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12 ELEMENTARY HUMAN PHYSIOLOGY.
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Fig. 1.—Human Skeleton viewed in {ront.


















18 ELEMENTARY HUMAN PHYSIOLOGY.

ethmoid is found (immediately above and behind N in fig.
10) between the orbital plates of the frontal bone, and
enters into the formation of the orbits and the nasal cavities.
The face is composed of fourteen bones, of which twelve are
in pairs, the two superior maxillary (fig. 10, 4, and fig.
11, ;, 1), the malar (fig. 10, ), the nasal (fig. 10, g), the
palate (hg. 11; 2, 2),
the lachrymal (a little
to the right of ¢ in the
orbit, fig. 10), and the
inferior turbinated in
the nose; and two
single, mnamely, the
vomer, a bone forming
a partition between
the two nostrils (fig.
11, 3), and the inferior
maxillary (fig. 10, 7).
4. The CRrANIAL
CaviTy 1s seen on
sawing off the roof of
the skull. The walls

. ¥ consist of two layers
Fig. 12.—The Ribs, #n sttu:

: of compact tissue, the
1 and 2 are the upper and the middle parts of the " by
sternum or breast-bone ; 3, its ensiform cartilage ; outer and tnner tables,

4, the first dorsal, and 5 l'tu_: last _[ur twelfth) and between these
dorsal vertebra; 6, the first rib; 7, its head ; 8,

its meck, resting against the transverse process a cellular structure

of the first dorsal vertebra; g, its tubercle; 10, Lnown as the d{ﬂfﬂt".
the seventh or last true rib; 11, the costal car-

tilages of the true ribs; 12, the last two false The upper Part of
ribs or floating ribs. the cranial cavity

forms an arch, and the lower is divided into three parts
having different levels, called the anterior, the middle, and
the posterior fosse, in which the anterior and middle lobes
of the cerebrum and the cerebellum rest. The base is per-
forated by numerous openings for the passage of nerves








































GENERAL VIEW OF THE ANATOMY OF THE BODY. 3I
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Fig. 27.—Muscles of Human Body. Deep muscles shown on left side :

a, flexors of hand and fingers; &, extensors of hand and fingers; ¢, biceps; o,
triceps ; e, deltoid ; 7, pectoralis major ; g, serratus magnus ; 4, gluteus ; 7, rectus ;
#, extensors of leg ; Z, sartorius ; m, gastrocnemius ; », tendo Achilles ; o, 0, ligament.















36 ELEMENTARY HUMAN PHYSIOLOGY.

plane passing through the bodies of the vertebre from
the base of the skull downwards (fig. 30, A). The body
is thus divided into anterior and posterior cavities. The
posterior cavity in the head contains the brain, while the
anterior is represented by the cavities of the mouth and

Fig. 29.—Contents of the Chest and Abdomen :

0, diaphragm; C, heart ; A, B, lungs; N, windpipe ; P, liver; R, spleen ;
S, stomach ; W, W, small intestine; T, U, V, large intestine,

nose. In the trunk, the posterior cavity is occupied
by the spinal cord, while the anterior consists of the
cavities of the thorax, abdomen, and pelvis. With
the exception of the cavities of the mouth and nose,
which are the openings of the alimentary and respiratory













40 ELEMENTARY HUMAN PHYSIOLOGY.

into the duodenum, \he jejunum, and #lewm, and the large
intestine, which is composed of the cacum, the colon, and
the rectum. Connected with the alimentary canal we find
certain glandular organs, the chief of which are the sa/ivary

Fig. 31, -——Seclmn lhmugh Mouth, Nose, &ec. :

a, sphenoid bone ; 4, Eustachian tube ; ¢, soft palate; «, uvula: e, nasal
passage ; /, upper jaw ; g, lower jaw; 4, epiglottis ; m, mouth.
glands, the ducts of which open into the mouth, the Ziper
and pancreas, related to the duodenum, and numerous glands

found in the mucous membrane of the bowel itself,

20. The mouth 1s at the entrance of the digestive canal.
It occupies the lower part of the face, and is situated
between the two jaws, below the nose, between the cheeks,
behind the lips, and in front of the pharynx (fig. 31). It is




























GENERAL VIEW OF THE ANATOMY OF THE BODY. 49

on either side. The trachea is flattened behind, and lies
almost in front of the cesophagus (see fig. 34). In the
thorax, it lies in the space extending up from the root of
the lung called the superior mediastinum ; behind it, we find
the cesophagus, which separates it from the spinal column,
and it is surrounded by many
glands and vessels and loose
connective tissue. It divides
into the »ight and left bron-
chus, tubes passing one to
each lung. These bronchi
divide and subdivide in the
lung, becoming smaller and <
smaller, as will be afterwards ,
described.

39. The ZJarynx is a box
formed of various pieces of
cartilage movable on each
other. It is in the middle
line of the neck, opening into
the pharynx above and into
the trachea below. It is the
upper end of the respiratory
tube, and specially concerned

e

ZN NN

: h fcts £ : Fig. 38.

"f the pmc'u-::tl{}n Ol VOICE. Windpipe and one of the Lungs :
The larynx is very prominent a, windpipe: 3, tronehi s

in the thrnat Df the nﬂu:l_lle.1| £ bronchial tubes.
forming the pomum Adami, or Adam’s apple; in the
female it is smaller. The differences in size affect the
pitch of the voice in the two sexes (fig. 31).

IV. THE GENITO-URINARY ORGANS.

4o. These consist of two secreting glands called the
kidneys ; two ducts, the wreters,; a reservoir for the urine,

the dladder; and an excretory canal, the wretira.
D












































































































































































106 ELEMENTARY HUMAN PHYSIOLOGY.

(fig. 67, a, ). In vessels somewhat larger, we find outside of
the lining (which is composed of endothelial cells, see p. 86) a
delicate, transparent, and fragile membrane, which tends to
curl upon itself, from its elasticity. Itis perforated by numerous
small holes. Outside of this there is a layer of muscular fibre-
cells arranged longitudinally and transversely, the nuclei of
which are seen after the addition of acetic acid (fig. 68). This
constitutes what is usually
termed the muscular coal.
In large arteries, we find
. outside of, and intimately
“d connected with, the muscu-
lar coat a thick layer of
yellow elastic tissue, which
gives great elasticity to these
vessels ; and most externally
there is a layer of connec-
tive tissue. As the vessels
are traced towards their
capillary terminations, they
gradually lose their connec-
tive tissue and elastic coats.
In small arteries, called
arterioles, the wall is com-

Fig. 69. —Diagrarﬁ of Heart halved
and laid open:

A, B, C, D, as in fig. 70. a, part of tricuspid ¥
valve; &, part of mitral; ¢, semilunars at posed entirely of two layers

base of pulmonary artery. &', @, inferior of longitudinal and circular

and superior venz cava entering A ; ¥, &, fos ¢
pulmonary arteries proceeding from Bj; muscular fibre-cells, lined

¢, ¢, aorta proceeding from C; &', &, pul- by endothelial cells, and in

monary veins entering D. the ultimate capillary these
fibre-cells have disappeared, and there is only a thin wall
formed of endothelial cells, as above described. Veins differ
from arteries chiefly in the comparative thinness of their coats.
It is important to bear in mind that the predominant feature
of the larger arteries is elasticiy, while that of the smaller is
contractility. The ultimate capillaries are also independently
contractile.

116. THE POSITION AND STRUCTURE OF THE HEART.—
This organ is situated in the thorax or chest, between the
two lungs, and, together with portions of the great vessels

-.-.-...._u






















CIRCULATION OF THE BLOOD. I13

SMALL ARTERIES, ON THE CIRCULATION.—But although
the heart is the chief organ for propelling the blood, there
are other forces at work. When the left ventricle con-
tracts, blood 1is propelled into the aorta, which, however,
contains blood at the time.
This blood is pushed for-
wards, and the aorta dilates.
When the propulsive power
has - ceased, the aorta, being
a very elastic tube, recovers
its original calibre. In doing
so, 1t assists in forcing the
blood onwards. Thus, by
successive portions of the
larger arteries acting in the
same manner, dilating with
the impulse, and regaining
their size by elasticity, the
original mechanical force of
the heart, which throws
blood into the aorta in a
series of successive jets, is
converted into a uniform
wave-like movement, sent
along the walls of the arteries,
which we term the pulse.
The pulse, which beats about
seventy times per minute, iS Fiy, 76.—The Arterial System :
the Chﬂl’lgﬁ' pTD(IUCE‘L'l n the a, temporals; &, carotid ; ¢, artery of arm ;
diameter and length of an d, aorta; e kidney; f, artery of thigh
. ? (femoral).

artery when it receives the

wave of blood. The effect of the elasticity of the vessels
s to convert the sudden spasmodic action of the contrac-
tion of the ventricle into a continuous uniform movement.

Hence in the capillaries, as seen in the wel of a frog’s
H












































































138 ELEMENTARY HUMAN PHYSIOLOGY.

tudinal coat of unstriated muscle, the function of which is
to propel the food along the bowel. This is accomplished
by alternate contractions and relaxations, and thus a wave-
like motion is produced. This motion may be readily seen
in the intestines of an animal recently killed, and is termed
a peristaltic action (fig. 92).

151. ACTION OF FLuips IN SMALL INTESTINE.—When
the food, reduced to a pulpy mass in the stomach, termed
chyme, passes into the duodenum, it is mixed with
three fluids—the bile, the pancreatic juice, and the intestinal
juice.

152.—FUNCTION OF THE BILE IN DiGEsTION.—The bile

Fig. 93.—The under surface of the Stomach and Liver, which are
raised to show the Duodenum and Pancreas :

s¢, stomach ; #, its pyloric end; /, liver: &, gall-bladder; &, duodenum, extending
from the pyloric end of the stomach to the front, where the superior mesenteric
artery (sm) crosses the intestines ; pa, pancreas; sp, spleen ; &, abdominal aorta.

is an alkaline fluid secreted by the Zwer (the structure of
which will be described in connection with the subject
of excretion, with which it has chiefly to do), and, after
having been collected in the gall-bladder (fig. 93, g), finds
its way into the upper part of the small intestine by a duct,
which usually unites with that of the pancreas, pa, and
opens by a common orifice. As it flows from the liver,
the bile is a thin greenish-yellow fluid, sometimes olive-
brown ; but when acted on by the gastric juice, it acquires


















144 ELEMENTARY HUMAN PHYSIOLOGY.

the lacteals, and in these becomes a milky flmid called the
chyle. Tt is important to remember that all the blood
circulating in the digestive organs, and taking up soluble
nutritive matters, must pass through the liver before

Fig. 96.—The Absorbent System of Man :

a, junction of thoracic duct with left subclavian vein ; &, thoracic duct ; ¢, recep-
taculum chyli; &, portion of intestine ; ¢, lacteals.

entering the general circulation, and from it the cells of the
liver select and elaborate their secretion. But the chyle
passes into the blood indirectly. It is first conveyed to
numerous glands in the neighbourhood of the intestines,





































































































































































































































220 ELEMENTARY HUMAN PHYSIOLOGY.

which we meet with on the surface of the brains of such an

Fig. 154.

a, cerebrum ; &, cerebellum ; ¢, medulla oblongata ;
d, spinal cord, from which the spinal nerves arise ;
¢, brachial plexus ; f; sciatic nerve.

animal as the common
cat (fig. 153), where
we find the surface
distinctly convoluted.
The convelutions in-
crease in  number,
depth, and complexity
as the intelligence of
the animal increases,
until we come to the
brain of man, where
in a well-developed
brain we find them
presenting the appear-
ance depicted in (figs.
155 and 156). It will
thus be seen that as
we ascend from the
lower to the higher
vertebrates, the brain
becomes more and
more complex in struc-
ture, chiefly by the
great growth and de-
velopment backwards,
of the cerebral hemis-
pheres, and by the
appearance of con-
volutions on the sur-
face of these, indicat-
ing increase of gray

matter. The general plan of the nervous system in man is

shown in fig., 154.

QUESTIONS.

241. Describe the simplest form of nervous system.
242. Show how the nervous system gradually becomes complicated in

invertebrate animals.





















THE NERVOUS SYSTEM. 227

THE SPINAL CORD.
249. The spinal cord or marrow 1s a cylindrical column

of soft nervous tissue, extending
from the base of the skull,

medulla oblongata, to the region
of the loins, where it tapers off
to a thread in the lowest part of
the vertebral canal (figs. 159 and
162). Its average length 1is
eighteen inches. It is not only
divided by two fissures in thed
middle, but each half is again
divided longitudinally into three
equal parts by two parallel series
of nervous filaments, which are
the anterior and posterior roots
of the spinal nerves (figs. 160 and
161). The posterior root pre-
sents a swelling or ganglon,
immediately beyond which the
two coalesce into the trunk of a
nerve which, after emerging
through a hole called the inter
vertebral foramen, 1s distributed
into branches to the parts it is
destined to supply with nervous
filaments ; as, for example, the

: @, cerebrum ; &, medulla oblongata ;
H]USCIES Df thE trunk and III'ﬂbEi ¢, cerebellum ; &, spinal cord 38,
and the surface of the body spinal column; /£ cut ends of

spinal nerves.

(fig. 154). These roots have
separate functions, the anterior being composed of motor,
while the posterior contain sensory fibres. Hence if the
anterior root be divided, or if the column of the cord

b =

Fig.159.—Diagrammatic View
of Brain and Spinal Cord :
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Fig. 163.

Greater Portion
of the Sympa-
thetic Nerve ;
the right lateral
walls of the
chest and abdo-
men, and the
stomach, in-
testines, liver,
spleen,and pan-
creas being re-
moved to bring
it in view :

1, 2, 3, the superior,
middle, and in-
ferior cervical gan-
glia ; 4, the two
lines from this
figure include the
twelve dorsal gan-
glia; s, include
the four lumbar
ganglia ; 8, cardiac
plexus ; g, solar
plexus ; 10, aortic
plexus; a, the
larynx ; &, the tra-
chea; ¢, arch of
the aorta; ¢/, ex-
ternal carotid ; ",
internal carotid ;
d, the heart; ¢, e,
the diaphragm ; £,
the cardiac end of
the aesophagus ; g,
thoracic ; and g,
abdominal aorta ;
&, the kidney;
f, the supra-renal
capsule ; £, the
section of base of
the skull.




232 ELEMENTARY HUMAN PHYSIOLOGY.

ideas. 'The organ of voice is the /arynx (behind the Pomum
Adamz), the structure of which is complicated, and cannot
be here described (fig. 163, a). It consists of various
cartilages and muscles, the object of which is to tighten or
relax the margins of two folds of membrane, called the voca/
cords. By the vibrations of these cords voice is produced,

Fig. 164.

A, larynx and trachea on deep inspiration ; B, on phonation ; C, during falsetto
note when only a portion of the length of the cord vibrates; D, approximation
of the ventricular bands or false cords as it occurs in straining the voice.

and by tightening or relaxing, separating or approximating
them, we obtain various modifications of voice. When a
high note is sounded, the cords are tense and close together
(fig. 164, B); and, on the contrary, when we sing a deep
bass note, they are relaxed and wide apart. The quality
and compass of the voice differ in individuals. In men,
the highest is the tenor ; the lowest, the bass ; the inter-
mediate, the barytone. In women, the corresponding
notes are the soprano, the contralto, and the mezzo-soprano.
The difference between the deep bass of a man and the
shrill soprano of a woman 1s that in the man the cords
are longer and less tense than in the woman, At the time
of puberty, more especially in the male, the larynx enlarges







































