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PREFACE.

TaE author’s ““ Experimental and Descriptive Physiol-
ogy” has been adopted by a large number of schools and
colleges. But there are many schools in which, owing to
the youth of the pupils, the shortness of the time allotted to
the subject, or the meagerness of laboratory facilities, such
a rigorous course cannot be taken. For such schools this
simpler book is written. While it contains considerably
less experiment and dissection than the larger book, it is
still based upon experimental work. No teaching of physi-
ology is worthy of the name unless it rests upon eiperi-
ment, observation, and dissection. The ridiculous answers
of the pupil who has learned mere “book physiology”
furnish the standard jest of the educational journal. Try-
ing to teach physiology without experiment is not only in
opposition to modern views of pedagogy and psychology,
but it is equally at variance with the common sense of the
business man’s view. Such teaching is a mere mummery
of words—it teaches neither how to #7ow nor to do.

In fitting this work for the less mature mind, special
attention has been paid to conciseness and brevity of state-
ment and to clearness of exposition. Sentences and para-
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vi PREFACE.

pliance with the law. Copious quotations have been taken
from the best authorities on this subject. The same
high-grade illustrations have been used that brought such
favorable comment on the earlier work.

This briefer edition has, too, the full benefit of the
criticism of the eminent authorities whose names are listed
in the larger work.

TO THE TEACHER.

For any practical work in physiology it is very desirable
to have a room furnished with tables and supplied with
water. .

Each pupil should make full notes and drawings of the
work done and the organs studied and dissected. Only by
so doing will he firmly fix and retain what he gathers from
day to day.

In the larger work by the author are many experiments
and dissections given in full which are here omitted in
order to present a briefer course. In the larger work there
is also given a list of books which are most helpful in
teaching physiology.
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PHYSIOLOGY.

CHAPTER L /

INTRODUCTION.

Health. — Is it not a splendid thing to be well and
strong? To be full of bounding health? To “feel one’s
life in every limb " ?

Who does not desire to prolong, so far as possible, thls
condition characteristic of youth ?

Natural and Artificial Modes of Life. — An animal
living in a state of nature may keep well and live its
natural period of life without knowing anything about the
laws of health. But as students or indoor workers, many
of us lead a sedentary life; we are not natural, but often
highly artificial, in our mode of living. We move about
but little, whereas the animal abounds in motion. We
concentrate energy upon mental effort, thus diverting a
large share of our sum total of energy away from the pro-
cess of nutrition. We often shut ourselves in rooms nearly
air-tight. We eat poorly chosen and ill-prepared food.
We devour it hastily, often when we are not in fit con-
dition to take food. In short, we frequently disobey the
laws of Nature. Now, Nature punishes every violation of
her laws. She never forgives, never forgets.

1
rs



2 PHYSIOLOGY.

Value of Knowledge. — The out-of-door worker may
not suffer so much from ignorance in these matters.
From the character of his occupation, he is, to a certain
extent, obliged to obey Nature. He gets enough fresh
air. His bodily exertion generally brings a hearty appe-
tite, vigorous digestion, active circulation of the blood.
Still, he would greatly profit by knowing something of the
nature of his food, its wholesomeness or unwholesomeness.
The fact that he has fair health is no proof that he always
does the best thing. His natural mode of life may keep
him in tolerably good condition in spite of his violation of
certain laws; but he could undoubtedly learn how to
economize in the purchase, preparation, and proper com-
bination of foods.

Importance of the Care of the Body. — Any machine
of man’s invention must be kept in good running order if
we would have it do good work, or last long. We must
keep a machine clean, well oiled, and not overtax it. Are
not our bodies worth equal care? If some part of a ma-
chine is broken, we may replace it at moderate expense;
but none of the vital organs can be replaced. We may
get a new mainspring for a watch, but we cannot obtain a
new stomach or lungs.

Its Admirable Mechanism. — Aside from the above
considerations the human body is worthy of study for its
own sake. Viewed simply as a mechanism, it is wonder-
ful. Each organ is so well adapted to its work, and all
the organs work so harmoniously through their connection
and control by the nervous system, that we never cease to
admire it. We admire a doll, or other toy, so ingeniously
constructed that it can move its eyes or walk a short time
after being wound up. But this live mechanism, which is
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self-winding, self-regulating, self-repairing, self-directing,
amazes us.

Hygiene. — We take up the study of the human body
mainly that we may learn how to preserve health; the
science of health is hygiene.

Physiology. —In order to keep the various organs in
good order we must know what their natural work is, and
how they do it; the science of the action of the body and
its parts is physiology.

Organ. — Any part, or member, of the body, which has
a special work to do, is called an organ, as the hand, the
eye, or the stomach.

Function. — The work, or action, of each organ is
its function.

Anatomy.—In order to understand the working of
each organ it is usually necessary to know something
of its construction; the science of structure is anatomy.
We do not need to go far into anatomy to obtain a fair
knowledge of the manner in which our organs do their .
work. The surgeon, of course, must be able to locate
accurately the various blood tubes, nerves, muscles, etc.
We need to know only the general structure of the body
and, more in detail, some of the more important organs,
such as the heart, the lungs, the larynx, the eye, etc.
It is fortunate for us that these organs in the sheep, pig,
and cow are so nearly like our own that they serve
admirably to enable us to understand ourselves. SR s

Tissues. — Every organ is composed of several different
kinds of material. For instance, in a slice across a ham
we see the skin on the outside, then fat, lean, and bone.
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These “ primary building materials” of the body we call
tissues. A tissue may ke defined as an aggregation of
similar cells devoted to a common work.

Cells. — The whole body is made up of small parts
_called cells, comparable to the bricks in a house. These
cells are of various shapes in the different tissues.

In the more active tissues the cells are alive, and each
cell may be compared to the ameba, a little mass of living
jelly-like substance called protoplasm. The ameba is a
protozoan often found in the slime at bottom of stagnant
water. Within this is a small, rounded part called the
nucleus. Most of the cells of the body differ from
the ameba in having a distinct
outer covering or cell wall. A grape
serves very well to show what a cell
is like. The whole body is built up

S of cells, few of them large enough
Fig. 1. EpithelialCellsfrom  to be seen by the naked eye.
e Although the cells are closely

packed together, each cell leads, in one sense, an inde-
pendent life. But all work together to maintain the life
of the body. The cell is like the individual in a com-
munity. Each lives primarily for itself, yet all work
together for the good of the whole.

Epithelial Cells from the Inside of the Cheek, — With the blade of
a very dull knife, or the handle of a scalpel, gently scrape the inside of
the cheek. Place a little of the white scraping on a slide in a drop
of water, cover with a cover slip, and examine under a quarter-inch
objective. Many cells will be seen, some of them showing nuclei.
Compare these cells with the accompanying figure.

The Physiological Division of Labor. — We are aware
of the advantages of division of labor in a community. If
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each person learns to do one thing well, all together work
economically for the common good, time is saved, and
better goods are produced. In the body there is a division
of labor similar to that of a community. Each organ has
its own work to do, and all work together for the common
welfare. The cells of each tissue have certain properties
and peculiarities of form differing from the form and
properties of the cells of any other tissue. While the
general structure of all cells is essentially the same, and
while they all have certain properties in common, each has
some one kind of work that it can do well, and to which
work it devotes itself. The nerve cells receive impressions
from the outer world, carry nervous impulses, and control
the various activities of the body. The muscle cells have
as their work the production of motion. All the cells
must take food for themselves and grow. Each has a
birth, life, and death, as each individual in a community
of men; and as the community endures, while the indi-
vidual members are continually changing, so, in the body,
while the form remains about the same from year to year,
the cells are continually changing, some dying, and others
taking their places.

In an animal of a single cell, like the ameba, the one
cell must do everything for itself. The higher animals all
begin their individual life as an egg, which is, in fact, a
single minute cell. This grows and divides, forming two
cells. By repeated division there accumulates a mass
of cells. These take on the arrangement peculiar to the
kind of animal from which the egg came. But as the cells
increase in number one group of cells takes up one part
of the work of the body, other cells another part of the
work, and so on.

In studying history (sociology) we have to deal with the
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individual, the community, the state, and the nation. The
cell is an individual, the community is a tissue, the state is
an organ, and the nation is one body.

Let us proceed to study the nature of the individual cell,
and the combined actions of these individuals in that com-
munity called the human body.

Summary.— 1. Health is essential to comfort and efficiency in
work. i

2. Our artificial mode of life is at variance with nature’s laws.

3. Only by obeying the laws of nature can we preserve health.

4. We should learn these laws of nature from the advice and ex-
perience of others, and not by the expensive process of suffering from
disobedience.

5. Anatomy is the science of structure. Human anatomy is the
science of the structure of the human body.

6. Physiology is the science of function.

7. Hygiene is the art of preserving health.

8. Cells are the units of structure in the body.

9. A tissue is a group of similar cells having a single function.

10. An organ is a part having a special work or function. The
organs work together for the common good of the whole organism.
This working together results in —

11. The physiological division of labor, in which each organ works
for all the others, and is dependent on all the other organs.

Questions. — 1. What are some of the ways in which we most fre-
quently violate the laws of health ?
2. Name the more important organs of the body and their functions.
3. Name the different tissues of one of these organs.

v



CHAPTER 11.
MOTION.

Motion and Life.—Motion is the most manifest sign of
life. While we are sitting still, as we say, there are fre-
quent slight motions of the head, body, and limbs. ~ Even
during sleep the movements of breathing may be seen;
the hand laid upon the chest may feel the beating of the
heart, and the finger detect the pulse in a number of
places.

We must move to get our food, or at least to eat and
digest it. Motion is necessary for breathing, for circu-
lating the blood, for getting rid of wastes. We often move
to avoid injury.

Motion is necessary for seeing: we must turn the face
toward the object; we move the eyeballs; within the eye
are motions to regulate the amount of light admitted, and
to adapt the eye for seeing at different distances.

In feeling, we put forth the hand to touch the object.
In tasting, we touch the tongue to the object. In smelling,
we sniff ; and sniffing is a respiratory motion. In hearing
and in speech there is also motion.

How are all these motions produced ?

Exvperiments with the Muscles in our own Bodies. —1. Clasp
the front of the right upper arm; draw up the forearm strongly
and as far as possible. Note what changes are felt in the biceps
muscle.

2. Repeat the experiment, and with the thumb and finger feel the

cord, or tendon, at the lower end of the muscle, just within the angle of
the elbow.

i .
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3. Place a weight in the hand, and repeat the act, noting the con-
dition of the muscle during the experiment; also note the condition
of the tendon.

4. Span the muscle, placing the tips of the fingers in the angle of
the elbow, and the tip of the thumb as far as you can up the arm; again
bend the arm. What change in the muscle does this show? Any
muscle that bends a limb, as does the biceps, is called a flexor muscle.

5. Clasp the back of the right upper arm; forcibly straighten the
arm. The muscle lying along the back of the arm is the triceps muscle.
It is called an extensor muscle because it extends, or straightens, the
arm. :
6. Clasp the upper side of the right forearm near the elbow
clench the right hand quickly and forcibly ; repeat rapidly.

7. Notice the thick mass of muscle at the base of the thumb;
pinch the forefinger and thumb strongly together. What changes can
be seen and felt ?

8. Place the hand on the outside of the shoulder ; raise the arm to
a horizontal position; repeat with a weight in the hand.

Fig. 2. The Shortening and Thickening of the Biceps Muscle in raising the
Forearm.

9. Stand erect with the heels close to each other, but not quite
touching; let the arms hang freely by the sides; rise on tiptoes,
without moving otherwise ; repeat ten times.

10. Place the tips of the fingers on the angles of the lower jaw;
shut the teeth firmly on a piece of rubber, and note the bulging of the
masseter muscles.
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11. Press the fingers on the temples ; again shut the jaw firmly, and
feel the action of the temporal muscles.

12. Make a narrow band of paper that will snugly fit the forearm
when the hand is open ; now clench the fist strongly.

13. With a tape measure take the circumference of the upper arm
when the arm hangs free; again when the forearm is strongly flexed.

14. In the same way measure the forearm when the hand is open,
and when the hand is clenched.

By these experiments we learn that when a muscle works it becomes
shorter, thicker, and harder.

Nerves and Muscles of a Rabbit’s Leg. — In the hind leg of a
rabbit the sciatic nerve may be found by separating two large
muscles on the sides of the thigh, beginning behind the knee joint.
The shape and connections of the muscles may be learned, and also
the distribution of the nerve.

The Action of Muscle.— The action of muscle is always
a “pull.” The muscle shortens, at the same time thick-
ening and hardening. These changes in muscle are
roughly shown in the preceding experiments of feeling
the arm during its action. But the isolated calf muscle of
the frog may be made to prove the characteristic changes
with great clearness.

Action of Frog’s Muscle. — A frog may be killed painlessly by put-
ting a teaspoonful of ether into a fruit jar of water, immersing the frog
and capping the jar. When the frog becomes motionless, its head
should be cut off and a wire run down the spinal column to destroy the
spinal cord. After cutting the skin around the base of one thigh the
skin may easily be stripped from the whole hind limb. If the muscles
on the back of the thigh be gently separated there will be found a white
thread running lengthwise, the sciatic nerve. "It should be severed
near the hip and carefully turned down upon the calf muscle. Itshould
not be pinched or dragged. The muscles of the thigh should now all
be cut away, being careful not to sever the nerve near the knee. The
hip joint should be unjointed. With the handle of the scalpel the calf
muscle should be separated from the shin bone, and just below the
knee the shin bone and all the muscles except the calf muscle severed.



10

PHYSIOLOGY.

I1 now the heel cord be cut off below the heel there will remain such a
preparation as is represented in the accompanying figure, consisting of
the thigh bone with the calf muscle hanging from it, and the sciatic

ELONGATED

Insertion

Fig. 3. Action of the Calf Muscle of the Frog, showing the Relations of the
Sciatic Nerve.

nerve still connected with the calf muscle.

This may be supported by

bolding the end of the thigh bone in a clamp on a retort stand. A

Origin

... Bundle of Muscle Fibers

|

/
" Muscle Sheath

CROSS SECTION

Insertion
LONGITUDINAL SECTION

Fig. 4. The Structure of Muscle.

light weight should be attached to
the heel cord. The muscle and
nerve should be moistened with
water containing a little salt. On
pinching the free end of the nerve,
or cutting off the least bit with
scissors, the muscle will be made
to act. The shortening and thick-
ening will be plainly seen, and
by taking it between the thumb
and finger the hardening may be
felt.

Structure of Muscle.—
Chipped beef shows well
the structure of muscle. The .
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white network is the connective tissue. In the meshes
is the red muscular tissue. The partitions which run all
through the muscle are continuous with the muscle sheath,
and both are continuous with the tendons at the ends of
the muscle. In fresh muscle the sheath and the parti-
tions are nearly transparent, and are not easily seen.
When the meat is cooked or salted the connective tissue
becomes white and opaque.

Microscopic Structure of Muscle. —In frog’s or rabbit's muscle
observe the thin, transparent membrane covering the muscle, the muscle
sheath. With forceps tear away part of the
muscle sheath. Tear the muscle to pieces,
and note its fibrous structure. A shred of
muscle may be mounted in a drop of nor-
mal saline solution on a slide, and exam-
ined with low power of the microscope. If
examined with a higher power the cross-
markings, or striations, will be seen. Such
muscle is called striated or striped muscle.
All of the muscles used in ordinary motions
are of this kind.

Effects of Cooking Muscle. —1In %5 ™o Wit hers
well-cooked corned beef the connec-  the Nerves.
tive tissue is thoroughly softened,
and the muscle fibers are easily separated. Thorough
cooking, especially slow boiling, will soften the connective
tissue, and may render palatable meat that, cooked other-
wise, would be exceedingly tough on account of the. large
amount of connective tissue.

Imitation of Structure of Muscle. — A good way to
represent the structure of muscle is to take a number of
pieces of red cord to represent the muscle fibers. Wrap
each in white tissue paper; this represents the individual
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fiber sheath. Lay a number of these side by side; wrap
all in a common sheath; let the tissue paper project be-
yond the threads, and here compress it into a compact
cylinder ; this last corresponds to the tendon.

Connective Tissue the Skeleton of Muscle. — If all
the muscular tissue were removed from a muscle, the
sheaths and partitions would remain, just as they do in a
squeezed lemon or orange. The connective tissue forms
a framework for all the soft tissues of the body, and if
their working cells were removed, the connective tissue
would remain, and show more or less completely the form
of the part. Connective tissue, therefore, may be called
the skeleton of the soft tissues. Muscle consists, then,
essentially of a collection of soft, transparent tubes, filled
with the semi-fluid muscle substance. By scraping the
surface of a steak with a dull knife the muscle substance
may be obtained, leaving the connective tissue. Thisis a
good way to get the nutritious part of beef for an invalid.

Importance of Muscles. — The different materials of
which the body is built up are called tissues. Thus we
find muscular tissue, bony tissue, nervous tissue, etc. The
muscles make up nearly half of the weight of the body.
This fact of itself should lead us to consider the muscles
of high importance. Add to this the facts above noted,
that the muscles are so largely concerned in the nutrition
of the body, the chief agents for its protection, essential
for the reception of ideas, and absolutely indispensable for
the expression of ideas, and we can see the reason for
beginning the study of physiology with the examination
of the muscles and their action.

Laws of Muscle Action. —The chief characteristic of
muscle is its ability to shorten; incidentally, it at the
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same time thickens and hardens. But it does its work by
shortening, pulling on the bones by means of the strong,
inelastic tendons, thus producing motion. The action of
the muscle as a whole is the result of the characteristics
of the cells of which it is composed. The individual cells
and fibers shorten, and their combined action is seen in
the muscular movement.

Extent of Muscle Shortening.— A muscle may be
made to shorten one third of its length, but probably
never shortens that much in the living body.

Duration of Muscle Shortening. — A muscle cannot be
kept shortened for any great length of time. If one holds
bis arm out horizontally as long as possible he soon feels
fatigue, later pain, and he may feel soreness in the muscle
for several days. The law of muscle action is to alternate
periods of rest with periods of action. In many exercises,
as in walking, the limbs act alternately, one resting or
recovering position while the other works.

Alternate Action of Flexors and Extensors. — If we
consider the biceps and triceps of the arm, we see that
they are compelled to act alternately if they would do
effective work. They might both shorten at the same
time, and are made to do so in such an attempt as that
of holding the arm rigidly bent at a right angle; as, for
instance, in wrestling “square hold,” in which case one
wishes to prevent his opponent from either pushing or
pulling him. But while the two muscles act, no motion is
produced. When the flexor shortens, the extensor length-
ens, and wvice versa.

Normal Condition of Muscle.— The muscles are always

slightly stretched, as shown by the fact that when a cut
is made into a muscle the wound gapes open; the tension
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of the muscle is further shown by the fact that when a
bone is broken, as in the upper arm or thigh, the ends
of the bones slip by each other, and the limb has to be
strongly stretched to bring the ends back together. Mus-
cles act better when slightly stretched, and probably need
a slight resistant action of the opponent muscle.

Symmetrical Development of the Muscles.— The mus-
cles of the two sides of the body are the same in number
and arrangement. At birth they are probably about equal
in size, weight, and strength. Most persons early become
right-handed, and the greater use of the right hand and
shoulder makes the muscles of this side larger and heavier.
The muscles pulling on the bones slightly modify them
in shape. The whole body may become noticeably un-
symmetrical. Most persons step harder on one foot than
the other, as shown by the sound of the footstep, and as
shown by the constant wearing of one shoe sole or heel
faster than the other. In many persons one shoulder is
habitually carried higher than the other. Symmetrical
development should be carefully sought, and any tendency
to a one-sided development should, so far as possible, be
avoided. We should use the left hand more. There are
many advantages in being able to use either hand. In
carving, in shaving, in bandaging, in administering medicine,
it may be necessary to use the left hand skillfully. The
pianist and the harpist use the two hands about equally,
while the violinist puts much more skill into his left hand.
Trainers of athletes often begin by developing the left
side of the body till it equals the right in size and strength.

Muscles the Source of Strength.—Our strength de-
pends on our muscles. It is a fine thing to have strong,
well-developed muscles, not only because they give beauty



MOTION. 15

of form, but because extra strength and endurance may
be needed in case of accident, to save one’s own life or that
of others. In a case of fire the ability to climb, to go up
or down a rope ‘“hand over hand,” may be all important.
Any one’s life may depend on his ability to run far and
swiftly, to swim, to jump, or to lift a heavy weight.

Skeletal Muscles. — When we look at the skinned car-
cass of an animal in the market, we observe that the mus-
cles almost completely cover the bones. Those which are
attached to the bones are called skeletal muscles. They act
upon them as levers, giving to motion strength, quickness,
and precision. Without bones our motions would be like
those of an earthworm or slug, slow and uncertain. The
muscles, acting through the bones, can lift a weight that
would crush the muscles if laid directly upon them, while
a bone, able to support a heavy weight without being
crushed, has no power in itself. The muscles have active
strength, the bones have passive strength. ‘

Relation of the Muscles and the Bones. — Suspend the skeleton
from the ceiling in the most open space in the room. Let the pupils
study it; not to learn the names of all the bones, but to get a general
idea of the forms and relations of the parts. It is well to have the
skeleton constantly at hand, to show the location of the various organs
as they are taken up. If possible, supply the class with separate bones
from another skeleton, and let the pupils place each separate bone -
alongside the corresponding one in the complete skeleton.

Pass to the skeleton, and locate the biceps muscle. After examining
Fig. 2, show the points of its origin and insertion. Feel the biceps
of your arm. Note that its thickest part is opposite the most slender
part of the bone. But at the enlarged end of the bone the muscle has
narrowed to a slender tendon, which passes over the joint to be attached
to the next bone, thus giving more slenderness, flexibility, and freedom
of motion to the joint. The muscle which closes the mouth, as in
pursing up the lips, is not attached to any bone, but in shortening
reduces the aperture.
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Flexion of the Forearm.— Take the bones of the arm that are
articulated (if there is not an artificial hinge at the elbow, one can
readily be made of wire); put a strong rubber band in place of the
biceps muscle; fasten this to the head of the humerus by cords, and
by the lower end to the radius, where the rough place, an inch or so
from the elbow joint, shows the insertion of the tendon. Have the
rubber stretched so that when not held it will flex the forearm. This
will serve to show the action of the biceps, though we must be careful
to bear in mind that the muscle does not pull the arm up because it has
been stretched, as is the case with the rubber. In the case of the
muscle, we know that the live muscle has the power of shortening when
stimulated, and in this respect is totally unlike the rubber. - The live
cells, or units, act in concert.

Levers. — The essentials of a lever are the point about
which the lever turns, called the fulcrum, the place where
the power is applied, called the power, and the part to be
moved, called the weight. In the body, the fulcrum is
some joint, the power is the place where the muscle is
attached, and the weight is the part to be moved.

Kinds of Levers. — In flexing the forearm, the weight
is the hand or the hand and what is in it; the fulcrum is
the elbow joint; and the power is the point where the
tendon of the biceps is attached to the radius. This kind
of a lever is what the books call a lever of the third class.
The triceps, on the back of the arm, pulls on the projection
of the ulna (the inner bone of the forearm when the palm
is up), back of the elbow. The elbow is here, also, the
fulcrum, and the hand (or the object to be pushed by the
hand)is the weight. This kind of lever, where the fulcrum
is between the power and the weight, is called a lever of the
first class. In raising the weight of the body, by stand-
ing on tiptoe, we use a lever of the second class. Here
the ball of the foot is the fulcrum. The weight is the
weight of the whole body, resting on the ankle joint, while



MOTION. 17

the power is the calf muscle. We may find many exam-
ples of levers in the body if we look for them.

(1) Tapping on Floor. (2) Rising on Toe. (3) Lifting Weight.

Fig. 6. Three Kinds of Levers as shown by the Foot.
P— Power. W— Weight. ¥— Fulerum.

Kinds of Levers shown by the Foot. — The different
classes of levers may be further illustrated by different
motions of the foot. In tapping the toes on the floor
while the heel is lifted, or in pressing down the ball of the
foot while running the treadle of a sewing machine, we
have an example of a firstclass lever. In raising the
weight of the body on tiptoes, or as the foot is used in
taking each step, the foot is used as a lever of the second
class. When one lifts a weight with the toes, the foot is
used as a lever of the third class. These three classes of
levers are illustrated in the accompanying figures.

Advantages and Disadvantages of Levers in the Body.— The
action of the bones of the forearm as a lever may perhaps be better
understood by the following considerations: If the arm consisted
merely of the biceps, suspended from the shoulder, it is evident that
its only action would be a straight pull. Suppose the biceps, thus
hanging alone from the shoulder, had a hook at its lower end, it could,
when it shortened, lift a weight just as far as it shortened, and no
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farther. It could not swing the weight outward, or push it upward.
But from the way in which the biceps is attached to the forearm, when
the muscle shortens an inch it may move the hand a foot. Of course
the hand moves much faster, and we have a great gain in speed by
reason of this lever arrangement. But we cannot lift so heavy a weight
at this faster rate, as we could at the
elbow. For instance, suppose one were
to carry a heavy basket with a bail
handle by slipping the arm through
the bail up to the elbow. Now, it is
evident that the biceps is supporting
the weight. If it is as heavyas can be
held here, we know that we could not
hold the same weight in the hand with
the elbow bent at a right angle.

Ball

/oo Articular Extremity

Study of One of the Long,Bones.
—For this, take, preferably, a femur
or a humerus. Let us suppose we have
a femur.

1. Observe its shape,— cylindrical,
somewhat curved, enlarged at the ends.

2. The ends have smooth places,
where they fitted other bones.

3. Along the sides, especially near
the ends, are ridges and projections,
where the muscles were attached.

4. There are small holes in the
—— Spongy Bone bone, where blood tubes passed in and
out.

5. Saw a femur in two, lengthwise,
and make a drawing showing : —

(@) The central marrow cavity.

(6) The spongy extremities, nating especially the directions of the
bony plates and fibers.

6. Observe the width of the lower end of the femur, where it rests
on the tibia. Suppose these two bones were as narrow at their ends,
where they meet to form the knee joint, as they are at their centers,
what kind of a joint would they make ? Illustrate by piling up a num-

) Medullary Cavity

i~ Hard Bone

S - Articular Extremity

Fig. 7. Longitudinal Section of
Femur.

—
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ber of spools on end; the column is more lightened than it is weak-
ened by the hollowing out of the sides of each spool. And the central
hollow of the spool does not greatly weaken it. A given weight of
material has more strength when in the form of a hollow cylinder. The

bones combine well two very desirable quali-
ties, lightness and strength. If in our col-
umn of spools we place a wide rubber band
around the junction of two spools, we have
something very similar to the capsular liga-
ment, which surrounds the joints.

Joints. — The ends of the bones, where
they fit together in the joints, are covered
with a layer of smooth, elastic, whitish or
transparent cartilage. The motion in the
joints is made still more easy by the synovia,
resembling white of egg. The ends of the
bones arer held together by tough bands and
cords of ligament, a form of connective
tissue very much like tendon. Bones are
closely covered by a tough coat of connective
tissue called the periosteum.

All these structures can easily be found
by dissecting a sheep shank gotten from the
butcher, or in the hind leg of a rabbit.

Locomotion. — Locomotion is mov-
ing from place to place and should
be distinguished from mere motion.
By continuing such observations as
we made when we began to study
our motions, we can analyze and
understand many of the common

movements which we habitually

make.

°
-5

Muscles which keep the Body from falling Backward

Muscles which keep the Boay from falling Forw

Fig- 8. Action of the Muscles
in Standing.

Standing. — Although we are not ordinarily conscious of
the fact, when we are standing still we are using many
muscles. The accompanying figure illustrates how some
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of the muscles act in keeping the body upright. Our
weight, or, we would better say, the force of gravity, is
continually trying to pull us down to the ground. The
joints are all freely movable, and hence as soon as the
muscles cease to act properly, in balancing against each
other, we lose our equilibrium, and fall if we do not
quickly regain it.

Walking. — In walking, we lean forward, and if we take
no further action we fall. But we keep one foot on the
ground, pushing the body forward, while the other leg is
flexed and carried forward to save us from the fall. We
catch the body on this foot, and repeat the action. To
show how we are really repeatedly falling and catching
ourselves, recall how likely one is to fall if some pbstacle
is placed in the way of the foot as it moves forward to
catch the weight of the body.

Running. —In running, the action is more vigorous.
The propulsion by the rear leg is now greater. It gives
such a push as to make the body clear the ground, whereas
in walking, the rear foot is not lifted till the front foot
touches the ground. But in running there is a time when
both feet are off the ground.

Locomotion by Reaction.— Take two broomsticks and place them
crosswise under the ends of a board. Run along the board. This
shows that the direct effort in running is to push one’s support from
under him. When a horse plunges forward in the mud, he only thrusts
his feet farther into the mud. Our effort in progression is primarily to
push the earth out from under us, and it is by reaction that we go
forward. It is the same problem with the fish swimming forward by
striking backward and sideways against the water, and with the bird
beating downward and backward upon the air.

Bones combine Lightness and Strength.—The mus-
cles, then, make use of the bones as levers. We carry
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these levers with us all the time. Hence the desirability
of having them as light as is consistent with the requisite
degree of strength. The body follows the same law of
mechanics that we use outside of the body. A hollow
pillar or hollow tube has a greater strength than the same
amount of material in the form of a solid cylinder. The
long bones of the limbs are hollow, and near their ends,
where we have found that they need to be enlarged, we
find a spongy structure, where lightness and strength are
secured by the interlacing fibers and plates of bony
material. ¢

Uses of Bones.— The part that the bones play is of a
passive nature; they support the tissues, protect some
parts, and serve as levers on which the muscles act. We
may not call the bones dead tissues, for they receive blood
and grow. But the active muscles use them as a man uses
a crowbar, as a mere tool. It will therefore be more
interesting to return to the muscles, and learn the causes
and conditions of their activity.

What makes Complex Muscular Action Harmoni-
ous.— Have you ever seen two persons, each using the
right hand, try to.sew, one holding the cloth, the other
using the needle? Would they get along well? Suppose
one were to hold the needle, and the other were to try to
thread it, each using one hand? Why is it that the right
hands of two persons cannot work so well together as the
right and left hands of one person? What connection is
there between the two, that one knows just what the other
is doing and when it does it? Why can two individuals
never, with any amount of practice, work so in unity as the
parts of the individual ?
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Let us seek the answers to these questions in the fol-
lowing lessons.

Alcohol and Muscular Energy. — Alcohol does not in-
crease the energy of the body so far as muscular work is
concerned. Repeated experiments have been made which
show that power to do muscular work is diminished as the
result of taking alcohol. The person may, and often does,
JSeel stronger, but the feelings are neither a sure test nor
a safe guide. As one writer says, the drunken man thinks
he is strong enough to hold two men, whereas he reeds
two men to support him in his weakness. Test of ability
to do work shows the weakening effect of alcohol. It was
formerly supposed that when men were called upon to
perform unusually hard work they needed the sustaining
power of alcoholic liquor, and such drink was furnished
to men engaged in harvesting, etc. This belief has been
thoroughly disproved. :

The apparent liveliness of the tipsy person, and his
more or less violent gesticulations, are no sign of added
strength. We all know that restlessness and nervous
activity are often a sign of weakness and not of strength.

Alcohol and Training. — It is a significant fact that men
who are training for athletic contests (ng matter what their
ordinary habits or principles are) let alcoholic drinks alone.
One of the famous pugilists said, “ I'm no teetotaler, but
when I have business on hand there’s nothing like water
and dumb-bells.” No schoolboy or college student can
hope to gain a place on any athletic team if he indulges
in alcoholic drink.

READING. — How to Get Strong and How to Stay So,
Blaikie ; Sound Bodies for Our Boys and Givls, Blaikie;
Physiology of Bodily Exercise, Lagrange.
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Summary.— 1. Motion is involved in nearly every activity of the body.

2. The action of muscle is a shortening, accompanied by a thicken-
ing and hardening.

3. Muscle consists of fibers with a connective tissue sheath for
each fiber, bundle of fibers, and for the muscle as a whole.

The skeletal muscle fibers are striated.

The muscles make about half the body’s weight.
Muscles may shorten one third their length.
They cannot remain shortened long for a time.
The muscles should be developed symmetrically.

9. In the limbs the muscles are fusiform and have their greatest
diameter opposite the central, or narrower, portions of the bones, con-
cealing the fact that the bones are largest at the ends, as is so manifest
in the skeleton. . ;

10. The bones serve as levers by which the muscles exert their force.

11. The bones of the limbs are hollow cylinders combining light-
ness and strength.

12. The joints have a smooth motion due to the cartilage and
synovia.

13. Locomotion is brought about by reaction.

SO

Questions. — 1. What effect is produced by carrying a heavy satchel
for a long ‘distance without resting?

2. Which is more tiresome, standing still or walking? Why?

3. When the boy, who thinks he can strike a hard blow, says,
“Feel my muscle,” does he usually call attention to the muscle used in
striking ?

4. Find other examples of levers in the body.

5. Find examples of the three kinds of levers, not in the body,
which we use often.

6. Why is it easier to sit with one leg crossed over the other?

7. What is the effect on muscles of light clothing?

8. How may the arms be used to illustrate the three kinds of
levers?

9. Analyze and explain jumping, hopping, etc.

1o. What is “curvature of the spine”? How caused and how
avoided?

11. What makes people bow-legged?

12. Why are the sides of the body often sore after walking on icy
pavements ?



CHAPTER IIIL

THE GENERAL FUNCTIONS OF THE NERVOUS SYSTEM.
—SENSATION AND MOTION.

What makes Muscles Shorten ? — We have seen that
the muscles have the power of shortening; that in shorten-
ing they act on the bones as levers to produce our varied
motions. What makes the muscles shorten ?

Voluntary and Involuntary Motions. — Some motions
we will to make. We will to sit, to stand, to walk, to run,
or to stretch out the hand. Such motions, originating in
a brain activity, are called Voluntary. Other motions are
Involuntary. The will does not control the heart beat.
Most persons cannot keep from winking when a quick
motion is made toward the face, even if they know they
will not be hit. But all of these motions, whether volun-
tary or involuntary, are dependent upon the nervous
system. '

The Cerebro-spinal Nervous System.— This consists
of the brain, the spinal cord, and the spinal nerves. The
brain will be described later.

The Spinal Cord. — The spinal cord is a cylindrical
body extending from the brain along the cavity of the
spinal column. Its diameter is not uniform throughout.
Between the shoulders is an enlargement called the cer-
vical enlargement, where the large nerves are given off to

24 -3
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the arms. In the region of the loins is the lumbar enlarge-
ment, where the nerves are given off to supply the poste.
rior limbs. The cord is not so long as the cavity of the
spinal column, and the space posterior to the cord is occu-
pied by the nerves extending to the posterior limbs, and
these nerves are given off at a very sharp angle, and con-
-tinue backward for some distance before they emerge
from the cavity of the spinal column. But in the region
of the shoulders the nerves spring off at about a right
angle with the cord. The outside of the cord is white, but
the central portion consists of what is called gray matter.
The white portion is made up of fibers, but the gray matter
consists of nerve cells as well.

The Spinal Nerves. — These are given off in pairs from
the sides of the spinal cord, passing out between the suc-
cessive- vertebree. In the regions of the shoulders and
loins the spinal nerves are large, as they supply the large
muscles of the limbs; but in the middle of the back, where
only the muscles of the body wall are supplied, the nerves
are small. We have thirty-one pairs of spinal nerves.

The Roots of the Spinal' Nerves. — Each spinal nerve
arises by two roots, one nearer the back, called the dorsal
root, the other nearer the ventral surface, the ventral root.
These two roots soon unite to form one spinal nerve.

The Ganglion of the Dorsal Root. — On the dorsal
root, just before it unites with the ventral root, is a swell-
ing, the ganglion of the dorsal root. Like all ganglions, it
is largely made up of nerve cells, being a center of con-
trol rather than a means of communication. This ganglion
_ appears to control the nutrition of the adjacent nerve fibers,
and is not concerned in the process of reflex action.
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A Model of the Cerebro-Spinal Nervous System. — A
plaster of Paris or papier-maché model of the cerebro-
spinal nervous system will prove very helpful at this
point. A study of it will show how the spinal cord is
snugly and safely inclosed within the spinal column. At
the joints between adjacent vertebras there are openings
through which the spinal nerves pass out without danger
of being crushed, or even pinched when the backbone
bends. It will be noted that the nerves given off in the
" regions of the shoulders and hips are large, while in the
middle of the back they are small. In the middle of
the back only the body-wall is to be supplied with nerves,
while we would naturally expect large nerves for the
powerful muscles of the fore and hind limbs.

Structure of Nerves. — When we trace the sciatic nerve
outward, we find that it is continually subdividing. This
division continués until the branches are too small to be
seen by the naked eye. Microscopic examination shows
that a nerve is made up of a great number of fibers bound
together in a common sheath of connective tissue, as is
the case with muscle. When the nerve divides there is
ordinarily no true branching or forking, but certain of
the fibers simply separate from the rest, as in the separa-
tion of the fibers in floss silk.

Structure of a Nerve Fiber. — A single nerve fiber is
too small to be seen by the naked eye, being only about
one two-thousandth of an inch in diameter. It consists of
the following parts:—

1. The Axis Cylinder, a central stand, or core, of semi-
transparent, gray material.

2. The Medullary Sheat/r is a layer of white, oily
material around the axis cylinder.
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3. The Nerve Fiber Sheath is a thin, transparent outer
sheath of connective tissue.

Function of Nerve Fibers. — The sole function of the
nerve fiber is to convey nerve impulses. The nerve im-
pulse passes along the axis cylinder as an electric current
passes along an insulated wire.

Nerve Fiber Sheath

Axis Cylinder

Meduilary Sheath
Fig. 10. Structure of a Nerve Fiber.

Gray Nerve Fibers. — In the sympathetic nerves there
are many fibers which have no medullary sheath, but con-
sist simply of the axis cylinder and the nerve-fiber sheath.
These are called gray nerve fibers.

Cross-section of the Spinal Cord. — If a thin slice of
the spinal cord be made as shown in Fig. 11, it will be
seen that the central part is darker in color than the outer
part. The central part is known as the gray matter, in
distinction from the rest, which is called the white matter.
The white matter of the nervous system is made up of
nerve fibers whose structure and use we have just con-
sidered. But the gray matter has a different structure and
a different function. Instead of being made up mainly of
fibers it is composed of “cells, one of the forms of which is
represented in Fig. 12. Some of the branches of these
cells are continued, and become the axis cylinders of nerves,
and it is believed that every nerve fiber begins as a branch
of some nerve cell. One of the best places to see these
nerve cells is in the gray matter of the spinal cord, near
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the place where the ventral root of the spinal nerve arises.
This part of the gray matter is called the ventral horn of
the gray matter. If this portion be examined under a
moderately high power of the microscope, there may be
seen a number of cells with radiating branches.

Dorsal Septum

Dorsal or Sensor,___
Root

Fig. 11. Cross-section of Spinal Cord.

Functions of the Spinal Cord. — The spinal cord has
two main functions: —

1. Its conducting power, by means of the white fibers
which make up the outer part of the cord. These fibers
may be regarded as connecting the gray matter of the
brain with all parts of the body.

2. The gray matter is the center of the reflex actions of
the cord.

Ganglia.— Masses of nerve cells make up nerve centers,
or ganglia, such as are on the dorsal roots of the spinal
nerves. These also would show under the microscope
that their chief constituent is a collection of nerve cells
which give off one or more branches.
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The gray matter of the spinal cord is considered a col-
lection of ganglions. We see that the outer layer of the
brain is grayish in color. Within is white matter, consist-
ing of nerve fibers that connect the cells of the gray layer

_ Fig. 12. A Large Nerve Cell from the Gray Matter of the Spinal Cord.

with the various parts of the body through the base of the
brain, the spinal cord, and spinal nerves.

No Sensation without the Brain. — After a fowl's head is cut off it
“flops” around for some time, and it may even jump clear from the
ground. If one takes hold of its feet to pick it up, it may begin to
struggle as if it were trying to escape.

Now, we know that the bird cannot feel anything after its head is
cut off, because the body is completely separated from the brain, which
is the center of sensation. So with the frog. After its head is cut
off, it cannot feel anything. '

Reflex Action of the Spinal Cord of the Frog.— A frog may be
killed as directed on p. 9. Cut off its head and suspend the body
from any convenient support, such as the ring of a retort stand.

1. On pinching the toes the foot will be drawn up.

2. The sciatic nerve should now be severed as before directed
(p- 9). At the instant of cutting the nerve the muscles below will
twitch, because the nerve fibers running to them are stimulated.
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3. If the toes are again pinched, it is found that the uninjured leg
will draw up, but not the one whose sciatic nerve.has been severed.

4. If a wire be run down the spinal cavity, the spinal cord will be
destroyed, and during the operation the uninjured leg will act spas-
modically, because the nerve fibers going to its muscles from the cord
are stimulated.

5. Pinching the toes no longer gives response, because the cord,
which acted as the center of this reflex action, is destroyed.

The Gray Matter of the Cord the Center of Reflex
Action.—1In simple sensation of touch, pressure on the

Afferent Dorsal Root
Sensor Fiber ;.
4

/
Motor Fiber %
L Ventral Root
Fig. 13. Diagram of Reflex Action of the Spinal Cord.

(After Landois and Stirling.)
toes starts a nerve current or nerve impulse which runs up
to the brain. The sensation is in the brain, but is referred
to the foot. Hence we should be careful not to speak of
a sensation being carried. In voluntary muscular action
the impulse starts from the brain, goes to the muscles, and
makes them shorten or relax.

But in reflex action the current runs up the nerve to the
spinal cord. The gray matter of the central part of the
cord receives the message, and sends back a nerve impulse
to the muscles to make them shorten and pull the foot
away from the source of injury.
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The Parts Essential to Reflex Action of the Spinal
Cord : —
A sensitive surface (the skin, for instance).
Afferent nerve fibers.
A nerve cell, or cells, in the center of the spinal cord.
Efferent nerve fibers.
Working organ, as muscle or gland.

SRS COSNESS:

Phases of Reflex Action. — In the above experiment
on the frog the steps in order were: —

I. Stimulation of the nerve endings in the skin of the
toe.
2. Passage of a nerve impulse up the afferent fibers to

the spinal cord.
é - Nerve—Cell

- Efferent Fiber

Afferent Fiber -———_

Skin ---

Fig. 14, Scheme of Reflex Arc.

3. Reception of the impulse by a cell, or cells, of the
gray matter in the cord.

4. Sending back a nerve impulse

5. Along an efferent fiber, or fibers, to

6. Muscles which shorten and move the foot.

Importance of Reflex Action.—It is important that
we understand the nature of reflex action, for very many
of the processes of the body are regulated by it. Not
only the more manifest motions, such as winking when
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anything comes quickly toward the eye, dodging, jumping
when suddenly touched by anything hot or when pricked
by a pin, but also the adjustments of the essential processes
of life, circulation, respiration, and digestion, are brought
about through reflex action.

Destination of Nerve Fibers. — The sciatic nerve is
composed of many fibers. If this nerve is traced outward,
it is found to be continually subdividing, and sending small
branches to the muscles, and finally in the muscles one
fine nerve fiber goes to each muscle fiber. (See Fig. 13.)
Many fibers go on past the muscles to the skin. We can
feel in any part of the skin, and we can tell just where we
are touched. These fibers from the skin, then, carry
nerve impulses inward, as those going to the muscles
carry impulses outward.

Nerve Roots and their Functions. — Observations
made on animals, and accidents in the case of man, show
that all the fibers of the nerves that carry currents to the
muscles pass out from the spinal cord into the ventral
root, and that all the fibers that carry currents inward
enter the spinal cord through the dorsal root.  Hence, the
dorsal root is often called the afferent root, and the ventral
the efferent root. Since ingoing impulses produce sensa-
tion, the dorsal root is called the sensory root, while the
ventral root, carrying currents outward to produce motion,
is called the motor root.

Effect of Stimulating a Spinal Nerve. -— Experiments
nave shown that if, in an uninjured animal, a nerve, or
more properly a nerve trunk,— as the sciatic nerve, — be
stimulated, for instance, by a suitable electric shock, two
effects are produced: first, motion in the parts whose
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muscles are supplied by the nerve; second, sensation,
which is referred to the parts of the skin supplied by the
branches of the nerve.

Effect of Severing a Spinal Nerve. —If, instead of simply stimu-
lating the nerve, the nerve is severed, the same two effects will be pro-
- duced. After severing the nerve, if we stimulate the end of the nerve
still connected with the limb, we get action of the muscles in that limb.
If we stimulate the end of the nerve connected with the body, a sensa-
tion will be produced, and this sensation will be referred to the parts
from which the nerve fibers arise, probably in the skin of the limb.

Effect of Stimulating the Ends of Severed Nerve Roots. — If we
now turn to the roots of the nerve, and make similar experiments, we
obtain the following results: Stimulating the dorsal root causes sensa-
tion referred to some outer surface, and no other effect is noticed.
Cutting the dorsal root also causes sensation. Stimulating the end of
this root still connected with the spinal cord causes sensation; but
stimulating the end of the root connected with the nerve gives no
appreciable result.

Stimulating or cutting the ventral root causes motion in the parts
whose muscles are supplied by fibers from this root. After severing
this root, if the end connected with the spinal cord be stimulated, no
effect is noticed ; but stimulating the end still connected with the nerve
is followed by shortening of the muscles supplied.

Effect of Severing All the Spinal Nerves. — Severing
all the spinal nerves destroys all power of sensation and
voluntary, motion in all parts of the body except the head.
After severing all the dorsal roots, no sensation would be
produced by stimulating any part of the body, and after
severing all the ventral roots no act of the will can cause
any of the muscles of the body to act. Severing all the
nerves, or severing all the roots, cuts off all communication
of the brain with the body, and so far as motion and sensa-
tion in the body generally are concerned, has the same
effect as severing the spinal cord below the head. '
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Cramp. — Cramp is a spasmodic shortening of the
muscles, attended with pain.

Tetanus. — Tetanus (or locked jaw) is a spasmodic and
continuous shortening of the muscles, causing rigidity of
the parts they supply. It is due to the disordered and
excessive stimulation of the muscles through the nerves.

Crossing of the Fibers from the Brain to the Spinal
Cord. — Both the brain and the spinal cord consist of two
lateral halves connected by cross fibers. Each half of the
brain is connected with the opposite half of the body.
This is accomplished by the crossing of the fibers. The
fibers that carry nerve impulses outward are now known
to cross as they leave the brain, at the very beginning of
the spinal cord, in the part known as the spinal bulb.
The sensations arising from touching anything with the
right hand, therefore, are in the left half of the brain, and
the right half of the brain controls. the left hand.

Voluntary Interference with Reflex Actions. —We
have seen that the jerking of the hand away from a hot
object is due to reflex action of the spinal cord. Ome
might, by a powerful effort of the will, keep the hand on
an object that is hot enough to burn the skin. One may
command the foot to remain quiet when it is tickled; but
as soon as the person is asleep, the same stimulations
would be followed by the reflex actions such as we have
considered.

In these cases of interference it is understood that the
brain sends a nerve impulse down to the centers of the
reflex action, and stops or diminishes their operation.
This retarding influence of a group of cells is called inhi-
bition. It is not always due to voluntary interference,
but may be due to reflex interference, as we may see later.
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The Nature of a Nervous Impulse. —Of the nature
of a nerve impulse we know but little. It is convenient
to compare the nervous system, with its conducting fibers
and central ganglia, to a telegraph system. And electric-
ity is the most convenient stimulus for exciting nerve im-
pulses. Yet a nerve impulse is very different from an
electric current. A nerve fiber is a poor conductor of
electricity. An electric current may travel along a copper
wire at the rate of between 100,000 and 200,000 miles a
second, while a nerve impulse in a motor nerve travels
only 170 feet in a second.

Transmission of Motor Impulses. — When a motor fiber is stimu-
lated in the middle of its course we observe only one effect,— the
shortening of the muscle at its lower end. But there is every reason
to believe that the nerve current, or impulse, runs along the nerve in
both directions from its starting point. But while the action of the
muscle at the peripheral extremity manifests the existence of the cur-
rent, there is nothing at the central extremity to give such evidence.

Transmission of Sensory Impulses.— Similarly, when a sensor
nerve fiber is stimulated at some intermediate point, we have a sensa-
tion in the brain due to the current brought by the afferent fiber, and
which we refer to the outer end of the nerve fiber. Probably a nerve
impulse passed from the point of stimulation to the outer end of the
fiber; but as there is nothing at the outer end of ‘the nerve fiber to
interpret it, we get no evidente of such impulse except by refined
physiological tests.

Harmony in Muscle Action. —In throwing a stone a
number of muscles are used. Each one of these must
shorten in the right way and at the right time or the throw
will not be accurate. Each muscle shortens under the
influence of a nerve impulse started by the brain and
brought by a motor nerve. If any muscle shortens an
instant too soon, or a little too strongly, the stone goes to
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one side. In a tune on a piano we know that the right
keys must be struck ; that each must be struck at the right
time, with the proper degree of force, and held for the
right length of time, or we have discord instead of har-
mony. What the player is to the instrument, the brain
s to the body.

Temporary Loss of Muscular Power. — It may have
happened to you that after sitting long in one position you
attempted to stand, but found that you could not do su
One leg failed to act at the bidding of your will. When
the foot is “asleep” we get little sensation from it; we
hardly know whether it is touching the floor or not. Press-
ing on it with the other foot causes no pain. '

We try to stand when the foot is asleep, but we are
unable to do so. The brain starts the nerve currents, and
they run along the nerve as far as the compressed part;
here they stop. They cannot reach the muscles of the
leg below. Hence the muscles do not shorten, and we
do not rise, no matter how strongly we will to do so.

Why is it that the nerves and muscles thus sometimes
lose their ability to perform their natural activities ?

Dependence of Nerves and Muscles. — This has been
explained by saying that owing to external pressure, the
nerve has temporarily lost its power of conducting nerve
currents. But what beside the nerve has been com-
pressed ? What process in the limb has been interfered
with by the pressure due to the position in which one has
been sitting or lying? What is the temperature of the
benumbed limb? ;

On what are the nerves and muscles so dependent for
the maintenance of their activity?
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READING. — Power through Repose, Call; The Technique
of Rest, Brackett; Muscles and Nerves, Rosenthal.

Summary.—1. Motions are voluntary or involuntary, but all are
under control of the nervous system.

2. The cerebro-spinal nervous system consists of the brain, the
spinal cord, and the spinal nerves.

3. Each spinal nerve has two roots: the dorsal, which is afferent
and sensory; the ventral, which is efferent and motor.

4. A ganglion is a nerve center largely composed of nerve cells.

5. Nerves are made up of nerve fibers.

6. A nerve fiber consists of the central core (or axis cylinder),’
which conducts the nerve impulse, the medullary sheath, and, outside,
the nerve-fiber sheath. .

7. The spinal cord has in its outer part white nerve fibers, in its
center gray nerve cells.

8. These cells are branched, and at least one branch becomes the
axis cylinder of a nerve fiber.

9. The gray matter of the cord is the center of the reflex action.

10. The nerve fibers from each half of the brain connect with the
opposite half of the body.
11. The nervous system is comparable to a telegraph system.

Questions. — 1. Name as many involuntary motions as you know.

2. What other cases of reflex action do you know ?

3. The story is told of a young Roman (Mucius Scevola) that to
show his fortitude he thrust his hand into the fire and held it there
until it was destroyed. What physiological action does this illustrate ?
\/ 4. Why is a man partially paralyzed when he has broken his neck
or back? s

5. How does the nervous system differ from a telegraph system?



CHAPTER 1IV.
CIRCULATION OF THE BLOOD.

The Blood and its Work.— We know that if any animal
is bled freely, it soon becomes weak, then unconscious, and
soon dies, if the escape of blood be not stopped.

We observe the natural difference in color of different
parts of our bodies; for instance, the lips and cheeks.
We often note varying color, as in blushing and pallor.

We wish to understand these differences and changes;
also to know what to do in case of fainting or bleeding
from wounds. We may prolong and make more useful
our own lives and those of others by knowing, in a practical
way, something about the causes, prevention, and remedies
of the colds, congestions, and inflammations to which we
are subject. '

Nearly every part of the body bleeds when cut. There
is no bleeding when we trim the nails or cut the hair, and
the outer skin has no blood in it. But the inner skin, and
almost every tissue within it, if pierced even by the finest
needle, yields blood. We see a little blood oozing from
the surface of a fresh steak or roast.

What kind of a substance is the blood ? Is it uniformly
distributed through the tissues, like water soaked up into a
cloth, or is it in distinct cavities? Why is it so essential to
life? How does it do its work?

The Rate of the Heart Beat.— The heart beats about
seventy-two times a minute in men; in women, about
0



40 PHYSIOLOGY.

eighty. At birth the rate is from one hundred and thirty
to one hundred and forty, and gradually decreases till
about the age of twenty, when the average of seventy-two
is reached. This rate holds till old age, when it increases.
The rate is increased by muscular activity, food, external
heat, internal heat (fever), pain, and mental excitement.
Music accelerates the pulse rate. The pulse rate varies
during the twenty-four hours, being lowest during the
night, and highest about 11 A.M. Certain diseases increase
the frequency of the pulse. Some drugs quicken the pulse
rate, and others diminish it. :

Fig. 14a. The Heart, from the front.

The Position of the Heart. — The base of the heart is
in the center of the chest, just back of the breast bone,
but the apex points downward and to the left.

The Covering of the Heart. — The heart is inclosed in
a loosely fitting membranous bag, the pericardium. Within
the pericardium and around the heart is a small quantity
of liquid, called the pericardial fluid.
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The Size of the Heart. — A person’s heart is about the
size of his clenched hand.

The External Features of the Heart. — The heart is
cone-shaped and the bulk of it is made up of the ventricles,
the auricles being two ear-like flaps at the base, one on
each side. There is a deep notch between the auricles
and the ventricles. The line of division between the two
ventricles is marked by a groove, which runs obliquely
along the ventral surface. In this groove are blood tubes
and usually considerable fat.

Fig. 14 8. The Heart, from behind.

The Internal Structure of the Heart. — The two halves
of the heart are completely separated from one another
by a partition. Each half, in turn, has valves which,
part of the time, separate the cavity of each auricle (at
the base) from the cavity of the corresponding ventricle
(at the apex).
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The Valves of the Heart. —Between the auricles and
the ventricles are curtain-like valves, whose upper edges
are attached to the inner surface of the walls at the upper
margin of the ventricle. These flaps are somewhat tri-
angular, and have strong, white, tendinous cords extending
from their edges and under surfaces to the walls of the
ventricle below. In the right half of the heart there are
three flaps, and this valve is called the tricuspid valve. In
the left side there are two flaps, which, together, constitute
the mitral valve. As these valves are between the auricles
and the ventricles, they are called the auriculo-ventricular
valves, or, for short, the aur-vent valves. 3

The Semilunar Valves. — From the base of the right
ventricle arises the pulmonary artery. Within its base,
just as it leaves the ventricle, are three pocket-like valves,
like ¢ patch-pockets.” They are in a circle, with their edges
touching, and thus surround the opening, with their mouths
opening away from the heart. A similar set of valves are
within the base of the aorta, which arises from the left
ventricle. Both these sets of valves are called ventriculo-
arterial, or, for short, vent-art valves.

The Blood Tubes connecting the Heart with Other
Organs. — The aorta (the largest artery in the body)
arises from the base of the left ventricle, and supplies
with blood every organ of the body except the lungs.
The pulmonary artery springs from the base of the right
ventricle and sends blood to the right and left lungs.
Two large veins enter the right auricle, the precaval vein
from the anterior regions of the body and the postcaval
vein which brings blood from all the organs of the poste-
rior portions of the body. The pulmonary veins return the
blood from the lungs to the left auricle, two from each lung.

.
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OZ External Jugular Vein
i ¢ Internal Jugular Vein

2 Subclavian Artery
w © Subclavian Vein
S 1 Carotid Artery

"1 Aorta

1 Precaval Vein

1v Postcaval Vein

Gastric Artery
Splenic Artery
Hepatic Artery
Pancreatic Artery

|

g Renal Veins
d ! 5 Renal Arteries

7 Wiac Arteries

¢ lliac Veins

Fig. 16. Distribution of Arteries and Veins.
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The Distribution of the Arteries and Veins. — The
organs of the body receive a supply of blood in propor-
tion to their size and activity. The artery supplying the
blood and the vein which returns it usually lie side by side
(see Fig. 16). The larger arteries are usually deep-seated
and in protected places. ?

Demonstration of the Action of the Heart.— The heart may be
mounted as shown in Fig. 17, and its action illustrated by compressing
the ventricles with both hands. Instead of the apparatus here shown
two retort stands may be used, though not so convenient.

2
A}

)

J0  Capillaries
of the Body

Capillaries 0(F
of the Lungs

Pulmonary Caval
Vein Vein
Pulmonary
Artery ops

Fig. 17. Demonstration of the Action of the Heart (Heart Diagrammatic).

The Action of the Heart. — The heart consists of
muscle fibers so arranged that they form a thick-walled
bag, which stands expanded when the muscles relax. But
when the fibers shorten the whole heart contracts, and the
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cavity is much reduced in size, if not entirely obliterated,
and the blood is forced out.

The complete action of the heart consists of three parts,
—the contraction of the auricles, the contraction of the
ventricles, and the pause.

The Pause. — During the pause the blood is steadily
pouring into the auricles; into the right auricle from the
caval veins, into the left auricle from the pulmonary veins.
At this time the curtain-like valves between the auricles
and the ventricles are open, and their flaps hang loosely
beside the walls of the ventricles. The blood, therefore,
as it passes into the auricles, passes on into the ventricles.
As the ventricle fills, the valves float up, as seen in the
experiment of pouring water into the ventricle.

The Contraction of the Auricle. — When the ventricle
is full, but not stretched, and the auricle partly full, the
auricle suddenly contracts, thus forcing- more blood into
the ventricle, and distending it. At the same time the
aur-vent valves, already nearly closed, are tightly closed
by the pressure of the blood which is forced up behind
them. The flaps of the valves are kept from going up too
far by the tendinous cords and by the papillary muscles to
which the cords are attached.

The Contraction of the Ventricle. — Next comes the
contraction of the ventricle, slower, but more powerful
than that of the auricle. As the walls of the ventricle are
drawn together, the blood is under pressure. It cannot
go back into the auricles, for the more it presses against
the aur-vent valves, the more tightly they are closed. The
semilunar valves are closed by back pressure in the aorta
and pulmonary artery. But the pressure of the blood in
the ventricles is so much greater that the semilunar valves
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are forced open, and nearly all the blood is driven out of
the ventricles ; from the right ventricle into the pulmonary
artery, and from the left ventricle into the aorta.

While the ventricles are contracting and forcing their
blood out, the auricles are slowly filling by the steady
inflow through the veins.

Systole and Diastole. — The contraction of the heart is
called the systole, and its dilation the diastole.

Dilation of the Ventricle. — As soon as the ventricle
has completed its contraction it dilates, and most of the
blood that has accumulated in the auricle simply falls into
the ventricle. The dilating ventricle exerts a slight suc-
tion, so the blood is in part drawn into the ventricle. Dur-
ing the remainder of the pause the blood accumulates in

Auricle

---------- Curtain-like
------ <l Aur-vent .
Valves

Pocket-like
Vent-art Valves

Fig. 18. Diagram of the Heart, showing the Action of the Valves.

the auricle and ventricle till the auricle again contracts and
the cycle is repeated. This is true of both halves of the
heart, which work simultaneously, the right heart pumping
dark blood while the left heart pumps bright blood. The
left ventricle is thicker walled and stronger than the right.
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Work and Rest of the Heart. — The time taken by the
different parts of the heart beat are about as follows: The
auricle contracts about one. eighth of the time and rests
the other seven eighths. The ventricle contracts about
three eighths of the time and dilates during about five
eighths. If we suppose the whole period of the heart beat
to be twenty-four hours (instead of eight tenths of a sec-
ond), we can more easily see how much of the time the
heart is actually at work, and how much of the time the
heart is resting.

Auricle contracting (working) % of the time — 3 h., resting 21 h.
Ventricle contracting (working) § of the time — g h., resting 15 h.

No part of the heart, therefore, is working longer than a
man would who only works nine hours a day. Some ob-
servers state that the resting period is even greater than
these figures would show.

Since the contraction of the ventricles immediately fol-
lows that of the auricles, one half of the time is occupied
by the whole contraction of the heart, and during half the
time the whole heart is resting. This is different from our
usual statements regarding the work of the heart. We
hear it said that the heart never rests. Its work and rest
follow each other at such short intervals that we do not
appreciate the interval of rest that comes between the suc-
cessive impulses that we feel. Suppose a policeman had
the power of sleeping at will, and that he slept thirty min-
utes of each hour, and that in the remaining thirty minutes
he made the rounds of a block. If we saw him passing
regularly once an hour, every hour of the twenty-four, we
might suppose that hé did not sleep at all during the entire
time. This ratio of work and rest is fairly constant in
the varying rates of heart beat.
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The Beat of the Heart. — The apex of the heart is
always in contact with the chest wall. Consequently, it
never strikes it. At each beat it pushes hard against the
chest wall. This push may be felt and seen, and is called
the heart beat.

The Sounds of the Heart. — There are two sounds of
the heart:—

I. A short, sharp sound made by the closing of the semi-
lunar valves.

2. Just preceding this sound a longer, duller sound may
be heard during the contraction of the ventricles. This is
supposed to be due to the vibrations of the walls of the
ventricles and of the large valves.

Action of the Large Arteries.— The large arteries
have in their walls a yellow elastic tissue. When the
blood is forced into them, they are stretched. As soon as
the ventricle ceases to contract,
and sends no more blood into
the arteries, they “stretch back.”
We should not say contract, for
it is simply an elastic reaction.
As the artery reacts it presses on
the blood, and hence the blood
tries to escape in every possible
way. It cannot go back, for it
fills the pockets of the semilunar [
valves, and closes them with a Fig:19. Plain (Unstriated) Muscu

lar Fibers from the Bladder.
click. A rapid wave is sent for-
ward that gives the pulse, and a slower but still rapid
stream flows along the arteries, through the pulmonary
artery to the lungs, and through the aorta and its branches
to all the other parts of the body.
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The elastic reaction of the arteries thus helps to make
steady the flow of blood, which is intermittent as it leaves
the heart. The medium-sized arteries also have elastic
tissue in their walls, and regulate the blood flow in the
same way.

Variation of the Amount of Blood Needed. — Each
organ requires a supply of blood in proportion to its
activity. An actively working organ, like the brain, de-
mands much more blood than bone, practically inactive.
Further, working tissues, such as the brain and muscles,
need a great deal more blood while they are at work than
when they are resting. An organ needing a constant large
supply of blood might secure this by having a large artery.
But how can the supply be regulated so that an organ
may receive, now more, now less, according to its needs?

Plain Muscle Fibers in the Walls of the Arteries. —
This is regulated by the medium-sized and small arteries

Connective Tissue

Endothelium ... LA~ \\ -> Nuclei

Muscle Fiber Nucleus

Fig. 20. Plain Muscle Fiber. Isolated and in Wall of Artery,

leading to the parts. In the walls of these arteries are
muscle fibers of a different kind from those of the skele-
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ton. These fibers are spindle-shaped cells, as shown in
Fig. 19, with a nucleus near the center, and do not have
the cross-markings of the fibers of the skeletal muscles;
they are in consequence called nonstriated, smooth, or
plain muscle fibers. They are arranged circularly in the
walls of the arteries. These fibers have, in common with
all muscle fibers, the power of shortening. When they
shorten they reduce the size of the artery, and, there-
fore, for the time, less blood can flow through the
artery. When the muscle fibers cease to shorten, the
artery widens, and allows more blood to pass through it.

Illustration of the Action of Muscles in Arterial Walls.— To
illustrate the action of the muscles in the walls of an artery, let the
water run through a hose or large
rubber tube. Now, if a row of per- .
sons take hold of this tube, the grip Endothaiome e
of their hands is like that of the L
muscles. When the hands tighten (ptemal Elastic
their grip, the caliber of the hose  Layer
or tube is diminished, and less water
is allowed to flow through it. When  Circular Mus-
the hands relax, the tube, being
elastic, allows more liquid to flow
through it.

Illustration of a Small Artery.

— To represent a small artery, take The Outer
a small, thin-walled rubber tube and o
wind a red thread around it. Now, - =
if the thread could be made to  Fig-21. Coats of a Small Artery.
shorten, it would diminish the cali- -
ber of the tube. The representation would be more exact if the thread
were cut into many short pieces, and if each piece were thicker in
the middle, and were then glued to the tube. If the whole were
covered by a layer of tissue paper, the structure of the artery would be
roughly represented.
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Plain and Striated Muscle Fibers Compare&.-—-—These plain mus-

cle fibers are further like those of the skeletal muscles in that they are
under the control of the nerves, but they are involuntary in their action.
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Fig. 22. Part of Frog’s Web (low magnifying power).

We cannot interfere with the action of these muscles, no matter how
strongly we may will to do so. Without our thinking about it, more
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blood goes to the muscles of the legs when we walk, more to the brain
when we are studying, to the digestive organs after eating, etc. The
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Fig. 23. Part of Frog’s Web (highly magnified).

plain muscle fibers shorten at a much slower rate than the striated
fibers. They are also slower in relaxing. Since the plain muscles are
usually found in the walls of holiow organs such as the heart, blood
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tubes, digestive tube, etc., they are sometimes called visceral muscles in
distinction from the skeletal muscles.

The Circulation of Blood in the Web of a Frog’s Foot. — For this
get a frog with a pale web. Take a piece of shingle six inches long
and three inches wide. Cut a round hole, half an inch in diameter,
near one end of it. Wrap the frog in a wet cloth, with one leg project-
ing, and tie it, thus wrapped, to the shingle. Tie threads around two
of the toes, and stretch the web, but not too tightly, over the hole.
Keep the web moist. Place the shingle firmly on the stage of a micro-
scope. Examine first with a low power. The large tubes which grow
smaller by subdivision are arteries. The large tubes which are
formed by the union of smaller ones are
the veins. The finer tubes, forming a net- .
work in every direction, are the capillaries.
They receive the blood from the arteries
and pass it on to the veins.

Put on a higher power, a one-fifth or
one-sixth objective. It may now be seen
that the colored corpuscles float more in
the center of the stream, and with a steady
motion, while the colorless corpuscles keep
close to the walls of the capillary, and seem
to adhere to them, advancing with a hesi-
tant motion, seeming to roll along against
the wall of the capillary.

Close your eyes for a moment, and re-
flect that in all the active tissues of your

Fig. 24. Capillary Blood body — for example, the muscles, brain, and
Ll ik B digestive organs — there is a similar net-
work of fine tubes with a current of blood
running through them. The current is not so rapid as it seems, for the
microscope magnifies the rate of flow as well as the size of the cor-
puscles. The blood really is moving slowly in the capillaries, and it is
very important that it should be so, for in the capillaries the work of
the blood is done. Part of the liquid of the blood soaks through the
thin walls of the capillaries, and nourishes the surrounding tissues. All
the other parts of the circulatory system exist for the purpose of send-
ing a continuous, slow, and steady stream of blood through the
capillaries. (See pages 72 and 73.)
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The Blood Flow in the Capillaries. —The arteries
divide and subdivide, and become capillaries, which have
connecting branches, form-
ing a close network of tiny
thin-walled tubes. These
penetrate nearly every .tis-
M sue of the body. The blood
- cannot do its full work till it
is in the tissues, and to reach
the tissues it must soak
through the walls of the
capillaries. The work of
the heart and arteries is to
keep a steady flow of blood
through the capillaries, that the tissues may be constantly
supplied.

How is it that the jerky action of the heart, at each
contraction sending a jet of
blood into the arteries,—
shown by a spurt when an
artery is severed, and also
indicated by the intermit-
tent pulse,— how is this
intermittent flow converted
into the steady, uniform

: Nuclei Cross Sections
current that we have seen ¥ |
in the capillaries? B

Fig. 25. Cross-section of Small Artery
and Vein.

Surface View

g=2
Experiments illustrating the e = S @
Blood Flow in the Capillaries, — Longitudinal Section
A few experiments may make this Fig. 26. Capillaries, composed of a smgle
matter more clear. layer of cells.

Material : — 1. A common rubber syringe.
2. A glass tube three feet long and seven sixteenths of an inch
outside diameter.

.
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3. Four inches of the same size glass tubing, for making connec-
tions.

4. Several nozzles, made of the same size glass tubing, all fine, but
of varying degrees of fineness.

5. India-rubber tubing, twelve feet, three eighths of an 1nch inside
diameter. This should be &lack, pure gum, rubber which is more
highly elastic than the other kinds.

6. Three feet of rubber tubing, same size as above.

7. Four inches of white rubber tubing, same size as above, for
making connections.

In all the experiments, have one of the students assist by holding
the outlet tube, so that (1) all the members of the class may see the
stream, and (2) that the stream may be suitably directed, as into a pail
or sink.

Count aloud, to mark the exact time of each compression of the
bulb, so the students can compare this with the time and duration of
the jets of water.

Be very careful to use perfectly clean water, as any fine particles of
sediment drawn ‘into the tube are likely to clog the fine outlet of the
nozzle. And it is well to take the further precaution not to let the
supply tube touch the bottom of the water-supply dish, as some fine
sediment may get in in spite of previous care.

EXPERIMENT 1.— Remove the nozzle of the syringe, and put in its
place the long glass tube. Work the syringe, and note that the jet is
jerky, following each contraction of the bulb.

EXPERIMENT 2.— Substitute the rubber tube, three feet long, for
the glass tube. On working the bulb the stream will be found inter-
mittent.

EXPERIMENT 3.— Take off the rubber tube and replace the glass
tube, adding the nozzle. Here the pressure will be so great that it is
likely to push off the nozzle unless the assistant holds it firmly. It
could be tied on, but this takes more time. On working the bulb,
greater effort must be made on account of the resistance caused by the
narrower outlet.

EXPERIMENT 4.— Once more substitute the rubber tube, this time
with a glass nozzle in its end. Now, on working the bulb, resistance
will be felt, and the stream will be constant, or nearly so, and will con-
tinue for some time when the bulb is no longer worked. This is be-
cause the rubber has been -stretched, chiefly laterally, and is now
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#stretching back.” That is, by the elastic reaction of the rubber tube
the jerky action of the bulb is converted into the steady flow that we
see. In the first experiment we had a rigid tube and przctically no
resistance. In the second, although the tube was elastic, there was no
resistance, so the elasticity was not brought into play. In the third,
there was resistance, but the tube was inelastic. In the fourth, the
resistance brought into play the elasticity of the rubber tube, and the
elastic reaction of the tube continues (so to speak) the action of the bulb
between two successive strokes. In this experiment the pulse can be
felt in the tube.

The Veins. — The capillaries, after penetrating the tis-
sues, reunite to form small veins, which in turn reunite
to form larger ones, till finally two great veins, the caval
veins, precaval and postcaval, return the blood to the
heart. The veins, like the arteries, are smooth inside and
elastic (though less elastic than the arteries). They are
thinner than the arteries, and, in consequence, collapse
when the blood flows out of them, whereas the larger
arteries stand open, after they are emptied of blood.

The Valves in the Veins. — The only valves in the arte-
ries are those which we have seen at the beginning of the
aorta and pulmonary artery. \ )
Many of the veins have open
similar pocket-like valves,
though less strong than
those of the arteries. They
are usually in pairs, but some- \/ \
times single or in threes. It
is important to note that they
all have the mouths of the
pockets toward the heart, so
that the blood flows freely
toward the heart, but is prevented from flowing the other
way on account of the filling of the valves by the reflow

Open Shut
Fig. 27. Venous Valves.
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of the blood stream. When the blood is flowing through
the veins toward the heart the valves lie against the walls
of the veins.

The valves are most numerous in the medium-sized veins,
and especially in the veins of the extremities; more abun-
dant in the leg than in the arm. Valves are absent from the
caval and some other veins, and from the very small veins.

Iilustration of Venous Valves.— Make a cloth tube (or take the
lining of a boy's coat sleeve) and sew three patch-pockets on the in-
side, in a circle, 7.e. with edges touching each other. Make the pockets
a little “full.” Pour sand, shot, or grain through the sleeve first in
one direction and then in the other.

Evidences of Valves in our Veins.— With the forefinger stroke
one of the veins on the hand or wrist toward the tips of the fingers.
The veins swell out. The blood meets resistance in the valves of the
vein. Their location may be determined by their bulging out during
the experiment.

Stroke a vein toward the body, and the blood is pushed along with-
out resistance.

Let the left hand hang by the side. Note the large vein along the
thumb side of the wrist. Place the tip of the second finger on this
vein just above the base of the thumb. Now, while pressing firmly
with the tip of the second finger, let the forefinger, with moderate
pressure, stroke the vein up the wrist. It may be seen that the blood
is pushed on freely, but comes back only part way. It stops where it
reaches the valves, filling the vein full to this point, but leaving it col-
lapsed beyond, as shown by the groove. Remove the second finger,
and the vein immediately fills from the side nearer the tip of the fingers.

These experiments show that the blood in the veins moves freely
toward the body, but cannot flow outward to the extremities.

Dissection of the Valves in a Vein. — The valves may be seen by-
dissecting out the jugular vein (or any other large superficial vein) of a
cat, dog, or rabbit. Split the vein and pin it out on a board.

Effect of Pressure on the Veins. — Since the valves in
the veins open toward the heart, any intermittent pressure
on the veins helps to push the blood on toward the heart.
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The valves are most numerous in the superficial veins and
those of the muscles. The pressure of the muscles during
their action (thickening while shortening) produces pres-
sure on the veins; and as the muscles act for a short time
only, and then relax, this alternate compression and release
aids very considerably in moving the blood on toward the
heart. It is worthy of remark that this effect is more
pronounced at the time the muscles need the most active
circulation ; namely when they are in action, and are using
the most blood. The heart has power enough to pump
the blood clear around from each ventricle to the auricle -
of the other side of the heart; but this outside aid comes
in good play to relieve the heart at a time when it has an
unusual amount of work to do, as when one is using a
large number of muscles vigorously.

‘“Every active muscle is a throbbing heart, squeezing
its blood tubes empty while in motion, and relaxing so
as to allow them to fill up anew.”

Rate of Blood Flow in the Arteries, Capillaries, and
Veins. — The blood flows most rapidly in the arteries,
slowest in the capillaries. Why is this?

- When an artery divides, the two branches taken together

are larger than the one artery that divided to form them.
Stated more exactly, the sum of the areas of the cross-
sections of the branches is greater than the area of the
cross-section before branching. Hence as the blood flows
on it is continually entering wider and wider channels;
and we are told that the united cross-section of all the
capillaries fed by the aorta is several hundred times that
of the aorta itself.

The Flow of the Blood compared with the Current of
a Stream.—If we walk along a stream, we sce that the
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channel varies considerably in width and depth. Where
the channel is large, whether from increased width or depth,
there the current is slower, but wherever the channel is
reduced, the current is more rapid. So the stream in
the relatively narrow artery is swift. In the capillaries,

Pulmonary Vein  ——f}. .4 ~ Pulmonary Artery

.= Lymph Vein
Left Auricle e\ " Right Auricle
Y Right Ventricle

Aorta —- - Caval Vein

Digestive Tube

Fig. 28. Plan of Circulation. (Dorsal View.)

although any individual channel is small, these channels
all together are wide; the result is the same whether a
river widens out into a single lake, or divides into a great
number of channels running past innumerable islands.



CIRCULATION OF THE BLOOD. 61

All the tissues of the body may be regarded as so many
islands lying between the capillary streams.

The Blood Flow in the Veins. — When the blood re-
collects in the veins it is entering narrower channels, and
its rate is quickened; but as the veins are wider than the
arteries, the stream does not enter the heart with the veloc-
ity with which it left that organ. The veins hold more
blood than the arteries, and in dissecting the cat or rabbit
it will be noticed that the arteries are emptied of blood;
that the tissues of most of the organs are fairly free from
blood; but that the great veins, such as the caval veins,
are full.

Blood Tubes compared to Two Funnels. — If the blood
tubes leaving the heart could all be united, they would be
best represented by a funnel with its tube connected with
the heart. If another funnel were placed with its mouth
to the mouth of the first, their point of union, the widest
point, would represent the capillaries; and if the second
funnel had a wider tube than the first, it would fairly rep-
resent the veins which return the blood to the heart.

Nourishment of the Walls of the Heart and Blood
Tubes. — The cardiac (coronary) arteries spring from the
aorta just above the semilunar valves, and send blood into
the muscular walls of the heart; and these arteries, like
others, divide, forming capillaries, through which the heart
muscle is nourished. The cardiac veins return the blood
to the right auricle.

Influence of Gravity on Circulation. — Although the
heart pumps the blood around through the body inde-
pendent of the force of gravity, yet the circulation is influ-
enced by this force. For instance, a person who has
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fainted should be laid flat on his back, that the heart may
more easily drive blood to the brain. Many persons go to
sleep more readily while sitting than while lying down.
A sore hand feels less pain if held up, as in a sling, than
when hanging by the side, and a sprained ankle does
better rested on a chair, as less blood flows to it. Nearly
every one has noted the pain following the pressure of
blood when a sore hand, or foot, is suddenly lowered.

Experiments illustrating the Effect of Gravity on Circulation. —
Let all the pupils in the class stand. Let one arm hang freely by the
side. Hold the other arm straight up as far as the clothing will readily
permit. Observe: —

1. The difference in the color of the two hands.

2. The difference in fullness, both in the feeling of fullness and in
the prominence of the veins.

3. The difference in temperature; place the backs of the hands
against the cheeks. - '

The position largely determines the amount of blood in the hand, and
the amount of blood determines the temperature, the size, and the color.

The Heart Beat and the Pulse. — 1. The heart beat, felt at the left
of the breast bone.

2. The pulse, felt at the wrist and at various parts of the body.
Perhaps the most convenient place to study it is at the temple. Lay
the forefinger lightly along the cheek just in front of the ear. Count
the pulsations for a minute.

Let one or two pupils who are quick at figures step to the blackboard
and put down the number of pulsations of each pupil, and divide by the
number thus reporting, to get the average.

1. Let all in the class count the pulse while sitting. Probably it
will be best to discard the first trial, as there are likely to be several
failures from one cause or another. Then, too, there is usually a slight
excitement at the beginning of a wholly new experiment. Get the
average of the class.

2. Find the pulse while sitting ; rise quickly, and immedjately begin
to count the pulse. Compare with the pulse as taken while sitting.

3. Compare the pulse before and after meals.
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Summary. — 1. The heart beats about seventy-two times a minute.

2. The pulse is a wave running along an artery.

3. The pulse varies with age, health, food, etc.

4. The heart has two main cavities, one in each half of the heart,
and two independent streams are flowing through it.

5. Valves allow the blood to flow through the heart in one direc-
tion, but prevent a reversal of the current.

6. The heart is a hollow muscle, and by contraction forces the
blood out into the arteries.

7. The heart works rather less than half the time.

. 8. The large arteries, by elastic reaction, push the blood on while
the heart is resting.

9. Circular muscle fibers in the walls of. the medium-sized arteries
regulate the blood supply to the organs.

10. In the arteries the blood flow is rapid and intermittent, in the
capillaries slow and constant.

11. The thin walls of the capillaries allow the liquid part of the
blood to soak out and nourish the tissues, and to soak back into the
capillaries bearing waste matter.

12. The veins are thin walled, and collapse when empty, while the
arteries are thick walled, and stand open when empty of blood.

13. Arteries carry blood f7om: the heart, while veins carry it foward
the heart.

14. The veins have valves which allow the blood to pass toward the
heart, but not away from it.

15. Any intermittent pressure on the veins aids the blood flow.

16. The blood flow is most rapid in the arteries, slower in the veins,
slowest in the capillaries.

17. Gravity influences circulation.

Questions.— 1. Why do the large arteries lie deep ?

2. In which direction should the limbs be stroked to promote cir-
culation ? ;

3.- How does slapping the hands around the body warm the
fingers?

4. How can a horse or a cow be comfortable with the head down
for a long time ?

5. Why are the walls of the left ventricle thicker than those of the
right ?



CHAPTER V.

CONTROL OF CIRCULATION.— THE BLOOD AND
THE LYMPH.

The Effect of the Emotions on Circulation.—In our
every-day experience we have evidence of the control of
the heart and blood tubes by the nervous system. We know
that certain emotions affect the circulation of the blood
and produce blushing and pallor. Certain emotions may
also quicken or retard the action of the heart. Excessive
grief or joy has produced sudden death by stopping the
beat of the heart.

Let us look a little more closely at that part of the
nervous system that has such intimate relation to the
blood system.

The Rhythmic Action of the Heart.—In the first
place, the action of the heart is automatic. The heart of
the frog continues to beat a long time after it is removed
from the body. This is regarded by many as due to the
action of certain ganglia imbedded in the walls of the
heart, especially in the auricles; while others say that
since the ventricle, in which no ganglia have been found,
may beat independently of the auricles, rhythmic contrac-
tion is characteristic of heart muscle, and that we are, at
present, unable to explain it.

But while the impulses that originate the action of the
heart arise within the heart itself, still the beat of the heart
is constantly modified by nerve impulses reaching it from

without.
64
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Sources of the Heart’s Nerve Supply. — The heart re-
ceives its nerves from two sources, the sympathetic system

and the vagus (or pneumogastric)

nerves.

The Sympathetic Nervous System. — The sympathetic
nervous system consists of two rows of ganglia in the body

cavity, one along each side

"~ of the spinal column, re-
ceiving branches from the
spinal nerves, and sending
branches to all the

internal organs of Dorsal Root

Sympathetic Nerve Chains

. -~
WHITE GRAY ™
/MAT ER MATTER \

w4 Ganglion of
Dorsal Root

the body,—the  fritme=]
heart and lungs in :

the thorax, and the A
stomach, intestines, and the
other organs of the abdomi-

-~ Sympathetic
Ganglion

nal cavity. In many places

Fig. 30. Relation of Spinal Cord and

these nerves form a thick Sympathetic Nervous System (Diagram).

network called a plexus.

One very large plexus is on the dorsal surface of the

Spinal Cord

Sympathetic.. J§
Ganglion 2

Fig. 31. Ideal Cross-section of the Nervous
System. (After Landois and Stirling.)

stomach, and is called
the solar plexus.

The Vagus Nerves.
— The vagus nerves
are a pair of the cranial
nerves arising from the
sides of the spinal bulb;
and passing downward,
they give branches to
the pharynx, the gullet,

the stomach, the larynx, the windpipe, the lungs, and the
heart. Now, whatever other function the vagus nerves
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may have, they seem to have the power of retarding, or
stopping altogether, the beat of the heart; and stimulation
of the vagus nerves may make the heart pause in a relaxed
condition. Other nerves may quicken the heart beat, but
the vagi are regarded as a break on the heart’s action.

Inhibition. — This is a case of inhibition. It is well
known that a severe blow over the stomach may cause one
to faint by stopping the heart. This
is due to reflex inhibition of the heart.
The blow sends a nerve impulse by
fibers of the sympathetic system to
the center in the spinal bulb, and
thence an impulse is taken by the
vagus nerves to stop the heart.

Vaso-constrictor Nerves. —In an
experiment with the rabbit’s
ear it has been shown that
stimulating the sympathetic
nerve in the neck causes the
ear to become pale. This is
due to the constriction of the
arteries of the ear, because
the nerves have made the
muscle fibers of these arteries  Stomach...
shorten. Such nerve fibers
are called constrictors, or vaso-con-
strictors. They run in the sympa-
thetic nerve, but have their origin

and center in the spinal bulb. Fig. 32. Diagram of Vagus
Nerve.

Livera.....

Vaso-dilator Nerves.—Other fibers
may cause the opposite effect, namely, dilation, and are
therefore called vaso-dilators. Examples of these may be
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found running to the arteries of the limbs. When the
muscles of any organ, say the legs, act, they need a greater
supply of blood. Now, at the same time that nerve im-
pulses are sent to the muscles of the legs to make the
muscles shorten, impulses are sent along other fibers of
the same nerves to make the arteries dilate, and allow
more blood to flow to these muscles.

Vaso-motor Nerves. — The vaso-constrictor and the
vaso-dilator nerves taken together are called vaso-motor
nerves.

Centers of Control of Circulation.— The centers of
control of the blood tubes are in the cerebro-spinal nervous
system. There is no evidence that the sympathetic gan-
glia are centers of reflex action.

Blushing. — How is it that the‘face sometimes flushes
so suddenly? Because of some emotion, you say. But
how does the emotion bring this about? We have already
learned about the muscles in the wall of the arteries. We
are now prepared to understand that in the normal condi-
tion nervous impulses are acting on these muscles, keeping
them partly shortened, and so keeping the arteries of a
moderate size. Under the influence of certain emotions,
the caliber of the arteries is suddenly enlarged, and hence
the change in color.

The Regulation of the Size of the Arteries. — Through
the sympathetic system the blood supply of all the organs
of the body is regulated. Any organ needing more blood
sends a message (nerve impulse) to some nerve center, and
in response nerve impulses are sent to the muscle fibers of
the supplying artery, and the amount of blood sent to that
organ is regulated. For instance, a piece of ice is laid
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upon the skin of the hand. The part becomes pale, as
the arteries have become narrowed. If this action be con-
tinued, there may set in a decided reaction, and the part
become more red than usual, when the reaction has
widened the artery more than it was
before the constriction.

Effect of Exercise on the Size of the
Arteries. — As there is only a certain
amount of blood in the body, it is evi-
dent that if one organ receives
an extra supply, some other g, .hetic
organ or organs must, for the  Ganglions
time, receive less. For in-
stance, one begins to walk vigorously.
The large muscles of the lower limbs
and trunk become active, and they need
more blood. They therefore send mes-
sages to some nerve center (probably in
the spinal cord), and by reflex action the
arteries supplying the lower limbs are
widened, and these muscles receive more
blood. But these muscles make up a
very considerable part of the weight and
bulk of the body. While in action they
take the lion’s share of the blood. The NS
brain, at such a time, would receive less, gy 33. ol B 5
and it would be folly to expect the brain  of Spinal Cord with

. 5 A’ % Sympathetic Gang-
to work at its full capacity while the jions of One Side
blood was called away to other organs.

Y-

Regulation of the Effects of Exercise. — When we ex-
ercise vigorously, the heart beats faster, and this of itself
would tend to increase the blood supply to all organs.
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But this mechanism for widening the channel leading to
the working organs, while the arteries to the other organs
are made smaller, or at least are not enlarged, solves the
problem of supplying each part according to a greatly
varying need, while not sending too much to a part not
needing it.

EFFECTS OF ALCOHOL ON THE CIRCULATION.

The continued use of alcoholic liquors frequently causes
what is known as “fatty degeneration” of the heart.
The muscle cells are more or less replaced by fatty tissue,
thus greatly weakening the heart. Experiments show
that the first effect of alcohol on the heart is to weaken
the force of the beat, though the rate is usually quickened.
This indicates a deadening effect, such as is often seen in
disease. Frequently the approach of death is indicated
by a quickened but enfeebled heart-beat.

“The warm and flushed condition of the skin which
follows the drinking of alcoholic fluids is probably, in a
similar manner, the result of an inhibition of that part
of the vaso-motor center which governs the cutaneous
arteries.” — FOSTER.

The control of the muscles in the walls of the arteries
being thus interfered with, the circular muscles are no
longer made to shorten, and the artery dilates, thus allow-
ing more blood to flow into it.

We may thus account for the flushing of the skin of the
face, which in many individuals quickly betrays indulgence
in alcoholic drink. If this flushing is too often repeated,
the arteries gradually “lose tone,” and the condition be-
comes permanent. The circulation in the whites of the
eyes may be affected, making them “hblcedshot.”
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Similar congestion occurs in the mucous membrane of
the stomach from the presence of alcohol, which may
become a permanent inflammation followed in time by
very extensive changes in appearance and function. It
is said that most of the alcohol swallowed is absorbed
directly from the stomach, and hence the intestines are
not so directly affected.

Good authorities state that alcohol arrests the develop-
ment of the corpuscles. It diminishes the size, alters the
form, and reduces the number of the corpuscles. Since
the work of the blood corpuscles is so important this
reduction in their number and efficiency must very
appreciably affect the nutrition of the body as a whole.
When the blood is “out of order” the body is out of order.

The Blood. — The blood is composed of a clear liquid,
the plasma, and the blood cells, or corpuscles. In a drop
of blood under the microscope the plasma occupies the
clear spaces between the corpuscles. The corpuscles
make up one third of the bulk of the blood, and the
plasma two thirds.

Microscopic Examination of the Blood. — To get a drop of blood
from the finger, wind a cord around the finger, beginning at the base,
drawing the cord moderately tight, until the last joint is reached. By
this time the end of the finger is usually well distended with blood.
With a clean needle make a quick, sharp, light puncture near the base
of the nail; this ordinarily brings a small amount of biood. Put a
small drop on each of several slides and quickly cover with coverslips.
Examine with a high power.

The Colored Corpuscles. — These are often called the
red corpuscles. But while in the mass they give the
blood a red appearance, individually they are faint yellow-
ish red. In shape they are seen to be circular disks, hol-
lowed on each side like a sunken biscuit. As they are
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hollowed on both sides they are more accurately described
as biconcave. These corpuscles tend to gather side by
side, in rolls, like coins. They are cells without nuclei.

The Colorless Corpuscles. —In the open spaces be-
tween the rolls of colored corpuscles may occasionally
be found some spherical corpuscles. They are usually

Red Corpuscles @

HIGHLY MAGNIFIED

White Corpuscles

MODERATELY MAGNIFIED
Fig. 34. Red and White Corpuscles of the Blood.

called the white corpuscles, but are better designated as
the colorless corpuscles, since the others have only a slight
color, and these have none. They usually have a dotted
appearance. It is not so easy to distinguish the two kinds
of corpuscles as it is in the case of the frog’s blood, for the
two kinds are more nearly of the same size in the human
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blood ; and, further, when the colored corpuscles of human
blood are seen flatwise they present a circular outline, while
the frog’s colored corpuscles are elliptical. But with a
little study the two may be distinguished. As in the frog’s
blood, the colorless corpuscles have ameboid movements,
though they are not very marked unless the blood be
warmed to about the temperature of the human body.

Flexibility and Elasticity of the Corpuscles. — It will
be well here to examine again the frog’s web. (See p. 54.)
It will occasionally be seen that when one of the colored
corpuscles is pressed against an angle at the forking of
the blood stream, it is sometimes bent, and that as soon as
the pressure is discontinued the corpuscle springs back to
its former shape, showing that it is elastic.

Frog's Blood. — A drop of frog’s blood, mounted as the human blood
was, will be helpful, as there is a very decided difference in the size and
shape of the colored and colorless corpuscles. Further, the colorless

corpuscles of the frog will show ameboid movements, Z.e. slow changes
of form, if watched a while. .

The Plasma. — The plasma consists chiefly of water,
having in solution various salts, including common salt;
it also contains the nourishing materials for the tissues.
These nourishing materials, obtained from the food by
. digestion, consist chiefly of proteids, fats, and sugar. The
plasma also contains waste matters, from the working
tissues, on their way out of the body. How the food is pre-
pared for the building of tissue, and how the waste matter
is removed from the body, we shall study a little later.

The Color of Blood. — The difference in color of an in-
dividual corpuscle and the blood in the mass may be better
understood by comparing it with something that we see
more frequently. A tumbler of currant jelly has a rich,
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red color, but a thin layer of the same jelly, as when one
takes a spoonful on a plate, has a pale color, more yellow-
ish. The colorless plasma with the colored bodies in it
may be compared to a glass dish filled with cranberries
and water.

Hemoglobin. — The coloring matter in the blood, then,
is wholly in the colored corpuscles. Examination of these
corpuscles shows that their color is due to a substance
called hemoglobin. There is a small amount of iron in
the hemoglobin, and the presence of this small quantity
of iron appears to be essential to give the blood its color.
When we come to the study of respiration we shall see
that the hemoglobin in the corpuscles is the chief agent in
picking up the oxygen from the air in the Tungs and carry-
ing it to the tissues in the body.

The Coagulation of Blood. — When the blood escapes
from its natural channels it usually changes from a liquid
to a jelly-like condition. This is known as coagulation.
It is due to the formation of threads of fibrin from the
plasma. These threads of fibrin entangle and inclose the
corpuscles, and the two constitute the clot, or coagulum, as
it is more technically termed. The liquid that afterward
separates from the clot is the serum, and differs from the
plasma only in the removal of the fibrin, which is exceed-
ingly small in quantity, though of great importance in its
action. Many experiments have been made, and much
has been written about the coagulation of the blood, and
perhaps its real cause is not yet clear. But we know that
the coagulation often serves to stop the flow of blood from
wounds, and this is its main use.

Fibrin. — If freshly drawn blood be stirred rapidly with
a bundle of wires (perhaps the most convenient stirrer is
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a little roll of wire screen), there will soon collect on the
wires a stringy substance. Thorough washing will soon
leave this colorless. It is fibrin. If the stirring has been
done thoroughly, the blood will no longer.clot, no matter
how long it may stand.

Liquid Blood and Coagulated Blood.— The following
scheme shows the difference between the liquid blood and
the coagulated blood : —

Plasmar o . &

Liquid Blood [ Fibrin } Clot ] Coagulated Blood.

Corpuscles . . . . . .

Amount of Blood. — The blood constitutes about one
thirteenth of the weight of the body. In a body weighing
one hundred and fifty pounds this would be about six
quarts.

Chemical Reaction of Blood. — Blood is alkaline.

Specific Gravity of Blood. — Blood is somewhat heavier
than water, owing to the salts and other matters dissolved
in it.

Quantity of Blood in Different Organs (approximately).
—1. One fourth is in the heart and the larger arteries
and veins (including those of the lungs).

2. One fourth in the liver.

3. One fourth in the skeletal muscles.

4. One fourth in the other organs.

The Lymph Spaces. —We have seen that the capillaries
have very thin walls. Through their walls part of the
plasma of the blood soaks out, and is then called Jymy/ 4.
It passes into irregular cavities in the tissue called Zymzh
spaces. Most of these lymph spaces are minute chinks cr
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crevices in the connective tissues of the different parts of
the body.

The Lymph Tubes. —Opening out of the lymph spaces
are irregular passage ways called lymph capillaries, and
these lymph capillaries are continuous with thin-walled
tubes, the lymph tubes. These lymph tubes might be
called the lymph wveins, since they join still larger tubes
closely set with valves, similar to those of the veins. But
unlike the blood veins, the lymph veins do not gradually
increase in size by confluence. They suddenly form a
large tube, the receptacle of the clyle, beginning in the
upper part of the abdomen. This tube soon narrows and
passes through the diaphragm, close to the spinal column,
and up along the column near the aorta, and empties into
the veins of the neck at the junction of the left jugular
and left subclavian veins. This tube is the thoracic duct,
or the main lymph duct. It has numerous valves, and,
like some of the smaller lymph veins, it presents a beaded
appearance, due to the filling and bulging out of the valves.
In the right side of ‘the neck is a short right lymph duct
which receives lymph from the right side of the head,
neck, and thorax, and from the right arm. The lymph
tubes, as a whole, are usually called the “lymphatics.”

Lymph Spaces in the Frog. — In dissecting the frog, the looseness
of the skin is very noticeable. The large spaces under the skin are
lymph spaces. Sometimes considerable lymph is found here, so that
in holding up a frog the sagging of the skin from the weight of the
lymph may be easily seen.

Valves at the Mouth of the Lymph Tubes. — There
are valves where these lymph ducts empty into the veins
which prevent any reflow of liquid into the ducts, but allow
the lymph to pass freely into the veins.



CONTROL OF THE CIRCULATION. 77

Muscle Fibers in the Walls of the Lymph Tubes. —
There are plain muscle fibers in the walls of the lymph
ducts

Lymphatic Glands.— In its course the lymph passes
through many kernel-like masses, the lymphatic glands.
Lymph contains corpuscles which are considered identical
with the colorless blood corpuscles. It is thought that
these corpuscles are formed in the lymphatic glands.

The Flow of Lymph.— The flow of lymph is partly
due to the blood pressure in the capillaries; this pressure
is caused by the heart. (In the frog there are two small
hearts, — not, however, near the blood-pumping heart, —
and these pump the lymph along.) In our bodies the flow
of lymph is largely aided by any pressure that may be
brought to bear on the lymph veins; for, on account of
the valves, as in the blood veins, any pressure must push
the liquid toward the heart. Thus the action of the mus-
cles in the limbs, in the chest, in the abdomen, in the
movements of breathing, and in the bending of the body,
etc., all help in this flow, which is always, probably, very
much slower than that in the blood veins.

Relations of Blood Flow and Lymph Flow. — It will
now be seen that while the blood leaves the left ventricle
by one tube, the aorta, it returns to the right auricle, not
merely by the two caval veins, but that a part of the blood
(z.e. of the liquid part of it) does not return by blood veins,
but having left the blood system proper through the thin
walls of the capillaries, it is brought back to the heart by
the lymph veins, which, however, join the blood veins just
before they empty into the heart. There is, in other
words, only one set of distributing tubes, but there are two
sets of collecting or returning tubes.
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Left Jugular Vein

Mouth of
Lymph Vein == b

Left Subcla- __
vian Vein .

Main Lymph Vein
(Thoracic Duct)

Lymph Capillari

5
N X .]-.----.--.--<~~ Blood Capillaries
N i

Fig. 35. Diagram of the Circulation of Blood and Lymph (Dorsal View).
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The Lymph. — Lymph is a clear liquid.

(Chyle and

the lacteals will be considered when we study digestion.)
It is more watery than the blood plasma, but contains a

share of all its nutritious substances.

Lymph may be

defined as “diluted blood minus rved corpuscles”” The
blood proper never reaches the tissues.

The Cells of the Body live in Lymph. — The cells
of the tissues are bathed in the lymph which fills the

spaces in the connective
tissue (and we have seen
that the connective tissue
pervades nearly all®the tis-
sues of the body), as water
may fill the spaces left
between stones built into
a wall. The cells get all
their nourishment from the
lymph, and into the lymph
they throw all their waste
matter. Each cell may be
compared to an individual
ameba, which lives in
water, and takes all its
nourishment from that
water, and throws all its
waste product into the
same water. As water is
the medium in which the

Lymph

Capillary L= HiGedle

Fibers

Food ¢ (T AY

Fig. 36. Relation of Blood and Muscie.
(Lymph being Middleman.)

ameba lives, so we may say lymph is the medium in
which the cells' of the body live.

Cells of the Body Aquatic. — The cells of the body,
i.e. all the active, working cells, may, therefore, be said
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to live an aquatic life, and only dead cells, as of hair,
epidermis, etc., live in air. We might also say that not
only the human body, but all animal life is aquatic.

Importance of Lymph.— We can see that the move-
ment and renewal of lymph are as necessary as the circu-
lation of the blood itself; is, in fact, the most important
part of it.

Lymph Cavities or Serous Cavities. — We have noticed
the pericardial liquid. There is also a small quantity of
similar liquid around the lungs in the pleural cavities, and
in the abdominal or peritoneal cavity, afound the digestive
organs; also in the cavities of the brain. The liquid in
each case is lymph, and these cavities, often called serous
cavities, are lymph cavities. They communicate with the
lymph tubes.’ :

Dropsy. — In health the amount of the liquid in these
cavities is small, but in certain disorders it may accumu-
late. In general, such affections are called “dropsy.”
The lymph may also accumulate in the tissues of the
extremities, causing swelling of the limbs.

Variation in the Composition of Lymph. —1It is evi-
dent that the materials needed by the cells of the different
tissues are not the same. So, as one tissue takes certain
materials and another tissue others, it is clear that the
lymph will not be of quite the same composition in the
different parts of the body. This difference is further
due to the difference in the waste products thrown out
by the different cells. Hence the composition of the
blood varies considerably in different regions. But the
lymph from all the tissues unites with the blood from all
the tissues in the right heart, and on their way to it in the
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larger veins. So the constant slight differences in com-
position of the blood and lymph in the various tissues are
counterbalanced by the mingling of the currents from
these various parts in the large arteries and wveins.

The Spleen. — The function, or functions, of the spleen are not well
understood. It is believed to have something to do with the renova-
tion of the blood, perhaps forming colorless corpuscles and destroying
colored corpuscles. At any rate, the physiologists generally call it a
blood gland. It is unlike true glands in that it has no duct, and forms
no secretion to be poured into any cavity, like the glands of excretion
and secretion. It has been found, in the case of accidents to man, and
by observations on the lower animals, that life may continue after this
organ has been removed.

Massage. — A system of pressing, rubbing, and knead-
ing the muscles is known as massage. It helps the flow
of the blood and lymph, thus aiding in washing out the
waste products from the muscles and other parts of the
body that are to be reached by pressure. We have seen
that one of the benefits of exercise is to promote the cir-
culation of the blood and of the lymph, and so to help
get rid of the waste matters that are produced by the
activity of the various organs. Many invalids cannot take
active exercise. So this passive exercise may very fairly
take its place, and assist in the nutrition of the tissue by
accelerating the flow of blood and lymph, bringing new
nourishment and carrying away wastes. For students
who do not take sufficient exercise it is a good thing to
rub the body thoroughly and briskly, not only after a
bath, but often with the hands or with a dry towel.

Transfusion of Blood. — Transfusion of blood is the transfer of
blood from the blood vessels of one animal to those of another. Trans-
fusion may be direct or immediate,as when the blood vessels -of the

two animals are connected by tubing so that the blood passes from one
to the other without exposure to the air; in indirect or mediate trans-
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fusion the blood is first drawn into a receptacle. In indirect transfusion
the blood is often defibrinated before transference. The blood may be
introduced either into an artery or a vein; if into a vein it is sent in
the direction of the natural flow, 7.c. toward the heart ; if into an artery,
in either direction. Soon after the discovery of the circulation of the
blood the operation of transfusion began to be practiced, and high
hopes were indulged in as to its value. But it was soon found to be
attended by so much danger that it is now seldom used. It is resorted
to (1) after great loss of blood, (2) after some forms of poisoning part
of the blood is withdrawn and replaced by fresh blood, and (3) in
certain disordered conditions of the blood. The chief dangers are (1)
the introduction of air which forms minute bubbles and stops the blood-
flow in the capillaries, (2) the introduction sometimes causes coagula-
tion within the blood vessels, and (3) the serum of the introduced
blood sometimes destroys the corpuscles of the blood to which it is
added. In the earlier practice lamb’s blood was employed, but now
when transfusion is practiced on man only human biood is used. It
has been found safer and better after great loss of blood from hemor-
rhage, to introduce a salt solution of about the natural degree of salt-
ness of the blood ; this restores the normal volume of circulating liquid,
and avoids most of the dangers except that of introducing air. The
numerous fatal results of this operation have shown that it should not
be resorted to except in cases of extreme necessity.

For directions about stopping the flow of blood from
wounds see Chapter XXIII. and the books named below.

READING. — Prompt Aid to the Imjured, Doty ; Emer-
gencies, Dulles; Emergencies, Howe; First Aid to the
Injured, Lawless; First Aid to the Injured, Morton; First
Aid in Iliness and Injury, Pilcher ; Sickness and Accidents,
Curran.

What other process keeps pace with the coursing of the
blood through the body, being its running mate, so to
speak ?

Summary. — 1. Blushing, and other variations in blood supply, are
under the control of the sympathetic nervous system.
2. The sympathetic nervous system consists of two rows of ganglia
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in the body cavity near the spinal column, with fibers running to the
internal organs. It is also connected with the cerebro-spinal nervous
system.

3. The heart beat is automatic and rhythmic.

4. The heart beat is regulated by the sympathetic nervous system
and by the vagus nerves.

5. The blood consists of a liquid, the plasma, in which float the
colored and colorless corpuscles. '

6. When blood is shed it coagulates, tending to check its own
escape.

7. Lymph is like the blood diluted and lacking the colored cor-
puscles. é

8. A set of lymph tubes conveys the lymph into the veins to join
the flow toward the heart.

9. In its course the lymph passes through the lymphatic glands.

Questions. — 1. What makes the hands-grow red and puff up on
sitting in a warm room after snow balling?

2. How is a mustard plaster effective?

3. Why does light exercise before retiring promote sleep?

4. Why are the feet often cold after studying?

5. How does the application of ice, or cold water, relieve head-
ache?

6. Why should the clothing be changed after getting wet?

7. What is the meaning of humor, in the expressions “good-
humored,” “bad-humored”? Have these expressions a real physio-
logical significance?



CHAPTER VLI
RESPIRATION.

The Close Relation between Circulation and Respira-
tion. —Is it not a very striking fact that we take one
breath for every four heart beats? That whatever quick-
ens the breathing also quickens the heart, so that the two
always keep in al-
most the same ratio?
Let us learn what
are the many inti-
mate relations of
the blood pump and
the air pump, the
blood system and
the air system, of
Circulation and Res-
piration.

3§wﬁﬁiﬂdwmm4ﬁ -
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The Organs of
Respiration. —
1. The lungs and

Fig. 37. The Trachea and Bronchial Tubes, showing air tubes.
Two Clusters (Alveoli)) of Air Vesicles. 2. The structures

which increase and diminish the size of the chest, princi-
pally the diaphragm, and the muscles acting on the ribs.

The Parts of the Lungs.—1. The Air Vesicles, an
immense number of small sacs, which communicate with
84
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3. Left Auriculo-Ventricular Onfice
4. Right Auriculo-Ventricular Orifice

). Pulmonary Orifice
2. Aortic Orifice
The heavy black line between the heart and the liver represents the diaphragm
Fig. 38. Front View of the Thorax. The Ribs and Sternum are represented in
Relation to the Lungs, Heart, and other Internal Organs.
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the outer air by the bronchial twigs, the bronchi, and the
trachea.

2. The Pulmonary Capillaries, forming a thick network
around and between the air sacs. These capillaries receive
their blood from the pulmonary artery, and return it to the
heart by the pulmonary veins.

Elastic Tissue in the Lungs. —The air vesicles, with
their supplying air tubes and their surrounding blood tubes,
are bound together by elastic tissue, which fills up most of
the intervening space.

The Windpipe or Trachea.—The windpipe has in ics
walls C-shaped cartilages, with the open part of the C
on the dorsal surface. These cartilages continue in the
bronchi, and so on until in the smaller twigs they finally
disappear. The cartilages are held together, and the
dorsal gap of the cartilages (the gap would be like that of
a series of horseshoes piled one on top of another) bridged,
by tough fibrous tissue, with much elastic tissue, and
with plain muscle fibers; the plain muscle fibers are very
abundant in the smaller air tubes.

The Mucous Membrane. — The lining of the trachea
is a mucous mem-
brane. It pours
out on its surface
a substance some-
what like white of
egg, called mucus.
This keeps the air
moist, and catches
particles of dust that are in the inspired air. There is a
constant slow current of mucus toward the throat, whence
it is, from time to time, hawked up.

Fig. 39. Ciliated Cells lining the Air Tubes (x 300).
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Cilia., — This current of mucus is caused by the cilia
projecting from the lining cells of the trachea. They are
little hairlike projections, in countless numbers, like a field
of grass, each stalk having the power of bending back and
forth, making a quick stroke toward the throat, then a
slower recover stroke. Thus the united wavelike action
of the myriads of lashing cilia paddles the mucus head-
ward. Itis a very common error to suppose that the cilia
produce air currents. This is not their function, and it
can readily be seen that they cannot create currents of air,
as they are wholly submerged, like grass growing on the
bottom of a shallow pond of slimy water.

Location of Mucous Membrane. — All the cavities and
passages in the body to which the air has access, such as
the digestive and respiratory passages, etc., are lined by
mucous membrane (not all 4
ciliated). Trachea

The Pleura.-— The out-
side of each
lung is cov- 4
ereg by a thin rliiil;:;esr::::)
adherent mem-
brane, the pleu-
ra, which com-
pletely invests
it, except at the root of
the lung, where the bron-
chus and blood tubes
enter. Here the pleura
turns toward and adheres to the inner wall of the chest,
forming its lining (still called the pleura), and below passes
over the anterior surface of the diaphragm. The lung is
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Fig. 40. Diagram of the Lungs and Pleurz.
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thus free, except at its root, where the air and blood tubes
enter. A very small quantity of liquid moistens the con-
tiguous surfaces of the pleurz on the outside of the lung
and the inside of the chest wall, so they move easily one
upon the other during respiration. As the lungs are
always distended enough to fill the chest cavity, these two
surfaces are always in contact. In pleurisy (inflammation
of the pleurz) pain is felt in breathing from friction or
adhesion of these surfaces.

Important Facts concerning Respiration. —In study-
ing respiration, let us constantly keep in mind these
facts : —

I. The lungs are highly elastic, and

2. Highly porous, each air vesicle being in direct com-
munication with the outer air by means of

3. Air tubes that always stand open

4. And are always moist internally.

5. The pulmonary capillaries closely invest each air
vesicle.

6. The lungs are always expanded enough to fill all
the space in the chest not occupied by other organs, and

7. Freely movable, except at the place of entrance of
the bronchi and blood tubes.

8. The smooth, moist pleurze.

The Diaphragm.— The diaphragm is a thin muscle
making a complete partition between the abdominal cavity
and the chest cavity. It is convex anteriorly, concave pos-
teriorly ; its ventral border is attached to the inside of the
chest wall about opposite the lower end of the breast bone,
thence obliquely along the border of the ribs (ds felt in
front), and the dorsal attachment is posterior to the ventral
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attachment. Its general position is shown in Figs. 38, 40,
and 43.

To show the Action of the Diaphragm and Lungs. — MATERIAL. —
Bell jar with stopper, sheet of rubber large enough to cover the mouth
of the jar, toy rubber balloon, cork (rubber preferred), glass tube, strong
rubber band (such as boys use for slung shots), marble.

Triangularis Sterni
Internal Mammary Vessels

Pleura
Y Puimonalis
Left Phrenic
Nerve

Pleura Costalis

. N o)
N
Seegion s

thetic Nerve

Vena Azygos Major }Posterior
Thoracic Duct

Mediastinum % Syigps!
, Pneumogastric Nerves

Fig. 41. A Transverse Section of the Thorax, showing the Relative Position of the
Viscera and Reflections of the Pleurz.

PREPARATION. — Lay the marble on the center of the sheet of rub-
ber, double the rubber over it, stretching the rubber strongly over the
marble, and tie the marble firmly in its place. Stretch the sheet of
rubber over the mouth of the jar with the projection made by the marble
on the outside, and fasten with rubber band. Bore a hole in the cork,



90 PHVSIOLOGY.

and fix the glass tube snugly in it, so that the lower end of the tube will
extend about half-way down the jar. Tie the balloon on the lower end
of the glass tube.

EXPERIMENT 1.— Inflate the balloon. Consider that it requires
some expenditure of energy to do this. When the mouth is taken away
from the tube the balloon immediately collapses.

EXPERIMENT 2. — Insert the balloon and tube into the jar, but do
not cork, and repeat Experiment 1. The same results as before are
noticed, and it will further be seen, or rather heard and felt, that when
the balloon is inflated some air comes out of the jar around the tube,
and when the balloon collapses air again enters the jar.

EXPERIMENT 3. — Again inflate the balloon, and while it is inflated
tightly cork the jar. If all the parts fit well, the balloon should now
remain inflated. This may at first seem strange, as the mouth is taken
away from the tube, and the tube left entirely open to the air. But it
will be seen that to just the extent that the balloon contracts, so much
more space is left in the jar outside the balloon. This means diminished
pressure, and the pressure of the outer air presses the diaphragm up,
and keeps the balloon partly distended, maintaining equilibrium.

EXPERIMENT 4.— Pull the diaphragm down, using the marble as a
handle. This shows the expansion of the lung by the pressure of the
external air when more space is given by the depression of the dia-
phragm. On releasing the diaphragm, it springs upward, and the
balloon becomes reduced in size, driving out part of the air that was in
it. This shows how expiration is accomplished, so far as the diaphragm
is concerned. )

If a bell jar be not at hand, a lamp chimney or a quart bottle may be
used, after cutting off the bottom, as follows: File a deep notch across
near the bottom; heat an iron rod, and apply the end of it to one end
of the notch, and slowly draw the rod around %o the other end of the
notch (the rod may need to be reheated). After cracking off the bot-
tom of the jar, file the edges so they will not cut the rubber.

Let each pupil make a drawing, showing the position of the parts in
inspiration and in expiration. 3

Illustration of the Minute Anatomy of the Lung.— To illustrate
the minute anatomy of the lung, take a rubber balloon, a glass tube,
two rubber tubes, one dyed red, the other blue, a bag of netting, with
one side dyed red and the other side blue. Tie the balloon on the end
of the glass tube, slip the bag of netting over the balloon and tie it,
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with the ends of the rubber tubes on the corresponding sides of the
bag. Slip a short piece of the rubber tube on the end of the glass
tube, and when the balloon is inflated shut the air in by means of a

Fig. 42. Minute Structure of the Lungs, showing Air Vesicles
and Capillaries.

pinchcock. The balloon represents an air vesicle, the glass tube a
bronchial twig, the blue tube a subdivision of the pulmonary artery,
the netting the capillaries around the vesicle, and the red tube one of
the branches of the pulmonary veins.

The Movements of Respiration. — The process of res-
piration consists of two acts, inspiration and expiration.

Two Active Forces in Inspiration. —In inspiration
the principal active forces in the body are, first, the dia-
phragm; and, second, the muscles which elevate the ribs.

Work of the Diaphragm in Inspiration. — The dia-
phragm is a muscle, and when its fibers shorten, the dia-
phragm is pulled down. In moving down it presses on
the abdominal organs, and makes the abdomen protrude-
laterally and ventrally. This lowering of the diaphragm
increases the space in the chest; the air already in the
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chest expands to fill this greater space. When expanded
it exerts less pressure than before, and the air outside,
having greater pressure, enters till equilibrium is produced.
The air enters through the trachea, presses on the inside
of the elastic lungs, and makes their bases extend, follow-
ing the diaphragm in its descent. The bases of the lungs
remain in contact with the upper surface of the diaphragm
all the time.

....Increased Air
Space

Inspiration Expiration

Fig. 43. Diagrammatic Sections of the Body in Inspiration and Expiration.

Work of the Chest Walls in Inspiration. — Certain
muscles of the chest wall elevate the ribs and breast bone.
This act widens the chest, and the air, as before, presses
in through the open trachea, and keeps the sides of the
lungs in contact with the inner surfaces of the chest walls.

Effort required in Depressing the Diaphragm.—
Inspiration requires considerable effort, because the dia-
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phragm in its descent presses upon the elastic organs of
the abdomen (stomach, liver, etc.), and these organs, in
turn, are pressed against the elastic walls of the abdomen.
It is somewhat like pressing a pillow down into a rubber
bag; the pillow springs up as soon as the pressure is
stopped, because of its own elasticity as well as that of the
bag. Therefore, as soon as the diaphragm relaxes, . the
elastic walls of the abdomen retreat, and the abdominal
organs rise to their former place.

Effort Required in raising the Ribs. — When the ribs
are elevated, the cartilages which connect the ventral ends
of the bony parts of the ribs with the breast bone are
slightly bent. When the muscles relax, the elasticity of
the rib cartilages helps to bring the ribs back to their
former position, thus reducing the chest to its former
width.

Expiration Easy. — Thus we see why expiration is easy ;
in fact, “does itself ” (in ordinary respiration) by elastic
reactions. But inspiration is harder than it would be if it
were not for the fact that the descent of the diaphragm
meets resistance, and the ribs, in rising, have to overcome
resistance in bending the costal cartilages, and in raising
the weight of the chest walls and shoulders.

Potential Energy stored in a Door Spring. — When
one opens a door that has a spring to shut it, he has to
expend more energy to open the door than he would if he
did not have to bend (twist or compress) the spring at the
same time. But no effort is needed to shut the door. The
door was opened and shut at the same time; 7. when
the door was opened force was stored in the spring (in the
form of what is called potential energy), and this stored
energy shuts the door while we pass on. We can better
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afford to employ more energy while opening the door than
to take the extra time to shut it. If, then, a door with' such
spring were fastened open, it might remain open for a long
time. When released it flies shut. If one, in this case,
asks, “Who shut the door?” the answer is, “The person
who opened it.” :

The Storing of Energy during Inspiration. — So in
the act of inspiration we perform a double work in storing
energy by which the expiration is performed without active
muscular effort.

Review of Forces of Respiration : —

FORCES OF INSPIRATION.

I. Depression of the diaphragm.
2. Muscles elevating the ribs.
3. Pressure of the external air,

RESISTANCES TO INSPIRATION.

1. Compression of the abdominal organs and stretching
abdominal walls.

2. Bending the rib cartilages and lifting the chest.

3. Stretching the lungs.

ELASTIC REACTIONS OF EXPIRATION.

1. Elastic reaction of the abdominal walls and contents.
2. Elastic reaction of the rib cartilages.
3. Elastic reaction of the lungs.

Forced Respiration. — Thus far we have been speaking
of ordinary respiration. In forced respiration, as in shout-
ing, many muscles are brought into play to expel the air
rapidly and forcibly. In such an act as coughing there is
vigorous action of the abdominal muscles.
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Abdominal and Thoracic Respiration. — The main part
of respiration is performed by the diaphragm, and the more
common mode of respiration is therefore called abdominal
or diaphragmatic respiration. In women of the civilized
races respiration is more largely accomplished by the action
of the thoracic muscles, and is called thoracic or costal res-
piration. In children the respiration is of the abdominal

type.

The Rate of Respiration. — The rate of respiration in
the adult varies from sixteen to twenty-four per minute,
the average being about seventeen times a minute; about
one respiration for every four heart beats. Light is favor-
able to respiratory activity. The rate is affected by the
position of the body, state of activity, temperature, diges-
tion, emotions, age, disease, etc. Ordinary inspiration
takes slightly less time than expiration.

Modifications of Respiration. — Coughing is a forcible expiration,
usually directed through the mouth, and for the purpose of getting rid
of some foreign substance, or caused by irritation. In sneezing there is
first a deep inspiration, and then the current of air is forced out, chiefly
through the nose. Sneezing. may be prevented by pressing firmly on
the upper lip. Crying, laughing, sobbing, are modifications of respira-
tion connected with certain emotions. Yawning and sighing are deeper
breathings, caused by ennui, depressing emotions, or a deficient ventila-
tion. Hiccuping is sudden inspiration, produced by spasmodic action
of the diaphragm, accompanied by sudden closure of the glottis, and is
often caused by some disorder of stomach digestion. Snoring is caused
by breathing through the mouth and setting the soft palate into vibra-
tion. Sniffing is sudden inspiration : the diaphragm is suddenly pulled
down, the air in the nasal cavity is thus drawn downward, and the air
we wish to test, or the odor we wish to inhale, is thus drawn into the
upper nasal cavities; whereas in ordinary inspiration most of the air
passes along the lower part of the nasal passage. In hawking, the air
is forced out through the narrowed passage between the root of the
tongue and the soft palate to remove mucus. Gargling is forcing air up
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through liquid held between the tongue and the soft palate. Panting,
whistling, blowing, spitting, sucking, and drinking are also modifica-
tions of respiration. In case of choking it is well to hold the head for-

COMPLEMENTAL AIR. .

120 CUBIC INCHES.

AIR THAT CAN BE BUT SELDOM IS TAKEN IN.

TIDAL AIR. —20 to 30 Cubic Inches Air Taken in
and Sent out at Each Breath.

RESERVE AIR.

100 CUBIC INCHES.

Vital Capacity — 245 Cubic Inches Air
That can be Breathed Qut after Full Inspiration.

AIR THAT CAN BE BUT 1S SELDOM DRIVEN OUT.

RESIDUAL AIR.

210 to 215 Cubic Inches.

100 CUBIC INCHES.

Average Amount of Air in the Lungs

AIR THAT CANNOT BE DRIVEN OUT.

Fig.- 44. Diagram of Lung Capacity.

ward, and perhaps downward. A smart slap between the shoulders
sometimes helps dislodge anything stuck in the throat, and it may be
necessary, in addition, to hold a child with its head downward.
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Capacity of the Lungs. — Have the class stand, and each pupil raise
his right hand.

1. Tidal Air.-—Let all breathe together, at the ordinary rate and
depth, and let the hand rise about three inches during inspiration, and
fall again during expiration. The amount of air taken in at an ordinary
breath is from 20 to 30 cubic inches, or about a pint. This is called
tidal air.

2. Complemental Air.— As before, let the hand go up and down
with the breathing, but at the end of the third inspiration, instead of
stopping with the usual amount, keep on breathing in as much as pos-
sible, letting the hand rise accordingly. This air that can be taken in
above the ordinary breath is called the complemental air, and it is
estimated to be, on the average, about 120 cubic inches.

3. Reserve Air.— Begin as before, and at what would be the end
of the third expiration continue to drive out as much air as possible,
indicating the degree by correspondingly lowering the hand. This air
that can be breathed out beyond the ordinary expiration is called the
reserve air, and is reckoned at about 100 cubic inches.

4. Residual Air.— The air cannot all be breathed out. The re-
mainder is called the residual air, and is computed to be about 100
cubic inches.

The Vital Capacity. — All the air that can be breathed out after a
full inspiration, Z.e. the sum of the complemental, tidal, and reserve
air, would be about 240 to 250 cubic inches, and is called the vital
capacity. Of course these figures represent only the average of cer-
tain experiments and observations. By practice any one can con-
siderably increase his vital capacity.

A Test of the Capacity of the Lungs.— A simple method of
measuring these stages of respiration is to take a gallon bottle and
first carefully graduate it to pints by pouring in water and marking on
the outside with a file. Then invert the bottle in a trough of water,
and inhale from it by means of a rubber tube. Or fill the bottle, in-
vert in water, and exhale into it.

Hygiene of Breathing. — Those persons who take con-
stant exercise in the open air are likely not to suffer much
from deficient respiration. But persons following seden-
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tary occupations, such as that of the student, not calling
for deep breathing (and often the air taken in is of poor
quality), need to pay especial attention to the matter.

Breathing ‘through the Mouth. — We should breathe
through the nose, and not through the mouth. The nasal
passages are fitted for the introduction of the air (1) by
being narrow, but of large area; (2) by having their lining
membranes richly supplied with blood; (3) by the abun-
dant secretion of mucus by this membrane. The air,
coming through this narrow channel, is warmed, and a
large part of any dust it may contain is caught by the
sticky mucus that covers all the walls of this passageway.
If we breathe through the mouth (especially out of doors
in cold weather), the air may not be sufficiently warmed
before entering the lungs, and much more dust would be
carried into the lungs. Then, too, the air has a drying
effect on the throat, whereas the mucus of the nasal pas-
sages will moisten the air as it enters. The cilia, which
extend from most of the cells lining the respiratory-pas-
sages, are constantly causing the mucus to slowly flow
toward the external opening, so a good share of the dust
is gotten rid of. A further advantage of breathing through
the nose is that we detect odors, and can thus judge of the
quality of the air.

Breathing and Circulation. — The fact has been noted
that breathing directly aids the circulation of the blood.
This is due to the way air pressure is made to affect the
large veins. Breathing also may very considerably aid
the flow of lymph. Every deep inspiration brings pres-
sure to bear on the main lymph duct as the diaphragm
descends. Every forced expiration has the same effect.
We must keep in mind that the tissues are fed directly by
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the lymph that surrounds them; that while the lymph is
continually fed by the blood, there is not a great pressure
given in this way. The lymph stream is largely depend-
ent on the pressure of the surrounding organs. When
one takes a good deal of muscular exercise the lymph is
renewed with rapidity enough to supply the tissues with
food, and to carry away their wastes. But in those who
sit quiet a large share of the day, taking no more exercise
than is necessary to take them to and from their places
of business, the lymph becomes too nearly stagnant, the
tissues are not well nourished, and the whole body suffers.

Deep Breathing. — It is a grateful relief to the whole
system to stand. stretch, inhale deeply and slowly several
times, and to repeat this every hour or so. Every one en-
gaged in office work or studying should form this habit,
especially if he does not give an hour daily to exercise in
a gymnasium, or otherwise.

Respiratory Sounds.— During respiration sounds are
produced by which the skilled physician can tell much as
to the condition of the respiratory organs.

The Control of Respiration. — Breathing is an involun-
tary act. Still we can modify it. We can hold the breath
for a time ; but it is stated that one cannot hold the breath
long enough to produce death by suffocation.

The muscles of respiration are under the control of
nerves. The center of respiratory control is believed to
be in the lower portion of the spinal bulb. This respira-
tory center is one of the most vital points in the body, for
if it is destroyed, breathing is completely stopped, and
death ensues. This center is affected by the condition of
the blood. For instance, if the blood going to this center
has not enough oxygen, the center hastens the process
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of breathing by nerve impulses sent to the muscles of
respiration.

The Control of the Diaphragm.— The diaphragm is
under the control of the phrenic nerves, which arise from
the third, fourth, and fifth cervical nerves. If the neck is
broken above the point where these nerves are given off,
death almost always immediately follows, because the con-
nection of the respiratory center and the diaphragm is
broken.

Composition of Dry Air (by volume): —
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100.04

Experiments illustrating the Chemistry of Respiration. — Ex-
PERIMENT I.—If a piece of phosphorus be burned under a fruit jar
inverted and with the mouth under water (for directions consult any
chemistry), the oxygen will be consumed and water will enter part way
to take its place. The remainder is nitrogen.

EXPERIMENT 2.—If a burning taper be lowered into this nitrogen,
the flame will be extinguished.

EXPERIMENT 3.— If a chemical laboratory is at hand, some carbon
dioxid should be generated and tested to show that it extinguishes
flame.

EXPERIMENT 4. — Lime water is the test of carbon dioxid, and may
easily be prepared by putting a piece of quicklime the size of a hen’s
egg into a quart of water.

EXPERIMENT §.— Pour a little clear lime water into a jar contain-
ing carbon dioxid, and on shaking the contents the lime water will be
rendered milky.

EXPERIMENT 6. — By means of a tube (a straw will serve) breathe
through a small quantity of lime water to show that there is carbon
dioxid in the expired breath.

EXPERIMENT 7. — If a jar be inverted over a lighted taper, the flame
will soon be extinguished. Test the gas with lime water to see that
carbon dioxid is produced by a burning candle.
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EXPERIMENT 8.— By holding a clean, cold tumbler over a burning
taper it will be seen that water vapor is produced by the burning.

EXPERIMENT 9. — Breathing into a clean, cold tumbler shows that
water is produced also in the process of respiration.

EXPERIMENT 10.— A very brilliant experiment and one that is very
instructive at this point is to burn a watch spring in oxygen. In this
process the oxygen unites with the iron, forming iron oxid.

EXPERIMENT 11.— If a piece of watch spring be placed in water, it
will soon rust. Rust is also an iron oxid, only the process is slow,
instead of rapid as in the case of combustion, and just as much heat is
given off, but not much at any given instant.

EXPERIMENT 12.—If a short piece of magnesium ribbon can be
obtained, it may be burned in the presenee of the class, though it is not
well to look long at the excessively strong white light.

EXPERIMENT 13.— Magnesium will also rust in water, forming a
white rust, or magnesium oxid, as in burning.

EXPERIMENT 14.— If a jar be filled with the slowly expired breath,
capped tightly, and set in a warm place it will acquire a bad odor.
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