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The General Build of the Body. 23

upper end is closed by the first short pair of ribs and the
muscles and vessels in the root of the neck. Below, the thorax
is wide, and has for its floor the diaphragm, a thin sheet of
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FiG, g.-—The viscera of the trunk {thorax and abdomen), seen from behind. The various
viscera are indicated by their names. 1, a ligament (the sacrosciatic) passing
from the sacrum to the ischium across the opening from below into the pelvis;
]z, the obturator foramen ; 3, a ligament ; 4, psoas muscle in loin ; 5, lower margin of
ung.

muscular fibres springing from the outside margin of the thorax
and passing upwards and inwards to a central tendon. The
diaphragm thus forms an arched partition, convex above and
























The General Build of the Body. 31

case of the separate glandular masses lying away from the canal
and connected with it by comparatively large ducts, the secret-

ing cells of the gland
are confined to the blind
tubes, or acini, while
the tubular passage
forming the duwet lead-
Ing to the surface within
the alimentary tube, is
lined by simple non-
secreting epithelial cells.
Such a duct is the tube
leading from the pan-
creas 1into the duode-
num ( Fig. 103).

18. The Nervous
System.—An impor-
tant part of the body is
known as the nervous
system. The chief por-
tion of the nervous
system 1s termed the
cerebro-spinal sys-
tem, and consists of
the brain and spinal
cord, with nerves con-
necting the brain and
spinal cord with the
muscles and the organs
of special sense (eyes,
ear, tongue, nose, skin).
The brain occupies the
cavity of the cranium.
It is divided into cere-
brum, or large brain,
and cerebellum, or
small brain, The brain

FiG. 13.—General view of the nervous system. a,
cerebrum in two hemispheres; 4, cerebellum -
¢, spinal cord, with spinal nerves passing to all
parts.

consists of white and grey nervous matter arranged in definite




































The Skeleton or Bony Framework. 43

(d) Two small lachrymal bones in the inner part of the orbit
of the eyes, each grooved for a duct that leads tears from the eyes
into the nose.

(¢) Two inferior turbinate bones, one in each nostril chamber
above the hard palate.

F16. 21.—Under surface of the skull, showing its various bones, the bony prominences
and the foramina (holes) for blood-vessels and nerves. 1, palate plate of the superior
maxillary bone; =z, palate plate of the palate bone; 7, vomer bone between the
openings of the hinder nostrils; 2, jugular foramen; 14, entrance to ear; 1s,

enoid fossa ; 19, condyle of occipital bone ; 20, is placed in the foramen magnum.
From Quain's ** Anatomy.”")

(/) One small vomer bone, forming a middle partition in the
nasal cavity.

(¢) Two malar or cheek-bones, forming the prominences of
the cheek and sending an arch (the zygomatie arch, or zygoma)
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The Skeleton or Bony Framework. 3

dark spaces called lacunee, from which the lines radiai2 (sce
Fig. 28). In the living bone minute blood-vessels and nerves run
in the Haversian canal, and these communicate externally with
the periosteum, and internally with the marrow. The lacunz are
spaces between concentric cylindrical lamina, or sheets of bone
fitting into one another round the Haversian canal, In life the

Fi6. =z7. — Diagrammatic
representation of the
lattice - work in the

spongy head of a femur Fic. z8.— Minute structure of hone. Section
cut longitudinally. The parallel to the surface from the shaft of the
lichter outside portion femur magnified one hundred times. &, Haver-
indicates the outer com- sian canals; & and ¢, lacun=. (From Gray's
pact layer of bone. “ Anatomy.’)

lacune are occupied by bone-cells, The radiating lines from each
lacuna are very minute channels, by which fluid that has exuded
from the vessels in the Haversian canal can reach and nourish the
surrounding bone. A ¢ross-section of compact bone under the
microscope shows the cut ends of the Haversian canals, and the cut
ends of the several concentric laminated tubes or sheets of bone
surrounding them with the lacuna between the sheets and the
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The Heart and the Circulation of the Blood. g3

pericardium is a little pericardial fluid, which allows one layer
to move on the other without friction. The pericardium 1s
attached below to the diaphragm, while bands of fibrous tissue

F1G. 63.—Front view of heart and lungs. (From Gray's ** Anatoniy.”)
(Arterial blood red, venous blood blue.)

from the neck join it above. These attachments assist the
great vessels in keeping the heart in place.

52. Description of the Heart and its Action.—
Before giving a somewhat full description of the heart, the
following short account of the organ will serve as a useful
introduction. The heart may be regarded as a double organ,


















The Heart and the Circulation of the Blood. 99

rang down into the ventricle when the heart is empty. During
‘he svstole or contraction of the ventricle, the segments of the
valve are driven up towards the auricle so as to meet, :Lnf_llllms
prevent the blood returning into that cavity. The tendinous

FiG. 67.—Interior of right auricle and ventricle, their front walls being removed. 1,
superior Vena cava; 2, inferior vena cava; 2/, hepatic veins; 3, right auricle; 4 and
4 on the septum or division between right and left side of the heart; 4/, a papllary
muscle; s, 5/, " segments of the tricuspid valve attached by chorda tendinex to
papillary musele ; 6, in pulmonary artery just above semi-lunar valves; 8 and 7, on
aorta; g, placed between the innominate and left common carotid artery; 1o,
appendix of left auricle; 11, 11, front edge of outer wall of left ventricle. (From
Quain'’s * Anatormy.")

chords, or chordee tendines, attached to the free margins of the
flaps, through the contraction of the papillary muscles, to whicli
these chords are attached below, keep the valve from yielding too
much towards the auricle. Three semi-lunar valves guard the



100 Elementary Practical F hysiology.

orifice of the pulmonary artery, which takes its rise at the upper
and left angle of the right ventricle. These valves consist of three

F1G. 68.—The left auricle and ventricle opened and a part of the wall removed so as to
show their interior. (Allen Thomson). 3. The commencement of the pulmonary
artery has been cut away, so as to show the aorta ; the opening into the icg ventricle
has been carried a short distance into the aorta : and part of the auricle with its
appendix has been removed. 1, right pulmonary veins cut short ; 1, placed within
the cavity of the auricle; 2, a narrow portion of the wall of the auricle and ventricle
preserved around the auriculo-ventricular orifice : 3, 3', cut surface of the wall of the
ventricle ; 4, a small part of the wall of the left ventricle which has been preserved.
with the left papillary muscle attached to it; 5, 5, right papillary muscles ; ', the
left side of the septum of the ventricles ; 6, the anterior or aortic segment, and [
the posterior or parietal segment of the mitral valve; 7, JJ:ul:h':al.rud in the interior of the
acrta near its commencement and above its valves ; 7, the exterior of the
aortic sinus; 8, the upper part of the root of the pulmonary artery and its valves :
&', the separated portion of the pulmonar}r trunk ; 1o, the arteries arising from the
aortic arch. (Frome Quain's Y Anatomy.') 3
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The Organs and Processes of Respiration. 139

and front part of the pharynx. The Gpenin_g ilfll{: the larynx is
guarded by a leaf-like lid—the epiglottis, which is attached tIIElDW
to one of the cartilages of the larynx, but is free above. [nordinary

O pening af
Naral duct.

Hristie
Jassed Srongh
Stenson's diwct

F1G. 85.—The mouth, nose, windpipe, and gullet seen in section.
(From Gray's ** Anatomy.””)

breathing the epiglottis stands upright, leaving the entrance to the
larynx free, but during swallowing it is brought upwards and back-
wards, so as to close this entrance and prevent food and drink from
passing into the larynx (Fig. 105). In the cavity of the larynx are
























The Organs and Processes of Respiration. 147

forms an arch convex to the thorax and concave to the abdomen,
Above, there is attached to it the pleura and the pericardium,
and below it is covered by the peritoneum. The central part
of the diaphragm is formed of a sheet of tendon, from which
broad sheets of voluntary muscle run outwards, to be attached
in front to the sternum and to some of the costal cartilages, at

FiG. g1.— View of diaphragm, showing its convex upper face in front and concave under
face behind. 1, 1', and 1", the tendinous centre; 2 and 3, pillars cf the diaphragm ;
4 and 6, muscular sheet passing to ribs in front; 5, hinder lower surface; 7, section
of ‘posterior muscle ; g, section of eighth rib; 1o, costal cartilage ; 11, descending
aorta: 12, esophagus drawn aside ; 13, left vagus nerve; 14, lower vena cava;
D i, seventh dorsal vertebra; Liir, third lumbar vertebra. (Frome Testut's
“ dAwatomie.”)

the sides to the ribs, and behind by two strong muscular bands,
called the pillars of the diaphragm, to the bodies of the Tumbar
vertebrae. The whole organ thus completely separates the
cavity of the trunk into two portions. Various tubes pass
between thorax and abdomen, as shown in Fig. gx. When
the muscular fibres of the diaphragm contract, their origin on
the walls of the trunk remains fixed; but, since the fibres
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Organs and Processes of Digestion. 177

front of the ear, and behind the angle of the jaw. A tube or
duct (Stenson’s duct) from each parotid gland opens on lhc
inner surface of the cheek. Two submaxillary glands lie

under, and their ducts open beneath the middle of the tongue.
Two sublingual glands lie in the floor of the mouth beneath
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Fi6. 104.—The salivary glands. Onre side of the lower jaw has been removed, and
the face dissected, in order to show the salivary glands of the right side. (From:
Gray's ** Anatomy.”)

the tongue, and open by several ducts under the tongue.
The taste, smell, or even sight of food leads to a flow of saliva
into the mouth, for the sensory impulses aroused by these
sensations pass to a certain part of the brain called the spinal
bulb, and from this nerve centre other impulses pass to the
glands, causing their cells to secrete more actively. At the
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Organs and Processes of Digestion, 189

intestine above its blind part is called the ileo-ceecal valve, as the
projecting folds of mucous membrane serve to protect from backward
passage.

The mucous membrane of the large intestine differs from that
of the small intestine in having no
valvulee conniventes, no villi, and
no Peyer’s patches. It is lined with
columnar epithelium, and is beset
with numerous simple tubular glands
that secrete a mucous discharge.

Most of the digested food is ab-
sorbed in the small intestine, so that
a semi-fluid mass is left to pass
through the ileo-cazcal valve. A
small portion still absorbable is
' taken up by the large intestine,
which also absorbs water. The con-
tents of the large intestine thus be-
come a firmer mass consisting of
indigestible parts of the food, some
constituents of the bile, and parts
of the digestive juices not absorbed.
What is thus left becomes the ex-
crement, or feseces, and is forced

Fic. 113.—The ileo-caecal valve. a,

along by the peristaltic contractions ileum ; 4, ascending colon; ¢,

mtestin: : c*s.r:um a’ junction of the cze-

of the mtcstmf:l wall. It collects in S R i e T

a curved pOI’tlDl’l of the ]HI‘gE bowel t;_o]d‘-. of thﬁ Im_llcuu.'; meinhr']:.ue

F ~ ormi the ileo-cecal wvalve:
IleEt above the I'ECTLUITI, until uneasy £ vt:rr:'flfnrm appendix.

sensations lead to its expulsion at

the anus. The excrement, therefore, contains, not the waste products
of the body’s oxidation, but the refuse of the food, as woody fibres and
fibres of gristle, besides remains of the digestive juices that cannot
be again used, cast-off cells from the intestinal mucous membrane,
and even parts of food that, owing to their size or hardness, have
escaped digestion. We find, also, products of bile decomposition,
and to this last the excrement owes its colour, Its unpleasant smell
is not the consequence of the digestive processes, for, in spite of the
disinfecting action of bile, processes of decomposition, and putre-
faction are set up in the last part of the intestine by the agency of
microscopic living creatures called baeteria, or micro- -0rganisms—
agents which are the cause of decay and putrefaction everywhere,

119. Summary of Digestion and Absorption.—We



















































206 Elementary Practical Physiology.

looking than the medullary, and forms not only the outer layer
of the kidney next its capsule, but forms columns that fill in the
spaces between the pyramids for some distance. Five or six

FIG. 120.—Vertical section of right kidney parallel to its two faces. 1, cortical substance ;
2, malpighian pyramids with (27) papill=; 3, cortical substance between the
pyramids ; 4, pelvis or dilated end of ureter with (5) the calyces of the pelvis into
which pyramids project ; 6, 6, ends of papill® situated in front of the section; 8:and
8', renal artery ; g, renal vein ; 10, ureter.

pyramids are usually seen in section on cutting a kidney
through lengthway. There are others not seen in section in
front and behind. A human kidney has about twelve pyramids
on the average, and the sheep’s kidney about the same number.
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Sensation, Touch, Taste, Smell. 251

the papille of the tongue are much larger and more distinct
than in the skin, the epithelium covering them follows their
outline and serves to throw them up. (Examine the upper
surface of a friend’s tongue with a lens.)

The papille of the tongue are of three kinds, (1) At the

Fic. 143.—Upper surface of tongue. 4, root of tongue passing to hyoid bone, c3
£, branch of ninth cranial nerve (glossopharyngeal nerve); / branch of twelfth
cranial nerve to muscles of the tongue; g, branch of fifth cranial nerve (taste);
%, circumvallate papillze ; 7, fungiform papillae ; &, filiform papillae.

back of the tongue are ten or twelve eircumvallate papillee,
arranged in two rows in the form of a V with the point backward.
These are the largest papille, = to 55 of an inch wide. Each
circumvallate papilla is a roundish projection with a trench and
wall (zalfum) around it. The dermis part of it is formed of
dense connective tissue supplied with blood-vessels and nerves,
















































The Eye and the Sense of Sight. 267

the lens than at first. In this case, too, the 1mage will be
smaller, We thus learn that—

(1) A convex lens will form an inverted image of @ luminous
object ; (2) the nearer an object is to a lens, the grealer must be the
aistance of the screen to receive a clear image, and vice versa.

Now, obtain a convex lens of the same size, but thicker in the
middle, z.e. with more convex surfaces. Repeat the above
experiments, and notice that the distance behind the lens at
which the distinct image is formed is less than in the preceding
experiments with the same distance of the candle. This is
because such a lens is stronger than one whose convexity is
less, that is, it exerts a greater bending or refractive power on
the light rays. We may thus learn that—the more convex a
lens 1s, the shorter is the distance behind at which the sharp
image of an object is produced.

In daylight, rays of light are reflected from every point of an
object in all directions, for each object in the light is illuminated
by receiving, either directly or indirectly, sunlight upon it. An
arrow or pencil, for example, gives off such reflected rays, but we

OBJECT

PHOTOGRAPHIC CAMERA

Fi1G. 156.—Formation of an inverted image on the screen ut the back of the dark
chamber of a camera. (From Pawl's ** Domestic Econony.”)

Cannot see the image formed by a lens of such an object, if the
screen itself is in the light. We can arrange, however, to have the
screen in a camera obscura, or dark chamber. This is the prin-
ciple of a photographer’s camera. It consists essentially of a box
blackened inside, fitted with a convex lens placed in a movable
tube in front, and having a movable ground-glass screen behind.
A diaphragm, or stop, in front of the lens cuts off the side rays so
that only those passing through the centre of the lens pass onm.






























The Ear and the Sense of Hearing. 257

174. The Middle Ear, or Tympanum.—The nmld_le
ear, or tympanum, is ‘a cavity, lined by mucous ;nenﬂ}ranu? in
the dense portion of the temporal bone of the skull. - As just

stated, it is separated from the outer ear by the tympanic

membrane. This is an almost circular fibrous membrane,

about % inch in diameter, which is attached at its circumfer-

ence round the end of the external auditory canal. Above,

FiG. 164.—Outer ear, middle ear, and parts of the inner ear. g, external auditory
meatus ; ¢/, membrane of tympanum; p%, cavity of middle ear or tympanum;
&, hammer; a, anvil; 5, stirrup with foot-plate against fenestra ovalis; de, bony
semicircular cavals ; @/, vestibule; =44, scala vestibuli of cochlea; 247, scala
tympani of cochlea ; #/, fenestra rotunda ; of, Eustachian tube ; o5&, bone in section.

the tympanic cavity is separated from the brain by a thin piece
of bone; below, on the inner side, is a tube about 1l inch.
long, called the Eustachian tube. This tube leads into the
pharynx, and in this way the tympanic cavity or cavity of
the middle ear i1s kept in communication with the air. On
the mner wall of the cavity of the tympanum are two small
openings, closed by membrane, which communicate with the
internal ear. The upper opening is called the fenestra
ovalis (oval window), and the lower opening is the fenestra
rotunda (round window) (Fig. 165).













































202 Elementary Practical Physiology.

The average length of the vocal cords in men is |7; of an inch,
and in women 4% of an inch, while the space between the cords,
called the glottis, is about 4 of an inch in width when wide open.
In youth there is no difference between the larynx of the male and
the female ; but at a certain age a boy’s larynx enlarges, and the
voice * breaks,” or becomes deeper in pitch, with the increase in
length of the vocal cords.

184. Muscles of the Larynx.—The muscles of the larynx are

arranged in two sets, called extrinsic and intrinsic. The first set

Fic. 176.— Posterior muscles of the larynx. 1, posterior crico-arytenoid ; 2, arytenoid ;
3. 4, oblique fibres passing round the edge of the arytenoid cartilages to form 5

the muscles which connect these cartilages with the epiglottis, (From Quain's
“Anatomy.'"

seems mainly to elevate or depress the whole organ. At the instant .
of swallowing, for instance, the larynx is drawn upwards and for-
wards under the root of the tongue, just as the epiglottis is made
to fall down and close the entrance to it. The intrinsic muscles
serve mainly to move the cartilages, and so to regulate the position
and tension of the vocal cords. These muscles are named accord-
Ing to their positions and connections, and are for the most part in
pairs. Thus, a erico-thyroid musecle arises on each side from the
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