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V1 PREFACE.

The Editor has introduced some additional woodcut
and has appended a few notes, which it is hoped w
increase the utility of the work.

The Editor thinks it right to state that the prese
translation was advertised for publication several montl
before any translation of M. Matteucei’s work appeare
in the medical journals.
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X LIST OF THE WOODCUTS.

Figures.
20. Three views of the human larynx - - -
21. Horizontal section of the right human eye - -
22, Diagram illustrative of the refraction of light by the eye
23. Diagram explanatory of Sturm’s hypothesis of vision at

different distances - = a 5 =
24.* Front view of Wheatstone's Stereoscope - -
25.% Plan of Wheatstone's Stereoscope - - -

26.* Figures as seen in the Stereoscope - - -
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2 INTRODUCTION.

by the great benefit you will derive therefrom.
perhaps the first time that a course of lectures,
this name, has been introduced into medico-physicall
cation. We have no work which treats exclusivdf
this subject: the germs, indeed, are scattered herg
there, but hitherto they have never been viewed i
light most favourable for their development.

teacher usually finds it requisite to give an exac
finition of the science he is about to treat of, to

and programme of his course,—assuredly the necd
for such preliminaries was never more obvious th
the present instance.

General Properties of Living Beings. — Living b
are endowed with the general properties of all n
bodies. The most ultra-vitalist never dreamt offfe-
nying that living organised matter is extended,
penetrable, divisible, and porous. How can we be
that caloric, electricity, light, and chemical affinity
on these beings in a manner entirely different from

nature?

Yet you will find in some much-esteemed work
Physiology, tables of the differences between, and
of the presumed opposite characters of, organic andj-
organic bodies. I should enter into a long and usfgs
discussion, were I to attempt to demonstrate to






4 INTRODUCTION. LecT.

brane; they are hard and shrivelled. One might sup
pose that they never could have formed any part of a
organised body ; yet, if we plunge them into water, 1
will be seen that, in proportion as they imbibe moistur
they become soft, supple, and elastic, and assume tha
condition which, in the living body, fits them for ful
filling those functions for which they were ordained.

FElasticity. — Elasticity belongs to living beings as
well as to other bodies of nature. Here are pieces o
intestine and of artery ; I can stretch or compress then
more or less as I please. If I open this stop-cock,
which is fixed to the trachea, you perceive that the lung
collapses ; whilst it swells up and expands again when I
force air into it. Do not imagine that these different
organs could fulfil their respective functions without the
elasticity of the parenchyma of the lung, of the intes-
tine, or of the artery. Destroy this, and these functions
are stopped, or at the least they are altered.

Gravity. — Gravity acts upon the solid, liquid,
and gaseous parts of living beings, as on all other
natural bodies. We could never explain the functions
of respiration and absorption if we did not take into
consideration the physical propertics of the solids,
liquids, and gases of the economy, and their conditions
of equilibrium.

Caloric.— Apply a sufficient degree of heat to an
organic body, and you will observe the evolution of
gas, the disengagement of. aqueous vapour, and the com-
bustion of carbon and hydrogen in the air, producing
carbonic acid and water. If at first the heat frequently
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6 INTRODUCTION. Lecr. |B¥

the positive pole, where oxygen and a frothy acid liqu
are set free; hydrogen appears at the negative pol}
along with an alkaline liquid. |

Light.— With regard to the luminous rays, no one cajf
be ignorant of the fact, that in traversing the humoun
of the eye they deviate from a right line, sometimdfi
diverging sometimes converging, according to the difi§f
ferent density of the humours and the conformation c
the parts which contain them, as in a dioptric inst
ment.

Affinity. — Let me add, that the elements of whick
human beings are composed are always obedient to th |
general laws of affinity ; the chemist can recognise anc
separate them by the ordinary process of analysis)
Subject them to the influence of chlorine, bromine, o
lodine, and hydrogen will be the first element whicli
will be separated to combine with these metalloids and
form hydracids.

All oxidising agencies, when tolerably energetic, con|
vert organic matters into acids,

Phenomena of Living Beings. — From these considera
tions are we to conclude that all the phenomena of living]
beings are explicable, by the general properties which
belong to them in common with all the bodies of nature,
and by the sole action of the great physical forces, ealorie,
light, electricity, and attraction? Such an inference
would be as far from the truth as the conelusion of those
who have denied and still deny these general properties
to living beings, and who regard them as entirely
beyond the influence of physical agents.




2 ORGANISATION. 7

- Examine those phenomena of living bodies, which, if

II may be permitted so to call them, are the most phy
ssical, the most chemical, and you will find considerable
idifferences in the mode of action of physical and che-
imical agents in the organism,—differences which are
mexplicable in the present state of our knowledge of
ithe laws governing these forces. Does not the pheno-
yimenon of vision itself, which may be termed a purely
physical phenomenon, present peculiarities which re-
imain up to the present moment unexplained? If the
llatest discoveries in science enable us to account for
the distinctness of vision at all distances, and the ab-
ssence of colour on the edges of the image, how, by the
fiaid of physical laws, can we explain the perception of a
ssingle object in its natural position, by a double and
inverted image? What could we not say of hearing
and the voice, which are simply effects of some particular
ivibrations of the air, propagated by solids, according
o the general laws of acoustics? To questions such
15 these, science can give mo completely satisfactory

ADNSWeT.
Organisation.—The chemieal action of light, which de-
ficomposes carbonic acid, carries the carbon under theform
of new combinations into the interior of vegetables, dis-
rengages the oxygen, and thus produces what the most
#powerful chemical affinities cannot accomplish, is cer-
tainly different from that which decomposes some oxides
fand metallic chlorides, an effect for the production of
§owhich the feeblest chemical actions are sufficient. Apply
an electric current to the nerves of a living animal, and
B 4




8 INTRODUCTION. Lecr. |

the pecubarity of the resulting phenomena will proy
to you the immense difference which exists betwee
the effects of the great forces of nature, according 4
the body in which they occur is living and organisec
or inorganic and dead.
What, then, is the cause of these extraordinary differfie
ences 1n the modes of action of physical agents on livin :
|

&
% I-

i

il

i
beings and on other bodies of nature? Here is a primarjji
question of the highest importance, and one to which th{fis
existing state of our knowledge furnishes no satisfactory
reply.. But let us not, on that account, abandon the analo I
gies which the physical sciences offer us; a ray of ligh
which penetrates a piece of glass or a body of wate
m an oblique direction, deviates from the straight line
whilst, on the contrary, if it fall on a crystal of ecar
bonate of lime (calcareous spar) it is split into twd|
other rays, each of which deviates from the direction off§
the primitive ray, but in unequal degrees. The caus 1 |
of the difference of these phenomena resides in the dif i
ference of physical structure existing between glass ang

crystallised calcareous carbonate, and perhaps also iu
the different chemical nature of their molecules. These
modifications of the luminous ray, however, arise mnre :

from diversity of structure, or the peculiar arrangement |
of the molecules, than from differences of chemicall
composition. Indeed, we know that glass acts differ-}
ently upon rays of light, according as it is more or less |
compressed in different directions, without its chemical
composition undergoing any change. |
Who could confound an organmised being with an

|




LEcT. L ORGANISATION. 9

morganic body? In these groups of closed vesicles, of
lifferent dimensions, united and disposed in an irregular
fnanner, there is assuredly something essentially different
irom a mass of polyhedral particles, composing a crystal.
o say, with some micrographers, that organisation is
srystallisation effected in a liquid which the first formed
fdorystals imbibe, is equivalent to admitting that the
fitructure of a stalactite is identical with that of the lungs
nd the liver. Molecules, composed of at least three
gllements, into each of which a great number of element-
iry atoms enter, must necessarily form chemical systems,
vhose affinities differ from those which are possessed by
nolecules chiefly composed of two elements, and in
wwhich the number of elementary atoms is smaller. And
f the general chemical actions, by showing us that com-
imnations become weaker in proportion as the number of
Phe elementary atoms increases, are sufficient to explain
‘he tendency of organic bodies to resolve themselves
nto more simple combinations; if chemistry furnishes
us with many instances of this same tendency in some
worganic  compounds, whose composition has many
pmalogies with that of organic bodies, it is not, there-
pore, to be inferred that the laws of inorganic chemistry
fre sufficient to give us a complete explanation of all
phe chemical phenomena of life. We must then con-
Plude that organisation and the molecular structure of
ving beings effect important modifications in the action
§ £ physical and chemical agents.
- detions of Contact or Catalysis,— We must not, how-
ver, omit to add that each successive day increases the




|
i
|
d
|

10 INTRODUCTION., L

number of a particular class of chemical phenomeff
whose explanation is impossible by the ordinary laj
of affinity only; I refer now to actions of contact
eatalysis. In the greater number of these we find th
a substance, usually in very small quantity, excites
other compounds, without itself undergoing any mo
fication, considerable changes either of chemical cox
position or of physical properties. To this category
phenomena belong the various kinds of fermentatiol
We shall find that the number of catalytic actions
living beings is immense. Admitted. We can alf
produce them in our laboratories ; they are of the saniff
nature as those which platinum black effects on a mid
ture of hydrogen and oxygen, and which finely dividd
silver produces on peroxide of hydrogen. |
Cell-life.—I ought here also to mention a fact of inj
portance which I shall have occasion hereafter to spea
of more fully. The cell is certainly the elementa
organ, the molecule of organic bodies. We can now bil
the aid of the phenomenon of endosmose alone, effecte
entirely under the dominion of physical forces, explai
the mechanism of cell-life; we can tell how the ms
terials necessary for nutrition are able to penetrate th
cell, whilst others are eliminated. We shall 2o ove)
together an extensive series of physiological facts, @
which endosmose has furnished the explanation.
Vital Phenomena not completely explicable.— We may
also add, and we intend to demonstrate the fact to you
that light, heat, and electricity are produced in living

beings, by the same physico-chemical actions as those

IR
|




oT. . VITAL PHENOMENA NOT EXPLICABLE. 11

which take place in inorganic bodies, and that they offer
the same results. DBut, with the aid of this know-
ledoe and of these analogies, dare we hope to obtain a
complete explanation of all the phenomena of living
beings? For the present, at least, this would be a vain
ihope.

Open an animal, examine its kidneys and its liver,
and then ask yourselves by what physical force you can
explain how the blood, which is carried to an organ,
iforms bile and urine. Can we, by having recourse to
iemical affinities, however modified, and aided by the
speculiar structure of the organs, and even also by the
wctions of contact,—can we, I will not say compre-
aend, but even obtain a glimpse of the way in which
the various organs effect the separation and transforma-
fiiion of the constituent parts of the blood, in which all
ithe organic elements are mixed, partly suspended, partly
P lissolved, and of which they have need in order to
‘epair their continual losses? What can we say of the
§ unctions of the nerves and generation ?

Conclusions. — We conclude, therefore :—

Ist. That living beings have the general properties of
the bodies of nature; that these properties are in-
luential in the production of the phenomena proper to
‘hem; and that, consequently, we must not neglect or
lisregard them when we attempt to explain these phe-
§10mena.

2dly. That the great physical agents, caloric, light,
1 lectricity, and molecular attraction, act on living beings
#'s well as on all the bodies of nature, and that their
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12 INTRODUCTION. LEecT.

action must necessarily be influential in the productioff
of the functions peculiar to these beings. |

3dly. That these forces, when acting on organised
matter, sometimes have their general mode of actioy
modified, and that this/difference is owing to a diversit;
in the structure and chemical composition of organised
bodies.

4thly. That there are also in living beings phenomen
which we call vital ; that these are numerous and o
the highest importance, and that, in the present stataj
of science, we are unable to explain how their produ
tion can be influenced by physical agents, though th
action of these be modified by the organism. This igg
the reason that we have a study, — a science whose ob+
jeet is the physico-chemical phenomena of living bodies;|#
as there 1s one for experimental physiology. The inti-jt
mate and necessary connection is found in the third{§#
class of facts which we distinguished. Organisation il
modifies the action of physical agents, and the study of
these modifications requires the co-operation of physics
and experimental physiology. Do not forget that we
have formed a fourth class of phenomena of living beings,
which we have called vital. I term them wtal pheno-
mena not vital forces, and indeed the difference is truly
vital. - '

If Newton had called the force which rules the won='
drous system of the celestial machine merely attractiony
or attractive force, his name would long since have
fallen into oblivion; but by demonstrating that attrac
tion is exercised in the direct ratio of the masses, and i
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14 INTRODUCTION. LecT.

Precision of Language.— In these lectures I prof
pose to myself another, and not less important, object |
it is to introduce, in the exposition of physiologicay
facts, and in the investigation of their laws, that preci
sion of language, that exactitude of expression, thaj
rigorous method, which are too often discarded in thg
study of physiology and of medicine, and which havd
hitherto been almost exclusively characteristic of thé
physical sciences. |

Every advance in this direction, however slight i
may at first appear, will in fact be of great importance
to physiology ; it will be a certain conquest gained, sincef
it will be founded upon knowledge, independent of the
science of the orgamism, and of which the bhases will
be established and supported on physical theories, each

proposition of which has been rigorously demonstratec
~ by experiment.
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16 CAPILLARITY.

exhalation without considering the part which 1s pla}r
by capillary attraction, imbibition, and endosmose,—ph{
nomena which, as we already know, can be exercised E
inorganic bodies. The importance of studying these t
functions is so great, that I purpose devoting the who}
of this lecture to the examination of the purely I}]J}rsic
phenomena of capillarity and imbibition ; in order th |
by means of the information thus communicated, yaj§
may be enabled to judge what part they play in .:

functions of absorption and exhalation. j
Capillarity. — As I purpose to confine myself to ! -.

|

g |
i
|

simple detail of facts, I shall here state, in the form ¢
propositions, the principal results, drawn from obseryf#
ations, of the phenomena of capillarity. '

1st. When a body is plunged into a liquid, the lattel
is either elevated or depressed around the solid, |
presents, at its point of contact with it, a concai#
or a convex surface, according as it is either elevatelllt
or depressed. In the first case, the immersed body
said to be wetted or moistened, as when glass is intrg
duced into water; in the second case, of which tHilk
immersion of glass in mercury is an example, the so
does not become moistened, | L

2dly. When we plunge two bodies sufficiently nedt:
to each other into a liquid, the latter is either elevate
or depressed between them, according as they are 1-_
are not moistened by the liquid. It is requisite thafs
the two bodies should be so near to each other that
two curved surfaces formed by the liquid may toucli¥f |
The elevation or depression of the liquid above ot

- Ly




2 XL LAWS OF CAPILLARITY. 17

low its level, is in the inverse ratio of the distance of
te two bodies from each other.
! 3dly. If we plunge, into a liquid, a glass tube open
| both extremities, the liquid rises or falls in the tube,
1d the effect 1s greater in proportion to the smallness
* the bore of the tube. If we compare the elevation
+ depression which takes place in a cylindrical tube,
iith that which is observed between two glass plates
wparated from each other by an interval equal to the
‘ternal diameter of the tube, it will be found that the
sevation or depression in the tube is twice as great as
at between the glass plates. The liquid rises and
Ilheres to the glass or moistens 1t; on the contrary, it
!ls in the tube, if the liquid be not able to moisten it.
! In a tube of 1 millimetre [about ;% of an English
'.ch] in diameter, the water rises 30 millimetres [about
L English inches]; and mercury falls 13 millimetres
wbout } an English inch.] It will be readily admitted
nat capillary actions must exercise great influence
rer the functions of the tissues of animals and vege-
‘bles, when we reflect that the interstices and the capil-
1y tubes of the tissues have a diameter of from 15 to
L5 of a millimetre [about the ;35 to about - of
1 English inch. ]
 4thly. The concave surface of the elevated liquid,
ad the convexity of the depressed liquid, belong to
* hemisphere whose diameter is equal to that of the
the,
- 5thly. If a drop of water be introduced into a conical
lags tube [held in a horizontal position] it will run to
C




18 MOLECULAR ATTRACTION. Leer.)

the narrower end; but if a drop of mercury be in
duced, it will, on the contrary, run to the wider end. |
6thly. The phenomena in question are entirely iJI
pendent of the volume of the solid body plunged ;
the liquid, and consequently the thickness of the sid .
of the capillary tube, in which they are observed, )
without influence on them. i
7thly. These phenomena occur equally in air at t |
ordinary pressure, in condensed or rarified air, in
vacuum, and in any gaseous medium.
8thly. All bodies, of whatever nature, irield, if 8
ceptible of being moistened, the same results, provid
that before immersing them in the liquid we ,
layer of it adhere to them. I
Ithly. For the same liquid, and with the same tul}
the elevation or depression of the interior liquid columh
1s in proportion to the temperature of the liquid, and [k
a greater ratio than that of the diminished density
duced by the heat. _ o
10thly. The elevations and depressions of which
have just now spoken, are 1adependent of the density [#
the liquids. Thus, if we represent by 100 the elevatid!
of water in a tube, that of alcohol will be 40, that |
the volatile oil of lavender 87, and that of a saturate
solution of common salt 88. : |
L1thly. Two bodies within a certain distance of eac
other, and floating upon o liquid, mutually attract ead

other and adhere, provided that both or neither of the
be susceptible of being moistened,

: If one only be su:
ceptible of being moistened, they re

pel each other.



LT 11 THEORY OF CAPILLARITY. 19

4 s principle we explain the tendency possessed by
Wall light bodies floating on water, to approach the
'$-es of the vessels containing them.

#12thly. Whatever be the height to which a liquid

# cs, it never flows over the upper opening of the ca-

B lary tube. This indeed is a necessary consequence

| the facts already stated. For it must be remembered
it the surface of the column of liquid elevated in the

'8 be is always concave outwardly. Hence 1f we pour
iter Into one leg of a bent capillary tube until the
‘umn terminates by a surface at first horizontal, then

Wavex outwardly, it will be found that the other
umn of liquid remained concave, and is constantly
we elevated than the other. Thus then, in the

#enomena of capillarity, a force of depression is de-

#iloped when the surface becomes convex. Do not

®opose that the water which drips from a wick of

W ‘ton moistened with this liquid, and of which one

# 1 is bent downwards, does so by reason of capillarity;
* we have only to hold the wick horizontally, and the
‘charge immediately ceases.

& Theory.—1 cannot dwell on these phenomena so far
to give you the theory, which belongs entirely to the
‘main of the highest mathematical analysis. The ex- it
simental results which I have adduced are sufficient '
‘prove that the phenomena depend on that force which
- call molecular attraction— a force which is exerted
sween the molecules of the solid and those of the liquid,
I between those of the liquid itself, and which ceases to

o 2
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20 MOLECULAR ATTRACTION. Lecr. ILIR

il act immediately the smallest [appreciable] intervals |
separate the molecules.
To avoid any false application of the phenomena of
capillary attraction to the animal economy, it must be
Eil constantly borne in mind that a space completely filled’
s with liquid is incapable of exercising any capilla:
nfluence; that the action of a capillary tube on liquids
is due, less to the substance of the tube, than to the !
nature of the liquid with which its inner surface sk
moistened, and, finally, that liquids never overflow the Ik
iy upper aperture of the tubes in which they are elevated i
by the mere agency of capillarity.
Imbibition.— The phenomena of Imbibition, of Hy- 1k
groscopicity, &c. are generally of the same nature as the
preceding, and depend on the same force. A piece of!
i sugar, a wick of cotton, and a cylinder of sand, of ashes |
or of sawdust placed in contact with water, or any other
liquid which moistens them, immediately draw up the
liquid into their whole mass; that is to say, they imbibe
i it. It is the same with certain tissues, as cartilages and
i tendons, which, being dried and then plunged into water,
p resume in a few hours all the properties they possessed
during life. This effect is the result of the action of th
41? absorbed water. So also in the celebrated experiments
with the rotifera, which are restored to life and motion
I when moistened by a drop of water.
The phenomena of imbibition have an influence on
the filtration of liquids. For when these hold in sus-
pension solid particles, the latter are separated and lef
on the filter, the substance of which imbibes the liquid:

————--J_-'_..-_ e T
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for. I  IMBIBITION OF DIFFERENT LIQUIDS. 21

1en a drop of chocolate or ink falls upon cloth or
cering paper, it produces a dark central spot, sur-
funded by a zone of a paler coloured liquid. The same
fiect takes place when blood is extravasated in the sub-
fitancous cellular tissue; the serum extends to the
Purgins, and separates from the colouring matter.

#/In the phenomena of imbibition, we have to consider
#st, the force of adhesion between the liquid, and the
faces of particular solids placed in contact with
#-°m, and afterwards capillary action, properly so
ed ; for in sugar, in a mass of sand or of ashes, and
B organised tissues, there certainly exist very minute
wities, which ramify internally in a more or less
tuous manner.

Imbibition of different Liquids.— The phenomena of
! bibition deserve to be more attentively studied than
2y have yet been. I shall lay before you the results
‘some experiments which, in cunjunctiﬁﬁ with Pro-
sor Cima, I made on this subject. I wish that it
d been in my power to have extended them.

e filled some tubes of glass of two centimetres
wout § of an English inch] with very white sand,
nich had been sifted through a very fine sieve.
ne extremity to be immersed in water was closed
- a piece of cloth. We had previously taken the
ecaution of drying the sand in a salt-water bath.
“was then introduced by the upper aperture of the
be, care being taken not to shake it when the tube
5 full, lest the sand within should become unequally
mpressed.  Six tubes thus prepared were plunged at
c 3



the same instant into six different liquids, at a tem

about 1 centimetre [about } of an English inch]

29 MOLECULAR ATTRACTION. Lrecrt,

perature of + 12° centig. [ =53:6° Fahr.]. The action ¢
imbibition, by which the liquids were elevated in th
tubes, continued for ten hours, at first being rapid, bn
gradually becoming slower until it ultimately cease;
Each tube was plunged into its liquid to a depth @

and in order that this depth should remain constant
we added, from time to time, more liquid.

The following are the greatest heights to which th
different liquids rose. All the saline solutions were @

the same density, viz. 10° of Baumé’s areometer [sp. gt
1-075].

Millim.
Solution of carbonate of potash - - 85
Solution of sulphate of copper - - 75
Serum of blood - E - - - 70
Solution of carbonate of ammonia - 628
Distilled water - - - = - 60
Solution of common salt - - - 58
White of egg, diluted with its own volume
of water - - - = 3
Milk - = = . ! = 55

g

This table shows how much imbibition differs in ﬂl
case of different liquids: in solutions thickened with gum
with boiled starch or with oil, scarcely any imbibitio
takes place; and it is also very feeble in concentrate@ie
saline solutions and in all liquids holding very finely d
vided particles of solid matter in suspension. In the latte







|
|
|
24 MOLECULAR ATTRACTION. Lecr. 11 [
|

In the first tube the hqmd rose to 170 m]lhmetre
in the second to 107 millimetres only in the same
period. |

It is not easy to give an explanation of the relation
existing between the elevations in these two tubes. If
is, however, natural to suppose that the liquid should
rise more in the tube which contains double the quan=~
tity of matter, if we reflect on the augmentation of the
solid surface which attracts the liquid, and on ﬂmﬁ
smaller diameter of the capillary cavities.

This phenomenon of imbibition is continually wit-
nessed in a great number of instances in the tissues
animals and vegetables. The latter, from being abun-
dantly furnished with small spaces and capillary tubes,
imbibe with the greatest facility, and absorh sulutmnai
with which they are placed in contact. This also is the |
case with the cellular tissue and the parenchyma of thé
lungs; but the opposite effect takes place with the
epidermis. b

Imbibition modified by Temperature.—I have likewise
sought for some difference in the phenomena of i im=
bibition at different temperatures. Two tubes pmpm‘e d
with sand were plunged into water, the one at a tem-
perature of + 55° centig. [= 131° F.], the other |

+ 15° centig. [= 59° F.], and the results Dbtam
were as follow ;:—

]

Elevation after 70 seconds. | Elevation after 11 minu cE l

Tube at +55° centig, 10 millim, 175 millim
at +15 — 6 — 12 ‘
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. The influence of temperatufe on imbibition 1s, there-
, very considerable. Now we know that in animals
sorption either by the skin, or in the interior of the
onomy, is more active in proportion as the liquid is
er.

. Imbibition in different hydrometric Conditions of the
ar. — I satisfied myself that imbibition was equal in
r saturated with moisture and in dry air. -

- Imbibition at different Degrees of atmospheric Pressure.
- Another result, not less singular, is observed when
e study imbibition by sand, ashes, and sawdust, in
e vacuum of the air-pump, and in air at ordinary
ssure. No difference is perceptible in the height of
e column of water at the end of ten minutes; but in
ie experiment with sand, this peculiarity was observed,
at for the first few minutes the rise of the liquid was
ore rapid in the tube placed in a vacuum than in the
1e which was contained in the air.

Imbibition limited. — 1t may be asked whether, by
ie action of imbibition, a liquid can rise to an un-
ited height. It would at first sight appear, that a
slumn of sand, of ashes, or other pulverised bodies, one
d of which is immersed in a liquid constantly main-
ined at the same level, should, by the force of im-
ibition, elevate the liquid to any height till the whole
dlumn has imbibed. Indeed, if we consider separately
1e action of each of the layers forming the column,
€ may suppose that after the imbibition of the first
yer in contact with the liquid, the particles of the
scond layer immediately above will deprive the first
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of a portion of its water, and the latter will re-obtai
from the liquid mass the amount it had lost. By
peating this reasoning for all the successive layers o
the column, we arrive at the conclusion that each take
up the same amount of liquid as if it had acted sepa
rately, and thus, if the level of the liquid be kept con
| stantly at the same height, the entire column, howeve;
| long 1t may be, will imbibe. But experience does no
confirm this reasoning: the liquid rises at first rapidl
then the ascending movement slackens, and at a certa

height the liquid remains stationary. This fact canng
Pl be aseribed to the evaporation in the upper layers e
the column; for water rises to the same height in
| column of sand, whether it be surrounded by the vapout
| of water, or by dry air. T can only account for it by
Bk admitting the existence of small canals in the whold"
¥ length of the column of powder, and then, consequentlyt|
I capillary action, as well as the adhesion of the hqm |
il to the surface of the grains of sand, will intervene.
B Agency of Imbibition in living Beings. — Tt is impos§:
i sible not to perceive that imbibition plays an importanf
: part in the action of the juices of plants, as well as i
L {4k the phenomena of the capillary circulation of the blood:
i t} in animals, EIn another lecture we shall show that alf

| the parts of living plants and animals soon become im |
i i pregnated with a saline solution, into which some pa -
of them is immersed, and that its presence is easily
recognised by tests. It will be sufficient for me
refer to the experiments of Hales and the more recent
ones of Boucherie. The latter saw a poplar 28 metres
[nearly 92 feet] in height absorb by its trunk, in 6 days
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which was equal to rﬂisin

water 8 feet.” 1
In another experiment
Hales substituted a tube 8
feet long, and } inch dia-
meter, filled with red lead,
for the tube containing woa 1
ashes, and obtained therewith
a rise of 8 inches of mer-
cury.*] :
If we substitute the branch:

of a tree for the tube filled
with wood ashes, [asin fig. 2],
the mercury rises, as in the
preceding experiments made |
with powders. Hales re-
garded this phenomenon as §
dependent on a force which:
he terms ¢ the force of aspi-
ration.” i
Here are some experiments

Hales’s Apparatus for ascertainin 7

the force with which plants imbibe WH1Ch explain these facts in
moisture,

&, the branch. 1 1 7
7 €, %, the aqueo-mercurial guage, SR 1& and Eatlsfﬂ-ﬂtﬂ

7, end of branch f hi el : Jis
R rom which air es manner. It is easy to sho i;- .

, the cistern of mercury. th!—]i‘. t]l e as c:ensi on Df mer-
cury takes place equally in two tubes prepared in the

: 4
* That portion of the text inclosed between brackets has been intro-
duced as a substitute for the less precise statement of Matteucci, 1 have

employed the language of Hales, and have added his figures,—J. P.
T See foot-note, p- 27.
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anner of Hales, but differing from each other in this,
aat in one of them the tube containing the ashes is
pen at the top, while in the other it is closed.

It must, however, be observed, that the experiment
vould not be attended with this result if the column of
ishes were short, or the latter less up-heaped. With an
pparatus similar to that of Hales I made the following
bservations. I luted a leaden tube to the top of a
lass one containing the pulverised substance. By the
id of this I could easily remove the air from above the
shes. At the moment when the quicksilver began to
vse I produced a vacuum, and the mercurial “column
ot only did not descend, but it continued to ascend.
t 18, then, indubitable that the ashes form, above the
olumn of water, a wall or partition which performs the
(ffice of a closed tube; in fact Hales’s apparatus is a
arometer. In another experiment, at the moment
hen the mercury began to rise, I covered the whole
ith a bell-glass, and produced a vacuum ; the mercury
istantly fell. I have obtained the same results by
bstituting a stem with leaves for the tube filled with
shes. If I introduce the upper part of this stem into
' balloon, as I remove the air the mercury continues to
se, but on the contrary, if I form a vacuum over the
lercurial reservoir, it immediately falls, Hence, then,
e conclude that what Hales calls the force of aspiration
mbibition) is a simple barometrical phenomenon.
Vhether the column of ashes or the leaves and trunk
" a tree form the upper closed part of the barometer,
le water penetrates the powders or vegetable tissues
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by imbibition, and the atmospheric pressure gmdually
effects the rise of the liquid.

Ezhalation by Leaves.— We must, however, remark
a very curious fact, which takes place when we employ
a branch with leaves as in all the other experiments of
Hales ; it is, that the column of water continues to
ascend ; so that we are forced to conclude that the
vapour of water is exhaled by the leaves, without these
ceasing to act as the accurately closed wall of a baro-
meter. It would appear that Magnus has obtained a
like result by closing, with a piece of membrane, the
upper part of the tube. From what we have said, the i
ascension of the column of water should go on, but it is [
probable that the phenomenon hecomes at first less:
manifest, and then completely ceases on account of the
disorganisation which occurs both in the membrane and
the leaves. :

Chemical Effects produced by Capillary Forces. — I‘..
shall not leave this subject without mentioning to ynu.g |
some experiments tried with the view of producing h]r-: B
the mere operation of capillary forces and molecular at-
traction the effects of chemical affinity. If we reflect that:
any kind of liquid constantly ascends to the same height
in a capillary tube; that during imbibition more or less [
heat is produced, as the experiments of Pouillet have
demonstrated ; that, moreover, according to Becquerel,
there is a disengagement of electricity ; and, lastly, that
capillary attraction is exerted at very minute distances
only, and between the molecules of bodies; we cannotff*s;
deny that this force combines the principal characters of
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that I should make you acquainted with another phe-
nomenon, which, although exclusively within the domain
of physics, yet, nevertheless, by the physiological appli-
cations of which it is susceptible, is really connected
with the study of organised beings. I refer now to the
phenomenon discovered by Dutrochet ®, and termed by
him endosmose. It 1s the mutual action of two liquids on
each other when separated by a membrane. Although
its theory is not yet completely known, the subject is
nevertheless of the highest importance.

I shall commence by explaining to you the funda
mental fact in its simplest form. Here is a glass tube
whose lower extremity, closed by a piece of bladder, is
expanded into the form of a funnel. This instrument is
called an endosmometer. :

If we pour into it an aqueous solution of either gum
or sugar, and then immerse the closed extremity in pure

[ s R 5] R .

® Dutrochet's first memoir on endosmose and exosmose was read to
the Académie Royale des Sciences, on the 23rd of J ul:,f,I 1827 (see the Ann,
de Clim. et de Phys. tom. xxxvii. p. 893. 1827). |

Ten years previously, my friend Mr. Porrett, the present treasurer of
the Chemical Society of London, had communicated to the editor of the
Annals of Philosophy (vol. viii. p.74. for July, 1816) a paper on two!
* eurious gnlvanic experiments,” one of which was the production of endos
mose between two liquids separated by a membrane and subjected to the:
action of voltaie electricity. He called the phenomenon, electro-filtration ;
and asks, whether jointly with electro-chemical action, it is not * in con- v
stant operation in the minute vessels and pores of the animal system.” i)

M. Parrot, of St. Petersburgh, has recently presented to the Académie Sl
Royale des Sciences, an inaugural dissertation, published in 1803, giving Sl
an account of the phenomena presented by two liquids of unequal densit ! I
separated by a permeable organic diaphragm, and pointing out their Sl
applications to physiology and pathology. ( Comptes rendus, tom. xix ol
pp. 607. 619. for Sept. 23rd. 1844.)—J. P.
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Tt micht seem that the intensity of the current is p 0- ‘
portional to the difference of the densities of the two
liquids; but aleohol, which is lighter than wate f
causes, when introduced into the tube, endosmose of the
water which is placed exterior to it. Saline solutio n‘_g
produce, through membranes, very energetic, but less

durable effects.

Increase of temperature augments the rapidity of the
current of endosmose. y

Dutrochet found that the slightest trace of sul-
phuretted hydrogen destroyed endosmose. It is pro-
bable, however, that this effect arose from the alteration
in the condition of the membrane when it commences tﬁ
evolve this gas; for fresh membrane placed in nnntm‘%
with sulphuretted hydrogen is very active.

Velocity of the Current.— Dutrochet endeavoured t
measure the velocity with which a liquid passes,
virtue of endosmose, from the exterior to the interior
the tube. Here are the results of his experiments:—
With a membrane of 40 millimetres in diameter, smd, |
tube of 2 millimetres, a solution of sugar, whose density
was 1'145 rose 34 divisions in the space of an hour
and a half; each division heing 2 millimetres. In an-
other experiment, he employed a solution of sugar, rf'"
density of which was 1:228, and the ascent in the same
space of time was 53 divisions. Lastly, in a third ex-
periment, with a solution of sugar of the density of 1° 083}
the column mounted 194 divisions in the same 1ntervalt_if
time. It is evident, therefore, that the velocity of en-§§ .
dosmose is proportional to the excess of density of the i
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of liquid elevated by endosmose in the different cases )
For this purpose he employed the apparatus which
Hales first, and afterwards Mirbel and Chevreul, used
for measuring the pressure of the juices in plants. In
this apparatus the pressure is estimated by the height
of a column of mercury raised by the liquid.

In studying endosmose under this point of view.
Dutrochet proved that, all other things being equal, the:
force, which produces the current of endosmose, is pro-
portional to the excess of the density of the interior
liquid over that of the water. We have already seen
that the velocity of endosmose likewise varies. It, there-
fore, follows, that assuming this law to be true in all

cases, syrup, whose density is 1+3, produces a cur-
rent capable of raising a column of mercury of 127
inches (3 metres 42 centimetres), or what amounts to
the same thing, equal to the enormous pressure of 4]
atmospheres.

Theory of Endosmose. — Dutrochet has endeavoured
to give an explanation of the phenomena of endosmose 3
and Poisson and Becquerel have proposed others. Thus,
some ascribe endosmose to the action of an electrie
current developed by the contact of the two different
liquids ;—a current which will produce the passage of the:
water through the membrane, from the positive to the
negative pole, as in the well-known experiment of Por-
vet.  But to render this explanation probable, it would
be necessary to prove that the contact of water with
aleohol, solution of sugar, &ec., developes electricity s

which is not the case. Poisson supposed that the least E;
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nomenon is perhaps one of the most important physic:

facts applicable to the functions of living beings. Micro-
scopic observation has now put beyond doubt that, in all
tissues, whether vegetable or animal, and in those liquids
which are produced by the alteration of organised and
living beings, there are constantly found, at a certain
epoch, microscopic corpuscles, which have a peculiar and
characteristic form, and are called elementary or primi-
tive cells. These bodies consist of an exceedingly delicate
membrane, which has a spherical form, encloses a liquid,
and has on its inner side a small organised body, called
the nucleus ov cyto-blast. The cells float at first in a
liquid, which Schwann has named cyfo-blastema, and

founded with it, when this liquid acquires a greater or
less density. In different tissues, the elementary cells are
more or less closely approximated to each other; the
cyto-blastema, or intercellular substance, being invariably
the bond of union‘between them. The life of the ele-
mentary cells certainly plays the most essential part in
the development and preservation of the tissues of living
bodies; and, since these cells are found under conditions
favourable to endosmose, we have no reason for refusing
to admit its existence. A vesicle filled with a liqud,
and placed in the midst of another liquid, may.act on
the outer one, receive the surrounding liquor, and reject
the one it had previously contained, by operating in a
manner analogous to endosmose.

Matteucci and Cima’s Experiments. — We must, how-
ever, confess that hitherto very few investigations have
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The two cylinders are then fitted together under water,,
and the two receivers pressed together by a vice, in
order that the liquid contained in ¢ may not escape
through the fissure of the joining. We place the instru-
ment on a level, and then put the two liquids at O° of
the scale s. With this instrument we obtain at the
same time the value both of the elevation and of the
depression of the two liquids, which gives a great pre-
cision and much experimental facility, by thus doubling
the results. |

Class 1. Eaperiments with the Skins of the Frogq, Tor-
pedo, and Eel.—1 shall first state the results obtained
by employing, as the membranes, the skins of frogs,
torpedoes, and eels, with the before-mentioned solutions
for the liquids.

Influence of the Position of the Membrane. __TIn our
first trial we noticed, in a very clear manner, the marked
influence exercised upon the phenomenon of endosmose:
by the position of the interposed membrane. It was in
fact this first discovery which led us to examine, in this®
point of view, the effects produced by the bladder and
stomach of divers animals. With some trouble we
obtained entire skins, and deprived them of all adherent’
sub-cutaneous cellular tissue. After having thus pre-
pared them, we cut off those parts which, in the torpedo
and eel, are perforated by the cutaneous appendages,
and so obtained membranes well fitted for our experi-
ments. _
Skin of the Torpedo.— By employing the skin of the
torpedo, placed in one endosmometer with its external
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tively to the two liquids. In arranging the skin of the
frog in the two endosmometers in the usual manner, we
obtained an elevation of 36 millimetres when the exter-
nal surface was in contact with the solution of sugar,
and of 24 millimetres in the reverse arrangement. In
several cases the former was exactly double the latter.
There was likewise a very marked difference, and
always of the same kind, when we used solutions of
albumen and of gum Arabic. With the first there was
an elevation of 24 millimetres, with the second 32 milli-
metres, when the external surface of the skin was in
contact with them; whilst there was only 12 milli-
metres for a solution of albumen, and 16 millimetres for
a solution of gum, when the internal surface was turned
towards them. -

Eel Shins.— The differences which we have already
remarked from using a solution of sugar and skins of
frogs and the torpedo, exist equally in the case of the
eel skin. DBut what is singular with the latter is, that
the difference is not manifested at the commencement
of the experiment. At first the elevation of the liquid
is alike in both instruments; but after a lapse of two
hours we perceive that, in the endosmometer in which
the external surface of the skin is turned towards the
solution of sugar, the elevation is 30 millimetres, while
in the other instrument it is only 20 millimetres. With
an albuminous solution and gum water, the differences
observed from the commencement of the experiment are
the same as those which usually take place; and
although we ultimately find the albuminous solution
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frequently repeated experiments, we have observed an
elevation of 20, 24, and 40 millimetres when the in-
ternal surface of the skin was placed towards the al-
cohol, whilst in the reverse position the corresponding
elevations were only 4, 12, and 20 millimetres. Under
analogous circumstances, the position of the membrane
being favourable, the elevation was 28 millimetres ;' in
the other position, on the contrary, there was no ele-
vation. With the skin of the eel the reverse takes
place. With this the current is favoured from the in-
ternal to the external surface; and whilst the alcohol
contained in the instrument rises to the height of 20
millimetres, when in contact with the external surface
of the skin, it only rises to 10 millimetres when the po-
sition is reversed.

This difference of elevation always takes place in the
same direction, and is confirmed for the eel-skin, as for
the skin of the torpedo. The elevation has been at 50
millimetres in one instrument, and 20 in the other.

Some anomalies which we observed in our earliest
trials, led us to study, with greater precision, the circums=
stances under which endosmose takes place through the
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3rdly. That, after a certain time, the direction of the
current changes, and is then from the alcohol to the
water, when the internal surface of the skin is turned
towards the alcohol ; whilst it remains constant in the
contrary position of the skin.
We think that we ought to aseribe these peculiarities
with aleohol, to the chemical action which this liquid
exercises upon the substance of the membrane, and to
the consecutive alteration of structure.
The diminution of the intensity of endosmose ob-
served with the skin of the torpedo, but only in the less
favourable position of the membrane, is confirmed, wha
ever may be its position, by employing the skin of th
frog; but this decrease does not proceed regularly,
we may observe in the following table, in which A an
B represent the same endosmometers asin the preced:
table : —

Endosmose through the Shkin of the Frog.

Endosmometer A. Endosmomeler B.
Internal surface of the membrane Internal surface of the membrane

towards the water, towards the alcohol.
Milli- :
. 3 metres. i g metres.)
- Elevation during the 1st hour 23 | Elevation during the 1st hour 350 |
(1 I s ond % 40 1 [T s« ond « 554
Wi i [ Hrd o 12 13 13 1 Bl‘d 1 15 :-::,
£ s “ 4 tll £ gk '3 1 i ..;t'h [ 1
Wk (14 (13 5“1 o 5[‘; (13 (13 113 5“1 S I!; 1
13 L1 “ nth [ i i Gth Y |

During the night, the liquid overflowed hoth the endos-
mometers, but there was no inversion of the current, a
had taken place with the skin of the torpedo. Neither
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of sugar in the interior of the two endosmometers, and
placing the membrane with its internal surface (namely,
that which is naturally turned towards theinterior of the
cavity of the stomach) directed towards the interior of the
instrument, the elevation of the liquid was 56 millime-
tres in one case, and 54 in another; but in the reverse
position of the membrane it was 72 millimetres in the
first, and 66 in the second. These two experiments
lasted but one hour and a quarter; endosmose was then
favoured by employing a solution of sugar, and was di-
rected from the interior to the exterior of the stomach.

The contrary takes place in making use of the solu-
tion of white of egg. When this liquid was in contact
with the internal surface of the stomach, it rose in the
mstrument 23, 28, and 35 millimetres in the space of
two hours as usual.

But when we introduced into the endosmometers a
solution of gum Arabie, the elevation in the two oppo-
site positions of the membrane was sometimes nﬂthing;
sometimes equal, and only 8 millimetres in the two
instruments; in some cases there was in one, 12 milli-
metres, when the internal surface of the membrane was
in contact with the gum solution; and 8 millimetres,
when the position was reversed. The intensity of the
endosmose between the water and the gum solution is
excessively weak when it is exerted through the mu-
cous membrane of' the stomach of the lamb; and it is
necessary, therefore, to prolong the experiment beyond
the ordinary time, in order to obtain a sufficientl
obvious elevation. Those we have now mentioned, were
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sometimes greater, sometimes less, in the one than in the
other ; but the liquid soon descends. By changing the
position of the liquids, that is to say, by putting the
solution of gum outside, and the pure water within the
instrument, the water descends.

Stomach of the Dog. — The same phenomena were
produced when we employed the stomach of the dog.
‘We have not made any experiments with the stomach
of the latter animal immediately after its death, using
for the internal liquid an albuminous solution. The
results which we have now explained were made several
hours after the death of the animal. The albuminous
solution rose to an equal height in the two instruments
in four different experiments. In one of them, which
we seleet from amongst the others, this elevation was
20 millimetres in one hour ; and it did not vary for three
hours more, in the endosmometer where the internal sur-
face of the stomach was towards the interior of the in:
strument, whilst in the same interval of time it fell 25
millimetres in the other endosmometer. In general, it
rarely occurred that the column remained stationary
either of them. 1In most cases (we always refer to the
membrane of the stomach of the dog when it is not
fresh) the liquid descended in hoth instruments after
having manifested a greater or less elevation; .but the
diminution of height was double, and often treble, in the
endosmometer in which the external surface of the
membrane was turned towards the albuminous solutions
By reversing the position of the liquids, and placing th

solution of white of egg outside, and the water inside
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seems to take place indifferently, whatever be the po-
sition of the surfaces with reference to the two liquids,
‘We have proved this fact several times. In a solitary
instance we saw the liquid rise 15 millimetres in the
endosmometer, where the internal surface of the mems=

the liquid in the other instrument only rose 5 milli=
metres. Ve obtained the same results with a solution o :

with the solution of gum.
To complete our account of the results obtained by
the employment of the membranes in this second class,

when we employed aleohol for the inner Liquid, putting
it successively in contact with each of the surfaces .
these membranes. With the stomachs of the lamb
the cat, and the dog, endosmose was invariably directed
from the water to alcohol, and was promoted from the
internal to the external surface of the membrane.
deed, we have seen in the endosmometer where the
external surface of the mucous membrane of the
stomach of the lamb was turned towards the interior of
the instrument which contained alcohol, the elevatior
attained 88 millimetres, and only 10 millimetres in
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times by introducing, as usual, the aleohol into
interior of the instrument, in which case we have seen
the aleohol fall below the level, and sometimes by
placing it externally, when the water constantly mounted
in the tube. The influence of the position of the mem-
brane is equally evident in this case. We shall com:
mence by giving the diminutions of height marked in
the case where the aleohol was in the interior of the
instrument. When the internal surface of the mucous
membrane was towards the interior of the endosmo-
meter, the diminution of the height of the alcohol was
from 24 to 28, and even more than this, in the space of
six hours, whilst it was only 11 and 12 millimetres in
the other position. In another experiment, which
have selected out of a very large number, the pure
water being placed in the interior of the instrument
the elevation was 32 millimetres when the external
surface of the membrane was towards the interior of the
endosmometer, and 16 millimetres in the other pnsitin'
in about the space of three hours. Consequently endos
mose between alcohol is promoted from the internal suts
face to the external surface of the gizzard of the fowl

Class 3. Bladder of the Ox.— In the last place,
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it should be mentioned, that when the inner surface of
the membrane 1s in contact with the albuminous solu-
tion placed outside the instrument, the diminution of
height is less than when the position is reversed; and
that the contrary takes place when this solution is in
contact with the external surface of the membrane.
Lastly, with aleohol and pure water there is endos
mose from the water to the alcohol, as in most cases;
but the elevation is sometimes 24 millimetres, some
times 59 millimetres, when the external surface of the
membrane 18 in contact with the alecohol, and some:
times 26, or 37, millimetres in the reverse arrangement.
Condition of the Membranes.— Some differences, as ob: :
vious as those observed when using fresh membranes, dis:
appear entirely, or nearly so, when we employ membranes
dried or altered by a more or less advanced state of putre
faction. We have not much varied the experiments propet
for determining the influence of the condition of desicca-
tion and putrid alteration of membranes, and we intend
hereafter to resume our examination of this subject.
is, however, certain that when employing the ordinary
liquids, and interposing between them and pure water the
dried bladders of a pig and an ox, which have been moist-
ened before the experiment, so as to enable them to be
applied to the endosmometer, that there is either no dif:
ference in the elevation of the liquids in the two tubes;
even after several hours, whatever be the position of
the surfaces of the membrane; or a very slight difters
ence in the instrument, in which the internal surface
of the bladder is towards the interior of the endosmos
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had an equal elevation in both instruments. Whatever
were the liquids employed, or the position of the mem
brane, endosmose was energetic, but sometimes in one
direction, and sometimes in the other; and occasionally,
indeed, it was depressed to the level of the liguids in
both instruments. In speaking elsewhere of that which
we observed in making use of the skin and gastrie
mucous membrane of certain animals, we have remarked
that the phenomena of endosmose vary according as we
employ these membranes immediately after death, or
some hours subsequently. All these facts demonstrate
clearly the intimate relation which exists between the
phenomenon of endosmose and the physiological condition
of the membranes. |

The phenomenon of endosmose, like every thing
going on in organised tissues, is devoid of that con-
stancy and regularity observed in. physical phenoment
elsewhere. To this variable and accidental organie
condition of the fresh membranes must be ascribed the
singular fact, that while in certain cases we obtain s
elevation of perhaps 80 millimetres, yet sometimes with
the same liquid, the same membrane, and in the samé
relative position, the rise does not exceed 10 millimetres
We must also aseribe to a constant anatomico-physio
logical condition, connected with the funection of
same membrane, that constant difference of elevation i
the two different positions of the membrane, whatevet
this difference may in other respects be. It is importan
to study the phenomenon with the view of recognisi
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stomachs and urinary bladders varies, with differen
liquids, much more than that through skins.

5thly. The phenomenon of endosmose is intimately
connected with the physiological condition of the mem-
branes.

6thly. 'With membranes, dried or altered by putre-
faction, either we do not observe the usual difference
avising from the position of their surfaces, or endosmose
no longer takes place.

Frosmose.—To give an accurate account of the sub
ject of our experiments, and of the conclusions we have

drawn from them, it is necessary to consider ezosmose
in a point of view different from that in which it
has hitherto been regarded. The augmentation of vo-
lume presented by the internal liguid, which is usuall
the denser one, is considered by Dutrochet as the result
of a difference between the in-going strong current and
the out-going weak current, According to this view,
that liquid which receives from the other one more than
it gives, should increase in proportion to the excess®
which it receives, or to the difference between the
strong current and the weak one. But all the facts
which we have observed, lead us to the conclusion that
different membranes allow the passage of water to
the liquid in the endosmometers more easily .in one
direction than in another, and more readily with some
liquids than with others. But a great number of difiis
culties are met with in considering the phenomena i
thismanner. We refrain from enumerating them, as they
must present themselves to any one who has followed
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density, and plunged these instruments into two sepa-
rate glass vessels, each containing a volume of distilled
water equal to that of the salt water. After some hours,
we carefully measured the volumes of liquid contained in
the endosmometers, and also those of the distilled water
remaining in the two vessels, and thus we found which
of the two liquids had risen most in the tubes. We
observed that endosmose from water to a saline solution
through these skins, was most promoted from the in-
ternal to the external surface. By determining the
density of the liquids contained in the two vessels, we
ound that in the endosmometer, in which the volume
of salt water was most increased, the density of the liguid
was preserved better than in the other; and, vice versa,
in the vessel in which the diminution of distilled water was
qgreatest, the quantity of the saline solution introduced by
exosmose was less than in the other vessel from which a
smaller volume of distilled water had disappeared.

In the following table are given the numbers fur-
nished by two of the numerous experiments which we
made, and which led us to these results. The first
column indicates, in tenths of cubic centimetres, the
volumes of the liquids in the endosmometers after the

quantity of these liquids; the third, the volumes of
distilled water found in the two external vessels after

during the experiment by a given quantity of water in
these same vessels. The weight of the same quantity
of the saline solution, before the experiment, was
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- more complicated the function of the stomach is, and

endosmose, being well convinced of the great importance

72 ENDOSMOSE Lecr. 1IL

of the skin would not go on, or would do so imperfectly,
if in these animals which live constantly in water this:
membrane acted endosmotieally in an opposite direction
to that which we have found it to do. '

FEndosmose in relation to the Function of the Stomach.
— This constaney observed in the direction most favour-
able for endosmose and exosmose through skins, does
not hold good for the mucous membrane of the stomach:
of different animals. But every one knows how much

that all the substances introduced into this organ are
either not absorbed, or are absorbed unequally. More
over, we repeat, that this subject requires elucidation
by fresh experiments. When we remark that the
direction most favourable to endosmose between water
and a saccharine solution, for example, is not the same
for the stomach of a ruminant as for the stomach of
a carnivorous animal; it clearly follows that the phe-
nomenon of endosmose must be intimately connected
with the great differences which exist in the digestive
functions of these two orders of animals. I am anxious
to explain to you all the details of the experiments
which I made with Professor Cima on the subject of

of this phenomenon in the vital functions. .
Qvules nourished and Spermatophora opened by Endos-
mose.—1t1s by endosmose that physiologists now explain
the manner in which the nutrition of the ovules in the ovi-
ducts of mammalia is effected ; and how the sacs, which
contain the sperm of the cephalopodous molluses (or
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344 CIRCULATION OF BLOOD. Lecr. XVIL

the heart. The small tubes which altogether form the
extremities of the arteries and the veins, are called
capillary vessels. And as these two orders of tubes ter-
minate by the opposed extremity in the cavities of the
heart, the vascular apparatus may be correctly said to |
form a complete circle, which the blood traverses, re-
turning incessantly to its starting point.

I cannot pass over in silence various particulars re-
lating to the structure of the circulatory apparatus; but
I shall notice them in the briefest manner possible;
and as we ought to study the funection in its most
perfect and complicated state, the few anatomical points
which I shall here notice will relate to the human:
body.

Heart.— The heart of man is a conical or pyramidal
cavity, formed by a kind of muscular sac divided into
two parts, each composed of two cavities, placed one
above the other ; one of these is called the ventricle, the
other the awricle. The two ventricles of the heart
occupy the lower portion; and their cavities are much
larger than those of the auricles placed above them.
The left auricle and ventricle belong to the apparatus
for the circulation of arterial blood; while the right
auricle and ventricle belong to that for venous blood.
The ventricles have thicker walls than the auricles,
expecially the left ventricle, from whence the blood 1s
propelled into the arteries, and into all parts of the
body. The right ventricle and auricle communicate
with each other by an opening called the auriculo-ven-
tricular orifice ; to the two sides of which is attached
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Blood-vessels.— Lastly, we shall say a few words J
respecting the blood-vessels. In the arteries, we re-
mark a middle membrane, very thick, and composed of
circular fibres of a peculiar nature, called the yellow =
elastic tissue. To this the arteries owe their elasticity.
The membrane, composed of this tissue, is placed
between the internal or serous membrane and the
external membrane, composed of condensed cellular
tissue. Three tissues likewise form the sides or walls
of the veins; but in these vessels the yellow elastic
tissue 1s less obvious; the internal membrane is enve-
loped by a thin layer of slight longitudinal fibres, of
a loose texture; and the external membrane is of a cel=
lular nature, and very resisting. The internal coat is
thin, smooth, resisting, and extensible. It formsin the
cavities of some of the venous trunks numerous folds
or valves, which are so placed that they can diminish or
even entirely obliterate the diameter of the vessel, wh on
a liquid column moves in a direction contrary to that
of the course of the blood within them.

The Circulation. —In a few words we shall describe
the manner in which the circulation is effected. To
give you a correct notion of the way in which this
function is performed, it is sufficient to expose the heart
of a rabbit or other mammal, and we shall then see
alternate contraction and dilatation of the ventricles and
auricles. When the right ventricle dilates, the right
auricle contracts, and vice versd : the same phenomenon
takes place in the other side of the heart; so that the
movements of the homonymous parts take place simul-
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impulse of the blood, and leave this orifice free; hence |
the blood escapes into the artery in consequence of:
the construction of the valves, which open from within
outwards. _
The arrangement of the valves, in the left cavities of
the heart, is similar to that in the right cavities just
noticed. When the left auricle dilates, the blood from the
pulmonary vein enters it; and at the moment when if
contracts, which eircumstance coincides with that of the
dilatation of the ventricle, the blood is propelled into
the latter, and from this into the aorta, in consequence
of the contraction of the ventricle.
Two successive sounds reach the ear when applied to
the chest, corresponding to the two successive move-
ments of the heart: the auricles dilate together; and
the ventricles likewise. s
By contraction of the heart we mean that of the
ventricles : their contraction is called systole, their dila
tion diastole. :
We have thus sketched the principal features of the
mechanism of the circulation. As for the details, they
are not within the limits of the present course, and,
therefore, it 1s not our province to explain them to you.
I would have even suppressed what little I have said on
this subject, had I not considered it absolutely neces:
sary to precede the study of the phenomena of the cir-
culation of the blood by an exposition of these elementary
anatomical facts. _
The Blood. — The liquid which circulates in
vessels is of a vermilion red colour, in the arteries, ar
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pulsations is from a hundred and thirty to a hundred an

forty ; in fishes, from twenty to twenty-four; in -.-j:'
frog, sixty ; in birds, from a hundred to a hundred and
forty. Parrot ascertained that his own pulse was
a hundred and ten, at an elevation of 4000 metreg
[=13123 English feet] above the level of the sea,
while the number, at the level of the sea, was only
seventy. I
Velocity of the Circulation.— Let us now speak of
the velocity of the movement of the blood. i
researches made on this subject may be divided inte
two classes: first, it is important to determine how
much time the blood occupies in traversing the whole
system ; afterwards we must examine the velocity with
which the blood traverses certain parts of this circle;
in short, with what speed it moves in the arteries, the
capillaries, and the veins. |
We are indebted to Hering for some of the expe-
riments on the first class of these investigations
A solution of ferrocyanide of potassinm was injectec
into the jugular veins of a horse, and at the same instang
the blood which escaped from the opposite jugular wa
collected. Tt was received in numbered vessels, which
were changed successively at equal intervals, by count-
ing with a chronometer the number of seconds which
elapsed from the commencement of the experiment to
the moment when the blood was collected in the
vessel. LRI L
In an experiment which I had oceasion to make with
Professor Piria, and which was performed on a horse
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entirely within the domain of molecular physics. Poi- |
seuille ascertained, in an important investigation on
the passage of water, serum, &e., in capillary tubes,
that these substances acted there absolutely in the
same way as in the sanguineous circulation. It is not,
however, to be supposed that it is by this kind of
influence that many other substances introduced into
the blood, act; for a great number of them exercise
their influence upon the nervous force, and through
this on the contraction of the muscular fibre of the
heart. Thus, a small quantity of an infusion of coffee
injected into the veins of a dog, instantly augments the
force of the heart’s contraction, while a solution of
opium diminishes its energy.

The rapidity of the circulation, that is, the time which
a molecule of blood occupies in passing from the right
to the left ventricle, seems, at first sight, to have been
very accurately ascertained by the before-mentioned.
experiments of Hering, and the numbers given by him
are very generally adopted. But it appears to me easy:
to show that his method is liable to several errors, and
that his results are far from expressing the duration of
the circulation. If, in place of introducing into the
vein a liquid solution, the presence of which we must:
afterwards detect in the opposite vessel, we could cause
a small solid body, of a density equal to that of the:
blood, to pass there, and which would accompany the
blood when traversing the capillaries and the whole
circulatory system, the period which elapsed, from the
moment of its introduction into one jugular to its appear=
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It is proper, also, that I should draw your attention
to the fact, that the height of the column of the hemo-
dynamometer likewise varies according to the position of
the animal. I have always remarked, that when this
instrument 1s introduced into the carotid, the column of
mercury rises several millimetres when we raise the
animal by its hind part, and falls when we place it in
an opposite position. The cause of this difference i
evident. 'We must, therefore, presume, that in a
Poiseuille’s experiments, in which he compared the
pressure of the blood in different vessels, the animal
was kept in the same position. ,

I cannot pass over in silence the dilatation of arteries
at every pulsation. We are indebted to Poiseuille for
proving beyond doubt the existence of this phenomenon,,
which has so great an influence upon the circulation.
He laid bare a certain portion of the carotid artery of a
living horse, and enclosed it in a metallic tube filled
with water. This tube had an opening closed by cork,
in the centre of which was fixed a small glass tube. At
every contraction of the left ventricle the liquid rose in
the tube, and fell again when the contraction ceased.:
Thus, then, after the dilatation of the artery, occasioned
by the impulse of the blood, the arterial coats return to
their former state in virtue of their elasticity. Poiseuille
endeavoured to measure this elastic force displayed by
the arterial coats; and without adopting his conclusion,
that the force of contraction of the coat exceeds that of
the dilating force, it is certain that, when the con
traction of the ventricle, the principal force which puts
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another experiment, we can ascertain still more exactly
the part of the organ which is the most essential for
- the production of the voice. If we remove the superior
ligaments of the glottis, the voice continues, though it
becomes more feeble; but if we divide or injure the
inferior ligaments, namely, the vocal cords, the voice is
completely destroyed. Miiller ascertained that it is
easy to obtain sounds from the larynx of the dead
human subject, by forcing air through the trachea;
provided that the inferior ligaments of the glottis be ren-
dered in some degree tense, and the aperture of the glottis
narrowed. According to this learned physiologist, the
experiment likewise suceeeds when all the parts above
the glottis, such as the epiglottis, the superior ligaments,
and the ventricles of the larynx, are removed. If the
vocal cords alone remain, and the chink between them
be narrow, sound is always produced. Magendie laid
bare the glottis in living animals, and saw that the
vocal cords were thrown into vibration, when cries
were uttered. I propose to show you one of Longet’s
experiments, to prove the part which the vocal cords
take in the production of the voice. I have here
rabbit, whose larynx has been laid bare; and you ob-
serve that the animal eries whenever we pinch any par
of its body. You perceive that, at the same time, th
crico-thyroid muscles contract. By the contraction of
these muscles the voecal cords are rendered tense, and
brought neaver together. After having divided th
nerves going to these muscles, their contraction can no
longer be effected ; and if we then pinch the animal 1t no
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above the glottis, and which consists of the ventricles, the
pharynx, and the mouth, may modify the intensity and
even the tone of the sound produced in the glottis,
Finally, we may consider the larynx as a cylindrical
cavity, having two orifices in the centre of its bases,
Assuming that a current of air traverses this cavity with |
different degrees of rapidity, that the diameters of these
orifices are variable, and that the lips of its orifices,
which are endowed with a variable tension, are elastic,
we can easlly conceive that a great variety of sounds
may be produced by this apparatus.

Analogy of the Organ of Voice to Musical Instruments,
— These considerations explain why the organ of the
human voice, and the voice of animals, has been com-
pared at one time to a stringed, at another to a wind
instrument ; sometimes to areed instrument; and, lastly,
by Savart, to the bird-call. I must pass over in silence
the long and minute explanation of the reasons assigned
by the various authors in support of their different
opinions concerning this organ. I do this the more
willingly because I think we shall find, at the end of this
lecture, that these theories of the voice are not so op-
posed to each other as their authors have imagined.

Let us be guided, as usual, by experiment. All parts
of the larynx may be removed without destroying the
voice, provided that the vocal cords are preserved:
these latter, then, are the indispensable elements of the
apparatus; and if we consider that they may undergo a
more or less considerable degree of tension, by varying
the opening left between their edges, we cannot but
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experiments, again, seem to have' proved that, in order
to vary the acuity and the gravity of a sound, the
thickness of the tongues requires to be altered. We may
explain in two different ways the sounds produced by a
metallic tongue: it may be said, that the latter vibrates
like an elastic rod, and that these vibrations are the
cause of the sound; or rather that the tongue, forced
from the opening, in which it is fixed by the current of
air, returns to its former position in consequence of its
elasticity ; and thus, by its position of equilibrium being
disturbed, undergoes oscillations which give rise to im-
pulses of the air, as in the siréne, or in Savart’s machine.
It must, however, be observed, that the sounds fur-
nished when the tongue is made to vibrate by striking
it, are never so strong or so distinet as those produced
by the impulse of a current of air, Hence, therefore,

the second explanation of the sound of the tongue ap-
pears more probable than the first. It may, indeed, be

replied, that by striking the tongue, we merely shake

it, but not long enough to produce a uniform and

durable vibratory movement. I do not, however, see
why we should refuse to admit the simultaneous exist-
ence of both these eauses of sound; for the tongue
would easily, by its transversal vibrations, place itself

in unison with the sound produced by the vibrations

excited in the air. |
When a sounding tube is added to the reed, we have

a reed instrument such as is generally met with; and
sounds thus obtained are very different, both in tone

and intensity, from those produced by the [reed or]
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construct an artificial larynx, ILet us confine ourselyes
to the determination of the differences which exisg
between membranous and metallic reeds. Membranous

varying their tension. By compressing the membrane,
the sound becomes more acute. The principal differ=
ence in these two cases consists in this, that membranous
reeds produce sounds which are more acute, in propor-
tion as the force of the blast in the tube is greater;
whilst the reverse holds good with metallic reeds
Miiller has endeavoured to determine what influence is
exerted by the porte-vent and body of the tube ad-
justed on the membranous reed. But we must acknoyws-
ledge, as does the author himself, that this subject has
not hitherto been satisfactorily elucidated. The modi=
fications produced in the sounds of the reeds, by the
adjustment of a tube or porte-vent, are considerable.
Experiments prove that, according to the lengths given
to them, the sound is at one time raised, at another
lowered. I shall relate to you one of the numerous
experiments of Miiller: with a tube of 6 inches 1
length, the fundamental sound was 7¢é 4 ; this became
mi-dicse 4, when a tube of 4 inches was added below
the tongue; and with a tube of 4} inches it rose to
ré-ditse 4 ; with a tube of 81 inches it fell to ut-diese 4
and rose again to 7¢ 4 with a tube of 27} inches. |

The apparatus with membranous reeds constitutes the
largest number of wind instruments; and we must
include among them the trumpet and French horn.
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and amplitude of these vibratory movements. In that
department of physical science, you will also find laid
down the laws of the propagation of vibrations in air,
liquids, and solids. We must, however, presume, that
you have already acquired this knowledge; and we
purpose devoting the present lecture to the study of |
the sense of hearing, and more especially of the propa- |
gation of the sonorous vibrations through the different |
parts of the ear. '

Structure of the Ear.— But we must not pass over |
in complete silence the structure of the ear, which
varies extremely in different animals. In some it is
reduced to an apparatus of the greatest possible sim-
plicity ; namely, to a special nerve, whose peripheric
extremity is expanded in a liquid contained in a cavity =
of variable form, situated sometimes in the osseous wall
of the skull, sometimes having membraniform envelopes.
We shall give a particular deseription of the human
ear, because it is to this that we must devote our espe-
cial attention, on account of its complication and per-
fection.

The exterior part of this organ, called the pinna or
auricle of the ear, is of a fibro-cartilaginous nature,
very phant and elastic, and has the greatest portion of
its surface free. It is, in a manner, an expansion of
the external auditory passage. The form of the pinna
varies greatly in the higher animals: thus, in man,
although it presents a number of folds, we may consider
it as normally implanted in connection with the auditory
tube. In the horse, the ass, &c., it consists of a species
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movements in the chain, shortening and lengthening it,
and thus varying the degree of tension of the mem-
branes upon which it presses. :
Beyond, or on the inner side of the tympanum, in
the substance of the petrous bone, is sitnated what is
called the labyrinth, or internal ear ; formed of different
cavities, which communicate with each other, and are
distinguished by the names of the vestibule, the semi-
circular eanals, and the cochlea. The vestibule occupies
the central part, and communicates with the tympanum
by the fenestra ovalis, and with the three semicircular |
canals, which are expanded at their extremities, form- =
ing ampulle. The cochlea, so called because it is =
curved spirally, like the shell of a snail, communicates
with the interior of the vestibule, and is separated from
the tympanum by the fenestra rotunda. The vestibule
and the cochlea contain a fluid called the Zguor of Co-
tunnius, in which float the filaments of the acoustie
nerve. Such is a succinet enumeration of the principal
parts of the ear of man, and the higher animals. "We
shall examine the propagation of the sonorous waves
through these parts, in order to deduce therefrom the
physical theory of hearing.
Propagation of Sound through the Ear.— The ear 18 |
composed of several membranes, of osseous parts, of air,
and of a liquid. The vibrations are propagated through
these bodies, all of which transmit sound in consequence
of the vibratory state excited in them by that of s
norous bodies. Each portion of the ear thus takes part
in the function which this organ has to fulfil. But i
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in liquids, as in membranes and in all elastic bodies,
which divide into vibrating parts separated by nodal
lines. In liquids, numerous vibratory movements can
likewise be propagated, and co-exist without interfering
with one another. Some experiments of Cagnard- =
Latour, seem also to prove that vibrations are pro-
pagated more readily from the solid walls of a cavity to =
the liquid contained in it, if small solid bodies are dis-
persed through the latter, either floating or fixed to the
walls. The points of contact between the solid and
the liquid are thus rendered more numerous, and the
directions in which the vibrations can be propagated, in
a direct line from one to the other of these media, are
multiplied by the inequalities presented by these sur-
faces. These small solid bodies are met with in the
liquid which fills the labyrinth of the ears of certain
fishes. We may, therefore, conclude, that the vestibule,
or, more particularly the mode in which the acoustic
nerve terminates in all animals, is of great importance
in the function of hearing, and is explicable by the laws
of acoustics.
The undulations of the air, produced by a sonorous
body, may excite the auditory nerve, by being trans-
mitted either through the osseous parts of the skull in
which the air is contained, or through the column of air
contained in the external auditory passage. If we
carefully close the external auditory passages, we can
still hear very well the ticking of a watch, held be~
tween the teeth, or applied to any part of the head.
Some persons afflicted with hardness of hearing, manag J
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reservoir of air, and increases the sound. All stringed
and wind instruments yield a more intense sound by
the effect of the presence of this reservoir. Savart’s
bell, which, after having been put in vibration, is brought
near an air receiver, and the monster tuning fork of Mar-
loye, placed on a large air-chest, place beyond doubt the
effects produced by the resonance of masses of air
which surround sonorous bodies. An analogous ex-
periment can be made by bringing a tuning fork near
to the ear, or introducing it within the mouth: in the
latter case, the sound acquires a great intensity. In all
these instances, the sound is augmented by sonorous
waves reflected by the walls of the receivers; and, at
the same time, by vibrations communicated to the mass
of air, and to the walls of .the reservoir. In all cases,
however, it is essential that all should vibrate in unison
with the primitive note, in order that the sound should
be increased.

In animals in which the pinna is movable, 'the
analogy of this part of the ear with the ear-trumpet is
very evident. Thus we see the animal, when pursued,
direct the opening of the pinna backwards; and, on the
contrary, when pursuing its prey, it turns the same part
forwards. In man these movements are wanting; and
the external form of his ear is also very different from
that of other animals. Hence, 1t 1s difficult for us fo
understand the use of the pinna, and we might quote a
number of instances in which hearing has been but
very slightly affected by its absence.  Considering
man’s usual position, and the mobility and elegance of
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the case in many species of animals; and, as has been
said, with some men, in whom this middle ear has been
deficient, either from disease or from natural conforma-
tion. It is obvious, however, on physical grounds, that
the middle part of the human ear renders this organ
more perfect and less exposed to undergo alterations.

Let us, in the first place, speak of the manner in
which membranes vibrate. Savart has shown that,
when they are properly stretched, or put in proximity
with an organ pipe, or any stringed instrument pro-
ducing a sound, they vibrate as if they were in contact
with the sonorous bodies; and if they be covered with
sand, we obtain the division of these membranes into
vibrating parts, separated by the ordinary nodal lines.
At each variation of sound, new arrangements appear
upon the membrane, and these divisions are more easily
and quickly produced upon membranes than upon
plates of metal or glass. Savart has likewise shown,
that membranes alone present the peculiarity of di=
viding in different ways under the influence of the
same sound; all of them having the same form, di-

mension, and tension. Lastly, we may add, that by

varying the degree of tension of a membrane, its man-
ner of dividing and vibrating for the same sound, is
changed. From all these facts, for which we are indebted
to Savart, we may infer that, in order to propagate
sound in the interior of the ear, and in order to modify
at pleasure the intensity of the vibratory movements,
it is useful to close the auditory passage with a tense
membrane, and to add to the interior of the organ an
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moisture, while its elasticity is the same as that of
atmospheric air.  The physical properties of the
membrane of the tympanum, as well as of the mem-
branes of the fenestre, rotunda, and ovalis, are thus
preserved.

If we close the nose and mouth, and then enlarge, as
much as possible, the thoracic cavity, we produce a
temporary deafness; and the same effect is obtained by
means of a strong and sustained expiration. This deaf-
ness continues for a few seconds, and is most effectually
got rid of by an act of deglutition. In the one case,
the air of the tympanum is less dense; in the other,
more dense than the exterior air; while the membrane
undergoes a different tension in the two cases,—in the
one being drawn inwards, in the other being forced
outwards. Wollaston, who first observed these facts,
remarked that in the first case he was deaf to grave
sounds; while, in the other case, he was deaf only to
acute ones. Thus he states that he could not hear dis-
tinctly the loud noise of a carriage at a certain distance,
though he readily heard the noise produced by striking
the end of the nail upon a table. I think I have given
a sufficiently plausible reason for this difference. An
experiment analogous to the preceding one, may be
made by means of a trumpet prepared with the mem-
brane fixed over its opening. By rendering this very
tense, all loud sounds were indistinetly heard, Whilst,-._
on the contrary, the ticking of a watch was rendered
stronger. Cases are mentioned of individuals who
cannot hear the ordinary voice, and who can only hold
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itself into divisions when we make the other membrane
sound ; and this propagation varies according to the ar-
rangements of the cylinder. The chain of ossicles isa
kind of music-bridge suspended in the tympanum,
which not only propagates the vibrations from one wall
to the other, but receives also impulses of air upon
the various parts of its surface. The membrane of
the fenestra ovalis, which communicates with the
vestibule, where the nerve is, has its elasticity and ten-
sion better protected by being placed in an air cavity
contained in the interior of the ear, than it would be if
it were in direct contact with the atmosphere. It is,
undoubtedly, for the purpose of giving to the ear a
more varied and extended mode of aection, that it is
provided with two openings, supplied with stretched
membranes in the internal part of the ear, and in proxi-
mity with the acoustic nerve; one of the openings
being free, and the other in contact with the membrane
of the tympanum, through the intermedium of the chain
of ossicles, and thus rendered susceptible of different
degrees of tension. We must thereby obtain a greater
compass in the function of the ear. These replies to
the questions which we put, doubtless, are not the only
ones that we may one day be able to give; but since
the organ can exist and perform its function without
this chain of ossicles, and without either the membrane or
the tympanum, we must admit that these parts are not
essential to the ear, and, that they serve only to render
it more perfect, and for its conservation. '

I shall make but a few remarks on the semicircu
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Wollaston and Savart have endeavoured to determine
the limits within which sounds remain perceptible, or
cease to be so, to our ear, by acquiring too great an
acuity or gravity. Savart showed, that these limits
were much more considerable than had heen previously
supposed; and that, in order to perceive, either very
acute or very grave sounds, it is requisite merely to
increase the intensity. By making a long bar of iron
pass, with a certain rapidity, through a longitudinal
chink, which 1t almost completely filled, we obtain a
very intense sound when this bar goes and comes seven
or eight times in a minute; and, as at each passage of
the bar there is a compression of the air, to which a
rarefaction succeeds, the undulations which constitute
the sound are only to the extent of forty or fifty per
second. If, on the contrary, we employ a toothed
wheel of very large diameter, and hold an elastic plate
in contact with the teeth when the wheel is rotated, we
perceive a very acute sound when it has twenty-four
thousand impulses per second, in which case the sound
is formed of forty-eigcht thousand undulations. How
complicated must be the organ of hearing, when we
reflect that its sensibility is preserved within limits so
far apart, and that its principal parts must vibrate in
unison with sounds which vary from fourteen to forty=-
eight thousand vibrations per second.

According to the definition given of sound, we ex-
plain without difficulty how it happens that, by the co-
existence of two sounds, whose vibrations stand to each
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sun rises above the horizon and we see it, there neces-
sarily exists some sensible relation between that lumi-
nary and our eyes. It must be by the physical agent
called Zight, that the sun produces an impression on our
eyes. In this lecture we shall examine the way in
which the rays of light, emanating from external objects,
reach the retina and excite it.

If, in the dark, you press or strike the eye, a vivid,
but indistinet luminous sensation is produced. If the
pressure be made by means of a small body on a
limited extent of the eye, the sensation will be equally
limited, and you will be conscious of its limit; that
is, of the degree of pressure exercised upon the com-
pressed point. '

Optical Apparatus required to form Images.—If the
surface of the retina were presented naked to the lumi-
nous object, without any optical apparatus being placed
in front of it, it is obvious that every point of it would
be stimulated at the same time, by all the rays which
proceed from the object in every direction. And if
thousands of those rays, with their divers colours, simul-
taneously presented themselves before the eyes, they
would all at the same time give rise to the impression of
their licht upon the retina, which, however, would not
have an exact and definite sensation of any of them.

The problem to solve to obtain vision, consisted,
therefore, in placing before the retina an optical appa-
ratus by which the rays of light, emanating from the -
various parts of an object, should separately reach dis-
tinct parts of the retina, and in a given order.
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only which proceed from a determinate point of the
object, and which traverse one of the cones parallel to
its axis, can reach the retina. The distinctness of the
image will depend, then, on the number of cones arranged
en the mervous surface; whilst the intensity of the
image must always diminish with their number. We
can also understand how, with this apparatus, the extent
of the field of vision may be increased, by augmenting
the convexity of the spherical segment representing the
eye.

3. The Concentrating Dioptric Instrument,— Lastly,
to obtain an apparatus of vision still more perfect than
the one just described, i1t was necessary so to construct
it that the distinctness of the 1mage should not be ob-
tained at the expense of its brightness; and, that rays
which fall very obliquely on the surface of the eye
should be made to converge upon the retina. Such is
the construction of the eye of man, and of all the
higher animals.

Structure of the Human Eye.— Let us now deseribe
the form of the eye, and of the parts composing it.
This organ is contained in a cavity called the orbit. Its
form, which is almost spherical, is preserved by an ex-
terior coat formed of a fibrous dense membrane, which,
at its posterior part, is opaque, and is called the sclerotic
coat, or the opague cornea ; but at its anterior part is
transparent, has an augmented curvature, and takes the
name of the #ransparent cornea. ' _

In the circle formed by the junction of the transpa-
rent with the opaque cornea, is extended and fixed an-
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this, therefore, it is natural to conclude that vision, that
1s, the sensation of a body which transmits luminous
rays to our eye, is owing to the modification effected in
the retina by the luminous rays brought together upon
all the points of this membrane, where the image of the
body is formed ; and to the transmission of this modifi-
cation to the seat of perception, by means of the optic
nerve. In whatever way the retina is excited, the sen-
sation experienced is always that of light: thus the pas-
sage of electricity, a blow, and pressure of the eye, and,
consequently, that of the retina, produce luminous im-
pressions there; so that the nerves of the senses, when
excited, are each susceptible of one determinate kind of
sensation only. The retina, upon which images of
luminous objects are formed, is less energetically
affected by points whose light is less intense; is more
affected by the more illuminated points, and is un-
affected by the dark points. If images were not formed
upon the retina, and if the eye was composed of this
membrane only, without the apparatus of lenses, vision
could not be distinet: all would be reduced to distin-
guishing the alternatives of day and night, of light and
darkness. But by means of this apparatus, the action -
of light is limited to a certain portion of the retina,
which exactly represents by its form that of the lumi-
nous object. It 1s, then, an essential condition of vision,
that the image should be formed upon the retina, and
that the focus of the luminous rays should be found
upon this membrane. I ought also to add, that it has
been proved by a curious experiment, for which we are
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as distinctly as an object placed but a few centimetres
off: all that is required for the object to be distinetly
seen 1s, that its size, and, consequently, the intensity of its
light, should increase in proportion to its distance. The
image of a luminous object recedes further from, or
advances mnearer to, a lens, according as the body is
brought nearer to, or is carried further away from, the op-
posite side of the lens. It is, therefore, certain, that the
eye, by an act of volition, becomes so modified as to see
at different distances. In fact, if we look at a body, a
black spot for instance, made upon a glass, placing it at
different distances from the eye, we shall have a con-
fused 1mage of the objects more or less distant from the
spot, whilst the latter will be very distinetly seen in
every position, and however remote. With a healthy
eye, vision is effected without either effort or fatigue at
a distance of about 30 centimetres [ =118 inches], but
not for greater or less distances. This is the reason
why it is no longer distinet after the eye has been look-
ing at an object very near to it for several hours.

In order to explain the property which this organ
possesses, of seeing objects placed at variable distances,
we must adopt one or the other of the following two
hypotheses : either we must assume that the retina com=
municates to the brain the distinet sensation of a lumi-
nous object, not only when its rays are collected nto a
single one, as when they reach it from a distance of
about 30 centimetres [ =118 inches], but also when they
are collected in a small, very limited, cireular space;
or we must suppose, that the curvature of the transpa-
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is more or less removed from their point of intersection.
By looking at the object directly, vision would be dis-
tinct at these different distances; the eye, therefore,
must undergo some modification in order to bring about
this result. '

We ought, then, to be able to find in the intimate
structure of the eye, some peculiarities calculated to
explain the faculty we possess of seeing distinctly at
every distance. The different media of the eye have
been long compared to an apparatus composed of lenses
terminated by regular surfaces, and having all their
axes on the same line represented by the axes of the
eye itself. On this hypothesis, all the luminous rays
emanating from any point of an object ought to be
concentrated at a single point called the focus; and in-
order that the vision might be distinet, it would be
necessary that the retina should be so placed that the
different foci, corresponding to the different points of an
exterior objeect, should be formed at its surface. But
as the place at which the 1mage is formed by refraction,
approaches or recedes from the refracting apparatus,
just as the object itself recedes from or approaches it,
we ought to find in the structure of the eye some
means of remedying this shifting of the image, by
which the distinctness of the impression produced upon
the retina itself may be maintained. For this purpose
several hypotheses have been advanced.

1st. It has been thought that the transparent cornea
might vary its curvature so as to remedy this change of
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eye, but will be refracted so as to rest at the same time
upon the line ¢f'¢’ and upon the line crc’. Henee, it
follows that:

The luminous fasciculus which falls on the surface of
the cornea parallel to the axis will be so refracted, that
in the whole extent of the focal interval, £, it will form
@ Very narrogy and very concentrated fasciculus, sur-
rounding the axis on all sides, and terminating very
near it by a twisted surface (surface gauche).

It is within the focal interval, between the points f
and ¥, at the point R, for instance, that the retina is
placed. Hence the refracted fasciculus depicts, on the
surface of the retina, a very narrow elliptic surface
around the axis, and on which all the rays which have
traversed the opening of the pupil meet.

It follows, then, that a luminous point, placed before
the eye, does not meet upon the retina at a single point,
but upon a very small surface, proceeding from the
meeting of the retina and of the fasciculus concentrated
about the axis in the focal interval fF.

Let us suppose, now, that the exterior point recedes
from or approaches the eye, the entire focal interval
fE will at the same time change its place, so that
the retina which at first was at ® will be at r”, or at R/,
being always contained between the points f and F.
Hence, it follows, that this retina will be always met by
the concentrated fasciculus around the axis in the focal
interval, and that the surface of intersection of this
fasciculus, and of the nervous membrane, will be very
slightly modified, in order that the impression may not
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would have if the object were situated at the distance
at which a long-sighted person saw distinetly.

Short-sightedness, — The other defect of the eye,
myopia, or short-sightedness, arises from an opposite
cause ; namely, a too great curvature of the transparent
cornea. In this case, the rays proceeding from the
point where ordinary vision occurs, form their focal
interval in front of the retina ; and, hence, short-sichted
persons employ diverging or concave eye-glasses. These
lenses increase the divergence of the rays before they
enter the eye; and, in consequence, an object placed at
the distance of normal vision, is seen under the divergence
which it would have for a short-sighted person, if it
were brought near to the eye. Convergent and di-
vergent meniscuses, or the periscopic lenses of Wollaston,
correct these defects more effectually than ordinary
lenses. The thickness of these meniscuses being neces-
sarily less than that of the eye-glasses commonly used,
they absorb a smaller quantity of light, and the objects
preserve more distinctness.

Achromatism of the Eye.— The achromatism of the
eye, which is perfect for objects situated at the distance
of distinet vision, is owing to the circumstance that the
fasciculus which meets the retina, within the foeal inter-
val, being contracted around the axis, contains rays of
every colour in a space too narrow for the coloured
bands to be distinctly formed.

‘We know, indeed, that if the spaces which separate
images of different colours or infensity upon the retina
are very small, these images cannot be separately per-







422 VISION, Lecr. XX,

images as regards the objects they represent, that we
see the produced images in an inverted position. To
see objects in the inverted position of their images, is
what we call seeing objects erect. In appreciating the
position of bodies and their erection, we merely compare
the position of their different parts with that of sur-
rounding bodies. Without this, the words reversed and
erected as applied to objects, would be devoid of all
meaning. To us, a man is in the upright position when
his feet are towards the earth, and his head in the part
most distant from it; and the reversed image which he
forms upon the retina, in no way deranges the respec-
tive position of the various parts of the man in regard
to the earth. In the image, the feet are equally nearer
the earth than the head. If an object presents itself to
us really reversed, relatively to the position in which we
are accustomed to see it, we consider that it has acquired
the reversed position because its image upon the retina
1s equally so, by comparison, with that which we our-
selves hold, and to that in which we usually see it. We
know that a man, and that each of us, has his, or our, feet
upon the ground: but when we see in the image formed
upon the retina by a dancer, that his head touches the
ground, we know that we see it in a reversed position.
Judgment of Distance and Size.— We judge of the
distance and magnitude of objects in many ways: if
they were placed constantly at one distance, and always
equally illuminated, we should be able to measure their
size by that of the image painted on the retina. The
dimension of this image is, in general, proportional to







424 VISION. Lecr. XX.

frequently commit when estimating distance, are one
source of the illusions in judging of real magnitude:
these are most frequently made in the dark, as in the
phantasmagoria.

Single Vision.— What is the use of the two eyes in
the act of vision ? Whilst the object is situated very
far from wus, the images formed in the two eyes are
1dentical, and vision is effected as with one eye, the
optical axes being then sensibly parallel. The single
impression produced by a body seen with two eyes is,
in this case, the result of an intellectual act, which,
from custom, we execute with an inconceivable rapidity.
We do not perceive two objects, although the image be
double, because experience has taught us that this objec:
is single in every case where two identical representations
are produced upon two parts of the retina, which are
necessarily correspondent, in order that vision may be
distinet. It is the same with the organ of touch. If
we place all the fingers of one hand on a ball, we donot
‘experience the sensation of five balls, but only of one.
If we look at a body with two eyes, and then compress
the globe of one of them so as to change the position of
the image on the retina, and alter the axis of one of the
two eyes, the body instantly appears double. This is
‘the cause of strabismus or squinting. An analogous phe-
mnomenon is also produced with the sense of touch. To
‘effect this, cross the fore and middle finger of one hand,
and with their extremities touch a ball: you will ex-
perience an illusion, and fancy that you touch two dif-
ferent balls instead of one.
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perfect image of the original, o that the illusion is
complete ; of this we have an example in the diorama,
But this is no longer the case when the object is at a
very short distance from the eye. We are indebted to
Wheatstone for a series of extremely ingenious experi-
ments upon this subject. When a solid body, a cube
for instance, is very near the eyes, its projection on the
retina of each eye forms there two different images;
they resemble each other so slightly, that if we sup-
posed them drawn, we could scarcely, by looking at
them, recognise that they belonged to the same body.
Notwithstanding this difference, we see a single object s
we must then conclude, from these facts, that the per-
ception in relief may be produced by the simultaneous
impression of two images formed in each eye; in other
words, to see objects as they are, becomes an illusion.
Notwithstanding the observations of Wheatstone, we
must, however, assume, that a single eye is capable
of estimating the solidity of bodies, as is seen daily in
persons who have lost one. Experience, custom, and
the other senses, assist in correcting this defect.

The Stercoscope.— By looking at the same time at the
images of two drawings, obtained by copying the two
projections of a solid body upon the retine of the two
eyes, Wheatstone succeeded in producing the same sen-
sation as that which would have been produced by the
solid body. When the observation is made in such a
way that the images of the two drawings are formed in
the same manner, and upon the same points of the retina
which the two projections of the solid occupy, the illu-
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Wheatstone has given the name of stereoscope to the
mstrument by the aid of which this illusion is produced.

Fig. 26,

b a'

a a’. Outline figures placed in the Stereoscope : @ being seen by the left eye,
and a' by the right eye.
&, Outline of the figure seen in the Stereoscope by the simultaneous percep-
tion of the figures a a’.

It consists of two inelined mirrors, upon which are
formed by reflection the images of the two paintings
representing the projections of a solid body in both
eyes. The two images are observed by applying the
eyes to two openings which allow the two images
formed on the mirrors to be seen.

Duration of Impressions.— Among the most curious
phenomena of vision, is that of the continuance of im-
pressions received on the retina. Observe a bumiﬁg
coal when being whirled round: if the rotation be suffi-
ciently rapid, you fancy you see a circle of fire. It is
evident that this illusion can only be explained by
assuming that the sensation produced by the luminous
body remains for a certain time, which can be esti-
mated by the interval necessary for the coal, in revoly-
ing, to return again to the same point ; so that we see
it simultaneously at all the points which it successively
traverses. The apparent augmentation of volume which
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determine the duration of the impressions upon the
retina. Some very ingenious apparatus, which likewise
serves to amuse children, have been constructed on the
same principle as that of Aimé’s instrument just de-
seribed.  Around a circle is placed a number of figures
of men, exactly alike in dress and shape, and all repre-
sented in motion. They are arranged successively, one
after the other, each representing a different but suc-
cessive position of a given exercise, as, for example,
sawing, playing the violin, dancing, &c. The first
circle is seen through the slits of a second one. By
turning both upon one axis, the eye receives the im-
pression of each of the positions of the figure, at the
moment of the passage of the corresponding opening,
and preserves the impression of the preceding until the
following one takes place. There results from this per-
sistence, an effect similar to that which would be pro-
duced by the object in motion.

Plateau, who long studied this subject, discovered
that, in order to produce a complete impression, the
light ought to act for a certain time; that the total
duration of the impression is the same for all the
colours, and may be approximatively estimated at
07:34 ; that the interval of time, during which the im-
pression preserves the same intensity, is as much more
considerable as the light is more moderated; that it is
different for rays of different colours; for instance, it 18
longer for the blue than for the red and white light
and that, in fact, the total duration of the impressions
is so much the more persistent as the light is the more

i:! ”
T
1













- — -
T » T

434 VISION. Lect. XX.

the other more deep. On the contrary, all those which
are near each other in the series of the seven colours,
weaken and injure each other when placed side by side.
Pictures, carpets, tinted papers, and decorations in ge-
neral, sometimes present bad effects, when the reciprocal
influences of neighbouring colours have notbeen attended
to in their constructoin. We are indebted to M. Chev-
reul for a work on this subject, which is remarkable and
complete.

I cannot pass silently over the ingenious theory by
means of which Plateau has attempted to explain all the
phenomena now alluded to. According to him, when
the retina has been impressed and agitated by light,
emanating from an object, and the cause of the excitation
has ceased, the retina returns to its nmormal position,
after a series of decreasing oscillations. The conditions
through which it successively passes during the continu-
ation of these oscillations, produce opposed sensations.
There is opposition between the black and the white,
and in general between the effects produced by two
complementary colours. In fact, two accidental com-
plementary colours produce, by their superposition,
black ; that is to say, no effect. During the continuation
of the excitation of the retina, the points of the latter,
which are near to those upon which the image is formed,
likewise suffer oscillations ; which, being identical with
those produced upon a tense membrane, onght to be in
a direction opposed to the first, just as we know the
vibrations of two neighbouring concamerations [arches]
of a vibrating plate are in an opposite direction. There
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