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44 Human Plysiology

from some part of the preceding one and raise the lever to a
greater height. When the shocks increase more rapidly still,
the individual shocks, visible at first, fuse together into one
continuous curve, the lever having attained a maximum height,
where it remains until the muscle is exhausted if the shocks
rontinue.

A muscle in a state of continuous contraction is said to be
in a condition of spasm or Zfanus. Tetanus may occur as the
result of disease (lockjaw) or be produced by poisons such as
strychnine. A fatigued and exhausted muscle cannot act
owing to the accumulated production of action, and if left to

Fic. 38. —Composition of Tetanus.

Stimuli caused by a spring interrupting primary circuit by vibrating in and out of a
mercury cup ; the vibrationfrequency is increased by shortening the spring.

rest, may recover by the circulating blood bringing fresh nourish-
ment and carrying off the accumulated waste products. Every
contraction of a voluntary muscle in the living body is con-
sidered to be tetanic in character, a sudden jerk being in reality
a tetanic contraction of short duration. A good example of
o clear case of tetanus is seen when a person takes hold of the
handles of a strong galvanic battery in action. Cramp or
tetanus is produced in the muscles of his ﬁnger:s: by the
rapidly repeated contractions in the muscles bending his fingers,
and he cannot let go.

Besides doing mechanical work during contraction, the
muscle produces heat and undergoes an electrical change. In































































































































































The Heart and the Civculation Q7

beyond a certain point diminishes the number ; with diminished rc_!fylfr;lm‘tc_u
in the arteries the heart is accelerated. IHence in !mrn_ml conditions it
has been said that ¢ the rate of the beat is in inverse ratio to the arterial
pressure.’ T _ :

72, The Cardiograph.—This is an instrument by means of which the
impulse of the heart is magnified and recorded on a surface made te travel
at a uniform rate by clockwork arrangement (fig. 73). Its chief parts are :
(1) a tambour or drum, to be applied to the spot }t—‘hcrc the impulse is felt
most strongly ; (2) an air-tight tube connecting this tambour with a second
tambour, so that the impulse on the elastic membrane of the first tambour
is communicated through the enclosed air to the membrane of the second
tambour ; (3) a long light lever resting on the second tambour so that
the lever is free to move and record its movements on a suitable register-
ing surface ; (4) a registering surface, which is usually a cylinder covered
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F1G. 74.—A Tracing from the ‘ Apex-beat’ of Man. (Waller.)

Relation of sounds to contraction indicated below the tracing.

with smoked paper ; (5) clockwork causing the cylinder to'revolve with
a definite velocity, and having a time-marker to indicate seconds, tenths
of a second, &c.

A cardiograph placed on the spot where the impulse of the heart
against the chest-wall is most strongly felt furnishes a tracing of the
impulse very similar to one furnished by placing the instrument on the
ventricular wall of the contracting heart of an animal, in which the chest-
wall has been removed and the beating of the heart kept up by artificial
respiration. The tracing, called a cardiogram, is caused by the pressure of
the anterior surface of the right ventricle near the apex against the chest
wall, and this pressure varies with the changes in the front-to-back dia-
meter of the ventricle, and with the changing position of the heart’s apex
during ventricular contraction and relaxation. Observation and experi-
ment show that the cardiac impulse in the fifth left intercostal space occurs
at the same time as the systole of the ventricle, and the curves or tracing
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106 Human Physiology
the case of a divided vein the blood flows chiefly from the distal cut end —
that end In connection with the capillaries—escaping with but little force
sllirtrtl Dot in jets but in a continuous stream. When an artery is tied or
u;:i,fu]l,::ij'{j]]:LI,-:.t:fliuE:T:T:;-]J[HHL]T l:fj”T t}m .-?'ul:_- _'!'!.— ’E]n: hunrtl, :?_nd the ]}ulﬁﬂ-hﬁ_ﬂl
pay o * lgature, while on the side of the capil-
laries t]lf.‘ vessel becomes empty and shrunk and no pulse is felt, In the
case of ligature of a vein, the vein swells up on the distal side of the liga-
ture, while on the proximal or cardiac side there is collapse unless there is
collateral anastomosis with the vein. No pulse is felt on either side of
the ligature in the case of the vein. These facts not only indicate the
course of t]n:' blood-stream and show that, as regards the capillaries, it is
moving in different directions in the two kinds of vessel, but th:r' also
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Fic. 84.—Portion of a Blood-pressure tracing from the Carotid of a Eabhit. (Waller.)

The small undulations are due to the heart-beat : the larger undulations upon which
they are superposed are due to the movements of respiration. The height above the

zero line 1s one-half of the blood-pressure expressed in terms of mercurial pressure.

indicate a different kind of stream in the vessel and a considerable pressure
on the walls of an artery. The existence of this pressure in the artery may
be illustrated in other ways. If the interior of the carotid artery of a living
animal be placed in connection with a vertical glass tube, the blood nses
by leaps to a height of three feet (in the case of a rabbit), remaining about
this height, called the mean height, with small oscillations corresponding to
the heart-beats. If a similartube be placed in the jugular vein, the column
of blood will be found to be hﬂﬁ"}' an inch h{{_{]l.

A more accurate method of measuring the blood-pressure is found in the
use of an instrument called the manometer, combined with a recording ap-
paratus moving at a definite rate, the whole apparatus being termed a &ymio-
graph or * wave-writer (fg. 83).” The manometer is a |-tube with limbs
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Blood-vessels and Circulation LY3

' 80. Circulation in the Capillaries.— In the capillaries, the structure and
| “distribution of which have already been described, the blood flows with a
| constant and continuous motion, all pulsation having been extinguished by
the elasticity of the arteries and by the far greater sectional area of these
| Uyesscls as compared with the arteries. The motion of the blood may be
i ‘seen under the microscope in the web of the frog’s foot, in its tongue, orin
| the mesentery of such an animal as the rabbit. In the larger capillaries
| two or three rows of corpuscles may be seen moving abreast, the heavier
[ “red corpuscles being in the middle of the stream and the white ones rolling
‘along more slowly near the walls, which are bathed with a layer of plasma,
‘In the smaller capillaries the corpuscles move in single file, sometimes
being squeezed out of shape for a time, and making their way with difficulty
through a channel whose diameter is no larger than that ol the corpuscles.
Though the walls of the capillaries contain no muscular fibres, these vessels
undergo contraction and expansion, probably owing to the activity of the
cells composing their walls, These changes are chiefly due to alternate
contraction and expansion of the muscular walls of the arterioles, which thus
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Fi1G. 88.—Pulse Waves. (Waller.)

admit a smaller or larger supply of blood. Through the thin capillary
Walls a portion of the blood plasma oozes to nourish the surrounding tissue,
dnd in these vessels also occurs a kind ofinternal respiration, or interchange
t!fg'asﬂs_; for the oxygen brought by the red corpuscles diffuses from the
Eapillaries into the lymph and tissues, while carbon dioxide diffuses from
lﬂ;le lymph of the tissues into the blood stream in order to be carried to the
ung, from which it passes into the air. Besides the transudation of a por-
10n of the fluid part of the blood from the capillaries to the surrounding
tissues, and the chemical interchange between the blood and the surround.
Ig tissues, corpuscles pass out, or migrate, from the blood by the pro-
_ aﬁ:rl;{:;—:r;;s the ;fm‘.?r:rf’cw.r (see fig. 58). The escape of white corpuscles
B pasqL i c;:r :'%irmla_l} . lh.mr power of ;ln}n:tmui movement CIII'J‘-‘CLi'?] es them
| Censed Mnf-::%:l E t.n_n r:n]nl]ﬂr?r wall, L-_m!i:;r certain conditions of in-
o, | T—prt_haun, lln_Lhc capillaries, or in inflammation, the migration
2 €licocytes increases, and red corpuscles alsoleave the vessels,
I. Circulation in the Veins.—Three causes combine to propel the
along the veins, in which it moves in the normal mhﬂitinn
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Respiration 129

a surface one hundred times greater than that of the whole
body. It is from the air in these alveoli that the blood obtains
a fresh supply of oxygen, and to the air in the same cavities the
blood gives up carbon dioxide. For supported in the delicate
framework of connective tissue of the alveoli is a close network
of capillaries, the blood of which is only separated from the air

Fi5. 97.—Section of Injected Lung, including several contiguous Alveoli. (F. E. Schultze,)
. Highly magnified. L

, -3, free edges of alveoli ; ¢, ¢, partitions between neighbouring alveoli, seen in section :
, small arterial branch giving off capillaries to the alveoli. The lm:-fn‘m_g of the vessels
1

l:::l either side of the partitions is well exhibited. Between the capillaries is seen the
omogeneous alveolar wall with nuclei of connective-tissue corpuscles and elastic fibres.

by the delicate wall of the vessel and the thin epithelial cells
lining the minute air-cavity. Between adjacent alveoli there is
only one layer of capillaries, the vessels twisting first to one
side and then to the other of the septa which separate them,

88. Blood-vesselsand Lymphatics of the Lungs.— At the root of the lu ngs
the bronchi and pulmonary arteries enter, the subdivision of the pulmonary
arteries accompanying that of the bronchial tubes, The terminal arterial
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I52 Human Physiology

left ventricle, the diminished pressure in the pulmonary vessels
assisting the onward flow ; more blood will therefore be sent
into the aorta to increase arterial pressure. Inspiration
thus aids the circulation, and produces an increase of blood-
tension in the arteries,

During expiration the pressure on the vessels within the
thorax returns towards that of the atmosphere, but does not

Fic. 1o7.—Rabbit. Influence of Respiratory Movements upon Arterial Blood-
pressure. (Waller,)

Showing increased blood-pressure and quickening of heart-beat during inspiration, and
fall of blood-pressure with slowing of heart-beat during expiration.

quite reach it. The blood-flow to the right side diminishes,
and the pressure in the arteries sinks down.

This variation of blood-pressure is shown in the tracing
furnished by an artery, and if we examine a simultaneous
tracing of the thoracic respiratory movements taken by a
pneumograph, by which a lever is caused to descend during
inspiration and ascend during expiration, we find that the
arterial pressure does rise during inspiration and fall during
expiration. But it will be noticed, on comparing the two curves,
that the inspiratory rise begins a little later than the commence-


























































































































































































































































































































































































































































































































































































































































The Eye and the Sense of Sight 363

inner layers. The capillaries unite to form a central vein. lxcept
near the entrance of the optic nerve the two sets of blood supply
to the eyeball are quite distinct.

227, The Formation of an Image
on the Retina.—An eye closely re-
sembles a photographic camera fillec
with water. There is a screen, the
retina, at the back of a darkened
chamber, from which little light can
be reflected to blur the image which
is formed by a lens with a spherical
surface placed in front. A stop or
diaphragm, the iris, cuts off outside
rays which would also tend to mar the
image. The formation of an image by
the eye and by the camera is some-
what roughly illustrated in hgure 233.

For a full account of the formation
of images by lenses and other bodies,
the student must consult a work on
Optics. We will, however, give a short
explanation of the formation of the
retinal image.

As long as rays of light travel
through the same substance or medium,
they proceed in straight lines. When
rays of light pass ebliguely from a me-
dium of low density, as air, into a
medium of higher density, as water or
glass, such raysare bent or refracted to-
wards the perpendicular separating the
two media. Rays falling perpendicu-
larly on the boundary surface of the
media are not bent or refracted. Where
a spherical convex surface is met by ray
of light travelling from a medium of low
density into a medium of greater den-
sity, all the rays falling normal or per-
pendicular to the surface pass without
refraction through the centre of curva-
ture or nodal point. Parallel rays in
such a case are all brought to a meet-
ing- point called the principal focus, and
the distance of the principal from the
boundary surface of the two media
varies with the amount of curvature.
Other rays diverging from a distant
point, and not falling perpendicularly,
are brought to a meeting-point or focus
by refraction at some distance beyond
the principal focus,
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—The Mechanical Parts of the Eye compared with those of a Photographic Camera.
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The Ear and the Sense of Hearing 407

reaction time for three of the senses are given in the annexed
figure from Dr. Waller.
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F1G. 267.—1, time indicated in 3gth sec. ;] 2, perception time for sight “18 sec, : 3, for
hearing *16 sec, ; for touch “14 sec.

Normally the retina is excited by waves of light which
give rise to visual impulses and then to visual sensations.
But the retina may also be excited by mechanical or electric
stimuli with resulting visual sensations, and it is also said that
the excitation of the optic fibres themselves always produces
visual sensations, though this last statement is doubted. Hence
has arisen a view termed #e specific activity or energy of neryes,
which holds that any impulse in a sensory nerve, however
excited, will give rise to a sensation specific to that nerve ; that
impulses, e.g. of all kinds along an optic nerve give rise to
visual sensations, along the auditory nerve to auditory sensa-
tions, and soon. But the direct stimulation of the optic fibres
is said by some observers not to produce visual sensations, and
in the case of the skin it is certain that the direct stimulation
of the nerves gives rise to no touch sensation, but rather to
painful sensation, so that it would appear that the development
of a special sensation must be started in the special terminal
organ.

It is admitted, however, that stimulation of the various
centres by any means gives rise to the specific sensation of the


















































































































