintercostal
muscle. - 5, Internal intercostal muscle. In the middle interspace, the
gxtem;l.intercostal has been removed to show the internal intercostal

eneath it.

of the atmosphere. For though the elastic tissue is all
the while pulling, as it were, at the layer of pleura which
covers the hing, and attempting to separate it from that
which lines the chest, it cannot produce such a separation
without developing a vacuum between these two layers,
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To effect this, the elastic tissue must pull with a force
greater than that of the external air (or fifteen pounds to
the square inch), an effort far beyond its pewers, which
do not equal more than one-fourth of a pound on the
square inch. But the moment a hole is made in the
pleura, the air enters into its cavity, the atmospheric pres-
sure inside the lung is equalized by that outside it, and
the elastic tissue, freed from its opponent, exerts its full
power on the lung.

14. Thelungs are elastic, whether alive or dead. During
life the air which they contain may be further affected by
the congractility of the _muscular swalls.of the branchial
tubes. If water is poured into the lungs of a recently-
killed animal, and a series of electric shocks is then sent
through the bronchial tubes, the latter contract, and the
water is forced out. Lastly, during life a further source
of motion in the bronchial tubes is provided by the ci/ia
—minute filaments attached to the epithelium of the tubes,
which incessantly vibrate backwards and forwards, and
work in such a manner as to sweep liquid and solid matters
outwards, or towards themﬁajLL_—"—

13, TNETIbs arc attached to the spine, so as to be freely
moveable upon it ; but when left -to themselves they take
a position which is inclined obliquely downwards and
forwards.! Two sets of muscles, called intercostals, pass
between the successive pairs of ribs on each side. The
outer set, called external intercostals (Fig. 21, A), run from
the rib above, obliquely downwards and forwards, to the
ribbelow. The other set, Zn2fernal intercostals (Fig. 21, B),
cross these in direction, passing from the rib above, down-
wards and backwards, to the rib below.

The action of these muscles is somewhat puzling at
first, but is readily understood if the fact that when a
muscle contracts, it tends to make the distance between its
two ends as shoré as possible, be borne in mind. Let a
and & in Fig. 22, A, be two parallel bars, moveable by
their ends upon the upright ¢, which may be regarded as
at the back of the apparatus, then a line directed from

t T purposely neglect the consideration of the cartilages of the ribs, and
snme other points, in order not to complicate the question unnecessarily. It
may, however, be stated that those fibres of the intetnal intercostals which
are situate between the cartilages act like the external, and raise the ribs.
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to y will be inclined downwards and forwards, and one
from w to z will be directed downwards and backwards.
Now it is obvious that there is one position of the rods,
and one only, in which the points x and y arc at the
shortest possible distance, and one position only in which
the points 2 and z are at the shortest possible distance ;
and these are, for + and y the position B, and for % and z

FI1G. 22.~D1AGRAM OF MODELS ILLUSTRATING THE ACTION OF THft
EXTERNAL AND INTERNAL INTERCOSTAL MUSCLES.

B, inspiratory elevation ; C, expiratory depression.

the position C. These positions are respectively such
that the points %, y, and w, 2, are at the ends of straight
lines perpendicular to both rods. . )

Thus, to bring x and y into this position, the parallel
rods in A must move upwards ; and to bring % and & into
it, they must move in the opposite way.

If the simple apparatus just described be made of wood,
hooks being placed at the points z, y, and w, 2, and an
elastic bang, as long when left to itself as the shortest dis-
tance between these points, be provided with eyes which
can be readily put on to or taken off these hooks : it will be
found that when the bars are in the horizontal position,
A, the elasticity of the band, whep hooked on to x and I{’
will bring them up into the position shown in Fig. 22, B;
while, if hooked on to w and z, it will force them down
into the position shown in Fig. 22, C.
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Substitute the contractility of the external and internal
intercostal muscles for the elasticity of the band, and the
latter will precisely exemplify their action ; and it is thus
proved that the external intercostals must raise, and the
internal intercostals must depress, the bony ribs.

FiG. 23 —THE DIAPHRAGM OF A DOG VIEWED FROM THE LOWER OR
ABDOMINAL SIDE.

V' C.J. the vena cava inferior; O. the cesophagus; Ao. the aorta: the
broad white tendinous middle (B) is easily distinguished from the radiating
muscular fibres (4) which pass down to the ribs and 1nto the pillars (C D) in
front of the vertebra.

16. The diaphragm is a great partition situated between
the thorax and the abdomen, and always concave to the
latter and convex to the former (Fig. 1, D). From its
middle, which is tendinous, muscular fibres extend down-
wards and outwards to the ribs, and two, especially
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strong masses, which are called the pillars of the dia-
phragm, to the spinal column (Fig. 23). When these
muscular fibres contract, therefore, they tend to make the
diaphragm flatter, and to increasc the capacity of the
thorax at the expense of that of the abdomen, by pulling
down the bottom of the thoracic box (Fig. 24, A4).

17. Let us now consider what would be the result of
the action of the parts of the respiratory apparatus, which
have been described, if the diaphragm alone should begin
to contract at regular intervals.

‘When it contracts 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
bases of the lungs ; but the air immediately rushing in at
the trachea, proportionately increases the distension of
the lungs, and prevents the formation of any vacuum be-
tween the two pleurz of either lung in this region. When
the diaphragm ccases to contract, so much of the clasticity
of the lungs as was neutralized by the contraction of the
diaphragm, comes into play, and the extra air taken in is
drivef! out again. We have, in short, an Zuspiration and
an Expiration.

Suppos® on the other hand that, the diaphragm being
quiescent, the external intcrcostal muscles contract. The
ribs will be raised from their oblique position, the antero-
posterior dimensions of the thoracic cavity will be in-
creased, and the lungs will be distended as before to
balance the enlargement. If now the external intercostals
relax, the action of gravity upon the ribs, the elasticity of
the cartilages and more cspecially that of the lungs, will
alone suffice to bring back the ribs to their previous posi-
tions and, to drive out the extra air ; but this expiratory
action may be greatly aided by the contraction of the in-
ternal intercostals.

18. Thus it appears that we may have either dz'a;}lzraigr-
matic respiration, or costal vespivation. As a general rule,
however, not only do the two forms of respiration coincide
and aid one another—the contraction of the diaphragm
taking place at the same time with that of the external
intercostals, and its rclaxation with the contraction of the
internal intercostals—but sundry other accessory agencies
come into play. Thus, the muscles which connect the
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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 abdo-
men, are powerful aids to expiration. In fact they assist
expiration in tio ways : first, directly, by pulling down the
ribs ; and next, indirectly, by pressing the viscera of the
abdomen upwards against the under surface of the dia-
phragm, and so driving the floor of the thorax upwards,

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

In taking a deep inspiration, on the other hand, the
walls of the abdomen are relaxeci and become convex, the
viscera being driven against them by the descent of the
diaphragm-—the spine is straightened, the head thrown
back, and the shoulders outwards, so as to afford the
greatest mechanical advantage to all the muscles which
can elevate the ribs.

19. It is a remarkable circumstance that the mecRanism
of respiration is somewhat different in the two sexes. In
men, the diaphragm takes the larger share in tae process,
the upper ribs moving comparatively little ; in women, the
reverse is the case, the respiratory act being more largely
the result of the movement of the ribs.

Sighing is a deep and prolonged inspiration. “ Suifing”
is a more rapid inspiratory act, in which the mouth is kept
shut, and the air made to pass through the nose.

Coughing is a violent expiratory act. A deep inspira-
tion being first taken, the glottis is closed and then burst
open by the violent compression of the air contained in
the lungs by the contraction of the expiratory muscles,
the diaphragm being relaxed and the air driven through
the mouth. In szeesing, on the contrary, the cavity of the
mouth being shut off from the pharynx by the approxima-
tion of the soft palate and the base of the tongue, the air
is forced through the nasal passages.

20, 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 represent the body of the
bellows, while the trachea is the pipe ; and the effect of



w.) RESIDUAL AIR. ot

the respiratory movements is just the same as that of
the approximation and separation of the handles of the
bellows, which drive out and draw in the air through
the pipe. There is, however, one difference between the
bellows and the respiratory apparatus, of great im-
portance in the theory of respiration, though frequently

FiG. 24.—DiaGrRAMMATIC SECTIONS OF THE Dors w
4. inspiration: B. expiration, 7 trachea; .S¢ sternum; 2> diaphragm;
Ab. abdominal walls. The shading roughly indicates the stationary air.

overlooked ; and that is, that the sides of the bellows can

brought close together so as to force out all, or nearly
all, the air which they contain; while t'he wa]ls of the
chest, when approximated as much as possible, still enclose
a very considerable cavity (Fig. 24, B); so that, even
after the most violent expiratory efiort, a very large
quantity of air is left in the lungs.
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The amount of this air which cannot be got rid of, and
is called Residual air, is, on the average, from 75 to 100
cubic inches.

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

n ordinary breathing, 20 to 30 cubic inches of what is
conveniently called 7T7dal air pass in and out. It follows
that, after an ordinary inspiration, 100 4 100 4 30 = 230
cubic inches, may be contained in the lungs. By taking
the deepest pdssible inspiration, another 100 cubic inches,
called Complemental air, may be added.

21. It results from these data that the lungs, after an
ordinary inspiration, contain about 230 cubic inches of
air, and that only about one-seventh to one-eighth of this
amount is breathed out and taken in again at the next
inspiration. Apart from the circumstance, 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 of the bronchi, the
inspired air would descend so far only as to occupy that
one-fourteenth to one-sixtecenth part of each bag which
was nearest to the bronchi, whence it would be driven out
again at the next cxpiration. But as the bronchi branch
out into a prodigious number of bronchial tubes, the
inspired air can only penetrate for a certain distance
along these, and can never reach the air-cells at all.

Thus the residual and supplemental air taken together
are, under ordinary circumstances, sZafionary—that is to
say, the air comprehended under these names merely
shifts its outer limit in the bronchial tubes, as the chest
dilates and contracts, without lcaving the lungs; the 7zda/
air, alone, being that which leaves the lungs and is re-
newed in ordinary respiration,

It is obvious, therefore, that the business of respiration
is essentially transacted by the stationary air, which plays
the part of a middleman between the two parties—the
blood and the fresh tidal air—who desire to exchange
their commodities, carbonic acid for oxygen, and oxygen
for carbonic acid.

Now there is nothing interposed between the fresh tidal
air and the stationary air; they are aériform fluids, in
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complete contact and continuity, and hence the exchange
between them must take place according to the ordinary
laws of gaseous diffusion.

22. Thus, the stationary air in the air-cells gives up
oxygen to the blood, and takes carbonic acid from it,
though the exact mode in which the change is effected is
not thoroughly understood. By this process it becomes
loaded with carbonic acid, and deficient in oxygen,
though to what precise extent is not known. But there
must be a very much greater excess of the onc, and
deficiency of the other, than is exhibited by inspired air,
sceing that the latter acquires its com‘gosition by diffusion
in the short space of time (four to five scconds) during
which it is in contact with the stationary air.

In accordance with these facts, it is found that the air
expired during the first half of an cxpiration contains
less carbonic acid than that expired dliring the second
half. Further, when the frequency of respiration is in
creased without altering the volume of each inspiration,
thougb’the percentage of carbonic acid in cach inspiration
is diminished, it is not diminished in the same ratio as
that in whigh the number of inspirations increases ; and
hence more carbonic acid is got rid of in a given time.

Thus, if the number of inspirations per minute is in-
creased from fifteen to thirty, the percentage of carbonic
acid evolved in the second case remains more than half

~of what it was in the first case, and hence the total
evolution is greater. : '

23. Of the various mechanical aids to the respirato.y
prozess, the nature and workings of which have'now been
described, one, the elasticity 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 neighbour-
hood being conveyed, by its nerves, to that part of the
cerebro-spinal axis which is called the medulla oblongata
(see Lesson XI. § 16). The medulla oblongata, thus
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stimulated, gives rise, by a process which will be explained
hereafter, termed »¢flex action, to the contraction of the
muscles which close the glottis, and commonly, at the
same time, to a violent contraction of the expiratory
muscles, producing a cough (sec § 19).

The muscular ﬁires of the smaller bronchial tubes, no
less than the respiratory pump itself, formed by the walls
and floor of the thorax, are under the complete control
of the nerves which supply the muscles, and which
are brought into action in consequence of impressions
conveyed to that part of the brain which 1s called
the medulla oblongata, by the pneumogastric and other
nerves,

24. From what has been said, it is obvious that there
are many analogies between the circulatory and the
respiratory apparatus. Each consists, essentially, of a
kind of pump which distributes a fluid (agriform in the
one case, liquid in the other) through a series of ramified
distributing tubes to a system of cavities (capillaries or
air-cells), thie volume of the contents of which is\greater
than that of the tubes.

In each, the pump is the cause of the mution of the
fluid, though that motion may be regulated, locally, by
the contraction, or relaxation, of the muscular fibres
contained in the walls of the distributing tubes. But,
while the rhythmic movement of the heart chiefly depends
upon a nervous apparatus placed within itself, that of the
respiratory apparatus results mainly from the operation ot
a nervous centre lodged in the medulla oblongata.

25. As there are certain secondary phenomena which
accompany, and are explained by, the action of the heart,
so there are secondary phenomena which are similarly
related to the working of the respiratory apparatus.
These are—(a) the respiratory sounds, and (4) the effect
of .the inspiratory and expiratory movements upon the
circulation.

26. The respiratory sounds or murmurs are audible
when the ear is applied to any part of the chest which
covers one or otﬁer of the lungs. They accompany
inspiration and expiration, and very much resemble the
sounds produced by breathing through the mouth, when
the lips are so applied together as. to leave a small



1v.]  LEFFECT OF INSPIRATION ON HEART. 95

interval. Over the bronchi the sounds are louder than
over the general surface, It would appear that these
sounds are produccd by the motion of the air along the
air-passages.

27. In consequence of the clasticity of the lungs, a
certain force must be expended in distending them, and
this force is found cxperimentally to become greater and
greater the more the lung is distended ; just as, in stretch-
ing a piece of india-rubber, more force is required to
stretch it a good deal than is needed to stretch it only a
little. Hence, when inspiration takes place, and the lungs
are distended with air, the heart and the great vessels in
the chest are subjected to a less pressurc than are the
blood-vessels of the rest of the body.

For the pressure of the air contained in the lungs is
exactly the same as that exerted by the atmosphere upon
the surface of the body; that is to say, fifteen pounds on
the square inch. But a certain amount of this pressurc
exerted by the air in the lungs is counterbalanced by the
clasticity of the distended lungs. Say that in a given
condition of inspiration a pound pressure on the square
inch is needgd to overcome this clasticity, then there will
be only fourtcen pounds pressure on cvery square inch
of the heart and great vessels. And hence the pressure
on the blood in these vessels will bs one pound per square
inch less than that on the veins and arteries on the rest of
the body. If there were no aortic, or pulmonary, valves,
and if the composition of the vessels, and the pressure
upon the blood in them, were everywhere the same, the
result of this excess of pressure on the surface would be,
to drive all the blood from the artcries and veins of the
rest of the body into the heart and great vessels contained
in the thorax. And thus the diminution of the pressure
upon the thoracic blood cavities produced by inspiration,
would, practically, suck the blood from all parts of the
body towards the thorax. But the suction thus exerted,
while it hastened the flow of blood to the heart in the
veins, would equally o;;Fose the flow from the heart to the
arteries, and the two effects would balance one another.

As a matter of fact, however, we know—

(1.) That the blood in the great arteries is constantly
under a very considerablc pressure, exerted by their
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elastic walls; while that of the veins is under little
ressure.

(2.) That the walls of the arteries are strong and re-
sisting, while those of the veins are weak and flabby.

(3.) That the veins have valves opening towards the
hea.t ; and that, during the diastole, there is no resistance
of any moment to the free passage of blood into the heart;
while, on the other hand, the cavity of the arteries is shut
off from that of the ventricle during the diastole, by the
closurc of the semilunar valves.

Hence it follows that equal pressures applied to the
surface of the veins and to that of the arteries must pro-
duce very different effects. In the veins the pressure is
something which did not exist before ; and, partly from
the presence of valves, partly from the absence of re-
sistance in the heart, partly from the presence of resistance
in the capillaries, it all tends to accelerate the flow of blood
fowards the heart.  In the arteries, on the other hand, the

ressure is only a fractional addition to that which existed
forc ; so that, during the systole, it only makes a com-
aratively small addition to the resistance which has to
gc overcome by the ventricle ; and during the diastole, it
superadds itself to the elasticity of the arterial walls in
driving the blood onwards towards the capillaries, inas-
much as all progress in the opposite direction is stopped
by the semilunar valves,

It is, therefore, clear that the inspiratory movement, on
the whole, helps the heart, inasmuch as its general result
is to drive the blood the way that the heart propels it.

28. In expiration, the difference between t]?xe ressure of
the atmosphere on the surface, and that which it exerts
on the contents of the thorax through the lungs, becomes
less and less in proportion to the completeness of the ex-
piration. Whenever, by the ascent of the diaphragm and
the descent of the ribs, the cavity of the thorax is so far
diminished that pressure is exerted on the great vessels,
the veins, owing to the thinness of their walls, are es-
pecially affected, and a check is given to the flow of blood
in them, which may become visible as a wverowus pulse in
the great vessels of the neck, In its effect on the arterial
trunks, cxpiration, like inspiration, is, on the whole, favour-
able to the circulation; the increased resistance to the
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opening of the valves during the ventricular systole being
more than balanced by the advantage gained in the addi-
tion 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 synchronously with the respiratory movements; the
rise corresponding with expiration, and being caused by
the obstruction thereby offered to the flow of the blood in
the veins of the head and neck.

29. Hitherto, I have supposed the air-passages to be
freely open during the inspiratory and expiratory move-
ments. But if, the lungs bheing distended, the mouth and
nose are closed, and a strong expiratory effort is then
made, the heart’s action may be stopped altogether.! And
the same result occurs if, the lungs being partially empticd,
and the nose and mouth closed, a strong inspiratory effort
is made. In the latter case the excessive distension of
the right side of the heart, in consequence of the flow of
bloodgnto 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.

30. The activity of the respiratory process is greatly
modified by the circumstances 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 cor-
responding effect.

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

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

Recent observations appear to show that the rule that
the quantity of oxygen taken in by respiration is, approxi-
mately, equal to that given out by expiration, only holds
good for the total result of twenty-four hours’ respiration.
Much more oxygen appears to given out during the
day-time (in combination with carbon as earbonic acid)
than is absorbed; while, at night, much more oxygen is

~--  * Thereis d in ing this experi

H
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absorbed than is excreted as carbonic acid during the
same period., And it is very Frobable that the deficiency
of oxygen towards the end of the waking hours, which is
thus produced, is one cause of the sense of fatigue which
comes on at that time. This difference between day and
night is, however, not constant, and appears to depend a
good deal on the time when food is taken.

The quantity of oxygen which disappears in proportion
to the carbonic acid given out, is greatest in carnivorous,
least in herbivorous animals—greater in a man living on
a flesh diet, than when the same man is feeding on vege-
table matters.

31. When a man is strangled, drowned. or choked, or
is, in any other way, prevented from inspiring or expiring
sufficiently pure atmosPheric air, what is called asphyxia
comes on. He grows “black in the face;” the veins be-
come turgid ; insensibility, not unfrequently accompanied
by convulsive movements, sets in, and he is dead in a few
minutes.

But, in this asphyxiating prccess, two deadly influences
of a distinct nature are co-operating ; one is the dépriva-
tion of oxygen, the other is the excessive accumulation of
carbonic acid in the blood. Oxygen starvatich and car-
bonic acid poisoning, each of which may be fatal in itself,
are at work together.

The effects of oxygen starvation may be studied sepa-
rately, by placing a small animal under the receiver of an
air-pump and exhausting the air ; or by replacing the air
by a stream of hydrogen or nitrogen gas. In these cases
no accumulation of carbonic acid is permitted, but, on
the other hand, the supply of oxygen soon becomes
insufficient, and the animal quickly dies. And if the
experiment be made in another way, by placing a small
mammal, or bird, in air from which the carbonic acid is
removed as soon as it is formed, the animal will never-
theless die as soon as the amount of oxygen is reduced to
10 per cent. or thereabouts.

he directly poisonous effect of carbonic acid, on
the other hand, has been very much exaggerated. A
very large quantity of pure carbonic acid ?10 to 15 or
20 per cent.) may be contained in air, without producing
any very serious immediate effect, if the quantity of
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oxygen be simultaneously increased. And it is possible
that what appear to be the directly poisonous effects of
carbonic acid may really arise from its taking up the room
that ought to be occupied by oxygen. If this be the case,
carbonic acid is a negative rather than a positive poison.

‘Whichever may be the more potent agency, the effect
of the two, as combined in asphyxia, is to produce an
obstruction, firstly, in the pulmonary circulation, and,
secondly, in the veins of the body generally. The lungs
and the right side of the hcart, consequently, become
gorged with blood, while the arteries and left side of the
heart gradually empty themselves of the small supply of
dark and unaérated blood which they receive. The heart
becomes paralysed, partly by reason of the distension of
its right side, but chiefly from being supplied with venous
blood ; and all the organs of the body gradually cease
to act.

32. Sulphuretted hydrogen, so well known by its offen-
sive smell, has long had the repute of being a positive
poisqp. But its evil effects appear to arise chicfly, if not
wholly, from the circumstance that its hydrogen combines
with the qxvgen carried by the blood-corpuscles, and thus
gives rise, indirectly, to a form of oxygen starvation.

Carbonic oxidc gas has a much more serious effect, as
it turns out the oxygen from the blood-corpuscles, and
forms a combination of its own with the hamoglobin.
The compound thus formed is only very gradually decom-
posed by fresh oxygen, so that if any large proportion of
the blood-corpuscles be thus rendered useless, the animal
dies before restoration can be cffected.

Badly made common gas sometimes contains 20 to 30
per cent. of carbonic oxide; and, under these circum-
stances, a leakage of the pipes in a house may be ex-
tremely perilous to life.

33. It is not necessary, however, absolutely to strangle,
or drown, a man, in order to asphyxiate him. As, other
things being alike, the rapidity of diffusion between two
gaseous mixtures depends on the difference of the pro-
portions in which their constituents are mixed, it follows
that the more nearly the composition of the tidal air
approaches that of the stationary air, the slower will be
the diffusion of carbonic acid outwards and of oxygen

H 2
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inwards, and the more charged with carbonic acid and
defective in oxygen will the air in the air-cells become.
And, on diminishing the proportion of oxygen or increasing
the proportion of carbonic acid in the tidal air, a point
will at length be reached when the change effected in
the stationary air is too slight to enable it to relieve the
pulmonary blood of its carbonic acid, and to supply it
with oxygen to the extent required for its arterialization.
In this case the blood, which passes into the aorta, and is
thence distributed to the heart and the body gencrally,
being venous, all the symptoms of insensibility, loss ot
muscular power, and the like, which have been enume-
rated above as the results of supplying the brain and
muscles with venous blood, will follow, and a stage of
suffocation, or asphyxia, will supervenc.

34. Asphyxia takes place whenever the proportion of
carbonic acid in tidal air reaches 10 per cent. (the oxygen
being diminished in like proportion). And it makes no
difference whether this condition of the tidal air is brought
about by shutting out fresh air, or by augmenting the
number of persons who are consuming the same air; or
by suffering combustion, in any shape, to carry eff oxygen
from the air.

But the deprivation of oxygen, and the accumulation of
carbonic acid, cause injury, long before the asphyxiating

oint is reached. Uneasiness and headache arise when
ess than one per cent. of the oxygen of the air is replaced
by other matters ; while the persistent breathing of such
air tends to lower all kinds of vital energy, and predis-
poses to disease.

Hence the necessity of sufficient air and of ventilation
for every human being. To be supplied with respiratory
air in a fair state of purity, every man ought to have at
least 800 cubic feet of space! to. himself, and that space
ought to be freely accessible, by direct or indirect chan-
nels, to the atmosphere.

¥ A cubical room nine feet high, wide and long, contains only 729 cubic
feet of air. -
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LESSON V.
THE SOURCES OF LOSS AND OF GAIN TO THE BLOOD.

1. THE blood which has been aérated, or arterialized,
by the process desciibed in the preceding Lesson, is
carried from the lungs by the pulmonary veins to the left
auricle, and is then forced by the auricle into the ven-
tricle, and by the ventricle into the aorta. As that great
vessgl traverses the thorax, it gives off several large
arteries, by means of which blood is distributed to the
head, thg arms, and the walls of the body. Passing
through the diaphragm (Fig. 23), the aortic trunk enters
the cavity of the abdomen, and becomes what is called.
the abdominal aorta, from which yessels are given off to
the_viscera of the abdomen. Finally, the mamn stream
of blogd flows into the Z/Zac arteries, whence the viscera
of the pelvis and the lcgs are supplicd. = /-

Having traversed the ultimate ramifications of the
arteries, the blood, as we have seen, enters the capillaries.
Here the products of the waste of the tissues constantly:
pour into it ; and, as the blood is everywhere full of cor-
puscles, which, like all other living things, decay and die,
the results of their decomposition everywhere accumu-
late in it. It follows that, if the blood is to be kept
pure, the waste matters thus incessantly poured into, or
generated in it, must bc as constantly got rid of, or
excreted.

2. Three distinct sets of organs are especially charged
with this office of continually excreting carbonic acid,
water, and urea. They are the Zwsigs, the Kidneys, and

<

Y
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the S47n (see Lesson I. § 23). These three great organs
may therefore be regarded as so many drains frag the
blood-—as so many channels by which it is constantly
losing substance. )

Further, the blood, as it passes through the capillaries,
is constantly losing matter by exudation into the sur-
rounding tissues.

Another kind of loss takes place from the surface of
the body generally, and from_the_interior of the air-
pnisggﬁ_s angd Jungs. Heat is constantly being givén off
from the former by radiation, evaporation, and conduc-
tion : from the latter, chiefly by evaporation.

3. The blood which entcrs the liver is constantly losing
material to that organ; but the loss is only temporary,
as almost all the matter lost, converted into sugar and
into bile, re-enters the current of the circulation in the
liver itself, or elsewhere,

Again, the loss of matter by the lungs in expiration is
partially made good by the no less constant gain which
results from the quantity of oxygen absorbed at each in-
spiration : while the combustion which is carried «n in
the tissues, by means of this oxygen, is the source not
only of the heat which is given off through the lungs, but
also of that which is carried away from the general surface
of the body. And the loss by exudation from the capil-
laries is, in some degree, compensated by the gain from
the lymphatics and ductless glands.

4. In the instances just mentioned thc loss and gain
are constant, and go on while life and health last, But
there are certain other operations which cause either loss
or gain to the blood, and which are not continuous, but
take place at.intervals. B N ’

These are, on the side of loss, the actions of the
wmany secrefory glands, which separate certain substances
from the blood at recurrent periods, in the intervals of
which they are quiescent.

On the side of gain are the contractions of the muscles,
which, during their activity, cause a great ag.uan.my of
wagte materials ta appear in the blood ; and the opera-
tions of the alimentary canal, which, for a certain period
%fter food- has been taken, pour new materials into the
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Under some circumstances, the _skin, by absorbin:
fluids, may become a source of gain. Y &

5 ﬁe ‘sources of loss and gain to the blood may be
conveniently arranged in the following tabular form :—

A. INCESSANTLY ACLIVE SOURCFS OF LOSS OR
GAIN TO THE BLoop.!

a. Sources of loss.
1. Loss of matter.
1. The lungs (carbonic acid, water).
2. The kidneys (urea, water, salincs).
3. The skin (water, carbonic acid).
4. The liver (bile, glycogen).
5. The tissues generally (constructive material).
11. Loss of keat.
1. The free surfaces of the body.

4. Sources of gain.
L. Gain of matter.
¢ 1. The lungs (oxygen). .
2. The liver (sugar, &c.).|{ *
3. ¥The lymphatics (corpuscles, lymph).
4. The tissues generally (waste matters).
5. The splcen and other ductless glands.

11. Gain of heat.
1. The blood itself aud the tissues generally.

B. INTERMITTENTLY ACTIVE SOURCES OF LOSS OR
GAIN TV THE BLOOD.

a. Source of loss.
I. Many secreting glands (secretions).

4. Sources of gain.
1. The muscles (waste matters). . )
2. The alimentary canal (food some constituents of
the bile). o .
3. The skin (absorption of liquids occasionally).

* The | must be not to confound the losses and gains of the
dlood with the losses and %’mo of -the body as a whole. The two differ in
much the same way as thé Internal commerce of a country differs from its
export and import trade.

.




106 "ELEMENTARY PHYSIOLOGY. [LEsS.

according to the time of day; the temperature and mois-
ture of the air; the fasting or replete condition of the
,alimentary canal; and {° ot

Urea and uric acid are both composed of the elements
carlf;gn hydrogen, oxygen, and nitrogen ; but the urea is
by far the more soluble in water, and greatly exceeds the
uric acid in quantity.

An average healthy man excretes by the kidneys about
fifty gunces, or 24,000 grains of water a day. IntHis are
dissolved 500 grains of urca, but not more than 10 to 12
grains of uric acid.

The amount of other animal mattcrs, and of saline sub-
.stances, varies from one-third as much to nearly the same
amount as the urea. The saline matters consist chicfly of

common salt, phosphates and sulph M&Lpﬁgﬂk_ﬁgﬂa,

l'@g;nd_mag_@s_llq. ¢ gases are thc same as those in
the blood,—namely, carbonic acid, oxygen, and nitrogen.
But the quantity is, proportionally, less than one-third as
great; and the carbonic acid is in very large, while the
oxygen is in very small, amount, “* = s» et {40y

The average specific gravity docs not differ very. widely
from that of blood serum, being 1'020.

8. The excretion of nitrogehdus waste and water, with
a little carbonic acid, by the kidneys, is thus strictly com-

arable to that of carbonic acid and water, by the lungs,
in the air-cells of which carbonic acid and watery vapours
are incessantly accumulating, to be periodically expelled
by the act of expiration. But the operation of the renal
|- apparatus differs from that of the respiratory organs, in the
far longer intervals between the expulsory acts; and still
more in the circumstance that, while the substance which
the lungs take into the body is as important as those
which they give out, the kidneys take in nothing.

9. It will be observed that all the chief constituents of
the urine are alrecady contained in the blood, and indeed,
it might almost be said to be the blood devoid of its cor-
_ .7 " " plbumin. Speaking broadly, it is such
a fluid as might be separated from the blood by the help
of any king of filter which had the property of retaining
these constituents, and letting the rest flow off. The filter
required is found in the kidney, with the minute structure
of which it is now necessary to become acquainted,
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When a longitudinal section of a kidney is made (Fig.
26), the upper end of the ureter () seems to widen out
into a basin-like cavity (P), which is called the pelvis of
the kidney. Into this, sundry conical clevations, called

Fi16. 26.—Loncrivian v Secrion or 11ue Human Kipney,

Ct¢, the cortical substance ; 47, the medullary substance; #, the pelvis
of the kidney, U, the ureter ; K4, the renal artery

the pyramids (Py) project; and their summits present
multitudes of minute openings—the final terminations ot
the fubuli, of which the thickness of the kidncey is chiefly
made up. If the tubules be traced from their openings
towards the outer surface, they are found, at first, to lie
parallel with one another in bundles, which radiate to-
wards the surface, and subdivide as they go ; but at length
they spread about irregularly, and bccome interlaced.
From this circumstance, the middle, or medullary, part
(marrow, medulla) of the kidney looks differesit from the
superficial, or cortical, part (bark, corfex) ; but, in addition,
the cortical part is more abundantly supplied with vessels



108 ELEMENTARY PHYSIOLOGY. [LESs.

than the medullary, and hence has a darker aspect. The
great majority of the tubules after a very devious course
ultimately terminate in dilatations (Fig. 28), which are
called Malpighian capsules. Into the summit of each
capsule, a small vessel (Figs. 28 and 29, ©.4), one of the ulti-
mate branches of the renal artery (Fig. 26, RA), enters
(driving the thin wall of the capsule bel%re it), and imme-

r

%4

F16. 27.—D1AGRAMMATIC VIFw oF THE COURSE oF TiE TuBULES
1IN THE KIDNEY.

#, cortical portion answering to C# i Fig. 26, 2 being close to the surface
of the kidneys; g, #, medullary portion, # reaching to the summit of
the pyramud. A .

1.X, opening of tubule on the pyramid; V//Z, VII, VI, the straight por-
tion of the tubules ; P~ 7/, the twisted portion of the tubules ; 7 the Mal-
pighian capsule.

diately breaks up into a bunch of looped capillaries, called

a glomerulus (Fig. 28, g.7), which nearly fills the cavity of

the capsule. The blood is carried away from this glomze-

rulus by a small vein (v.¢), which does not, at once, join
with other veins.into a larger venous trunk, but opens into
the network of capillaries (Fig. 29) which surrounds the
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tubule, thus repeating the portal circulation on a small
scale.

F1G. 28.—A MALPIGHIAN CAPSULL HIGHLY MAGNIFIED,

wa, small branch of renal artery entering the capsule, breaking up into the
glomerulus, £/ and finally joining agan to form the vein, v.¢ .

¢, the tubule; @, the epithelum over the glomerulus; 4, the epithelium
hning the &apsule.

FiG. 29.—CIrcULATION IN THE KIDNEY.

ai, small branch of renal artery giving off the branch g, which enters
glomerulus, issues as ze, and then breaks up into ca es, which after
surrounding the tubule find their way by » into 77, branch of the renal
vein ; a2, capillaries around tubules in parts of the cortical substance where
there are no4° -
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The tubule has an epithelial lining (Fig. 28, ¢, and Fig
30, @), continuous with that of the pelvis of the kidney.
and the urinary passages generally. The cpithelium is
thick and plain enough in the tubule, but it becomes very
delicate, or even disappears, in the capsule and on the
glomerulus (Fig. 28, @, 6). v

10. It is obvious from this description, that the surface
of the glomerulus is, practically, free, or in direct commu-
nication with the exterior by means of the cavity of the

‘ tubule ; and further, that, in each
vessel of the glomerulus, a thin
strcam of blood constantly flows,
only separated from the cavity of
the tubule by the very delicate
membrane of which the wall ot
the vessel is composed. The
Malpighian capsule may, in fact,

e be regarded as a funnel, and the

Fic. 30 —TRANSVERSE SecT 1 membranous walls of the glome-
vr 1wo TusvLes, N . .

a.a. Canalsof tubulessurrounded 1ulus‘ as a piece o f verv (.jehcate

by their epithelium. filtering-paper, into which the

4. A blood-vessel cut across. blood is poured. .

11. The blood which supplics the kidneys is brought
directly from the aorta by thc renal arteries, so that it has
but shortly left the hcart. The venous blood which enters
the heart, and is propelled to the lungs, charged with the
nitrogenous, as wcll as with the other, products of waste,
loses only an inappreciable quantity of the former in its
course through the lungs ; so that the arterial blood which
fills the aorta is pure only as rcgards carbonaceous wastc,
while it is impure as regards urea and uric acid.

In the healthy condition, the walls of the micute renal
arteries and veins are .relaxed, so that the passage of the
blood is very free ; and but little waste, arising from mus-
cular contraction in the walls of these vessels, is thrown
into the renal blood. And as the urine which is separated
from the renal blood contains proportionately less oxygen
and more carbonic acid than the blood itself, any gain
of carbonic acid from this source is probably at once
counterbalanced. Hence, so long as the kidney is per-
forming its functions properly, the blood which leaves the
organ by the renal vein is as bright scarlet as that which
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enters it by the renal artery. Strictly speaking, it is the
puresthod_mthhndY, careful analysis having shown
that it contains a sensibly smaller quantity of urea and of
water than that of the left side of the hcart. This differ-
ence is, of course, a necessary result of the excretion of
the urinary fluid from the blood as it travels through the
kidney.

As the renal veins pour their contents directly into the
inferior vena cava (see Fig. 25), it follows that the blood
in the upper part of this vein 1s so much the less impure,
or venous, than that contained in the infcrior vena cava,
below the renal veins.

12. Irritation of the necrves which supply the walls of
the vessels of the kidney has the immediate effectof
stopping the excretion of urine, and rendering the renal
blood dark and venous. The first cffect would appear to
be explicable by the diminution of the pressure cxerted
uFon the blood in the Malpighian tufts, in consequence
of the diminution in the size of the channcls—the small
arteries—by which the blood reaches them. And the
second cYect is probably, in part, a secondary result of
the first--thg excretion of carbonic acid by the urine
ceasing with the suppression of that fluid ; while, to a
large cxtent, it is also the result of a pouring in of carbonic
acid into the renal blood, in consequence of the work of
the muscles of the small vessels, and the waste which
results therefrom.

13. That the s&Zz is a source of continual loss to the
blood may be proved in various ways. If the whole body
of a man, or one of his limbs, be enclosed in a caoutchouc
bag, full of air, it will be found that this air undergoes
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 carbonic acid ; it
also réceives a great quantity of watery vapour, which
condenses upon the sides of the bag, and may be drawn
off by a properly disposed pipe.

Under ordinary circumstances no liquid water appears
upon the surface of the integument, and the whole process
receives the name of the imsensible perspiration. But,
when violent cxercise is taken, or under some kinds of
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mental emotion, or when the body is exposed to a hot
and moist atmosphere, the perspiration becomes sensible ;
that is, appears in the form of scattered drops upon the
surface. .

14. The quantity of swea?, or sensible perspiration, and
also the total amount of both sensible and insensible per-
spiration, vary immensely, according to the temperature
and other conditions of the air, and according to the state
of ghe blood and of the nervous system. It is estimated
that, as a general rule, the qiiantity of water excreted by
the skin is about double that given out by the lungs in the
same time. The quantity of carbonic acid is not above
agth or Jsth of that excreted by thc lungs; and it is
not certain that in health any appreciable quantity of urea
is given off.

In its normal state the sweat is acid, and contains fatty
matters, even when obtained free from the fatty products
of the sebaceous glands. Ordinarily, perspiration, as it
collects upon the skin, is mixed with_the _gt_txl_s_ggm'on
of these glands ; and, in addition, contains scal~s of th
extérnal layers of the epidermis, which are constantly
being shed, ™~

15. In analysing the process by which the perspiration
is eliminated from the body, it must be recollected, in the
first place, that the skin, even if there were no glandular
structures connected with it, would be in-the position of a
moderately-thick, permeable .membrane, interposed be-
tween a hot fluid, the blood, and the atmosphere. Even
in hot climates the air is, usually, far from being com-
pletely saturated with watery vapour, and in temperate
climates it ceases to be so saturated the moment it comes
into contact with the skin, the temperature of which is,
ordinarily, twenty or thirty degrees above its own.

A bladder exhibits no sensible pores, but if filled with
water and suspended in the air, the water will gradually
ooze through the walls of the bladder, and disappear by
evaporation. Now, in its relation to the blood, ;Ee skin
is such a bladder full of hot fluid.

Thus, perspiration to a certain amount must always be
going on through the substance of the integument; but
what the amount of this perspiration may be cannot be
accurately ascertained, because a second and very impor-
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tant source of the perspiration is to be found in.what aie

16. All over the body the integument prescnts minute
apertures, the ends of channels cxcavated in the epidermis
or scarf-skin, and each continuing the direction of a

minute tube, usually about s15th of an inch in diameter.
and a quarter of an inch Tong, which 1s imbedded in the

Fic.

A. Section of the skin showing the sweat-glands a, the epidermis; &, its
deeper la{cr, the rete Malpighee ; e,d, the dermus or true skin, f, fatcells ;
£, the coiled end of a sweat-gland , %,1ts duct, 1, 1ts opening onthe surface
of the epidermus

B. A section of the skin showing the roots of the hairs and the sebaceous
glands, 4, muscle of ¢, the hair sheath, on the left hand.

dermis. Each tubec is lined with an epithelium conti
nuous with the epidermis (Fig. 32, ¢). The tubc sometimes
divides, but, whether single or branched, its inner end or
ends are blind, and coiled up into a sort of knot, interlaced
with a meshwork of capillaries (Fig. 31, A g, and Fig. 33).
The blood in these capillaries is therefore separated
from the cavity of the sweat-gland only by the thin walls
of the capillaries, that of the glandular tuke, and its
ithelium, which, taken together, coustitute but a very
in pellicle ; and the arrangement, though different in
1
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Portion of Fig. 31, A, more highly magnified—somewhat diagrammatic. a,
horny epidermis ; &, softer layer, 7cée Malpighiz ; ., dermis ; d, lowermost
vertical layer of epidermic cells ;
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detail, is similar in principle to that which obtains in the
kidney. In the latter, the vessel Makés a"c6il within the
Malpighian capsule, which ends a tubule. Here the
§>erspxratory tubule coils about, and among, the vessels.

n both cases the same result is arrived at—namely, the
exposure of the blood to a large, relatively free, surface,
on to which certain of its contents transude.

¥IG. 33.

Coiled end of a sweat-gland (Fig. 31, £), epithclium not shown. a, the coil ,
4, the duct; ¢, network of capillaries, inside which the duct gland Hes.

The number of these glands varies in different parts of
the 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 palm and
sole, where their apertures follow the ridges visible on the
skin, and amount to betweea two and three thousand on
the square inch. At a rough estimate, the whole integu-
ment probably possesses not fewer than from two millions
and a quarter to two millions and a half of these tubules,

12 .
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which therefore must possess a very great aggregate
secreting power.

17. The sweat-glands are greatly under the influence of
the netvous system. This1s proved, not merely by the
well-known effects of mental-emotion in_sometimes sup-
pressing the perspiration and sometimes causing it to be
poured forth in immense abundance, but has been made
a matter of direct experiment. 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 same side of the head becomes injected with
blood, and its temperature rises (see Lesson II. § 24);
and, simultaneously, sweat is poured out abundantly over
the whole surface thus affected. On irritating that end ot
the cut nerve which is in connection with the vessels, the
muscular walls of the latter, to which the nerve is distri-
buted, contract, the congestion ceases, and with it the
perspiration. v $o 0 ‘e

18, The amount of matter which may be lost by per-
spiration, under certain circumstances, is very remarkable.
Heat and severe labour, combined, may reduce the weight
of a man two or threc pounds in an hour, by means of the
cutane6us perspiration alode ; and, as there is Some rea-
son to belicve that the quantity of solid matter carried off
from the blood does not diminish with the increase of the
amount of the perspiration, the total amount of solids
which are eliminated by profuse sweating may be con-
siderable.

The difference between blood which is coming from,
and that which is going to, the skin, can only be con-
cluded from the nature of the substances given out in the
perspiration ; but arterial blood is not rendered venous in
the skin.

19. It will now be instructive to compare together in
more detail than has been donc in the first Lesson
(§ 23), the three great organs—lungs, kidneys, and skir,
-—which have been described.

In ultimate anatomical analysis, each of these organs
consists of a moist animal membrane separating the blood
from the atmosphere. .

Water, carbonic acid, and solid matter pass out from
the blooé through the animal membrane in each organ,



v.] LUNGS, KIDNEYS, AND SKIN. 11y

and constitute its secretion or ;xcrction; but the three
organs differ in_the absolute and relative amounts c
constituents the escape of which they permit.

Taken by weight, watcr is the predominant excretion in
all three : most solid matter is given off by tl%ﬁaneys ;
¢ lungs. -

most gaseous matter by the I
The Skin partakes of tho Batire of both lungs and

kidreys, seeing that it absorbs oxygen and exhales car-
bonic acid and watcr, like the former, while it excretes
organic and saline matter in solution, like the latter ; but
the skip is more closely related to the kidneys than to the
lungs. Hencc when ih¢ free action of the skin is inter-
rupted, its work is usually thrown upon the kidneys, and
wice versd. In hot weather, when the excretion by the
skin increases, that of the kidneys diminishes, and the
reverse is observed in cold weather.

This power of mutual substitution, however, only goes
a little way ; for if the kidneys b.o extirpated, or their
functions much interfered with, dcath ensues, however
activ%thc skin may be. And, on the other hand, if the
skin be covered with an impenctrable vaenish, the tem-
perature of the body rapidly falls, and death takes place,
though the lungs and kidneys remain active.

20. The Jiwer is a constant source both of loss, and, in
a sense, of gain, to the blood which passes through it. It
gives rise to loss, because it s¢parates a peculiar fluid, the
bile, from the hlood, and throws that fluid into the intes-
tine. It is also in another way a source of loss because
it elaborates from the blood passing through it a substance
called glycogen, which is stored up sometimes in large,
sometimesin small, quantities in the cells of the liver.
This latter loss, however, is only temporary, and may
be sooner or later converte?Tto 3 gain, for this glycogen
very readily passes into sugar, and either in that form or
in some other way is carried off by the blood. In this ,
respect, therefore, there is a gain to the'blood of kind or
quality though not of quantity of material. Finally, it
) C T ... ‘the liver is ong_source of the
colourless corpuscles of the blood.

The liver is the largest glandular organ in the body,
ordinarily weighing _about fifty or sixty ounces. It is a
broad, dark; ~coloured organ, Cﬁt Ties on the right
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side of the body, immediately below the diaphragm, with
which its upper surface is in contact, While 1ts Tower sur
face touches the intestines and the right kidney.

,"'

&)

i

'..(v.\‘.i

FiG. 3¢ — THE LIVER TURNED UP AND VIEWED FROM BeLow.

a, vena cava; &, vena portz; ¢, bile duct; &, hepatic artery; /, gall-
bladder. The termination of the hepatic vein in the vena cava is net seen,
being covered by the picce of the vena cava.

The liver is invested by a Wm, which,
keeps it in place. It is flattened from above downwards,

and convex and smooth above, where it fits into the con-
cavity of the lower surface of the diaphragm. Flat and
irregular below (Fig. 34), it is thick behind, but endsina
thin edge in front.

Viewed from below, as in Fig. 34, the inferior vena cava,
a, is seen to traverse a notch in the hinder edge of the
liver as_jt.passes from the abdamen to the thorax. Até
the trunk of the vena porte is observed dividing into the
chief branches which enter into, and ramify through, the
substance of the organ. At &, the kepatic artery, coming
almost directly from the aorta, similarly div?gés, enters
the liver, and ramifies through it ; while at ¢ is the single
trunk of the duct, called the kepatic duct, which conveys
away_the-hile brought to it by its.right and left branches
from the liver. Opening into the hepatic duct is seen the
duct of a large oval Sac, /; the ga?l-lgam‘ The duct is
smaller than the artery, and the artery than the portal
vein. )
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If the branches of the artery, the portal vein, and the
bile duct be traced into the substance of the liver, the
will be found to accompany one another, and to branc
out and subdivide, becoming smaller and smaller. At

Fic 3s.

A section of part of the liver to show 77 V., a branch of the hepatic vein,
with L., the lobules or acini of the liver, seated upon its walls, and sending
their intralobular veins into'it.

length the portal vein_and heelatic artery (Fig. 37, V.P.)
will be found to end inthe Capillaries, which traverse, like
a network, the substance of the smallest obvious subdivi-
‘sions of the liver substance—polygonal masses..of -one-
tenth_of an inch in diameter, or less, which are termed
the Josules. Every lobule js seated by its base upon one
of ifications of a great vein—the kggatic véin—
and the blood of the capillaries of the lobule 15 poured
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into that vein by a minute v:inls;,__gag intralobular
(Fig. 37, H.V.), which traverses le
and pierces its basc. Thus the venous blood of the port
vein and fhe arterial blood of the hepatic artery reach the
surfaces of the lobules by the ultimatc ramifications of
that vein and artcry, become mixed in the capillaries of
each lobulc, and are carried off by its /ntralobular vein-
let, which pours its contents into onc of the ramifications
of the hepatic vein. These ramifications, joining together,
form larger and larger_trunks, which_at length reach the
Lo st £ 0L Toe -~ 3 finally Gpen Into T -
cava inferior, where it passes upwards 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 ; the former brought

Fic 6.
a, ultimate branches of the hepatic duct, 4, hver cells.

by the hepatic artery dircctly from the aorta, the latter
by the portaleinﬁ‘,_v\’_g%_the_gapﬂla:isd—the stomach,
intggtines, pancreas, and spleen.

%E_umfﬂitéli becomes of the ramifications of the
hépatic duct is not certainly known.. Lined
ep&h,@dn, which is continuous with that of the main
duct, and thence with that of the intestines, into which
the main duct opens, they may bec traced to the very

surface of the lobules. Their ultimate ramificatiohs are
not yet thoroughly determined : but recent investigations
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e 37
A Section of partially injected liver magnified. The artificial white linc
is introduced to mark the limits of a lobule. #.7, Branches of portal
vein breaking up into capillaries, which run towards the centre of the
lopule, and join #/ V., the intralobular branch of the hepatic vein. The
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tend to show that they communicate with minute passages
left between the hepatic cells, and traversir.g the lobule in
the intervals left by the capillaries (Fig. 37, B.). How-
ever this may be, any fluid separated from the blood by
the lobules must really find its way into them.

In the lobules themselves all the meshes of the blood-
vessels are occupied by the liver cells. These are many-

sided, minute bodies, cach about th of an inch in
diameter, possessin in_ its interior, and

frequently having larger and smaller granules of fatty
matter distributed through its substance (Fig. 37, @). It
is in the liver cells that the active powers of thc liver are
supposed to reside.

21. The nature of these active powers, so far as the
iver is a source of loss to the blood which traverses it,
s determined by ascertaining—

a. Tllle gharacter of that fluid, the bile, which in-
cessantly flows down the biliary duct, and which, if
" gestion_is not_gaing on, and the passage into the In-
kestine is closed, flows-hack into and fills the gall-bladder.

4. The difference between the blo6d which enters the
fliver and that which leaves it. .

22. a. The total quantity of bile secreted in the twenty-
four hours varies, but probably amounts to not less than
from mu)_ém'?ere_nggggs. It is a golden yellow, slightly
alkaline, fluid, of extremely bitter taste, consisting of watet
with from 17 per cent. to half that quantity, of solid
matter in solution. The solids consist 1n the first placc
of a somewhat complex substance which may be separated
by crystallization, and has been called 4i/in. It is in
reality a mixture of two acids, in combination with soda,
one called gilycocholic, and consisting of carbon, hydrogen,

» nitrogen, and oxygen, the other fawrocfiolic,and containing

in addition to the oth&ﬂm@ﬁj&qnsiderable uantity
of sulphur. Besides the taurocholaté”and glycocholate
of soda, or bile salts as they are sometimes called, the bile
contains a. remarkable crystalline substance, very fatty-
e

outline of the liver cells are seen as a fine network of lines throughout the
whole lobule.
B. Portion of lobule verby highly magnified. a, liver cell with », nucleus (two
are present) ; &, capillaries cut across; ¢, minute btﬁxry passages
between the cells, injected with colouring matter.
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looking, but not really of a fatty nature, calles .
one or more peculiar colouring matters probably related
to the hamatin of the blood, and certain saline matters.
6. Of these constituents of the bile the water, the choles-
terin, and the saline-natters, 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 thesc
constituents, great practical difficulties lie in the way of
the precise ascertainment of the amount of that difference.

The blood of the-hepaies ~ = b =wwm= &= semtinte =o oo

in wﬁ%shauha.tmf—-f-hﬂ-pﬂ;fa-l vein, o
23. As the essential constituents of bile, the bile acids

and the colouring matter, are not discoverable in the blood
which enters the liver; they must be formed at the expense
of the tissue of that organ itself, or of some constituent of
the blood passing through it.

24. We must next consider the chief sources of constant
gain to the blood ; and, in the first placce, #e sources of
gain of matier.

The lungs and skin are, as has been seen, two of the
principal 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 main-
tenance-ﬂﬁ-lifﬁ,_eggtzt_,ai% _ntroduced into the blood. It
has already been pointed out that the volume of the oxygen
taken into the blood by the lungs is rather greater than
that qhhua_@bn_ig%%c}_giy'% out. The absolute weight
of oxygen thus absorbed may be estimated at 10,000 grains
(see Lesson VL. § 2).

How much is taken in by the skin of man is not cer-
tainly known, but in some of the lower animals, such as
the frog, the skin plays a very important part I te per-
formance of the respiratory function.

25. The blood leaving the liver by the hepatic vein not
only. contains proportionally less wate i, but pro-
portionglly more corpuscles, especially” colourless cor-
puscles, and, what is stll more important, under certain
circumstances at least, a larger quantity of liver-sugar, or
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glucose, than that brought to it by the portal veins anc
hepatic artery.

g‘hat the blood leaving the liver should contain propor

j tionally less water and more corpuscles than that entering
it, is no more than might be expected from the fact tha
the formation of the bile, which is separated from thi
blood, necessarily involves a loss of water and of som
solid matters, while it does not abstract any of the cor
puscles.

We do not know why less fibrin separates from the blooc
of the hepatic vein than from the blood brought to thc
liver. But the reason why there may be more sugar in
the blood leaving the liver than in that entering it; and
why, in fact, there may be plenty of sugar in the blood o
the hepatic vein cven when none whatever is brought tc
it by the hepatic artery, or portal vein, has been made ou
by careful and ingenious experimental research.

26. If an animal be fed upon purely animal food, the

lood of the portal vein will contain no sugar, none having

cen absorbed by the walls of the alimentary canal, noi
will that of the hepatic artery contain any, or, at‘ny rate,
more than the merest trace. Nevertheless, plenty may be
found, at the same time, in the_blood of the * ="~ - '~
and in that of the vena cava, from the point at which it is
joined by the hepafiC vein, as far as the heart.

Secondly, if, from an animal so fed, the liver be ex
tracted, and a current of cold water forced into the wena
porte, it will flow out by the hepatic vein, carrying with it
all the blood of the organ, and will, after a time, come out
colourless, and devoid of sugar. Nevertheless, if the
or%an be left to itself at a modcrate temperature, sugai
will soon again become abundant in it.

Thirdly, from the liver, washed as above described, a
substance may be extracted, by appropriate methods, which
resembles _starch or dextrime;—r—chemical composition,
consisting as it does of qarbon united with h and
oxygen, the latter being in the same proportions as in
water. This “amyloid ” substance is the glycogen spoken
of in §20. It may be dried and kept for long periods
without undergoing any change.

But, like the vegetable starch and dextrine, this animal
amyloid, which must be formed in the ljver, since it is cer-
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tainly not contained either in the blood of the portal vein,
or in that of the hepatic artery, is very readily changed by
contact with certain matters, which act as fcrments, intc
sugar. et

%‘av:)urthly, it may be demonstrated that a ferment, com.
petent to change the “amyloid” glycogen into saccharing
‘glucose)” exists under ordinary circumstances in th¢
liver.

Putting all these circumstances together, the following
explanation of 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, appears to have much
probability ; though it may possibly require modification,
In some respects, hereafter.

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 the
comparatively little soluble glycogen into very soluble
sugar ; and this sugar is dissolved and carried away by
each intrfllobular vein to the hepatic vein, and thence to
the vena cava,

Though after death a very considerable quantity of sugar
accumulates in the hepatic vein, the amount which, e any
gitven moment, can be detected during life is extremely
small. This has led some physiologists to suppose that, in
health, glycogen is not converted into sugar, but undergoes
some other change. A very small quantity of sugar how-
ever, so small as to almost escape detection, thrown into
the hepatic vein every instant, would amount to a consider-
able quantity in the twenty-four hours.

This formation of glycogen in the liver goes on in the
total absefice of starch or sugar from the food. It must,
therefore, In such cases bé formed at the expense of proteid
material (see Lesson V1.). It appears, however, that the
presence of starch or sugar in the food, though not essen-
i?al, is very favourable to the production of glycogen in the
iver,

27. The lymphatic systene has been already mentioned
as a feeder of the blood with a fluid which, in general, ap-
pears to be merely the superfluous drainage, as it were,of
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the blood-vessels ; though at intervals, as we shall see, the
lacteals make substantial additions of new matter, It is
very probable that the multitudinous lymphatic glands
may effect some change in the fluid which traverses them,
or may add to the number of corpuscles in the lymph.,

Nothing certain is known of the functions of certain
bodies which are sometimes called ductless glands, but
have quite a different structure from ordinary secreting
glands ; and indeed do not resemble each other in struc-
ture. These are, the #yreid gland, which lies in the part
of the throat below the larynx, and is that organ which,
when enlarged by disease, gives rise to “ Derbyshire neck ”
or “goitre ; ” the #ymus gland, situated at the base of the
heart, largest in infants, and gradually disappearing in
adult, or old, persons ; and the supra-renalcapsules, which
lie above the kidneys.

28. We are as much in the dark respecting the office of
the large viscus called the spleen,n =~ C T
side of the sfomach in the abdominal cavity {Fig, 38). It
is an elongated flattened red body, abundantly supplied
with blood by an artery called the splenic art¢ry, which
groceeds almost directly from the aorta. The blood which

as traversed the splcen is collected by thé splenic wvein,
?nd is carried by it to the wema porie, and so to the
iver.

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 onec of the spheroidal bodies called cor-
puscles of the spleen, which are scattered through its sub-
stance, and consist of a solid aggregation of minute bodies,
like the white corpuscles of the blood, traversed by a ca-
pillary network, which is fed by a small twig of the splenic
artery. The dark red part of the splecn, in which these
corpuscles are embedded, is composed of fibrous and elastic
tissue supporting a very spongy vascular network.

The elasticity of the splenic tissue allows the organ to
be readily distended, andp enables it to return to its former
size after distension, It appears to change its dimensions
iwith the state of the agdominal viscera, attaining its
largest size about six hours after a full meal, and falling
to its minimum bulk six or seven hours later, if no further
supply of food be taken, ._..-- -- .
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The blood of the splenic vein is found to contain pro-
portionally fewer red corpuscles, but more colourless cor-
puscles and more fibrin, than that in the splenic artery ;
and it has been supposed that the spleen is one of those
parts of the cconomy in which the colourless corpuscles
of the blood are especially produced.

i 3%

The spleen (Sp/) with the splenic attery (S4.1.). Below this is seen the
%lenic vein running to help to form the vena portzx (V.P ). Ao. the aorta ;

. a pillar of the diaphragm , P.D. the pancreatic duct exposed by dissection
in the substance of the pancreas; [, the duodenum, B.D ‘the biliary

duct uniting with the pancreatic duct into the common duct, x; y, the
intestinal vessels,

29. It has been seen that Zeaf is being constantly given
off from the integument and from the air-passages ; and
everything 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. Ncvertheless, the temperature of the body
is maintained very evenly, at all times and in all parts,
within the range of two degrees on either side of q9°
Fahrenheit.

This is the result of three conditions :—The first, that
heat is constantly being generated in the body; the
second, that it is as constantly being distributed through

\
|
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the body; the third, that it is subject to incessant
regulation.

Heat is generated whenever oxidation takes place ; and
hence, whenever proteid substances (see Lesson VI, § 4)
or fats, or amyloidal matters, are being converted into the
more highly oxidated waste products,—urea, carbonic acid,
and water,—heat is necessarily evolved. But these pro-
cesses are taking place in all parts of the body by which
vital activity is manifested ; and hence every capillary
vessel and every extravascular islet of tissue is really a
small fireplace in which heat is being evolved, in propor-
tion to the activity of the chemical changes which are
going on.

30. But as the vital activitics of different parts of the
body, and of the whole body, at different times, are very
different ; and as some parts of the body are so situated
as to lose their heat by radiation and conduction much
more easily than others, the temperature of the body
would be very unequal in its different parts, and at different
times, were it not for the arrangements by which the heat
is distributed and regulated.

‘Whatever oxidation occurs in_any part, roises the tem-
perature of the blood which'is in fhat part at the time to
a proportional extent. But this blood is swiftly hurried
away into other regions of the body, and rapidly gives u
its increased temperature to thein. On thc other hand,
the blood which by being carried to the vessels in the skin
on the surface of the body begins to have its temperature
lowered by evaporation, &c., is hurried away before it has
time to get thoroughly cooled into the deeper organs ; and
in them it becomes warm by contact, as well as by the
oxidating processcs i which it “fakes a part. Thus the
blood-vessels and their contents might be compared to a
system of hot-water pipes, through which the warm water
is kept constantly circulating by a pump; while it is heated,
hot by a great central boiler as usual, but by a multitude ot
minute gas jets, disposed beneath the pipes, not evenly, but
more here and fewer there. It is obvious that, however
much greater might be the heat applied to one part of the
system of pipes than to another, the general temperature
of the water would be even throughout, if it were kept
moving with sufficient quickness by the pump.
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31. If such a system were entirely composed of closed
pipes, the temperature of the water might be raised to any
extent by the gas jets. On the other hand, it might be
kept down to any required degree by causing a larger, or
smaller, portion of the pipes to be wetted with water, which
should be able to evaporate freely—as, for example, by
wrapping them in wet cloths, And the greater the quantity
of water thus evaporated, the lower would be the tem-
perature of the whole apparatus. )

Now, the regulation of the temperature of the human
body is effected on this principle. The vessels are closed
pipes, but a greater number of them are enclosed in the
skin and in the mucous membrane of the air-passages,
which are, in a physical sense, wet cloths freely exposed to
the air. It is the evaporation from these which exercises
a more important influence than any other condition upon
the regulation of the temperature of the blood, and, conse-
quently, of the body.

But, as a further nicety of adjustment, the wetness of
the regulator is itself determined by the state of the small
vesselsp inasmuch as exudation from these takes place
more readily when the walls of the veins and arteries are
relaxed, and the blood distends them and the capillaries.
But the condition of the walls of the vessels depends upon
the nerves by which they are supplied ; and it so happens
that cold so affects these nerves in such a manner as to
give rise to contraction of the small vessels, while mode-
rate warmth has the reverse effect.

Thus the supply of blood to the surface is lessened, and
loss of heat is thereby checked, when the external tem-

rature is low ; while, when the external temperature is

igh, the supply of blood to the surface is increased, the
fluid exuded from the vessels pours qut by the sweat-glands,
and the evaporation of this fluid checks the rise in the
temperature of the superficial blood.
ence it is that, so long as the surface of the body per-
spires freely, and the air-passages are abundantly moist, a
man may remain with impunity, for a considerable time,
in an oven in which meat is being cooked. The heat of
the air is expended in converting this superabundant per-
spiration into vapour, and the temperature of the man’s
blood is bardly raised.
K
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Fi16 39 —A DIAGRAM TO ILLUSTRATE THE STRUCTURE OF GLANDS.
A. Typical structure of the mucous membrane. a, an upper, and 4, a lower,
layer of epithelium cells ; ¢, the dermis with ¢, a blood-vessel, and /, con.
nective tissue corpuscles.
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32. The chief éntermittently active sources of loss to the
blood are found among the glands proper, all of which are,
in principle, narrow pouches of the mucous membranes, or
of the integuiment of the body, lined by a continuation of
the epithelium, or of the epidermis. In the glands of Lic-
berkulin, which exist in immense numbers in the walls of
the small intestines, each gland is nothing more than a
simple blind sac of the mucous membrane, shaped like a
small test tube, with its closed end outwards, and its open
end on the inner surface of the intestine (Fig. 39, 1). The
sweat-glands of the skin, as wc have already seen, are
equally simple, blind, tube-like involutions of the integu-

-ment, the ends of which become coiled up. The scbaceous

glands, usually connected with the hair sacs, are shorter,
and their blind ends are somewhat subdivided, so that the
gland is divided into a narrow neck and a more dilated
and sacculated end (Fig. 39, 5). The_neck by_which the
gland comumunicates_with the free surface is called its
duct. More complicated glands are produced by the elon-
gation of the duct into a long tube, and the division and
subdivésion of the blind end into multitudes of similar
tubes, each of which endsin a dilatation (Fig. 39, 6). These
dilatations? attached to their branched ducts, somewhat
resemble a bunch of grapes. Glands of this kind are
called racemose. The salivary glands and the pancreas
are such glands.

Now, many of these glands, such as the salivary, and
the pancreas (with the perspiratory, or sudoriparous glands,
which it has been convenient to consider already), are only
active when certain impressions on the nervous system
give rise to a particular condition of the gland, or of its
vessels, or of both.

Thus the sight or smell, or even the thought of food,
will cause a flow of saliva into the mouth ; the previously

B. The same, with only one layer of cells, @ and &, the so-culled basement
membrane between the epithelium, 2, and deimiis, ¢.
A simple tubular gland
. A tubular gland hifid at its base. In this and succeeding figures the
blood-vessels are omitted.
. A simple saccular gland
. A divided saccular gland, with a duct, 4.
. A similar gland still mo.¢ divided
A racemose gland, part only Leing drawn.
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quiescent gland suddenly pouring out its fluid secretion, as
a result of a change in the condition of the nervous system.
And, in animals, the salivary glands can be made to secrete
abundantly, by irritating a nerve which supplies the gland
and its vessels,. How far this effect is the result of the
mechanical influence of the nerve on the state of the circu-
lation, by widening the small arteries (see p. 51) and so
supplying the gland with more blood, and how far it is the
result of a more direct influence of the nerve upon the state
of the tissue of the gland itself, making the celis secrete,
just as a nerve when stimulated makes a muscle contract,
is not at present finally determined.

The liquids poured out by the intermittent glands are
always very poor in solid constituents, and consist chiefly
of water. Those poured on to the surface of the body are
lost, but those which are received by the alimentary canal
are doubtless in a great measure re-absorbed.

33. The great intermitient sources of gain of waste pro-
ducts to the blood are the muscles, every contraction of
which is accompanied by a pouring of certain products
into the blood. That much oF this waste is carboric acid
is certain from the facts (2) that the blood which leaves a
contracting muscle is always highly venous, far more so
than that which leaves a quiescent muscle ; () that mus
cular exertion at once immensely increases the quantity of
carbonic acid expired; but whether the amount of nitro-
genous waste is increased under these circumstances, or
not, is a point yet under discussion.



vt] FUNCTION OF ALIMENTARY CANAL. 133

LESSON VI.
THE FUNCTION OF ALIMENTATION.

1. THE great source of gain to the blood, and, except
the lungs, the only channel by which altogether new
material is introduced into that fluid, putting aside the
altogether exceptional case of absorption by the skin, is
the agmentary canal, the totality of the operations of
which constitutes the function of alimentation. Tt will
be useful # consider the general nature and results of the
performance of this function before studying its details.

2. A man daily takes into his mouth, and thereby intro-
duces into his alimentary canal, a certain quantity of solid
and liquid food, in the shape of meat, bread, butter, water,
and the like. The amount of chemically dry, solid matter,
which must thus be taken in‘o the body, if a man of
average size and activity is neither to lose, nor to gain,
in weight, has been_found-to he about. 8,000 grains. In
addition to this, his blood absorbs by the lungs about
10,000 grains of oxygen gas, making a grand total of
18,000 giains (or nearly two })ounds and three-quarters
avoirdupois) of daily gain of dry, solid, and gaseous
matter,

3. The weight of dry solid matter passed out from the
alimentary canal dors not, on the average, amount to
more than one-tenth of that which is -taken into it, or
800 grains. Now the alimentary canal is the only channel
by which any appreciable amount of solid matter leaves
the body in an undissolved condition, It follows, there-
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fore, that in addition to the 10,000 grains of oxygen,
7,200 grains of dry, solid, matter must pass out of the
body by the lungs, skin, or kidneys, either in the form of
gas, or dissolved in the liquid excretions of those organs.
Further, as the general composition of the body remains
constant, it follows either that the elementary constituents
of the solids taken into the body must be identical with
those of the body itself: or that, in the course of the
vital processes, the food alone is destroyed, the substance
of the body remaining unchanged : or, finally, that both
these alternatives hold good, and that food is, partly,
identical with the wasting substance of thc body, and
replaces it; and, partly, differs from the wasting sub-
stance, and is consumed without replacing it.

4. As a matter of fact, all the substances which are
used as food come under one of four hcads. They are
cither what -saay-be termed- -Prateids, qr. they are—Kassy
or they are Amyloids, or they are-Aincrals.

Proteids are composed of the four elements—carbon,
hydrogen, oxygen, and nitrogen, sometimes united with
sulphur and phosphorus. ‘

Under this head come the Gluien of flour, the 4fbn-
mep of white of egg, and blood sertim” the Jubriu of the
blood; the Syntonin, which 1s the chicf constituent of
muscle and flesh;dnd Cusein, one of the chief constituents
of cheese, and many otfer similar but less common bodies ;
while Gelatiu,which is obtained by boiling fiom connec-
tive tissue, and Chondrin, which may be produced in the
same way from cartilage, may be considered to be out-
lying members of the same group.

Fats are composed of carbon, hydrogen, and oxygen
only, and contain_more hydrogen than_is enough to form
water if united with the oxygen which they possess.

All vegetable and animal fatty matters and oils come
under this division.

Ampyloids are substances which also consist of carbon,
hydrogen, and oxygen only. But they contain.no mese
hydrogen than is just sufgcient to produce water with
their oxygen. These are the matters known as Starch,
Dextrine, Sugar, and Gum.

It is the peculiarity of the three groups of food-stuffs
just mentioned that they can only be obtained (at any’
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rate, at present) by the activity of living beings, whether
animals or plants, so that they may be conveniently
termed vital food-stuffs.

Food-stuffs of the fourth class, on the other hand, or

Minerals, a arc z net-huing,
L —_salls of sundry
alkalies, - carths,—and- metals. To these, in strictness,

oxygen ought to be added, though, as it is not taken in
by the alimentary canal, it hardly comes within the ordi-
nary acceptation of the word food.

5. In ultimate analysis, then, it appears that zital food-
stifs contain either three or four of the elements: carbon,

" hydrogen, oxygen, and nitrogen; and that mineral food-
stuffs are water and salts. But the human body, in ulti-
mate analysis, also proves to be composed of the same
four elements, p/us water, and the same saline matters as
are found in food.

More than this, no substance can serve permanently
for food—that is to say, can prevent loss ofp weight and
change in the general composition of the body—unless it
contaigs a certain amount of proteid matter in the shape
of albumin, fibrin, syntonin,«casein, &c., while, on the other
hand, any‘substance which contains proteid matter in a
readily assimilable sh?e, is competent to act as a per-
manent vital food-stuff.

The human body, as we have scen, contains a large
quantity of proteid matter in one or other of the forms
which have been enumerated; and, therefore, it turns
out to be an indispcnsable condition, that every sub-
stance which is to serve permanently as food, must
contain a sufficient quantity of the most important and
complex component of the body ready made. It must
also contain a sufficicnt quantity of the mineral ingre-
dients which are required. Whether it contains either
fats or amyloids, or both, its essential power of supporting
the life and maintaining the weight and composition of
the body remains unchanged.

6. The necessity of constantly renewing the supply ot
proteid matter arises from the circumstance that the
secretion of urea from the body (and consequently the
loss of nitrogen) goes on continually, whether the body
is fed or not: while there is only one form in which
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nitrogen (at any rate, in any considerable quantity) can
be taken into the blood, and that is in the form of a
solution of proteid matter. If proteid matter be not sup-
plied, therefore, the body must needs waste, because there
1s nothing in the food competent to make good the loss of

‘nitrogen.

On the other hand, if proteid matter be supplied, there
can be no absolute necessity for any other but the mineral
food-stuffs, because proteid matter contains carbon and
hydrogen in abundance, and hence is competent to give
origin to the other great products of waste, carbonic acid
and water,

In fact, the final results of the oxidation of proteid
matters are carbonic acid, water, and ammania ; and these,
as we have seen, are the final shapes of the waste products
of the human economy.

7. From what has been said, it becomes readily intel-
ligible that, whether an animal be herbivorous or carni-
vorous, it begins to starve from the moment its vital
food-stuffs consist of pure amyloids, or fats, or any mixture
of them. It suffers from what may be called #itrogen
staqrvation, and, sooner or later, will die.

n this case, and still more in that of an“animal de-
prived of vital food altogether, the organism, so long as it
continues to live, feeds upon itself. In the former case,
those excretions which contain nitrogen, in the latter, all
its waste products, are necessarily formed at the expense
of its own body; whence it has been rightly enough
obserl\fed that a starving sheep is as_much_a carnivore
as a lion.

'" 8 But though proteid matter is the essential element
of food, and under certain circumstances may suffice, by
itself, to maintain the body, it is a very disadvantageous
and uneconomical food.

Albumen, which may be taken as the type of the pro-
teids, contains about §3 parts of carbon and 15 of nitrogen
in 100 parts. If a man were to be fed on white of egg,
therefore, he would take in, speaking roughly, 34 parts of
carbon for every part of nitrogen.

But it is proved experimentally, that a healthy, full-
grown man, keeping up his weight and heat, and taking
@ fair amount of exercise, eliminates 4,000 grains of
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carbon _to only 300 grains of_nitrogen, or, roughly, onl
neéds one-thirteenth as much nitrogen as carbogn. y’Hovv)-
ever, if he is to get his 4,000 grains of carbon out of
albumen, he must eat 7,547 grains of that substance
But 7,547 grains of albumen contain 1,132 grains o
nitrogen, or nearly four times as much as he wants,

To put the case in another way, it takes about fou
pounds of fatless meat (which generally contains about
one-fourth its weight of dry solid proteids) to yield 4,00
grains of carbon, whereas one pound will furnish 30c
grains of nitrogen.

Thus a man confined to a purely proteid diet, must ea
a prodigious quantity of it. This not only involves a grear
amount of physiological labour in comminuting the food
and a great expenditure of power and time in dissolving
and absorbing it; but throws a great quantity of wholly
profitless labour upon those excretory organs, which have
to get rid of the nitrogenous matter, three-fourths of which,
as we have seen, is superfluous.

Unproductive labour is as much to be avoided in phy-
siologieal, as in ‘Political, economy; and it is quite possible
that an animal fed with perfectly nutritious, proteid matter
should die*of starvation : the loss of power in various
operations required for its assimilation overbalancing the
gain ; or the time occupied in their performance being too
great to check waste with sufficient rapidity. The body,
under these circumstances, falls into the condition of a
merchant who has abundant assets, but who cannot get
in his debts in time to meet his creditors,

9. These considerations lead us to the physiological
justification of the universal practice of mankind in adopt-
ing a mixed diet, in which proteids ate mixed either with
fats, or with amyloids, or with both.

Fats may be taken to contain_about 8o per cent. of
carlmn,_a,_g_ciﬁg}rgybids about 40 per cent. ow it has
been seen that there 15 €ndigh 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, by reason of its
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solubility, passes with great ease into the economy, the
digestive labour of which is consequently reduced to :z
minimum.

10. Several apparently simple articles of food con-
stitute a mixed diet in themselves. Thus butcher’s meat
commonly contains from 30 to 50 per cent. of fat. Bread,
on the other hand, contains the proteid, gluten, and the
amyloids, starch and sugar, with minute quantities of fat.
But, from the proportion in which these proteid and other
constituents exist in these substances, they are neither,
taken alone, such physiologically economical foods as they
are when combined in the proportior of about 200 to 75 ;
or two pounds of bread to three-quarters of a pound of
meat per diem,

11. It is quite certain that nine-tenths of the dry, solid
food which 1s taken into the body sooner or later leaves
it in the shape of carbonic acid, water, and urea (or uric
acid) ; and it is also certain that the compounds which
leave the body not only are more highly oxidized than

rthose which enter it, but in them is carried away out of
the body all the oxygen taken into the bloodsby the
lungs.

The intermediate stages of this conversion are, how-
ever, by no means so clear. It is highly probable that
the amylaids and fats. arc. xery.frequently oxidized in
the blood, without, properly speaking, ever forming an
integral part of the substance of the body ; but whether
the proteids may undergo the same changes in the blood,
or whether it is necessary for them first to be incorporated
with the living tissue, is not positively known,

So, again, it is certain that, in becoming oxidized, the
elements of the food mustgive off heat, and it is probable
that this heat is sufficient to account for all that is given
off by the body ; but it is possible, and indeed [probable,
that there may be other minor sources of heat, -

12. Food-stuffs have been divided into keasproducers
and #issue-formers—the amyloids and fats constituting the
former division, the proteids the latter. But this is a very
misleading classification, inasmuch as it implies, on the
one hand, that the oxidation of the proteids does not
develop heat ; and, on the other, that the amyloids and
fats, as they oxidize, subserve only the production of heat,
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Proteids are #issue-formers, inasmuch as no tissue can
be produced without them; but they are also Aeas-
producers, not only directly, but because, as we have
seen (Lesson V. §§ 25, 26), that they are competcent to
give rise to amyloids by chemical metamorphosis within
the body.

If it 1s worth while to make a special classification of
the vital food-stuffs at all, it appears desirable to dis-
tinguish the essential food-stuffs, or protcids, from the
accessory food-stuffs, or fats and amyloids—-the former
alone being, in the nature of things, necessary to lfe,
while the lattcr, however important, are not absolutely
necessary.

13. All food-stuffs being thus proteids, fats, amyloids,
or mineral matters, pure or mixed up with other sub-
stances, the whole purpote of the alimentary apparatus is
to separate these proteids, &c. from the innutritious
residue, if there be any ; and to reduce them into a con-
dition either of solution or of excessively fine subdivision,
in order that they may make their way through the
delicat® structures which form the walls of the vessels ot
the alimentgry canal. To these ends food is taken into
the mouth and masticated, is mixed with saliva, is
swallowed, undergoes gastric digestion, passes into the
intestine, and 1s subjected to the action’ of the secretions
of the glands attached to that viscus ; and, finally, after
the more or less complete extraction of the nutritive con-
stituents, the residue, mixed up with certain secretions of
the intestines, leaves the body as the feces.

The cavity of the mouth is a chamber with a fixed roof,
formed by the hard palate (Fig. 40, /), and with a move-
able floor, constituted by the lower jaw, and the tongue (£),
which fills up the space between the two branches of the
jaw. Arching round the margins of the upper and the
lower jaws are the thirty-two teeth, sixteen above and
sixteen below, and, external to these, the closure of the
cavity of the mouth is completed by the cheeks at the
sides, and, by the lips, in front,

When the mouth is shut, the back of the tongue comes
into close contact with the palate ; and, where the hard
palate ends, the communication between the mouth and
the back of the throat is still further impeded by a sart of
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fleshy curtain—the soft palate or velum—the middl
which is produced into a prolongation, the wwvw/a
while its sides, skirting the sides of the passage, or fax

FiG. 40.
A SECTION oF THE MOUTH AND NOSE TAKEN VERTICALLY, A LITTLI
TO THE LEFT OF THE MipDLE LINE

a, the vertebral column ; 5, the gullet; ¢, the windpipe; d, the thyroid
cartilage of the larynx ; ¢, the epiglottis; /, the uvula; g, the opening ol
the left Eustachian tube ; 4, the opening of the Jeft lachrymal duct; 7, the
hyoid bane ; #, the tongue; /, the hard palate; a, #, the base of the
okull ; o, g, ¢, the superior, middle, and inferior turbinal bones, The letters
£/, e are placed in the pharynx.

form double muscular pillars, which are termed the
piliars of the fauces. Between these the fomsils are
situated, one on each side.,
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The velum with its uvula comes into contact below with
the upper part of the back of the tongue, and with a sort
of gristly, lid-like process connected with its base, the
r;ﬁiglottis (e).

chind the partition thus formed lies the cavity of the
pharynx, which may be described as a funnel-shaped bag
with muscular walls, the upper margins of the slanting,
wide end of which are attached to the base of the skull,
while the lateral margins are continuous with the sides,
and the lower with the floor, of the mouth. The narrow
end of the pharyngeal bag passes into the gullet or
cesophagus (4), a muscular tube, which affords a passage
into the stomach.

There are no fewer than six distinct opcnings into the
front part of the pharynx—four in pairs, and two single
ones in the middle line. The two pairs are, in front, the
hinder openings of the nasal cavities; and at the sidcs,
close to these, the apertures of the Eustachian tubes (g).
The two single apertures arc, the hinder opening of the
mouth between the soft palate and the epiglottis ; and,
bzhind the epiglottis, the upper aperture of the respira.
tory passage, or the glottés.

14. The mucous membranc which lines the mouth and
the pharynx is beset with minute glands, the éwccal
gLlands; but the great glands from which the cavity of
the mouth receives its chief secretion are the three pairs
which, as has been already mentioned, are called garotid,
submacxillary, sublingual, and which secrete the principal
part of the saliva (Fig. 41).

Each parotid gland is placed just in front of the ear,
and its duct passes forwards along the cheek, until it
opans in the interior of the mouth, opposite the second
upper grinding tooth.

The submaxillary and sublingual glands lie between the
lower jaw and the floor of the mouth, the submaxillary
bring situated further back than the sublingual. Their
ducts open in the floor of the mouth below the tip of the
‘tongue. The secretion of these salivary glands, mixed
with that of the small glands of the mouth, constitutes
the salfva—a fluid which, though thin and watery, con-
tains a small quantity of animal matter, called Ptyalin,
which bas certain very peculiar properties. It does not
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act upon proteid food-stuffs, nor upon fats ; but if mixed
with starch, and kept at a moderate warm temperature, it
turns that starch into grape sugar. The importance of
this operation becomcs apparent when one reflects that

N\
N

Fic 41,

A dissection of the right side of the face, showing n, the sublingual , 4,
the submaxillary glands, with their ducts opening beside the tongue in the
floor of the mouth at &; ¢, the parotid gland and its duct, which opens on
the side of the cheek at e,

starch is insoluble, and therefore, as such, useless as
nutriment, whilc sugar is highly soluble, and readily
oxidizable,

15. Each of the thirty-two teeth which havc been
mentioned consists of a crown which projects above the
gum, and of one or more fazngs, which are embedded in
sockets, or what are called alveoZs, in the jaws.

The eight teeth on o;l)posite sides of the same jaw are
constructed upon exactly similar patterns, while the eight
teeth which are opposite to one another, and bite against
one another above and below, though similar in kind,
differ somewhat in the details of their patterns.

The two teeth in each eight which are nearest the
middle line in the front of the jaw, have wide but sharp
and chisel-like edges. Hence they are called zncisors,
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or cutting teeth. The tooth which comes next is a
tooth with a more conical and pointed crown, Itanswers
to the great tearing and holding tooth of the dog, and is
called the canine or eye-tooth. The next two teeth have
broader crowns, with two cusps, or points, on each crown,
one on the inside and one on the outside, whence they
are termed Jicuspid teeth, and sometimes false grinders.
All these teeth have usually one fang each, except the
bicuspid, the fangs of which may be more or less com-
pletely divided into two. The remaining teeth have two
or three fangs each, and their crowns are much broader.
As they crush and grind the matters which pass between
them they are called molars, or true grinders. In the
upper jaw their crowns present four points at the four
corners, and a diagonal ridge connecting two of them.
In the lower jaw the complete pattern is five-pointed, there
being two cusps on the inner side and three on the outer.

The muscles of the parts which have been described
have such a disposition that the lower jaw can be de-
pressed, so as to open the mouth and separate the teeth ;
or raised, in such a manner as to bring the teeth together ;
or move obliquely from side to side, so as to cause the
face of the grinding teeth and the edges of the cutting
teeth to slide over one another. And the muscles which
perform the elevating and sliding movements are of great
strength, and confer a corresponding force upon the
grinding and cutting actions of the teeth, In correspond-
ence with the pressure they have to resist, the superficial
substance of the crown of the teeth is of great hardness,
being formed of ename/, which is the hardest substance
in the body, so dense and hard, indeed, that it will strike
fire with steel (see Lesson XII.). But notwithstanding
its extreme hardness, it becomes worn down in old
persons, and, at an earlier age, in savages who live on
coarse foud. ™

16, When solid food is taken into the mouth, it is cut
and ground by the teeth, the fragments which ooze out
upon the outer side of their crowns being pushed beneath
them again by the muscular contractions of the cheeks
and lips; while those which escape on the inner side are
thrust back by the tongue, until the whole is thoroughly
rubbed down.
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While mastication is proceeding, the salivary glands
pour out their secretion in great abundance, and the
saliva mixes with the food, which thus becomes in-
terpenetrated not only with the salivary fluid, but with
the air which is entangled in the bubbles of the saliva.

When the food is sufficiently ground it is collected,
enveloped, in saliva, into a mass or bolus, which rests
upon tge back of the tongue, and is carried backwards to
the aﬂerture which leads into the pharynx. Through this
it is thrust, the soft palate being lifted and its pillars being
brought together, while the backward movement of the
tongue at once propels the mass and causes the epiglottis
to incline backwards and downwards over the glottis
and so to form a biidge by which the bolus. can travel
over the opening of the air-passage without any risk of
tumbling into it. While the epiglottis directs the course
of the mass of food below, and prevents it from passing
into the trachea, the soft palate guides it above, keeps 1t
out of the nasal chamber, and directs it downwards and
backwards towards the lower part of the muscular pha-
ryngeal funnel. By this the bolus is immediately seized
and tightly held, and the muscular fibres contracting
above it, while they are comparatively lax below, it is
rapidly thrust into the cesophagus. By the muscular
walls of this tube it is grasped and propelled onwards, in
a similar fashion, until it reaches the stomach.

17. Drink is taken in exactly the same way. It does
not fall down the pharynx and gullet, but each gulp is
grasped and passed down. Hence it is that jugglers are
able to drink standing upon their heads, and that a horse.
or ox, drinks with its throat lower than its stomach, feats
which would be impossible if fluid simply fell down the
gullet into the gastric cavity.

During these processes of mastication, insalivation, anc
deg]utition, what happens to the food is, first, that it i
reduced to a coarser or finer pulp ; secondly, that an:
matters it carries in solution are still more diluted by th:
water of the saliva ; thirdly, that any starch it may con
tain begins to be changed into sugar by the peculiar con
stituent (ptyalin) of the saliva,

18. The stomach, like the gullet, consists of a tub
with muscular walls composed of smooth muscular fibre
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a1d lined by an epithelium ; but it differs from the gullct
in several circumstances. In the first place, its cavitly is
greatly larger, and 1ts left end is produced into an enlarge-
ment which, because 1t 1s on the heart side of the body,
is called the cardiac dilatation (Fig. 42, 4). The opening
of the gullet into the stomach, termed the cardiac aperture,
is consequently nearly in the nuddle of the whole length of
the organ, which presents a long, convex, greater curva-
ture, along its front or under edge, and a short concave,
lesser curvature, on its back or upper contour. Towards
its right extremity the stomach narrows, and, where it
passes into the intestine, the muscular fibres are so dis-
posed as to form a sort of sphincter around the aperture
of communication. This is called the pgylorus (Fig.
2, d).

The mucous membrane lining the wall of the ctomach
is very delicate, and multitudes of small glands open upon
its surface. Some of these are simple, but others (Fig.
43) possess a somewhat more complicated structure,
their blind ends being subdivided. It is these glands,
and mere especially the more complicated ones, the so-
called peptic glands, whigh, when fo dnto_the
staggach, throw out a thin aci i
1S empty, its mucous membrane is
pale and hardly more than moist. Its small arteries are
then in a state of contraction, and comparatively little
blood is sent through it. On the entrance of food a
nervous action is set up, which causes these small arteries
to dilate ; the mucous membrame consequently reccives a
much larger quantity of blood, it becomes very red, little
drops of fluid gather at the mouth of the glands, and
finally run down as gastric juice. The process is very
similar to the combined blushing and sweating which
takes place when the sympathetic in the neck is divided.

Pure gastric juice appears to consist of Lttl han
water, containing i i ion, and its
acidity is due to the presence of free hydrachloric acid
it possesses, however, in addition a small quantity of a
peculiaul%gxan:wﬂad.fm};, which secms to be not
altogether dissimilar in chemical composition to, though
very dwiﬁzﬁﬁﬁﬁﬁ.ﬁfmﬂl’ﬂ_lﬁlﬁ 14).

Thus, when the food passes into the stomach, the con-

L
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tractions of that organ roll it about and mix it thoroughly
with the gastric juice.

19. It is easy to ascertain the properties of gastric juice
experimentally, by putting a small portion of that part of
the mucous membrane which contains the peptic glands
into acidulated water containing small pieces of meat,

FI1G. 42.—THE STOMACH LAID OPEN BEHIND,
a, the esophagus ; 5, the cardiac dilatation ; ¢, the lesser curvature ; d, the

pylorus, e, the biliary duct; /, the gall-bladder; g, the pal duct,
opening in common with the cystic duct opposite f; 4, ¢, the duodenum.

hard-boiled egg, or other fproteids, and keeping the
mixture at a temperature of about 100° After a few
hours it wil] be found that the white of egg, if not in too
great quantity, has become dissolved ; while all that
remains of the meat is a pulp, consisting chiefly of the
connective tissue and fatty matters which it contained.
This is artificial digestion, and it has been proved by ex-
periment that precisely the same operation takes place
when food undergoes natural digestion within the stomach
of a living animal.
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The proteid solution thus eﬂ'ect)gd is_called a peptone,
and has pretty much the same characters, whatever the
nature of the proteid which has been digested.

Peptone ditfers from all other proteids in its extreme
solubility, and in the readiness with which it passcs

through animal membranes. Many proteids, as fibrin,

Fi1G. 43

One of the glands which secrete the gastric juice, magnified about
350 diameters.

are naturally insoluble in water, and others, such as white
of egg, though apparently soluble, are not completely so,
and can be rendered quite solid or coagulated by being
simply heated, as when an egg is boiled. A solution of pep-
tone however is perfectly fluid, does not become solid, and
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is pot_at all coagulated by boiling. Again, if a quantity
of white of egg be tied up in a bladder, and the bladder
immersed in water, very little of the proteid will pass
through the bladder into the water, provided that there
are no holes. If, however, peptone be used instead of
albumin, a very large quantity will specedily pass through
into the water, and a quantity of water will pass from the
outside into the bladder, causing it to swell up. This
progess i osmosis, and is evidently of greatimport-
ance 1n the economy ; and the purpose of the conversion
of the various proteids by digestion into peptone seems
to be, in part at lcast, to enable this class of food-stuff to
pass readily into the blood through the thin partition
formed by the walls of the mucous membrane of the intes-
tine and the coats of the capillaries.

Similarly, starch, even when boiled, and so partially
dissolved, will not pass through membranes, whereas sugar
does so with the greatest case. Hence the reason of
the conversion of starch, by digestion, into sugar.

1t takes a very long time (some days) for the dilute acid
alone to dissolve proteid matters, and hence the %olvent
power of gastric juice must be chiefly attributed to the
pepsin.

As far as we know gastric juice has no direct action on
fats ; by breaking up, however, the proteid framework in
which animal and vegetable fats are imbedded, it sets
these free, and so helps their digestion by exposing them
to the action of other agents. It appears, too, that gastric
juice has no direct action on amyloids ; on the contrary,
the conversion of the starch into sugar begun in the
mouth appears to be wholly or partially arrested by the
acidity of the contents of the stomach, ptyalin being
active only in an alkaline or neutral mixture.

20. By continual rolling about, with constant additions
of gastric juice, the foo mes reduced to the con-
sist - 1yme. In this state

it is, in part, allowed to escape through the pylorus and
to enter the duodenum; but a great deal of the fluid
(consisting of peptone together with any saccharine fluids
resulting from the partial conversion of starch, or other-
wise) is at once absonrbed. making its way, by imbibition,
through the walls of the delicate and numerous vessels of
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Fi16. 44.—TuE VISCERA OF A RADBIT A5 SEKN UPON SIMPLY OPENING THE
CAVITIES OF THE THORAX AND ABDOMEN WITHOUT ANY FUKIHER
DissecTION,

A. Cavity of the thorax, pleural cavity of cither side, B. Diaphragm ;



150 ELEMENTARY PHYSIOLOGY. [LEss.

the stomach into the current of the blood, which is rush-
ing though the gastric veins to the vena porte.

21. The éntestines form one long tube, with mucous and
muscular coats, like the stomach ; and, like it, they are
en i itoncum. They are divided into two por-
tions—the small intestines and the large intestines ; the
latter having a much greater diameter than the former.
The small intestincs again are subdivided into the
duodenum, the jejunum, and the zleusm, but there is no
natural line of demarcation between these. The drodenune,
however, is distinguishable as that part of the small
intestine which immediately succeeds the stomach, and
is bent upon itself and fastened by the peritoneum against
the back wall of the abdomen, in the loop shown in Fig,
42. Itis in this loop that the head of the pancreas lies
(Fig. 38). i . .

The ileum (Fig. 45, @) is no wider than the jejunum or
duodenum, so that the transition from the small intestine
to the large (¢) is quite sudden. The opening of the
small intestine into the large is provided with prominent
lips which project into the cavity of the latter, and oppose
the passage of matters from it into the small intestine,
while they readily allow of a passage the other way. This
is the Zleo-cecal valve (Fig. 45, d).

The largg jntestine forms a blind dilatation heyend the
ileg-caacal valve, which is called the ¢@cwm  and from
this an elongated, blind process 1s given off, which, from
its shape, is called the wermiform appendix of the ceecum
(Fig. 45, 8.~

The caecum lies in the lower part of the right side of the
abdominal cavity. The colon, or first part of the large
intestine, passes upwards from it as the ascending colon ;
then making a sudden turn at a right angle, it passes
across to the left side of the body, being called the

C, ventricles of the heart ; D, auricles ; Z, pulmonary artery ; F, aorta ;
G, lungs, collapsed. and occupying only back part of chest; /7, lateral
}aort_mns of pleural membranes, J, cartilage at the end of sternum
ensiform cartilage); KX, portion of the wall of body left between
thorax'and abdomen; a, cut ends of the ribs; Z, the hver, in this
case lying more to the left than the right of the body; A7, the stomach,
a large part of the greater curvature being shown; A, duodenum; O,
small intestine ; P the cacum, so largely developed in this ﬂnd other
herbivorqus animals ; Q, the large intestine.
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transverse colon in this part of its course; and next,
suddenly bending backwards along the left side of the

Fi1G. 45.

The termination of the ileum, a, in the czzcum, and the continuation of the

Iatter 1nto the colon, ¢; d, the ilco-czcal valve, e, the aperture of the
appendtX vermiform:s (b) 1nto the cecum.
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FI1G. 46.—SEMI-DIAGRAMMATIC VIEW OF Two VILLI OF THE SMALL
INTESTINES. (Magnified about so diameters.)

@, substance of the villus; 3, its epithelium, of which some cells are seen
detached at 81; ¢ d, the artery and vein, with their connecting capillary
network, which envelopes and hides ¢, the lacteal radicle which occupies
§r ‘c“e:‘tre of the villus and opens into a network of lacteal vessels at
A
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abdomen, it becomes the descending colon. This reaches
the middle line and becomes the recZum, which is that
part of the large intestine which opens externally.

22, The mucous membrane of the whole intestine is
rovided with numerous small and simple glands
na i ihp), which pour into it a secretion,

the Znlestinal juice, the precise functions of which are
unknown, though it appears in some creatures at least to
possess the power of converting starch into sugar, and
proteids into peptone. At the commencement of the
duodenum are certain racemose glands, called the glands
ojgﬁmmg whose function is wholly unknown,

tructures peculiar to the small intestine are the
valvule conniventes, transverse folds of the mucous
membrane, which increase the surface; and the wi//i,
which are minute thread-like processes of the mucous
membrane on the valvule conniventes and elsewhere, sct
side by side, like the pile of velvet. Each villus is coated
by epithelium, and contains in its interior the radicle,
or commencement, of a lacteal vessel (Lessen II. § 6),
[between which and the epithelium lies a capilldry n
'work with its affezent artery and efferent vein. Jochargt

2 intestines receive their blood almost directly from,

the_aorta. Their veins carry the blood WRICh has tra-
versed the intestinal capillaries to the 7ena poste.

The fibres of the muscular coat of the intestines (which
lies between the mucous membrane and the serous, or
peritoneal, investment) are disposcd longitudinally and
circularly ; the longitudinal coat being much thinner, and
placed outside the circular coat. Now the circular fibres
of any part contract, successively, in such a manner that
the lower fibres, or those on the side of the anus, contract
after the upper ones, .or those on the side of the pylorus.
1t follows from this so-called peristaltic contraction, that
the contents of the intestines are constantly being pro-
pelled, by successive and progressive narrowing of their
calibre, from their upper towards their lower parts.

The large intestine presents noteworthy peculiarities
in the arrangement of the longitudinal muscular fibres of
the colon into three bands, which are shorter than the
walls of the intestine itself, so that the latter is thrown
into puckers and pouches; and in the disposition of
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muscular fibres around the termination of the rectum inta
a ring-like sphincter muscle, which keeps the aperture
firmly closed, except when defeecation takes place.

23. The only secretions, besides those of the proper
intestinal glands, which enter the intestine, are those of
the liver and the pancreas—the éile and the pancreatic
suice. The ducts of these organs have a common
opening in the muddle of the bend of the duodenum;
and, since the common duct passcs obliquely through the
coats of the intestine, its walls serve as a kind of valve,
obstructing the flow of the contents of the duodenum
into the duct, but readily permitting the passage of bile
and pancreatic juice into the duodenum (Figs. 36, 38, 42).

Pancreatic juice is an alkaline fluid not unlike saliva in
many respects ; it differs, however, in containing a con-
siderable quantity of proteid material. Bile we have
already studied.

After gastric digestion has been going on some time,
and the semi-digested food begins to pass on into the
duodenum, the pancreas comes into activity, its blood-
vesselsedilate, it becomes red and full of blood, its cells
secrete rapidly, and a copious flow of pancreatic juice
takes place along its duct into the intestine.

The secretion of bile by the liver is much more con-
tinuous than that of the pancreas, and is not so markedly
increased by the presence of food in the stomach.
There is, however, a store of bile laid up in the
gall-bladder; and as the acid chyme passes into the
duodenum, and flows over the common aperture of the
gall and pancreatic ducts, a quantity of bile from this
reservoir in the gall-bladder is ejected into the intestine.
The bi icjuice together here mix with the
chyme and convert it into what is called c/yZ.

24. Chyle differs from chyme in two respects. In the
first place, the alkali of the bile neutralizes the acid of
the chyme ; in the second place, both the bile and the
pancreatic juice appear to exercise an influence over the
fatty matters contained in the chyme, which facilitates
the subdivision of these fats into very minute separate
particles. The chyme, in fact, which results from the
digestion of fatty food, is a mere mixture of watery
fluid with oily matters, which are ready to separate from it
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and unite with one another. In the chyle, on the other
hand, the fatty matters are suspended in the fluid, just as
oil may be evenliy; diffused through water by gradually
rubbing it up with white of egg into what is termed an
emulsion; or as the fat (that 1s, the butter) of milk is
naturally held suspended in the watery basis of milk.

The chyle, with these suspended particles, looks white
and milky, for the same reason that milk has the same
aspect—the multitude of minute suspended fatty particles
reflecting a great amount of light.

The conversion of starch into sugar, which seems to
be suspended’ wholly, or partially, so long as the food
remains in the stomach, on account of the acidity of the
chyme, is resumed as soon as the latter is neutralized, the
pancreatic and intestinal juices operating powerfully in
this direction.

Recent observations moreover have shown that pan-
creatic juice has a powerful effect on proteid matters, con-
verting them into peptones differing little, if at all, from
the peptones resulting from gastric digestion. It would
appear too that fats are not only minutely ditided or
emulsionized by the bile and pancreatic juice, ze. acted
upon mechanically, but also to a small extent converted
by a chemical change into soaps, and thus rendered more
soluble.

Hence it appears that, while in the mouth amyloids only,
and in the stomach proteids only, are digested, 1in the
intestine all three kinds of food-stuffs, proteids, fats and
amyloids are either completely dissolved or minutely
subdivided, and so preparcd for their passage into the
vessels.

As the chyle is thrust along the small intestines by
the grasping action of the peristaltic contractions, the
dissolved matter which it contains is absorbed, in the
ordinary way, by osmosis into the vessels of the villi.
The minute particles of fatty matter, on the other hand,
which, not being dissolved, are incapable of osmosis, pass
bodily through the soft substance of the epithelium into
that of the villi, and so into the beginning of the lacteal.

The exact manner in which this is effected is at present
a matter of dispute. The contents of the intestine are
undoubtedly subject to pressure from the pcristaltic con-
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tractions of the muscular walls; and this may help to
squeeze the fat into the villi, just as mercury may be
squeezed through the pores of a piece of wash leather.
Tc{xe process, however, is probably not one of mere
pressure only.

As the network of capillaries lies outside the lacteal
radicle in each villus, 1t would appear probable that
the blood-vessels must carry off the greater part of
the more soluble matters of the chyle. It is possible,
however, that some of these pass by simple diffusion mto
the lacteals as well as into the blood-vessels. We are
not, in fact, in possession of exact knowledge as to which
constituents of the chyle pass into the lacteals, and which
into the blood-vessels (or which into both), except on
one point ; and that is, that the minutely divided fat passes
not 1nto the blood-vesscls, but into the lacteals, fills them,
and only enters thc blood after a roundabout passage
through the mesenteric lymphatics and the thoracic duct.
(Lesson II. §§ 5, 6.)

25. The digested matters, as they are driven along the
small ntestines, gradually become deprived of their
peptones, fats, and soluble amyloids, and are forced
through the ileo-caecal valve into the ceecum and large
intestine. Here they acquire an acid reaction and the
characteristic faecal odour and colour, which become
more and more marked as they approach the rectum. It
has been supposed that a sort of second digestion occurs
in the upper part of the large intestine.
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LESSON VIL
MOTION AND LOCOMOTION.

1. IN the preceding Lessons the manner in whicl
the incomings of the human body are converted into it:
,outgoings has been explained. 1t has been seen that new
vmatter, in the form of vital and mincral fuods, is constantly
apdpropriated by the body, to make up for the loss of
old matter, in the shape, chiefly, of carbonic acid, urea,
and water, which is as constantly going on.

The vital foods are derived directly, or indire:tly, from
the vegctable world : and the products of waste cither are
such compounds as abound in the mineral world, or
immcdiately decompose into them. Consequently, the
human body is the centre of a stream of matter which
sets incessantly from the vegetable and mineral worlds
into the mineral world again. It may be compared to an
eddy in a river, which may retain its shape for an
indefinite length of time, though no one particle of the
water of the stream remains in it for more than a brief
period.

But there is this peculiarity about the human eddy,
that a large portion of the particles of matter which flow
into it have a much more complex composition than the
particles which flow out of it. To speak in what is not
altogether a metaphor, the atoms which enter the body
are, for the most part, piled up in large heaps, and tumble
down into small heaps before they lcave it. The force
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which they set free in thus tumbling down, is the source
of the active powers of the organism.

2. These active powers are chiefly manifested in the
form of motion—movement, that is, either of part of the
body, or of the body as a whole, which last is termed
locomotion.

The organs which produce total or paitial movements
of the human body are of three kinds : cells exhibiting
amaeboid movements, cilta and muscles.

The amaboid movements of the white corpuscles of the
blood have been already described, and it is probable that
similar movements are performed by many other simple
cells of the body in various regions.

The amount of movement which each cell is thus
capable of giving rise to may appear perfectly insignificant ;
nevertheless, there are recasons for thinking that these

amgeboid vements_a ce to the
cconomy, and may under certain circumstaunces be followed

by very notable consequences.

3. Cilia are filaments of extremely small size, attached
by their%bases to, and indced growing out from, the free
surfaces of epithelial cclls (see Lesson XII.) ; there being
in most instances very many (thirty for instance), but, in
some cases, only a few cilia on each cell. In some of the
lower animals, cells may be found possessing only a single
cilium, They are in incessant waving motion, so long as
life persists in them. Their most common form of move-
ment is ili i itself,
beco ickle- i raight, and then more
slowly straightens again, both movements, however, bein
extremely rapid and repeated ahout ten times every second.
These two movements are of course antagonistic; the
bending drives the water or fluid in.which the cilium is
placed in one direction, while the straightening tjrwgs
it back again. Inasmuch, however, as the bending is
much more rapid than the straightening, the force ex-
pended on the water in the former movement is greater
than in the latter. The total effect of the double move-
ment therefore is to drive the fluid in the direction towards
which the cilimn is bent ; that is, of course, if the cell on
which the cilia are placed is fixed. If the cell be floating
free, the effect is to drive or row the cell backwards ; for
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their movements may continue even for some time after
the epithelial cell, with which they are connected, is
detached from the body. And not only do the move-
ments of the cilia thus go on independently of the rest of
the body, but they cannot be controlled by the action of the
nervous system. Each cilium seems to be composed of
contractile substance, and the cause of its movement would
appear to be the alternate contraction and relaxation of 1ts
opposite sides along its whole length or at its base only ;
but why these alternations take place is unknown.

Although no other part of the body has any control
over the cilia, and though, so far as we know, they have
no direct communication with one another, yet their action
is directed towards a common end—the cilia, which cover
extensive surfaces, all working in such a manner as to
sweep whatever lies upon that surface in one and the same
direction, Thus, the cilia which are developed upon the
epithelial cells, which line the greater part of the nasal
cavities and the trachea, with its ramifications, tend to
drive the mucus in which they work, outwards,

In addition to the air-passages, cilia are foun§, in the
human body, i in, and in one or
two other localities ; but the part which they play in man
is insignificant in comparison with their function in the
lower animals, among many of which they become the

chief organs of locomotion.

4. Muscles (Lesson 1. § 13) are accumulations of fibres,
each fibre having a definite structure which is different in
the striated and unstriated kinds (see Lesson XIIIL).
These fibres are bound up by fibious (or connective)
tissue with blood-vessels, &c. into small bundles; and
these bundles are again similarly bound up together in
various ways so as to form muscles of various shapes and
sizes. Every fibre has the power, under certain condi-
tions, of shortening in length, while it increases its other
dimensions, so that the absolute volume of the fibre
remains unchanged. ‘This_power _is called muscular
cogfractility ; and whenever, in virtue of this power, a
muscular fibre contracts, it tends to bring its two ends,
with whatever may be fastened to them, together,

The condition which ordinarily determines the con-
traction of a muscular fibre is a change of state in a
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nerve fibre, which is in close anatomical connection with
the muscular fibre. The q:m%;_ibi_is_gmmmnnd a
____ fibre, because, by its influence on a muscle, it
becomes the indirect means of producing motion (Lesson
XI. § 6.).

M%lscl)e is a highly elastic substance. It contains a
arge amount of water (about as much as the blood),
wnd during life has a clear and semi-transparent aspect.

When subjected to pressure in the perfectly fresh state,
ind after due precautions have been taken to remove all
he contained blood, s#riated muscle (Lesson XII. § 15)
rields a fluid which undergoes spontaneous coagulation at
rdinary temperatures. At a longer or shorter time after
leath this coagulation takes place within the muscles
hemselves. They become more or less opaque, and,
osing their previous elasticity, set into hard rigid masses,
vhich retain the form which they possess when the coagu-
ation commences, s Hence the limbs become fixed in the
rosition 1n which death found them, and the body passes

nto the condition of what is termed the “death-stiffening,”

PR USSR S

After the lapse of a certain time the coagulated matter
iquefies, and the muscles pass into a loose and flaccid
ondition; which marks the commencement of putrefaction.

It has been observed that the sooner rigor mortis sets
1, the sooner it is over ; and the later it commences, the
snger it lasts. The greater the amount of muscular
xertion and consequent exhaustion before death, the
ooner 7Zgor mortis sets in,

Rigor mortis evidently presents some analagies with the
oagulation of the bload, and the substance which thus
oagulates within the fibre (myosin or muscle-clot as it is
ometimes called) is ip_man not unli brin.

t forms at least the greater part of the substance which
1ay be extracted from muscle by dilute acids, and is
alled syntonin (see Lesson VI. { 4).  Besides myosin,

‘“Scmmwmwﬁ@;e_s_lgmgtﬁumxal about
‘hich ' We at present know little ; a variable quantity of
it; certain cqggg;xﬁig_ggli&g_mmers, phosphates and
otash being, as 1s the case in the red blood-corpuscles,
1 excess ; and a large number of substances existing in
mnall quantities, and often classed together as *extrac-
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lives.” Some of these extractives contain nitrogen ; the
most important of this class is £reati, a crystalline body
which is supposed to be the chief form in which nitrogenous
waste matter leaves the muscle on its way to become urea.

The other class of extractives contains bodies free from
nitrogen. Perhaps the gnost jmportant of tgise is lactic
acid, which seems always to be formed w. a muscle
contracts or when it enters into rigor mortis, For it is
a curious fact that a muscle when at rest has a neutral or
alkaline reaction as shown by testing it with litmus, but
becomes acid when it has been contracting for some time
or become rigid by death.

Most muscles are of a deep, red colour ; this is due in
part to the blood remaining in their vessels ; but only in
part, for each fibre (into which no capillary enters) has
a reddish colour of its own, like a blood-corpuscle but

fainter. And this_,cnlnnr——IS—thablmerg)_t_’lis fibre
possessing a small quantity of that same hamoglobin in

which the blood-corpuscles are so rich.

Muscles may be conveniently divided into two groups,
according to the manner”in which the ends of their fibres
are fastened ; into muscles not attached to solid levers,
and muscles attached to solid levers, ’

5. Muscles not attacked to solid levers—Under this
head come the muscles which are appropriately called
kollow muscles, inasmuch as they enclose a cavity or
surround a space; and their contraction lessens the
capacity of that cavity, or the extent of that space.

The muscular fibres of the heart, of the blood-vessels,
of the lymphatic vessels, of the alimentary canal, of the
urinary bladder, of the ducts of the glands, of the iris of
the eye, are so arranged as to form hollow muscles.

In the heart the musgular fibres are of the striated kind,
and their disposition imies
which they enclose are those of the auricles and ventricles ;
and, as we have scen, the fibres, when they contract, do so
suddenly and together.

The 1ris of the eye is like a curtain, in the middle of
which is a circular hole. The muscular fibres are of the
sm or unstriated kind (see Lesson XII.), and they
are disposéd in two sets : one set radiating from the edges
of the hole to the circumference of the curtain ; and the
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other set arranged in circles, concentrically with the aper-
ture. The muscular fibres of each set contract suddenly
and together, the radiating fibres necessarily enlarging the
hole, the circular fibres diminishing it.

In the ali f
the ypstriated kind, and they are disrosed in two layers ;
one set of fibres being arranged parallel with the length of
the intestines, while the others are disposed circularly, or
at right angles to the former.

As has been stated above (Lesson V1. § 22), the contrac-
tion of these muscular fibres is successive ; that is to say,
all the muscular fibres, in a given length of the intestines,
do not contract at once, but those at one end contract first,
and the others follow them until the whole series have
contracted. As the order of contraction is, naturally,
always the same, from the upper towards the lower end,
the effect of this peristaltic contraction is, as we have seen,
to force any matter contained in the alimentary canal, from
its upper towards its lower extremity. The muscles of
the walls of the ducts of the glands have a substantially
similar®arrangement. In thesc cases the contraction of-
cach fibre is less sudden and lasts longer than in the
caseof the heart.

6. Musclew attached lo definite levers—The great ma-
{'ority of the muscles in the body arc attached to distinct

evers, formed by the bones, the minute structure of which
is explained in Lesson XII. § 11, In such bones as
are ordinarily employed as levers, the osseous tissue is
arranged in the form of a skafz (Fig. 47, ), formed of a
very dense and compact osseous matter, but often contain-
ing a great central cavity (4) which is filled with a very
delicate vascular and fibrous tissue loaded with fat called
marrow. Towards the two ends of the bone, the compact
matter of the shaft thins out, and is replaced by a much
thicker but looser sponge-work of bony plates and fibres,
which is termed the cancellous tissue of the bone. The
surface even of this part, however, is still formed by a thin
sheet of denser bone.

. At least one end of each of these bony levers is fashioned
into a smooth, articular surface, covered with cartilage,
which enables the relatively fixed end of the bone to plzt;K
upon the corresponding surface of some other bone wil

M
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It is one or other of these extremitics which plays the
part of fulcrum when the bone is in use as a lever.

Thus, in the accompanying figure (Fig. 48) of the bones
of the upper extremity, with the attachments of the biceps
muscle to the shoulder-blade and to onc of the two bones
of the fore-arm called the #adius, P indicates the point of
:tcélpn of the power (the contracting muscle) upon the
raams,

Fi. 48.—1Tut Bovis or rm-LUn Lk Exikeminy winy ine Bicers
Tuser,

The two tendons by which this muscle is attached to the scapula are sech
at a. P indicates the attachment of the muscle to the radws, and hence
the point of action of the power; F, the fulcrum, the lower end of the
humerus on which the u"xper end of the radius (together with the ulna)
moves ; W, the weight (of the hand;,

But to understand the action of the bones, as levers,
properly, it is necessary to possess a knowledge of the
different kinds of levers, and be abje to refer the various
rombinations of thc bones to thcir appropriate lever-
classes.

A lever is a rigid bar, one part of which is absolutely or
rclatively fixed, while the rest is frce to move. Some onc

int of thc moveable part of the lever is set in motion

y a force, in order to communicate more or less of that
motion to another point of the moveable part, which pre-
sents a resistance to motion in the shape of a weight or
other obstacle,
M2
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Three kinds of levers are enumerated by mechanicians,
the definition of each kind depending upon the relative
positions of the point of support, or fulcrum ; of the point
which bears the reséstance, weight, or other obstacle to be
overcome by the force; and of the point to which the
force, é)r power employed to overcome the obstacle, is
applied.

pr the fulcrum be placed between the power and the
weight, so that, when the power sets the lever in motion,
the weight and the power describe arcs, the concavities of
which are turned towards one another, the lever is said to
be of the first order. (Fig. 49, 1.)

L
Fiu 49.

The upper three figures represent the three kinds of levers ; the lower,
the foot, when it takes the character of each kind.—W, weight or resist-
ance ; F, fulcrum; P, power.

. If the fulcrum be at one end, and the weight be between
it and the power, so that weight and power describe con-
centric arcs, the weight moving through the less space
when the lever moves, the lever is said to be of the second
order. (Fig. 49, I1.)

And if, the fulcrumn being still at onc end, the power be
betwecen the weight and it, so that, as in the former casc,
the power and weight describe concentric arcs, but the
power moves through the less space, the lever is of the
Mtr/llorde{. h(Fig' 49, 111.)

7. In the human body, the followin rts present ex-
amples of levers of the rst order. g PP €
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(@) The skull in its movements upon the atlas, as fir/-
crum.

(6) The pelvis in its movements upon the heads of the
thigh-bones, as fulcrum.

(¢) The foot, when it is raised, and thetoc tapped on the
ground, the ankle-joint being fulcrum. (Fig. 49, 1.)

The positions of the weight and of power are not given
in either of these cases, because they are reversed accord-
ing to circumstances. Thus, when the face is being
depressed, the power is applied in front, and the weight
to the back part, of the skull ; but when the face is being
raised, the power is behind and the weight in front. The
like is true of the pelvis, according as the body is bent
forward, or backward, upon the legs. Finally, when the
toes, in the action of tapping, strike the ground, the power
is at the heel, and the resistance in the front of the foot.
But, when the toes are raised to repeat the act, the power
is in front, and the weight, or resistance, is at thc heel,
being, in fact, the inertia and elasticity of the muscles and
other parts of the back of the leg.

Buty in all these cases, the lever remains one of the first
class, because the fulcrum, or fixed point on which the
lever turns, remains between the power and the weight, or
resistance.

8. The following arc three examples of levers of the
second order :—

(@) The thigh-bone of the leg which is bent up towards
the body and not used, in the action of hopping.

For, in this case, the fulcrum is at the hip-joint. The
power (which may be assumed to be furnished by the thick
muscle! of the front of the thigh) acts upon the knee-cap;
and the position of the weight is represented by that of the
centre of gravity of the thigh and leg, which will lie some-
where between the end of the knee and the hip,

(&) A rib when depressed by the 7ectis muscle ? of the
abdomen, in expiration.

Here the fulcrum lies where the rib is articulated with

1 This muscle, called »ecfus, is attached above to the haunch-bone snd
below to the knee-cap (Fig. 2, 2, p. 12). The latter bone is connected by a
strong ligament with the #7éin.

2 muscle lies in the front abdominal wall on each side of the mddle
line. It is attached to the sternum above and to the front of the pelvis
below (Fig. 2, 3).
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the spinc ; the power is at the sternum—virtually the
opposite end of the rib; and the resistance to be over-
come lies between the two,

(¢) The raising of the body upon the toes, in standing
911‘3. tiptoe,laltr;d in the first stage of making a step forwards,

ig. 49, 11
' Herf? the fulcrum is the ground on which the toes rest ;
the power is applied by the muscles of the calf to the
heel (Fig. 2, 1.); the resistance is so much of the weight of
the body as is borne by the ankle-joint of the foot, which
of course lies between the heel and the toes.

9. Three examples of levers of the third order are—

(@) The spine, head, and pelvis, considered as a rigid
i/?r, wl)aich has to be kept crect upon the hip-joints.
g, 2.

Here the fulcrum lies in the hip-joints ; the weight is at
the centre of gravity of the head and trunk, high above the
fulcrum ; the power is supplied by the extensor, or flexor,
muscles of the thigh, and acts upon Xoints comparatively
close to the fulcrum. (Figs. 2, 2, and 11.)

(&) Flexion of the forearm upon the arm by the,biceps
muscle, when a weight is held in the hand.

In this case, the weight being in the hand and the fuls
crum at the elbow-joint, the ‘powcr is applied at the point of
attachment of the tendon of the biceps, close to the latter.
(Fig. 48.)

(¢) Extension of the leg on the thigh at the knee-joint.

Here the fulcrum is the knec-joint ; the weight is at the
centre of gravity of the leg and foot, somewhcre between
the knee and the foot ; the power is applicd by the muscles
in front of the thigh (Fig. 2, 2) through the ligament of
the knec-cap, or patel/a, to the tibia, close to the knee-
joint,

. 1o, In studying thé’ mechanism of the body, it is very
important to recollect that one and the same part of the
body may represcnt each of the three kinds of levers,
aceording to circumstances. Thus it has been scen that
the foot may, under some circumstances, represent a lever
of the first, in others, of the second order. But it may
become a lever of the third order, as when one dances a
weight resting upon the toes, up and down, by moving
only the foot. In this case, the fulcrum is at the ankle-
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joint, the weight is at the toes, and the power is furnished
by the extensor muscles at the front of the leg (Fig. 2, 1),
which are inserted between the fulcrum and the weight.
(Fig. 49, I1L)

11, It is very important that the levers of the body
should not slip, or work unevenly, when their movements
are extensive, and to this end they are connected together
in such a manner as to form strong and definitely ar-
ranged joints or articulations.

Joints may be classified into imperfect and perfect.

(a) Imperfect joints are those in which the conjoined
levers (bones or cartilages) present no smooth surfaces,
capable of rotatory motion, to one another, but are con-
nected by continuous cartilages, or ligaments, and have
only so much mobility as is permitted by the flexibility of
the joining substance. ‘

Examples of such joints as these are to be met with in
the vertebral column—the flat surfaces of the bodies of
the vertebree, being connected together by thick plates of
very elastic fibro-cartilage, which confer upon the whole
columm considerable play and springiness, and yet prevent
any great amount of motion between the several vertebric,
In the pelvis (sec Plate, Fig. VL),the pubic bones are united
to cach other in front, and the iliac hones to the sacrum
Iehind, by fibrous or cartilaginous tissue, which allows
only a slight play, and so gives the pelvis a little morc
clasticity than it would have if it were all one bone.

(#) Inall perfect joints, the opposed bony surfaces which
move upon one another are covered with cartilage, and
between them is placed a sort of sac, which lines these
cartilages, and, to a certain cxtent, forms the side walls
of the joint; and which, secreting a small quantity of
viscid, lubricating fluid—the synowia—is called a syno-
weal membrane. ¢

12. The opposed surfaces of these articular cartilages,
as they are called, may he_spheroidal, cylindrical, or
pulley-shaped ; and the convexities of the one answer,
more or less completely, to the concavities-of.the other.

Sometimes, the two articular cartilages do not come
directly into contact, but are separated by independent
plates of cartilage, which are termed énter-articular. The
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opposite faces of these inter-articular cartilages are fitted
to receive the faces of the proper articular cartilages.
While these co-adapted surfaces and synovial mem-
brancs provide for the free mobility of the bones entering
into a joint, the nature and extent of their motion is

Fi1c. s0.—A SecTioN oF 111 HiP JOINT TAKEN THROUGH THF A(ECA-
BULUM OR ARTICULAR Ctr oF THE PrLviS AND THE MIDDLE OF THE
Hiap aNp NEck OF THE THIGH-BONE.

L.T. Ligamentum teres, or 10ound ligament. The spaces marked with an
interrupted line (- - - -) yepresent the articular cartilages. ‘The cavity
of the synovial membrane is indicated by the dark line between these, and
as is shown, extends along the neck of the femur beyond the limits of the
cartilage. The peculiar shape of the pelvis causes the section to have the

remarkable outline shown in the cut. This will be intelligible if compared
with Fig. VL in the Plate.
defined, partly by the forms of the articular surfaces, and
partly by the disposition of the Jigaments, or firm, fibrous
cords which pass from one bone to the other.
13. As respects the nature of the articular surfaces,
joints may be what are called éall and socket joints, when
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the spheroidal surface furnished by one bone plays in a
cup furnished by another. In this case the motion of the
former bope may take place in any direction, but the extent
of the motion depends upon the shape of the cup—being
very great when the cup is shallow, and small in propor-
tion as it is deep. The shoulder is an cxample OF a ball
and socket joint with a shallow cup ; the hip of such a
joint with a deep cup (Fig. 50).

FiG. 51.~LONGITUDINAL AND VERTICAL SECTION THROUGH TUE
EL2OW-JOINT.

#. humerus; Ul ulna; T7. the friceps muscle which extends the arm;
Bi. the diceps muscle which flexes it.

14. Hinge-joints are single or double. In the former
case, the nearly cylindrical head of gne bone fits into a
corresponding socket of the other. In this form of hinge-
Jjoint the only motion possible is in the direction of a plane
perpendicular to the axis of the cylinder, just as a door can
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only be made to move round an axis passing through its
hinges, The elbow is the best example of this joint in
the human body, but the movement here is limited, because
the olecranon, or part of the ulna which rises up behind
the humerus, prevents the arm being carried back behind
the straight line ; the arm can thus be bent to, or straight.
ened, but not bent back (Fig. 51). The knee and ankle
present less perfect specimens of a single hinge-joint.

A double hinge-joint is one in which the articular surface
of each bone is concave in one direction, and convex in
another, at right angles to the former. A man seated in
a saddle is “ articulated ” with the saddle by such a joint.
For the saddle is concave from before backwards, and
convex from side to side, while the man presents to it the
concavity of his legs astride, from side to side, and the
convexity of his seat, from before backwards.

The metacarpal bone of the thumb is articulated with
the bone of the wrist, called Zapesium, by a double hinge-
joint.

15. A piwvot-joint is onc in which one bone furnishes
an axis, or pivot, on which another turns ; or itself turns
on its own aais, resting on another bonc. A remarkable
example of the former arrangement is afforded by the at/as
and a.a’s, or two uppermost vertebre of the neck (Fig. 52},
The axis possesses a vertical peg, the so-called odontoic
process (4), and at the basc of the peg are two, obliquely
placed, articular surfaces (a.) The atlas is a ring-like bonc,
with a massive thickening on each side. The inner side
of the front of the ring plays round the neck of the odon-
toid peg, and the under surfaces of the lateral masscs glide
over the articular faces on cach side of the base of the peg.
A strong ligament passes between the inner sides of the
two lateral masses of the atlas, and keeps the hinder side
of the neck of the odontoid peg in its glace (Fig. 52, A).
By this arrangement, the atlas is enabled to rotate through
a considerable angle cither way upon the axis, without an
danger of falling forwards or backwards—accidents whic
would immediately destroy life by crushing the spinal
marrow, R

The lateral masses of the atlas have, on their upper
faces, concavities (Fig. 52, A, a) into which the two convex,
occipital condyles of the skull fit, and in which they play
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upward and downward. Thus the nodding of the head
is effected by the movement of the skull upon the atlas;
while, in turning the head from side to side, the skull does
not move upon the atlas, but the atlas slides round the
odontoid peg of the axis vertebra.

Fig s

A The Adas viewed from above: a a, upper articular wnfaces of its
lateral masses for the condyles of the skull, 4, lh:})eg of the anis vertebra
B. Side view of the axis vertebia: o, articular surface for the lateral mass
of the atlas, 4, peg or odontoid process.

The sg¢rond kind of pivol-joint is seen in the forearm.
If the elbow and forearm, as far as the wrist, are made to
1est upon a table, and the elbow is kept firmly fixed, the
hand can neverthcless be freely rotated so that either the
palm, or the back, is turned dircctly upwards. When the
palm is turned upwards, the attitude is called supination
(Fig. 53, A) ; when the back, pronation (Fig. 53, B).

The forearm is composed of two bones ; one, the #lna,
which articulates with the Zwmerus at the clbow by the
hinge-joint already described, in such a manner that it can
move only in flexion and extension (see § 17), and has no
power of rotation. Hence, when the elbow and wrist are
rested on a table, this bone remains unmoved.

But the other bone of the forearm,'the radius, has its
small upper end shaped like a very shallow cup with thick
edges. The hollow of the cup articulates with a sphe-
roidal surface furnished by thc humerus; the lip of the
cup, with a concave depression on the side of the ulna,

The large lower end of the radius bears the hand, a.nd
has, on the side next the ulna, a concave surface, which:
articulates with the convex side of the small lower end of
that bone,
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Thus the upper end of the radius turns on the double
surface, furnisged to it by the pivot-like ball of the humerus,
and the partial cup of the ulna : while the lower end of the
radius can rotate round the surface furnished to it by the
lower end of the ulna.

In supination,the radius lies parallel with the ulna, with
its lower cnd to the outer side of the ulna (Fig. 53, A). In

Fia. s3.
The benes of the right forearm in supination SA) and pronation (B).
H. hu 2.

merus ; R. radius; U. ulna,
Ppronation, it is made to turn on its own axis above, and
round the ulna below, until its lower half crosses the ulna,
.and ];;s lower end lies on the inner side of the ulna (Fig.
53, B).

16. The ligaments which keep the mobile surfaces of
bones together are, in the case of ball and socket joints,
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strong fibrous capsules which surround the joint on all
sides. In hinge-joints, on the other hand, the l)iga.mentous
‘issue is chiefly accumulated, in the form of /ateral liga-
ments, at the sides of the joints. Insome cases ligaments
are placed within the joints, as in the knee, where the
bundles of fibres which cross obliquely between the femur
and the tibia are called crucie/ hgaments ; or, as in the
hip, where the round ligament passes from the bottom of
the socket or acetabulum of the pelvis to the ball furnished
by the head of the femur (Fig. 50).

Again, two ligaments pass from the apex of the odon-
toid peg to either side of the margins of the occipital
foramen, Z.. the large hole in the base of the skull, through
which the spinal cord passes to join the brain ; these, from
their function in helping to stop exccssive rotation of the
skull, are called c/eck ligaments (Fig. 54, a).

The vertebral column in the upper pait of the neck laid open, to show
-, the check ligaments of the axis; 4, the broad ligament \_vhiclx extends

from the front margin of the occipital foramen along the hinder faces of

the bodies of the vertebrz; it is cut through, and the cut ends turncd

hack to show, ¢, the ial lig: which connects the point of the ‘‘ odon-

'lolldt; peg, with the front margin of the occipital foramen; 7. the atlas,
. the axis,

In one joint of the body, the hip, the sockét or acela-
bulum (Fig. 50) fits so closely to the head of the femur, and
the caps ligament so completely closes its cavity on
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all sides, that the pressure of thc air must be reckoned
‘among the causes which prevent dislocation. This has
deen proved ecxperimentally by boring a hole through the
floor of the acetabulum, so as to admit air into its cavity,
when the thigh-bone at once falls as far as the round and
capsular ligaments will permit it to do, showing that it
was previously pushed closc up by the pressure of the
external air.

17. The different kinds of movement which the levers
thus connected are capable of performing, are called
fexion and extensiony abduction and adduction,; votation
and cércumduction.

A limb is fexved, when it is bent ; cxfended, when it is
straightened out. 1t is abducted, when it is drawn away
from the middle linc ; adducted, when it is brought to the
middle linc. It is rofated, when it is made to turn on its
own axis j circumducted, when it is made to describe a
conical surface by rotation round an imaginary axis,

No part of the body is capable of perfect rotation like
a wheel, for the simple rcason that such motiorn would
necessarily tear all the vessels, nerves, muscles, &c. which
unite it with other parts.

18, Any two bones united by a joint may be moved
one upen another in, at fewest, two different directions.
In the case of a purc hinge-joint, these directions must be
opposite and in the same plane ; but, in all other joints,
the movements may be in scveral directions and in
various planes.

In the casc of a pure hinge-joint, the two practicable
movements —viz. flexion and extension-—-may bec cffected
by means of two muscles, one for either movement, and
running from one bone to the other, but on opposite sides
of the joint. When either of these muscles contracts, it
will pull its attached ends together, and bend or straighten,
as the case may be, the jomt towards the side on which
it is placed. Thus the biceps muscle is attached, at
one end, to the shoulder blade, while, at the other end,
its tendon passes in front of the elbow-joint to the radius
(Figs. 48 and 51) : when this muscle contracts, therefore, it
bends, or flexes, the forearm on the arm. At the back of
the joint there isthe triceps (7> Fig. 51) ; when this con-
tracts, it straightens, or extends, the forearm on the arm.
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In the other catreme form of articulation—the ball and

wocket joint—movement in any number of planes may be
vﬂ'ectedl, by attaching muscles in corresponding numbcr
and direction, on the one hand, to the bone which affords
the socket, and on the other to that which furnishes the
lead. Circumduction will be cffected by the combined
and successive contraction of these muscles.

19. It usually happens that the bone to which one end
of a muscle is attached is absolutely or relatively sta-
tionary, while that to which the other is fixed is movcable.
In this casc, the attachment to the stationary bone is
termed the orZg/n, that to the moveable bone the insersion,
of the muscle.

The fibres of muscles are sometimes fixed directly into
the parts which serve as their origins and insertions : but,
more commonly, strong cords or bands of fibrous tissuc,
called fendons, are interposcd between the muscle proper
and its place of origin or inscrtion. When the tendons
play over hard surfaces, it is usual for them to be separated
from thgse surfaces by sacs containing fluid, which arc
called burs@, or evento be invested by synovial sheaths,
.. quitc covered for some distance by a synovial bag
forming a double sheath very much in the same way that
the bag of the pleura covers the lung and the chest wall.

Usually, the direction of the axis of a muscle is that of
a straight line joining its origin and its insertion. But in
some muscles, as the superior obligue muscle of the cye,
the tendon passcs over a pulley formed by ligament, and
completely changes its dircction beforc reaching its inset-
tion. (Sec Lesson IX.)

Again, therc arc muscles which are fleshy at cach end,
and have a tendon in the middle. Such musclcs arc called
digastric, or two-bellied. In the cubious muscle which
pulls down the lower jaw, and specially reccives this name
of digastric, the middlc tcndon runs through a pulley
connected with the hyoid bone ; and the muscle, which
passcs downwards and forwards from the skull to this
pulley, after traversing it, runs upwards and forwards, to
the lower jaw (Fig. 55).

20. We may now pass from the consideration of the
mechanism of mere motion to that of locomotion,

When a man who is standing erect on both feet pro-
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ceeds to walk, beginning with the right leg, the body is
inclined so as to throw the centre of gravity forward ;
and, the right foot being raised, the right leg is advanceéd
for the length of a step, and the foot is put down again.
In the meanwhile, the left heel is raised, but the toes of
the left foot have not left the ground when the right foot
has reached it, so that there is no moment at which both

Fic 35.—Tur Coukse or 1HE Iicasrric MusctLy.

D, its posterior belly ; D', its anterior belly ; between the two is the tendon
passing through its pulley connected with Z/y. the hyoid bone.

fcet are off the ground, For an instant, the legs form
two sides of an equilateral triangle, and the centre of- the
body is consequently lower than it was when the legs
were parallel and closc together.

The left foot, however, has not been merely dragged
away from its first position, but the muscles of the calf,
having come into play, act upon the foot as a lever of the
second order, and thrust the body, the weight of which
rests largely on the left astragalus, upwards, forwards, and
to the right side. The momentum thus communicated to

"the body causes it, with the whole right leg, to describe an

arc over the right astragalus, on which that leg rests
below. The centre of the body consequently rises to its
former height as the right leg becomes vertical, and
descends again as the right leg, in its turn, inclines
forward. —

When the left foot has left the ground, the body is
supported on the right leg, and is well in advance of the
left foot ; so that, without any further muscular exertion,
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the left foot swings forward like a pendulum, and is carried
by its own momentum beyond the right foot, to the
position in which it completes the second step.

When the intervals of the steps arc so timed that cach
swinging leg comes forward into position for a new step
without any exertion on the part of the walker, walking
is effected with the greatest possible economy of force.
And, as the swinging leg is a true pendulum,—the time -of
vibration of which depends, other things being alike, upon
its length (short pendulums vibrating more quickly than
long ones),—it follows that, on the average, the natural
step of short-legged people is quicker than that of long-
legged oncs.

In running, there is a period when both,legs are off the
ground., The legs are advanced by muscular contraction,
and the lever action of cach foot is swift and violent.
Indeed, the action of each leg resembles, in violent
running, that which, when both legs act together, consti-
stute a jump, the sudden extension of the legs adding
to the jmpetus, which, in slow walking, is given only by
the feet,

a1, Perhaps the most singular motor apparatus in the
body is the /Jaryna, by the agency of which woice is
produced.

The essential conditions of the production of the human *
voice are i—

a, The existence of the so-called wocal chords.

4. The parallelism of the edges of these chords, without
which they will not vibrate in such a manner as to give
out sound.

¢. A certain degree of tightness of the vocal chords,
without which they will not vibrate quickly enough to
produce sound. _—

d. The passage of a current of air between the parallel
edges of the vocal chords of sufficient power to set the
chords vibrating. .

22. The larynx is a short tubular box opening above
into the bottom of thg ghg:{plx and below into_the top of
the_ trachea, Its framework is supplied by cerfain carti-
lages more or less moveable on each other, and thesc are
connected together by joints, membranes and muscles.
Across the middle of the larynx is a transverse partition,

N
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formed by two folds of the lining mucous membrane,
stretching from either side, but not quite meeting in the
middle line. They thus leave, in the middle line, a chink
or slit, running from the front to the back, called the

lottis. The two edges of this slit are not round and

abby, but sharp and, so to speak, clean cut; they arc
aleo strengthened by a quantity of clastic tissue, the fibres
of which are disposed lengthways in them. These sharp

Fi. s6.

Diagram of the l:u-ymc0 the thyicad cartilage (77%.) being supposed to be
lranspga?ent, and allowing’ the right arytenoid cartilage Azr.). vocal chords

(¥.) and thyro-arytegoid muscle (7/44.), the upper Em of the cricoid carti-
lage: (Cr ), and the attachment of the epiglottis (£2 ), to be seen. C.7A.
the right crico-thyroid muscle; 7' the trachea; &y. the hyoid bone.

free edges of the g/ostis are the so-called wocal chords or
vpcal {iigammts.

23. The hyroid cartilage (Fig. 56, T/.) is a broad plate
of gristle bent upon itself into a V shape, and so disposed
that the point of the V is turned forwards, and constitutes
what is commonly called “Adam’s apple.” Above, the
thyroid cartilage is attached by ligament and membrane
to the Ayoid bone (Fig. 56, Hy.). Below and behind, its
broad sides are produced into little elongations or horns,
which are articulated by ligaments with the outside of a
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great ring of cartilage, the cricoid (Fig. 56, Cr.), which
forms, as it were, the top of the windpipe.

The cricold ring is much higher behind than in front,
and a gap, filled up by membrane only, is left between its

FiG. 57 —A VERTICAL AND TRANSVERSE S1CTION THROUGH THE LARYNY,
THE HINDFR H\LF OF WHICH IS REMOVED,

Zp. Epiglottis; 77. thyroid cartilage ; @, cavities called the wentricles of
lavynx above the vocal ligaments (l}), x the nght thyro-arytenoid
muscle cut across ; Cr. the cricoid cartilage.

upper edge and the lower edge of the front part of the
thyroid, when the latter is horizonta] Consequently, the
thyroid cartilage, turning upon the articulations of its
horns with the hinder part of the cricoid, as upon hinges,
can beamoved up and down through the space occupied by
this membrane. When it moves downwards, the distance
between the front part of the thyroid cartilage and the
back of the cricoid is necessarily increased ; and when it
moves back again to the horizontal position, diminished.

here is, on each side, a large muscle, the erico-thyroid,
which passes from the outer side of the cricoid cartilage

) N2
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obliquely upwards and backwards to the thyroid, and
pulls the latter down (Fig. 56, C.t%).

24. Perched side by side, upon the upper edge of the
back part of the cricoid cartilage are two small irregularly-
shaped but, roughl i idal ilages, the

S

arytenoid cartilages (Fig. 58, Arzy.). Each of these is
articu y its base with the cricoid cartilage by means
of a shallow joint which permits of very varied movements,

F1G. §8.—~THE PARTS SURROUNDING THE GLOTTIS PARTIALLY DISSECTED
AND VIEWED FROM ABOVE

2. The thyroid cartilage; C7. the cricoid cartilage ; V. the edges of the
vocal ligaments bounding the glottis; Ary. the arytenoid cartilages:
ZTh.A. thyro-arytenoid; C.a./. latefal crico-arytenoid ; C.z . posterior
crico-arytenoid ;" A» p. posterior arytenoid muscles.

and especiallyallows the front portions of the two arytenoid
cartilages to approach, or to recede from, each other,
Itis to the fore part of one of these arytenoid cartilages
that the hinder end of each of the two vocal ligaments is
-{fastened ; and they stretch from these points horizontally
across the cavity of the larynx, to be attached, close to-
gether, in the re-entering angle of the thyroid cartilage
mtil\lxer low}fr thﬁn halt'-wa};i betwclen its dtop and bot:gen;. 3
ow when the arytenoid cartilages diverge, as o
when the larynx is in a state of rest, it is eer\gident that the
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aperture of the glottis will be V-shaé)cd, the point of the V
being forwards, and the base behind,

For, in front, or in thc angle of the thyroid, the two
vocal ligaments are fastened permanently close together,
whereas, behind, their extremities will be separated as far
as the arytenoids, to which they are attached, are separated

A

S

Fio sy
I View of the human lari n fiom above as_actually seen by the aid of the

mstrument called the laryngoscope: A, in the condition when voice is
being produced ; B, at rest, when no voice is produced.

I !-‘.pi.ﬁlottis (foreshortened).

« . The vocal chords, .

«.s. The so-called false vocal chords, folds of mucous membrane lying
above the real vocal chords.

a Elevation caused by the arytenoid cartilages. .

s.w. Elevations caused by small cartilages conugeted with the arytenoids.

¢ Root of the tongue.

11. Diagram of the same.

from each other. Under these circumstances a current
of air passing through the glottis produces no sound, the
parallelism of the vocal chords being wanting ; whence it
1s that, ordinarily, expiration and inspiration take place
quietly. Passing from one arytenoid cartilage to the
other, at their posterior surfaces are certain muscles
called the gosterior arytenoid (Fig. 58, Arp.). There are
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also two sets of muscles connecting cach arytenoid with
the cricoid, and called from their positions respectively
the posterior and lateral crica-arytenoid (Fig. 58, Cap.,
Ca.l). By the more or less separatc or combined action
of these muscles, the arytenoid cartilages and, consce-
(ﬁtcntly, the hinder ends of the vocal chords attached to
them, may be made to approach or recede from each other,
and thus the vocal chords rendered parallel or the reverse.

We have seen that the crico-thyroid muscle E(ulls the
thyroid cartilage down, and thus increases the distance
between the front of the thyroid and the back of the
cricoid, on which the arytenoids arc seated. This move-
ment, the arytenoids being fixed, must tend to pull out the
vocal chords lengthways, or in other words to tighten them.

Running from the re-entering angle in the front part
of the thyroid, backward, to the arytenoids, alongside the
vocal chords (and indeed imbeddcd in the transverse folds,
of which the chords are the free edges) are two strong
muscles, one on each side (Fig. 58, 7%.4.), called #hyro-
arytenoid. The effect of the contraction of these muscles
is to pull up the thyroid cartilage after it has bten de-
pressed by the crico-thyroid muscles, and consequently to
slacken the vocal chords.

Thus the parallelism () of the vocal chords is deter-
mined chiefly by the relative distance from each other of
the arytenoid cartilages ; the tension (¢) of the vocal cords
is determincd chicfly by the upward or downward movc-
ment of the thyroid cartilage ; and both these conditions
are dependent on the action of certain muscles.

The current of air (&) whosc passage sets the chords
vibrating is supplied by the movcments of expiration,
which, when the chords arc sufficicntly parallel and tense,
produce that musical note which constitutes the voice, but
otherwise give rise to no audible sound at all.

25. Other things being alike, the musical note will be
low or high, according as the vocal chords are relaxed or
tightened ; and this again depends upon the relative pre-
‘:lominance of the contraction of the crico-thyroid and

hyro-arytenoid muscles. For when the thyro-arytenoid
muscles are fully contracted, the thyroid cartilage will be
pulled up as far as it can go, and the vocal chords will be
renderet{ relatively lax; while, when the crico-thyroid
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muscles arc fully contracted, the thyroid cartilage will he
depressed as much as possible, and the vocal chords will
be made more tensc,

The range of any voice depends upon the difference of
tension which can be given to the vocal chords, in thesc
two positions of the thyroid cartilage. Adccnracy of
singing depends upon the precision with which the singer
can voluntarily adjust the contractions of the thyro-
arytenoid and crico thyroid muscles—so as to give his

\/
N

Fic. to.

Diagram of a model illustrating the action of the levers and muscles of
the larynx. The stand and vertical pillar represent the cricoid and arytenoid
cartilages, while the rod (¢}, moving on a pivot at ¢, takes the place of the
thyroid cartilage; a 6 is an elastic band icpresenting the vocal ligament,
Parallel with this runs a cord fastened at one end to the rod & ¢, and, at the
other, passing over a pulley to the weight B. ‘I'his represents the thyio-
arytenoid muscle. A cord attached to the middle of & ¢, and passing over a
sccond pulley to the weight A, represents the crico-thyroid muscle. Tt is
obvious that when the bar (4 ¢) 1s pulled down tu the position ¢ &) the elastic
band (a 4) is put on the stretch.

vocal chords the exact tension at which their vibration
will yield the notes required.

The guality of a voice—treble, bass, tenor, &c.—on the
other hand, depends upon the make of the particular
larynx, the primitive length of its vocal chords, their
elasticity, the amount of resonance of the surrounding
parts, and so on,

Thus, men have deeper notes than boys and women,
because their larynxes are larger and their vocal chords



184 LELEMENTARY PHYSIOLOGY. [LEss.

longer- -whence, though cqually, elastic, they vibrate less
swiftly.

26. Specck is voice modulated by the throat, tongue, and
lips. Thus, voicc may exist without speech; and it is
commonly said that speech may exist without voice, as in
whispering. This is only true, however, if the title of voice
be restricted to the sound produced by the vibration of the
vocal chords ; for, in whispering, there is a sort of voice
produced by the vibration of the muscular walls of the lips
which thus replace the vocal chords. A whisper is, in
fact, a very low whistle.

The modulation of the voice into speech is effected by

changinwhew___Lm,ﬁsL&c-mmummxh.@%losc.
by the action of the muscles which move the walls of
those parts.

Thus, if the pure vowe! sounds—

E (as in Ae¢), A (as in Lay), A’ (as in ak),
O (as in or), O’ (as in oh), 00 (as in cool),

arc pronounced successively, it will be found th&at they
may be all formed out of the sound produced by a con-
tinuous expiration, the mouth being kept open, but the
form of its aperturc, and the-extent to which the lips arc
thrust out or drawn in so as to lengthen or shorten the
distance of the orifice from the larynx, being changed for
cach vowel. It will be narrowest, with the lips most
drawn back, in Z, widest in 4’, and roundest, with thc
lips most protruded, in OO.

Certain consonants also may be pronounced without
interrupting the current of expired air, by modification of
the form of the throat and mouth,

Thus the aspirate, H, is the result of a little extra ex-
piratory force—a sort of incipient cough. S and Z, Sk
and ¥ (as in jugular = G soft, as in gentry), Th, L, R, F,
V, may likewise all be produced by continuous currents of
air forced through the mouth, the shape of the cavity of
which is peculiarly modified by the tongue and lips.

27. All the vocal sounds hitherto noted so far resemble
one another, that their production does not involve the
stoppage of the current of air which traverses either of the
modulating passages.



vit] SPEECH. 185

But the sounds of .}/ and V can only be formed by
blocking the current of air which passes through the
mouth, while free passage is left th >-nosc. For
A, the mouthTs shut by the Tips ; for .V, by the application
of the tongue to the palate. Lo

28, The other consonantal sounds of the Inglish
language are produced by shutting the passage through
both nose and mouth ; and, as it were, forcing the expira-
tory vocal current through the obstacle furmshed by the
latter, the character of which obstacle gives cach consonant
its peculiarity, Thus, in producing the consonants 5
and 27, the mouth is shut by the lips, which are then forced
open in this explosive manner. In 7" and 2), the mouth
passage is suddenly barred by the application of the point
of the tongue to the teeth, or to the front part of the palate ;
while in & and G (hard, as in go) the middle and back
of the tongue are similarly forced against the back part of
the palate.

29. An artificial larynx may be constructed by properly
adjusting elastic bands, which take the place of the vocal
chords ;%and, when a current of air is forced through thesc,
due regulation of the tension of the bands will give rise to
all the notes of the human voice. As cach vowel and
consonantal sound is produced by the modification of the
length and form of the cavitics, which lic over the natural
larynx, so, by placing over the artificial larynx chambers
to which any requisite shape can be given, the various
letters may be sounded. It is by attending to these facts
and principles that various speaking machines have hcen
constructed.

.30, Although the tongue is credited with the rcspon-
sibility of speech, as the “unruly member,” and undoubtedly
takes a very important share in its groduction, it is not
absolutely indispensable. Hence, the apparently fabulous
stories of people who have been enabled to speak, after
their tongues had been cut out by the cruelty of a tyrant,
Or persecutor, may be quite true.

ome years ago I had the opportunity of examining a
person, whom I will call Mr. R., whose tongue had been
removed as completely as a skilful surgeon could perform
the operation. &hen the mouth was widely opened, the
truncated face of the stump of the tongue, apparently
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covered with new mucous membrane, was to be seen,
occupying a position as far back as thc level of the an-
terior pillars of the fauces. The dorsum of the tonguc
was visible with difficulty ; but I believe I could discern
some of the circumvallate papillee upon it. None of thesc
werc visible upon the amputated part of the tongue, which
had been preserved in spirit ; and which, so far as I could
judge, was about 2} inches long.

When his mouth was open, Mr. R. could advance his
tongue no further than the position in which I saw it; but
he informed me that, when his mouth was shut, the stump
of the tongue could be brought much more forward.

Mr. R’s conversation was perfectly intelligible ; and
such words as think, the, cow, kill, were well and clearly
pronounced. But tin became fizz; tack, fack or pack;
toll, pool,; dog, thog,; dine, wine,; dew, thew, cat, calfs
mad, madf; goose, gooth; big, pig, bick, pich, with a
guttural c/.

In fact, only the pronunciation of those letters the
formation of which requires the use of the tongue was
affected ; and, of these, only the two which involve the
employment of its tip were absolutcly beyond Mr. R.'s
power. He converted all #’s, and &’s, into f’s, p’s, ¥’s, ot
th’s. Tk was fairly given in all cases; s and s%, / and 7,
with more or less of a lisp. Initial g’s and #’s were good ;
but final g’s were all more or less guttural. In the former
casc, the imperfect stop{pagc of the currcnt of air by the
root of the tongue was of no moment, as the sound ran on
into that of the following vowel ; while, when the lctter
was terminal, the defect at once became apparent.
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LESSON VIIL
SENSATIONS AND SENSORY ORG.1MS,

1. THE agent by which all the motor organs (except the
cilia) described in the preceding Lesson are set at work,
is muscular fibre. But, in the living body, muscular
fibre is made to contract only by a change which takes
place in the motor or ¢fferent nerve, which is distributed to
it. This changc again is effected only by the activity of
the cenfPal nervous organ, with which the motor nerve is
connected. The central organ is thrown into activity
immediately, or ultimately, only by the influence of
changes which take place in the molecular condition of
nerves, called sexnsory or afferent, which are connected, on
the one hand, with the central organ, and, on the other
hand, with some other part of the body. Finally, the
altcration of the afferent nerve is itself produced only by
changes 1n the condition of the part of the body with
which it is connected ; which changes usually result from
external impressions.

2. 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 orv drritation)
applied directly, or indirectly, to the ends of aeferent
nerves, and giving rise to a molecular change, which is
propagated along their substance to the central nervous
organ with which they are connected.  The molecular
activity of the afferent nerve communicates itself to the
central organ, and is then transmitted along the wmiofor
nerves, which pass from the central organ to the muscles
affected. And, when the disturbance in the molecular
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condition of the efferent nerves reaches their extremities,
it is communicated to the mwuscular fibres, and causes
their particles to take up a new position, so that each fibre
shorlens and becomes thicker,

3. Such a scries of molecular changes as that just
described is called a reflex action—the disturbance
caused by the irritation being as it were reflected back,
along the motor nerves, to the muscles.

A reflex action, strictly so called, takes placc without
our knowing anything 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
emolions, and volitions, and thoughts, under the common
head of states of conscionsness. %ut what consciousness
is, we know not ; and how it is that anything so remark-
able as a state of consciousness comes about as the result
of irritating nervous tissue, is just as unaccountable as any
other ultimate fact of nature. v

4. Scnsations are of very various degrees of definiteness.
Some arise within ourselves, we know not how or where,
and remain vague and undefinable. Such are the sensa-
tions of wncomfortablencss, or faininess, of fatigne, or of
restlessness.  'We cannot assign any particular place to
these sensations, which are very probably the result of
affections of the afferent nerves in general brought about
by the state of the blood, or that of the tissucs in which
they are distributed. And however rcal these sensations
may be, and however largely they enter into the sum of
our pleasures and pains, they tcll us absolutely nothing of
the cxternal world. , They arc not only diffuse, but they are
also subjective sensations.

5. What is termed the muscular sense is less vaguely
localized than the preceding, though its place is still inca-
pable of being very accurately defined. This muscular
sensation is the feeling of resistance which arises when
any kind of obstacle is opposed to the movement of the
body, or of any part of it; and it is something
quite different from the feeling of contact or even of
pressure.
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Lay one hand flat on its back upon a table, and rest a
disc of cardboard a couple of inches in diameter upon the
ends of the outstretched fingers ; the only result will be a
sensation of contact—the pressure of so light a body being
inappreciable. But put a two-pound weight upon the card-
board, ahd the sensation of contact will be accompanied,
or even obscured, by the very different feeling of pressure.
Up to this moment the fingers and arm have rested upon
the table ; but now let the hand be raised from the table,
and another new feeling will make its appearance—that of
resistance lo ¢ffort. This feeling comes into existence
with the exertion of the muscles which raise the arm, and
is the consciousncss of that exertion given to us by the
muscular sensc.

Anyone who raiscs or carries a weight, knows well
enough that he has this sensation ; but he may be greatly
puzzled to say where he has it. Nevertheless, the sensc
itself is very delicate, and enables us to form tolerably
accurate judgments of the relative intensity of resistances,
Personsgvho deal in articles sold by weight, are constantly
enabled to form very precise estimates of the weight of
such articles by balancing them in their hands ; and in
this case, they depend in a great measure upon the mus-
cular sense.

6. In a third group of sensations, each feeling, as it
arises, is assigned to a definite part of the body, and is
groduced by a stimulus applied to that part of the body ;

ut the bodies, or forces, which are competent to act as
stimuli, are very various in character. Such are the sensa-
tions of fowch, which is restricted to the integument
covering the surface, and to some portions of the mem-
branes lining the internal cavities of the body; and of
faste and smell, which are similarly *confined to certain
regions of the mucous membrane of the mouth and nasal
cavities,

Any portion of the body to which a scnsation is thus
restricted is called a sensory organ.

And lastly, in a fourth group of sensations, each feeling
requires for its production the application of a single kind
of stimulus to a very specially modified part of the integu-
ment. The latter serves as an intermediator between the
physical agent of the scnsation and the sensory nerve,
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which is to convey to the brain the impulse necessary to
awake in it that state of consciousness which we call the
sensation, Such are the sensations of sigh? and fearing.
The physical agents which can alone awaken these sensa-
tions (under natural circumstances) are light and sound,
The modified parts of the integument, which alone are
competent to intermediate between these agents and the
nerves of sight and hearing, are the ¢y¢ and the car,

7. In every sensory organ it is necessary to distinguish
the terminal expansion of the afferent or sensory nerve,
and the structures which intermediate between this ex-
pansion and the physical agent which gives rise to the
scnsation.

And in cach group of spccial sensations there are cer-
tain phenomena which arise out of the structure of the
organ, and others which icsult from the operation of
the central apparatus of the nervous system upon the
materials supplied to it by the sensory organ.

8. The sense of ToucH (including that of heat and
cold) is possessed, more or less acutely, by all parts of
the free surfacc of the body, and by the walls of the
mouth and nasal passages.

Whatever part posscsses this sense consists of a mem-
brane (integumentary or mucous) composed of a deep
layer made up of fibrous tissue, containing a capillary
network and the ultimate terminations of the sensory
nerves; and of a superficial layer consisting of epi-
thelial or epidermic cells, among which are no vessels.

‘Wherever the sense of touch is delicate, the deep layer
is not a mere flat expansion, but is raised up into multi-
tudes of small, closc-set, conical clevations (see Fig. 32),
which are called papil/e. 1In the skin, the coat of epi-
thelial or epidermic cells does not follow the contour of
these papilla, but dips down between them and forms a
tolerably even coat over them. Thus, the points of the
papille are much nearer the surface than the general
plane of the deep layer whence these papille proceed.

Loops of vessels enter the papillee, and the fine ultimate
terminations of the sensory nerve-fibres distributed to
the skin terminate in them, but in what way has not
been thoroughly made out.
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In certain cases, the delicate fibrous sheath, or neuri-
lemma, of the nerve which enters the papilla, enlarges
in the papilla into an oval swelling, which is called
a taclile corpuscle (see Lesson XII.). These corpuscles
are found in the papille of those localities which are
endowed with a very delicate sense ot touch, as in the
tips of the fingers, the point of the tongue, &c.

9. It is obvious, from what has been said, that no
direct contact takes place between a body which is
touched and the sensory nerve.—a thicker or thinner layer
of epithelium, or epidermis, being situated between the
two. In fact, if this layer is removed, as when a
surface of the skin has been blistered, contact with
the raw surface gives rise to a sense of pain, not to
one of touch properly so called. Thus, in touch, it
is the epidermis, or epithelium, which is the intermediator
between the nerve and the physical agent, the external
pressure being transmitted through the horny cells to
the subjacent ends of the nerves, and the kind of impulse
thus tragsmitted must be modified by the thickness and
character of the cellular layer, no less than by the forms
and number of the papillc.

10, Certain very curious phenomena appertaining to
the sense of touch, are probably due to these varying
anatomical arrangements. Not only is tactile sensibility
to a single impression much duller in some parts than
in others—a circumstance which might be readily ac-
counted for by the different thickness of the cpidermic
layer—but the power of distinguishing double simul-
taneous impressions is very different. Thus, if the ends
of a pair of compasses (which should be blunted with
pointed pieces of cork) are separated by only one-tenth
or one-twelfth of an inch, they will be distinctly felt
as two, if applied to the tips of the fingers; whereas,
if applied to the back of the hand in the same way,
only one impression will be felt; and, on the arm,
th.e%' may be separated for a quarter of an inch, and
still only one impression will be perceived.

Accurate experiments have been made in different
parts of the body, and it has been found that two points
can be distinguished by the tongue, if only one-twenty-
fourth of an inch apart; by the tips of the fingers if
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one-twelfth of an inch distant; while they may be one
inch distant on the cheek, and even three inches on
the back, and still give rise to only one sensation.

11. The feeling of warmth, or cold, is the result of
an excitation of sensory nerves distributed to the skin,
which are probably distinct from those which give rise
to the sense of touch, And it would appear that the
heat must be transmitted through the epidermic or epithe-
lial layer, to give rise to this sensation ; for, just as touch-
ing a naked nerve, or the trunk of a nerve, gives rise
only to pain, so heating or cooling an exposed nerve, or
the trunk of a nerve, gives risc not to a sensation of heat
or cold, but simply to pain.

Again, the sensation of hcat, or cold, is rclative rather
than absolute. Suppose threc basins be prepared, one
filled with ice-cold water, one with water as hot as can
be borne, and the third with a mixture of the two. If
the hand be put into the hot-water basin, and then
transferred to the mixture, the latter will feel cold; bug
if the hand be kept awhile in the ice-cold water, and
then transferred to the very same mixture, it will feel
warm,

Like the sense of touch, the sense of warmth varies
in delicacy in different parts of the body.

The cheeks are very sensitive, more so than the lips;
the palms of the hands are more sensitive to heat than
their backs. Hence a washerwoman holds her flat-iron
to her cheek to test the temperature, and one who is
cold spreads the palms of his hands to the fire.

12. The organ of the sense of TASTE is the mucous
membrane which covers the tongue, especiallv its back
part, and the hinder part of the palate. Like that of
the skin, the deep, or vascular, layer of the mucous
membrane of the tongue is raised up into papillee, but
these are large, separate, and have separate coats of
cpithelium. Towards the tip of the tongue they arc
for the most part clongated and pointed, and are called
filiform; over the rest of the surface of the tonguc,
these are mixed with other larger papill, with broad
ends and narrow bases, called fungiform,; but towards its
root there are a number of large papille, arranged in the
figure of 2 V with its point backwards, each of which
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is like a fungiform papilla surrounded by a wall. These
are the circumvallate papille (Fig. 61, C4.). The larger
of these papilla have subordinate small opes upon their
surfaces. They are very vascular, and they receive
nervous filaments from two sources, the one the nerve

FiG. 61.—THE Mou1n WIDELY OPENED TO sdow THE TONGUE AND
PALATE.

Uw. the uvula ; 7%. the tonsil between the anterior and posterior pillars of
the fauces; C.. circumvallate papillz ; F.g. fungiform papille. The mi-
nute filiform papille cover the interspaces between these. On the right
side the tongue is partially dissected to show the course of the filaments of
the glossopharyngeal nerve, V//1.

called glossopharyngeal, the other the gustatory, which is
a branch of the /?f;lz nerve. (See Lesson XI. § ;8.) The
latter chiefly supplies the front of the tongue, the former
its back and the adjacent part of the palate : and there
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is reason to believe that it is the latter region which
is more especially the seat of the sense of taste.

The great majority of the sensations we call taste, how-
ever, are in reality complex sensations, into which smell
and even touch largely enter. When the sense of smell
is interfered with, as when the nose is held tightly pinched,
it is very difficult to distinguish the taste of various ob-
jects. An onion, for instance, the eyes being shut, may
then easily be confounded with an apple.

13. The organ of the sense of SMELL is the delicate
mucous membrane which lines a part of the nasal cavities,
and is distinguished from the rest of the mucous mem-
brane of these cavities—firstly, by possessing no cilia ;
secondly, by receiving its nervous supply from the olfac-
tory, or first, pair of cerebral nerves, and not, like the rest
of the mucous membrane, from the fifth pair.

Each nostril leads into a spacious nasal chamber, sepa-
rated, in the middle line, from its fellow of the other side,
by a partition, or sepfzm, formed partly by cartilage and
partly by bone, and contindous with that partition which
separates the two nostrils one from the other,  Belvw, each
nasal chamber is separated from the cavity of the mouth by
a floor, the bony palate (Figs. 62 and 63) ; and when this
bony palate comes to an end, the partition is continued
down to the root of the tonguc by a fleshy curtain, the
soft palate, which has been already described. The soft
palate and the root of the tongue together, constitute, under
ordinary circumstances, a moveable partition between the
mouth and the pharynx, and it will be observed that the
opening of the larynx, the érloitis, lies behind the partition ;
so that when the root of the tongue is applied close to the
soft palate no passage of air can take place between the
mouth and the pharynx. But in the upper part of the
pharynx above the partition arc the two hinder openings
of the nasal cavities (which are called the posterior nares)
separated by the termination of the septum ; and through
these wide openings the air passes, with great readiness,
from the nostrils along thelower part of each nasal chamber
to the glottis, or in the opposite direction. It is by means
of the passages thus freely open to the air that we breathe,
as we ordinarily do, with the mouth shut,

Each nasal chamber rises, as a high vault, far above the
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F1G. 62.—~VERTICAL LONGITUDINAL SECTIONS OF THE NAsAL CAvITy.
The up

nerve and its branches; V, branches of the fifth nerve ; Pa. the palate,
which separates the nasal cavity from that of the mouth; S.7" the superior
turbinal bone ; A7. 7. the middle turbinal; 7.7 the inferior turbinal. The
letter 7 is El:ced in the cerebral cavity ; and the partition on which the

olfactory lobe rests, and through which the filaments of the olfactory nerves
Pass, is the cribriform plate,
0 2.
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level of the arch of the posterior nares—in fact, about as
high as the depression of the root of the nose. The upper-
most 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
cribriform plate (Fig. 63, Cr.). It is this plate (with the
membranous structures which line its two faces) alone
which, in this region, separatcs the cavity of the nose from
that which contains the brain. The olfactory lobes which
are directly connected with, and form indeed a part of, the
brain, enlarge at their ends, and their broad extremities
rest upon the upper side of the cribriform plate ; sending
immense numbers of delicate filaments,the olfactory nerves,
through it to the olfactory mucous membrane (Fig. 62).

On each wall of the septum this mucous membrane
forms a flat cxpansion, but on the side walls of each nasal
cavity it follows the elevations and depressions of the
inner surfaces of what are called the upper and middle
turbinal, or spongy bones. These bones are called spongy
because the interior of each is occupied by air cavities
separated from each other by very delicate partitions only,
and communicating with the nasal cavities. Hence the
bones, though massive-looking, are really exceedingly
light and delicate, and fully deserve the appellation of
spongy (Fig. 63). . .

There is a third light scroll-like bone distinct from these
two, and attached to the maxillary bone, which is called
the Znferior turbinal, as it lies lower than the other two,
and imperfectly separates the air passages from the proper
olfactory chamber (Fig. 62). Itis covered by the ordinary
ciliated mucous membrane of the nasal passage, and
receives no filaments from the olfactory nerve (Fig. 62).

14. From the arrahigements which have been described,
it is clear that, under ordinary circumstances, the gentle
inspiratory and expiratory currents will flow along the
comparatively wide, direct passages afforded by so much
of the nasal chamber as lies below the middle turbinal;
and that they will hardly move the air enclosed in the
narrow interspace between the septum and the upper
and middle spongy bones, which is the propet olfactory
chamber.

If the air currents are laden with particles of odorous
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matter, they can only reach the olfactory membrane by
diffusing themselves into this narrow interspace ; and, if
there be but few of these particles, they will run the risk
of not reaching the olfactory mucous membrane at all,
unless the air in contact with it be exchanged for some of
the odoriferous air. Hence it is that, when we wish to

FIG 63.—A TRANSVERSE AND VERTICAL SECTION OF THE Osskous WALLS
OF THE NAbAL CAVITY TAKLN NEARLY 1HROUGH 1HE LeiTFR / IN
THE FOREGOING FIGURE.

C7. the cribriform plate ; S.7, /7.7 the chambered superior and middle tur-
binal bones on wgich and on the septum (S2.) the filaments of the olfactory
nerve are distnbuted ; 7. 7% the inferior turbinal bone; /7, the palate ; Az,
the An¢rum or chamber which occupies the greater part of the maxillary
bone and opens into the nasal cavity.

perceive a faint odour more distinctly, we sniff, or snuff
up the air, Each sniff is a sudden Jnspiration, the effect
of which must reach the air in the olfactory chamber at
the same time as, or cven before, it affects that at the nos-
trils ; and thus must tend to draw a little air out of that
chamber from behind. At the same time, or immediately
afterwards, the air sucked in at the nostrils entering with
a sudden vertical rush, part of it must tend to flow directly
into the olfactory chamber, and replace that thus drawn out.

The loss of smell which takes place in the course of a
severe cold may, in part, be due to the swollen state of
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the mucous membrane which covers the inferior turbinal
bones, which thus impedes the passage of odoriferous air
to the olfactory chamber

15. The EAR, or organ of the sense of Hearing, is very
much more complex than either of the sensory organs yet
described. It will be useful to distinguish the essential
parts of this complicated apparatus from certain otherparts,
which, though of great assistance to the sense, are not
absolutely necessary, and therefore may be called accessory.

The essential parts, on either side of the head, consist,
substantially, of two peculiarly formed membranous bags,
called, respectively, the membranous labyrinth and the
scala media of the cochlea. Both these bags are lodged
in cavities which they do not completely fill, situated in
the midst of a dense and solid mass of bone (from its
hardness called pgetrosal), which forms a part of the
temporal bone, and enters into the base of the skull.

Each bag is filled with a fluid, and is also supported in
a fluid which fills the cavity in which it is lodged. In the
interior of each bag, ccrtain small, mobile, hard bodies
are contained ; and the ultimate filaments of the auditory
nerves are so distributed upon the walls of the bags that
their terminations must be knocked by the vibrations of
these small hard bodies, should anything set them in
motion., It is also quite possible that the vibrations of
the fluid contents of the sacs may themselves suffice to
affect the filaments of the auditory nerve; but, however
this may be, any such effect must be greatly‘intensified by
the co-operation of thc solid particles.

In bathing in a tolerably smooth sea, on a rocky shore,
the movement of the little waves as they run backwards
and forwards is hardly felt by anyone lying down; but
in bathing on a sandy and gravelly beach, the pelting of
the showers of little stones and sand, which are raised
and let fall by cach wavelet, makes a very definite impres-
sion on the nerves of the skin.

Now, the membrane on which the ends of the auditory
nerves are spread out is virtually a sensitive beach, and
waves, which by themselves would not be felt, are readily
perceived when they raise and let fall hard particles.

i Both these membranous bags are lined by an epithe-
ium,
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The auditory nerve after passing through the dense
bone of the skull is distributed to certain regions of cach
bag, where its ultimate filaments come into peculiar con-
nection with the epithelial lining. The epithelium itself
too at these spots becomes specially modified. In certain
parts of the membranous labyrinth, for instance, the cpi-
thelium connected with the terminations of the auditory
nerve is produced into long, stiff, slender, hair-like pro-

Fi. 64—DIAGRAM To ILLUSTRATE THE TERMINATION OF THE AUDI-
TORY NERVE IN AN AMPULLA.

I. The epithelium of the ampull II. The membranous wall of the am-
pulla on which the epithelium rests.

a, a filament of the auditory nerve rurmin% through the wall of the am-
pulla and breaking up into a fine network (8) in the epithelium ; ¢, epithe-
ium cell with long stiff hair-like filament, & (this cell is supposed by
some to be directly continuous with the nerve networki: e, cells, not bear-
mﬁ filaments, placed by the side of, and supporting the filament-bearing
cells; £, a deeper layer of smaller cells.

cesses (Fig. 64, d), which project into the fluid filling the
bag, and which therefore are readily affected by any vibra-
tion of that fluid, and communicate the impulse to the ends
of the nerve. In certain other parts of the same labyrinth
these hairs are scanty or absent, but their place is supplied
by minute angular particles of calcareous sand (called
oloconia or otolithes), lying free in the fluid of the bag.



200 ELEMENTARY PHYSIOLOGY. [LESS.

These, driven by the vibrations of that fluid, strike the
epithelium and so affect the auditory nerve.

In the scala media of the cochlea, minute, rod-like
bodies, called the fbdres of Corti, and which are peculiarly
modified cells of the epithelial lining of the scala, appear
to serve the same object.

16. For simplicity’s sake, the membranous labyrinth
and the scala media have hitherto been spoken of as if
they were simple bags ; but this is not the case, each bag
having a very curious and somewhat complicated form,
(Figs. 65 and 66.)

FiG. 65.—Tie MEMBRANOUS LABYRINTH, TWICE Tlit NATURAL SIZE.

Ut. the Utriculus, or part of the vestibular sac, into which the semicircular
canals open; A, 4, A, the ampulle ; £.-. anterior vertical semicircular
canal, P.V. posterior vertical semicircular canal, A/ horizontal semicir-
cular canal. The sacculus is not seen, as in the position in which the
labyrinth is drawn the sacculus lies behind the utriculus. The white
circles on the ampulla: of the posterior vertical and horizontal canals ndi-
cate the cut ends of the branches of the auditory nerve ending in those
ampulle ; the branches to the ampulla of the anterior vertical canal are
seen iln the space embraced by the canal, as 15 also the branch to the
utriculus.

This form is also followed to a certain extent by the
bony casing of the cavity in which each is lodged. Thus
the membranous lahyrinth is surrounded by a bony laby-
rinth, and the scala media is only a part of an intricate
structure called the cocklea. The bony labyrinth and
cochlea with all the parts inside each constitute together
what is called the infernal car.

The membranous labyrinth (Fig. 65) has the figure
of an oval westibular sac, consisting of two parts, the one
called w#riculus, the other sacculus hemisphericus. The
hoop-like semicircular canals open into the utriculus. They
are three in number, and, two being vertical, are called the
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nterior (P.A.) and posterior (P.V.) vertical semicircular
< inals,; while the third, lying outside, and horizontally, is
termed the external horizontal semicircular canal (H).
One end of cach of these canals is dilated into what is
called an aempulla (A4).

It is upon the walls of these ampulle and thosc of the
vestibular sac that the branches of the auditory nerve are
distributed.

In each ampulla the nervous filaments may be traced
to a transverse ridge caused by a thickening of the con-
nective tissue which forms the walls of the canal (as well
as of all other parts of the membranous labyrinth), and also
by a thickening of the epithelium. Some of the epithelium
cells are here proloniged into the fine hair-like processes
described above. It is probable that these cells are
specially connected ‘with the terminations of the nerve
filaments. !

In the vestibule arec similar but less marked ridges, or
patches; here, however, the hair-like prolongations of the
epithelium cells are absent or scanty, but, instead, otohthes
are foufld in the fluid.

The fluid which fills the cavities of the semicircular
canals and utriculus is termed endolymph. That which
separates these delicate structures from the bony chambers
in which they arc contained is the perilyimph. Each of
these fluids is little more than water.

17. In the scala media® of the cochlea the primitive
bag is drawn out into a long tube, which is coiled two and
a half times on itself into a conical spiral, and lies in a
much wider chamber of corresponding form, excavated in
the petrous bonc in such a way as to leave a central
column of bony matter called the modio/us. The scala
media has a triangular transverse scation (Fig. 66), being
bounded above and below by the membranous walls which
canverge internally and diverge externally. At their con-
vergence, the walls are fastened to the edge of a thin
plate of bone, the Jamina spiralis (1.S. Fig. 66), which
winds round the modiolus. At their divergence they are

L § H i nt of canalis cocklearis. The true
am:u-ee n;lzgycg;ﬁe:teig:sa:»fﬁ:ﬁcfg “ﬁ‘;ﬂi hxgl\;e bgnfly ;edcetx;d l;‘e):te xﬁlze‘;‘l y
Ferans from” s th theomt adtvion 'of this work,  See particularly the
explanation of Fig. 67.
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fixed to the wall of the containing bony chamber, which
thus becomes divided into two passages, communicating
at the summit of the sFire, but elsewhere separate. These
two passages are called respectively the scala tympani
and scala vestibuli, and are filled with perilymph.

The scala media, which thus lies between the other two
scalz, opens below, or at the broad end of the cochlea, by
a narrow duct into the sacculus hemisphericus, but at its
opposite end terminates blindly, (Fig. 70.)

F1G, 66.—~A SECTION THROUGH THE AX1s OF THE COCHLEA, MAGNIFIED
. THREE DIAMETERS.

Sec.M. scala media ; Sc.V. scala vestibuli ; Sc.7" scala tympani ; L.S. lamina
spiralis ; Md. bony axis, or modiolus, round which the scalz are wound,
L.V, cochlear nerve.

That branch of the auditory nerve which goes to supply
the cochlea, enters the broad base of the central column
or modiolus, and thcre divides into branches, which,
spreading out in a spiral fashion in channels excavatcd
in the bony tissue, are distributed to the lamina spiralis
throughout its whole length. They do not end here ; but
in any section of the lamina spiralis (Fig. 66, L.S.) they
may be found running outwards from the central column
across the lamina towards the angle of the scala media,
in which indeed they become finally lost.

The upper wall of the scala media, that which separates
it from the scala vestibuli, is called the membrane of
Reissner. The opposite or lower wall, which separates 1t
from the scala tympani, is the Jasilar membrane. The
latter is very elastic, and on it rest the fidres of Corti
(C C', Fig, 67), each of which is composed of two filaments
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FiG 67.—~A SECTION THROUGH THAT WALL OF THE *‘ SCALA MEDIA "
OF THE COCHLEA WHICH LIES NEXT TO THE ScALA TYMPANL

@, That end of the lamina spiralis which passes into the inner wall, pillar, or
modiolus of the bony cochlea ; ¢, the outer wall of the bony cochlea ; Sca. 7.
the cavity of the scala tympani ; Sca. M. the cavity of the scala media; 4,
the elastic basilar membrane which separates the scala media from the scala
tympani; V. a vessel which lies in this, cut through; ¢, the so-called mem-
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joined at anangle, Animmense number of these filaments
are set side by side, with great regularity, throughout the
whole length of the scala media, so that this organ pre-
sents almost the appearance of a key-board, if viewed from
either the scala vestibuli or the scala tympani. These
fibres of Corti lie among a number of epithelium cells
forming the lining of the scala media at this part, and
those cells which are close to the fibres of Corti have a
peculiarly modified form. The ends of the nerves have
not yet been distinctly traced, but they probably come into
close relation either with these fibres or with the modified
cpithelium cells lying close to them, which are capable of
being agitated by the slightest impulse.

18. These essential parts of the organ of hearing are,
we have seen, lodged in chambers of the petrous part of
the temporal bone. Thus the membranous labyrinth is
contained in a dony labyrinth of corresponding form, of
which that part which lodges the sac is termed the ves-
tibule, and those portions which contain the semicircular
canals, the dony semicircular canals. And the scala
media is contained in a spirally-coiled chan.ber, the
cochlea, which it divides into two passages. Of these,
onc, the scala westibuli, is so called because at the
broad end or base of the cochlea it opens directly by a
wide aperture into the vgstibule; by this opcning the
peril{mph which fills the vestibule and bony semicircular
canals and surrounds the membranous labyrinth, is put in
free communication with the perilymph which fills the
scala vestibuli of the cochlea, and, by mcans of the com-
munication which exists between the two scale at the
summit of the spire, with that of the scala tympani also.

In the fresh state, this collection of chambers in the
petrous bone is perfectly closed ; but in the dry skull
there arc two wide openings, terined fenestre, or windows,
on its outer wall; Ze on the side nearest the outside
of the skull. Of these fenestra, one, termed ovalis (the

brane of Corti ; C ', the fibres of Corti; /7. the filaments of the auditory
nerve. Itis doubtful whether the membrane of Corti really has the extent
and connections given to it in this figure, which must not be taken for more
than a general sentation of the disposition of the parts, The membrane
of Rei: whicﬂ P the scala media from the scala vestibuli, is not

represented.
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oval window), is situated in the wall of the vestibular
cavity ; the other, »ofunda (the round window), behind
and below this, is the open.end of the scala tympan:i at
the base of the spire of the cochlea, In the zcsﬁ state,
cach of these windows or fenestrae is closed by a fibrous
membrane, continuous with the periosteum of the bone.

"1G. 68.~TRANSVERSE SECTION 1HROUGH THE SIDE WALLS OF THE SKULL
TO SHOW THE PARISs oF EAR.

o Concha or external ear; E M. extcrnal auditory meatus; 7'y M. tym-
panic membrane ; Juc.Mall. incus and malleus; 4 8 C, P S.C., 1.8 C.
anterior, posterior, and external semicircular canals, Cac cochlea; Aun.
Eustachin tube; 7.4/ internal auditory me.lluh.through which the audi-
tory nerve pasces to the organ of hearing.

The fenestra rotunda is closed only by membrane ; but
stened to the centre of the membrane of the fenestra
valis, so as to leave only a narrow margin, is an oval
late of bone, part of one of the little bones to be
escribed shortly.

19. The outer wall of the internal ear is still far away
om the exterior of the skull. Between it and the visible
sening of the ear, in fact, are placed in a straight line,
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first, the drum of the ear, or fympanum,; secondly, the
long extcrnal passage, or meatus (Fig. 68).

The drum of the ear and the external meatus, which
together constitute the middle ear, would form one cavity,
were it not that a delicate membrane, the tympanic mem-
brane (7y.M. Fig. 68), is tightly stretched in an oblique
direction across the passage, so as to divide the compara-
tively small cavity of the drum from the meatus.

FI16. 69.~THE MEMBRANE OF THE DRUM OF THE EAR SEEN FROM THE
INNER SIDE, WITH THE SMALL BONES OF THE EAR; AND THE WALLS
OF THE TYMPANUM, WITH THE AIR-CELLS IN THE MASTOID PART OF
THE TEMPORAL BONE.

M.C. mastoid cells ; Mall. mallens; Znc. incus ; SZ stapes; a 4, lines drawn
through the horizontal axis on which the malleus and incus turn,

The membrape of the tympanum thus prevents any
communication by means of the-meatus, between the drum
and the external air, but such a communication is pro-
vided, though in a roundabout way, by the Eustachian
tube (£#. Fig. 68), which leads directly from the fore part
of the drum inwards to the roof of the pharynx, where it
opens.

20, Three small bones, the auditory ossicles, lie in the
cavity of the tympanum. One of these is the séapes, a
small bone shaped like a stirrup. It is the foot-plate ot
this bone which, as already mentioned, is firmly fastened
to the membrane of the jewestra ovalis, while its hoop
projects outwards into the tympanic cavity (Fig. 69).
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Another of these bones is the mallens (Mall. Figs. 68,
9, 70), or hammer-bone, a long process of which is simi-
wrly fastened to the inner side of the tympanic membrane
\Fig. 70), and a very much smaller process, the slender

process, is fastened, as is also the body of the malleus,
to the bony wall of the tympanum by ligaments, The

\\\\\

F16. 70.—A DIAGRAM ILLUSTRATIVE OF THE RELATIVE POSITIONS Or THE
VARIOUS PARTS OF THE EAR.

Z.M. external auditory meatus; 7M. tympanic membrane ; 7y. tym-
panum ; Mall. malleus : Inc. incus; S/p. stapes: F.o. fenestra ovals,
F.r. fenesgra r da; E#. Eustachian tube; #.L. membranous laby.
rinth, only one semicircular canal with its ampulla bemng represented ;
Sca. lllf.ab‘m. 7., Sca.lM., the scalz of the cochl®, which 15 supposed to be
unrolled.

.

rounded surface of the head of the malleus fits into a cor-
responding pit in the end of a third bone, the éncus or
anvil bone, which has two processes—one, horizontal,
which rests upon a support afforded to it by the walls of
the tympanum ; while the other, vertical, descends almost
parallel with the long process of the malleus, and articu-
ates with the stapes, or rather unites with a little bone,
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the osd orb;‘culare, which articulates with the stapes (Figs.

and 70).
69The three bones thus form a chain between the fenestra
ovalis and the tympanic membrane ; and the whole series
turns upon a horizontal axis, the two ends of which, formed
by the horizontal process of the incus and the slender

rocess of the malleus, rest in the walls of the tympanum,

he general direction of this axis is represented by the
line @ 4 in Fig. 69, or by a line Eer endicular to the plane
of the paper, passing through the head of the malleus in
Fig. 70. It follows, therefore, that whatever causes the
membrane of the drum to vibrate backwards and for-
wards, must force the handle of the malleus to travel
in the same way. This must cause a corresponding
motion of the long process of the incus, the end of which
must drag the stapes backwards and forwards, And, as
this is fastened to the membrane of the fenestra ovalis,
which is in contact with the perilymph, it must set this fluid
vibrating throughout its whole extent, the thrustings in of
the membrane of the fenestra ovalis being compensated
by corresponding thrustings out of the membrane of the
fenestra rotunda, and v/ice versd.

The vibrations of the perilymph thus produced will
affect the endolymph, and this the otolithes, hairs, or
fibres; by which, finally, the auditory nerves wilk be
excited.

21. The membrane of the fenestra ovalis and the tym-
panic membrane will necessarily vibrate the more freely
the looser they are, and the reverse. But there are two
muscles—one, called the sfapedius, which passes from the
floor of the tympanum to the orbicular bone, and the other,
the Zensor tympani, from the front wall of the drum to the
malleus. Each of the muscles when it contracts tightens
the membranes in question, and restricts their vibrations
or, in other words, tends to check the effect of any cause
which sets these membranes vibrating.

22. The outer extremity of the external meatus is sur-
rounded by the concka or external ear (Co. Fig. 68), a
broad, peculiarly-shaped, and for the most part cartila-
ginous plate, the general plane of which is at right angles
with that of the axis of the auditory opening. The concha
can be moved by most animals and by some human beings
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in various directions bi means of muscles, which pass to
it from the side of the head.

23. The manner in which the comglex apparatus now
described intermediates between the physical agent, which
is the condition of the sensation of sound, and the nervous
expansion, the affection of which alone can excite that
sensation, must next be considered.

All bodies which produce sound are in a state of vibra-
tion, and they communicate the vibrations of their own
substance to the air with which they are in contact, and
thus throw that air into waves, just as a stick waved back-
wards and forwards in water throws the water into waves.

The aérial waves, produced by the vibrations of sono-
rous bodies, in part enter the cxternal auditory passage,
and in part strike upon the concha of the external ear and
the outer surface of the head. It may be that some of the
latter impulses are transmitted through the solid struc-
ture of the skull to the organ of hearing ; but before they
reach it thcy must, under ordinary circumstances, have
become so scanty and weak, that they may be Ieft out of
consideration.

The aérial waves which enter the meatus all impinge
upon the membrane of the drum and set it vibrating,
stretched membranes taking up vibrations from the air
with great readiness.

24. The vibrations thus set up in the membrane of the
tympanum are communicated, in part, to the air contained
in the drum of the ear, and, in part, to the malleus, and
thence to the other auditory ossicles.

The vibrations communicated to the air of the drum
impinge upon the inner wall of the tympanum, on the
greater part of which, from its density, they can produce
very little effect. Where this wall is formed by the mem-
brane of the fenestra rotunda, however, the communication
of motion must necessarily be greater.

The vibrations which are communicated to the malleus
nd the chain of ossicles may be of two kinds : vibrations
of the particles of the bones, and vibrations of the bones
1s a whole. If a beam of wood, freely suspended, be very
rently scratched with a pin, its particles will be thrown
nto a state of vibration, as will be evidenced by the sounc]
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given out, but the beam itself will not be moved. Again,
if a strong wind blow against the beam, it will swing
visibly, without any vibrations of its particles among them-
selves. On the other hand, if the beam be sharply struck
with a hammer, it will not only givc out a sound, showing
that its particles are vibrating, but it will also swing from
the impulse given to its whole mass.

Under the last-mentioned circumstances, a blind man
standing near the beam would be conscious of nothing but
‘the sound, the product of molecular vibration, or invisible
oscillation of the particles of the beam ; while a deaf man
in the same position, would be aware of nothing but the
visible oscillation of the beam as a whole.

25. Thus, to return to the chain of auditory ossicles,
while it seems hardly to be doubted that, when the mem-
brane of the drum vibrates, they may be set vibrating both
as a whole and in their particles, it depends upon sub
sidiary arrangements whether the lafge vibrations, or the
minute ones, shall make themselves obvious to the audi-
tory nerve, which is in the position of our deaf, or blind,
man. .

The evidence at present is in favour of the conclusion,
that it is the vibrations of the bones, as a whole, which are
the chief agents in transmitting the impulses of the aérial
waves.

For, in the first place, the disposition of the bones and
the mode of thcir articulation are very much against the
transmission of molecular vibrations through their sub-
stance, while, on the other hand, they are extremely favour-
able to their vibration ez masse. The long processcs of
the malleus and incus swing, like a pendulum, upon the
axis furnished by the short processes of these bones ; while
the mode of conneation of the incus with the stapes, and
of the latter with the edges of the fenestra ovalis, allows
that bone free play, inwards and outwards. In the second
place the total length of the chain of ossicles is very small
compared with the length of the waves of audible sounds,
and physical considerations teach us that in a like small
rod, similarly capable of swinging ex smasse, the minute
molecular vii’)rations would be inappreciable. Thirdly, it
is affirmed, as the result of experiments, that the bone
called co/umella, which, in birds, takes the place of the
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chain of ossicles in man, does actually vibrate as a whole,
and at the same rate as the membrane of the drum, when
aérial vibrations strike upon the latter.

26. Thus, there is rcason to believe that when the tym-
panic membrane is set vibrating, it causes the process of
the malleus, which is fixed to it, to swing at the same rate ;
the head of the malleus consequently turns through a small
arc 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 which
has becn estimated as being equal to about two-thirds of
that described by the handle of the malleus. The extent
of the push is thereby somewhat diminished, but the force
of the push is proportionately increased ; in so confined a
space this change is advantageous. The long process,
however, is so fixed to the stapes that it cannot vibrate
without, to a corresponding extent and at the samec rate,
pulling this out of, and pushing it into, the fenestra ovalis.
But every pull and push imparts a corresponding sct of
shakes* to the perilymph, which fills the bony labyrinth
and cochlea, external to the membranous labyrinth and
scala media, These shakes are communicated to the en-
dolymph and fluid of the scala media, and, by the help of
the otolithes and the fibres of Corti, arc finally converted
into impulses, which act as irritants of the ends of the
vestibular and cochlear divisions of the auditory nerve.

27. The difference between the functions of the mem-
branous labyrinth (to which the vestibular nerve is distri-
buted) and those of the cochlea are not quite certainly
made out, but the following views have been suggested : —

The membranous labyrinth may be regarded as an ap-
paratus whereby sounds are appreciated and distinguished
according to their intensity or quantity ; but which does
not afford any means of discriminating their qualities.
The vestibular nerve tells us that sounds are weak or
loud, but gives us no impression of tone, or melody, or
harmony.

The cochlea, on the other hand, it is supposed, enables
the mind to discriminate the quality rather than the
quantity or intensity of sound. It is suggested that the
excitement of any single filament of the cochlear nerve

P2



212 ELEMENTARY PITYSIOLOGY. [LESS,

gives rise, in the mind, to a distinct musical impression ;
and that every fraction of a tone which a well-trained ear
is capable of distinguishing is represented by its separate
nerve-fibre. Under this view 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 repre-
senting the strings which the keys strike. If it were
possible to irritate each of thesc nerve-fibres experi-
mentally, we should be able to produce any musical tone,
at will, in the senscrium of the person experimented upon,
just as any note on a piano is produced by striking the
appropriate key.

28. A tuning-fork may bec set vibrating, if its own par-
ticular note, or onc harmonic with it, be sounded in its
neighbourhood. In other words, it will vibrate under the
influence of a particular sct of vibrations, and no others.
If the vibrating cnds of the tuning-fork were so arranged
as to impinge upon a nerve, their repeated minute blows
would at once excite this nerve.

Suppose that of a set of tuning-forks, tuned to every
note and distinguishing fractions 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 affect the tuning-fork which could vibrate
with it, while the rest would be absolutely, or relatively,
indifferent to that vibration. In other words, the vibra-
tion would give rise to the sensation of one particular tone,
and no other, and every musical interval would be repre-
sented by a distinct impression on the sensorium,

29. It is suggested that the fibres of Corti are competent
to perform the function of such tuning-forks ; that each of
them is set vibrating to its full strength by a particular
kind of wave sent thrdugh the perilymph, and by no other ;
and that each affects a particular fibre of the cochlear
nerve only. But it must be remembered that the view
here given is a suggestion only which, however probable,
has not yet bcen proved. Indeed recent inquiries have
rather diminished than increased its probability.

The fibres of the cochlear nerve may be excited by in-
ternal causes, such as the varying pressure of the blood and
the like : and in some persons such internal influences
do give rise to veritable musical spectra, sometimes of a
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very intense character. But, for the appreciation of music
produced external to us, we depend upon the intermedia-
tion of the scala media and its Cortian fibres,

3o0. It has alrcady been explained that the sfapedius and
tensor tynipani muscles are competent to tighten the mem-
brane of the fenestra ovalis and that of the tympanum,
and it is probable that they come into action when the
sonorous impulses arc too violent, and would produce too
extensive vibrations of these membrancs. They therefore
tend to moderate the effect of intense sound, in much the
same way that, as we shall find, the contraction of the
circular fibres of the iris tends to moderate the effect of
intense light in the eye.

The function of the Eustachian tube is, probably, to
keep the air in the tym‘Panum, or on the inner side of the
tympanic membrane, of about the same tension as that o