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' NATURAL HISTORY' OF ORGANIZED BODIES. -
Mmmwmwxm:ummwm
TMI;Qmeﬁrmwww

I —HISTORICAL EVOLUTION OF THE SCIENCES.

The course of instruction in the Co of France is noi limited to a simple
exposition of the state of sclence at epoch, but, as a school of discovery,
extends its views to the actual tendencies of the human mind. It aims to sig-
nalize the new horizons which are opening for science, and which hold out to ns
the promise of further acquisitions. In order, however, to judge of the direction
to be pursued, it is necessary, from time to time, to cast our glance backward,
to consider the space which has been traversed, to recall the windings, the haz.
ards, the difficnlties of the route. Buch a recurrence to the past is one of the
most useful preparations for a new d and will enable us to aitain our
end much more promptly and certainly than it was possible for our predeceasors
to do. Tiis by availing ourselves of their experience that the march of improve-
ment has been constantly aceelerated, until, in our day, more discoveries are pro-
duced in ten years than formerly in an age.

The history of the natural sciences has, not long since, been refraced in this
chair by the professor whom I have the honor of replacing. M. Flourens here
Passed in review the life and labors of the learned naturalists of the XVIth
XVIIth, XVIIIth, and XIXth centuries, having devoted to this subject several
Years of his instruetion. I shall not to unfold anew this historic

| however instructive may be its lessons. Permit me merely to retrace,
with a rapid glance, the principal phases of the evolution of science. We shall
thus see more clearly the tendency of scientific inquiry and the direction in
which wa should look for its further advancement.

The natural history of organized beings comprises zoology and botany. If
¥e open the most ancient treatises on thess subjects, we perceive that the engross-
Ing ocoupation was to make an enumeration of the objects of nature. Science
Inight be said to have been then engaged in taking possession of its domain;
m‘n&h!tg the inventory of its freasures. Each object received s name which
Dight distinguish it, by recalling, as far as possible, its exterior characters. The

embarrassment of riches” soon gave rise to the necessity of a methodical
""ﬂﬂm The first step was :os:ﬁ:araiaanimxlsfmmp]mts,and thus
ere the two great kingdoms of the natnral world. Afterwards, in each
h}’&‘iom_,m created new divisions; first, branches, each of which was dis-
bibuted into classes, and these again, by snccessive divisions, into orders, families, .

ﬂawr&:ndapma Tobe uaehf,thaae classifications shonld combine in the
fme group the beings analogous to one another, so that, by knowing to what fam-
Eln animg] or & t belongs, & preliminary idea may be formed of its principal
s . Tiis ‘ihﬁstMnmentoftlﬁaenﬂthatc{nsﬁ.ﬁHﬁonshawbmm
—2 modified, tending constantly to become more nafurcl—that is to say, to

* Bevue des Cours Scientifiques de ls France of de Pétranger, March, 1867,

- p—— —_—

E_1234'55?3_91011121

Natural history of organized bodies. From the course of lectures of M. Marey at ... - page 1 sur 28


http://www.bium.univ-paris5.fr/histmed/medica/page?marey200&p=1
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* establish the affinity or the separation of beings on the most importa
acters.
Anatomy, in the mean time, came in sid and revealed the interior g
of animals and ts. Ita'nowedthatﬂertanurgansseem,ﬁnmtheir
occurrence in- the series of beings, to have on that scoount a pred
importance, while others which are frequently modified, and Eometimes
wanting, appear to be but sccessories, and of a secondary utility. He
that the presence of a vertebral canal containing the gpinal marrow has
the distinctive character of a whole hranch of the animal kin
of the vertebrata. Tn this second phase of the evolution of e
man no Jouger confined himself to the réls of a spectator of nature.
tinized and compared; he essayed to form an idea of the general
organization of beings. The dry nomenclature had thns given pl
ma%]u]dicaé classification, , 3 :
en Cuvier appeared, comparative anatomy waa doubiless already fc
Antiquity iteelf had learned it from Aristotle; modern times had wit
advancement by Ol Perrault and Vieq d'Azyr; but much remained to
in order to complete the classif ing of animals according to their anatof
congtitution. n%he branch of L{; wnvertcbrata  comprised a multitnds of
nous _ orders, among which new divisions were of course meo :
invertebrates were divided by Cuvier into three new branches, the M
the Articulata, and the Zoophytes. This natoral classification, based on
parative anafomy, borrowed the distinetive characters from the ;
the most important organs in the animal: from that of the nervous system
It was now that, combining in & comprehensive synthesis partienlar %
order to derive from them general ideas, Cuvier was enabled to throw
some of the laws which govern the organized world. Such, for exam
the law of subordination of organs, which teaches us that such or such an
when it is present in an animal, implies the preésence of other or whil
associated with it after a necessary manner. Natural history haﬁaﬁps b
a veritable science, bly to the definition &f Bacon: & Sciences are
facts generalized.” ﬁow, eneralization had condneted Cuvier to the expl
of laws. These, in turn, lgev:l him to a remarkable conseqnence—to the
of paleontology. It was in conformity with his law of the correlation of

had long disappeared from the surface of the globe. e
. By the side of Cuvier another grand historical figure presents itself in Go
Saint Hilaire, his cotemporary and friend, more recently his scientific verss
Frepossessed by his labors in the natural classification of beings, Cavier I
bent his whole foree to the discovery of the differences which separated Ha
- The genius of Geoffroy - disposed him rather to com igon ; resemb
attracted him more strongly than differences, and enabled him to de
- zoological geries, the unity of plan amidst the diversity of -details.
:&iﬂ TeSETVE '?E rei:mt:]nljmnoe of the memorable conflicts of these
versaries, conflicts which powerfully developed two great conceptions in
at last, there ig nothing ilsmoncﬂzﬂz-le. From this apu-shm{?sms the'
anatomical philosoply, '
While zoology was establishing itself on foundations really scientifi
had been pursiing a parallel carcer, As early as the XVITth century,
7ol attempted to snbatitute for the ancient nomenclatures a nataral ¢
He souncht, in 1689, to distinguish plants according to their prineipal
the roots, the’ stems, the Howers, the seeds. But vegetable anatom
little advanced to permit a classification based on the constitution
important organs of plants, Botany bad still o pass throngh the’
clas-ifications of Tournefort and Linnsuns before ariving at the more
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'form which it received from the Jussicus. It was Antoine Lagrent de Jussien,
F== offect, who first clearly spprehended and distinetly defined the principle of
e ination of characters. based his elassification of plants on the anat-
‘omy of the most inﬁp«_:rtant apparatos in the vegetable kijlg-dpnm—ihe apparatas
b of reprodnction. ence the number of the lobes of the ¥ e embryo, .
= %ot is to say, of the eotyledons, the insertion of the stamens in the flower, became
“ }e characters on which is Based the classification of plants.
* ' Sinoe Cuvier and the Jussiens, zoological and botanical classifications have
“eontipued to improve; bat naturalists have, on the whols, respected the plan
= tich has been handed down to them. Rectifications have been made, and cer-
tain beings have been transferred from one family to another, with whiuﬁ they are
s closely allied by essential characters; at other times it has been found
; %gﬂ zoological and botanical outline for the admission of
¢ newly di individnals, but these partial modifications constitute but a
dwa{:pmant of the fundamental idea which has remained unchanged: the
Gecessity, namely, of keeping constantly in view the classification of beings.
 aocording to the most important characters of their organization, ;
£ _a!.m%v, which had produced these reforms, has itzelf advanced to new con-
quests.  Up to our present century it had remained purely descriptive—that is
: {o say, it was limited to indicating the form of the organs considered each in its
o ass. Thus it determined the form of the bones, of the muscles, of the -
s, of the merves, &c., whether in man or a lower species, or else it com-
e arrangement of these organs in a succession of individnals of the zoo-
= lopical series. It was Bichat who impressed on anatomy a new character. He
| created gemeral anafomy, in the sense that he studied the #issues which enter
- into the composition of the organism. The extended employment of the micro-
| scope gave a vigorous impulsion to these studies. This instroment conferred the
3 E‘:lmr of discerning distinet and well-defined elements in those iissmes which
= Bad till then appeared homogeneous. The globules of the blood, the animal-
* cules of the sperm, the cellules of the apitheﬁum, the tubes of the nerves, the
£ acin of the glands, have been all revealed to us by the microscope.- The
"~ knowledge pertaining to these subjects constitntes Ristology, henceforth insepara-
- ble from general anatomy. Transferred to the domain of comparative anatomy,
= histology acquires a new interest; it shows us thai certain elements of the tis-
* nes undergo, like the organs themselves, very decided modifications when we
- follow them up in animals or plants of different families.
- The microscope further conducts us to a discovery of great importance, that
of the development of the germs in animals and plants. Animal embryogeny
tonstitutes a new branch of stience, with which are connected llustrions names,
almost all being those of cotemporaries : Von Baer, Graaf, Purkinje, Coste.
s qu_l_ﬂ v ble embryogeny less curious ; the intimate phenomena of reprodoc-
| Hon in the two kingdoms resemble one another in a siriking manner. The
. surprised observer hesitates in pronouncing whether he has not under his eyes
0 animal organism, when he sees the antherozoid of certain vegetables agitated
with spontaneous motion, seeking with persistence the orifice throngh which
is destined to pass, or disengaging itself with apparent effort from the impedi-
-t-n;:."-""ﬂ which obstruct it. The two kingdoms thus appear to be confounded in
the elements of their origin, while they deviate so'widely one from the other
I'-Eﬂ_ws contemplate them only as complete beings... R
This collective view of organized nature, important as it is, still exhibits it to
38 only under one of its aspects. It makes us acquainted with existencies as
egards their form and strocture, abstraction being made of what is most essen-
= Halin them; namely, life. * We seem to have been traversing an immense
QPHBI? of mechanisms of greatly varied combinations, some in appearance very
£ 2P, others of an extreme complication ; these of enormons mass, those of an
- Infinite delicacy, But everything here was mysterions in its immobility; the
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imagination js lost in conjectures on the function proper to each. It is ng
neceszary to see these things in action, each executing the work for whi
: ted. The catalogue has been drawn up with sufficient exactness for
ﬁg_ To-day the current no longer tends to classification, it is directed io 7
study ef the functions of life; that is to say, the play of the organs which an
has disclosed to us. 'This study of the phenpmena which take place in

beings is ordinarily ealled physiology, or, more correetly, biology. :

Aﬁsqrgmizai i live; animals or plants all accomplish a series of
from their origin to their dissolution; but life is interpreted in them by
festations as varied as their organization itself.

It may be said that biology is the offspring of anatomy, for it was from
form of the organs that man was first inepired with the comprehension of
fanction of each of them. This influence of anatomy gave to biology in
first instance a ﬂﬁdﬂt’.:.ﬁ?e character from which, even in our day, it finds
_culty in disengaging itself. It is trne that when we see the arrangement of
.articulating =o g which unite the different parts of the sheleton, we read
comprehend the function of those organs; we see how each bone moves upon
‘contignons bone, and thiz in itself explains the varied positions which T

ortions of the body may assurme. Bunt the action of the museles was much
giﬂimlt to be comprehended. Aristotle himself knew it not. The Teprescn
tive of ancient science, the founder of comparative anatomy, mnst have eng
stantly observed the extreme variety of musc development in different speci
of animals, and yet this anatomical prineiple conveyed to him no idea of thi
funetion of the musele. It was reserved for Erasistratus, grandson of Aristotls
to discover first the elementary fact, that a muscle contracts in order to p
motion. The role ol: t.h? other organs was still more obscure; but in reg
these, not satisfled with ignorance, inquirers accumulated in the name of seiene
the most foolish suppositions. The wiscers, in particular, were endowed w
singular funetions ; each of them lodged one of the properties of the soul.
head resided reason, in the heart courage and choler, in the Yver concupis
and so with different organs. Suc:h ideas, of course, could never have b
inspired by anatomy, and they had, in effect, another source. Philosophers b
by no means_been insensible to the attractions of the mysterions and incom
hensible; psychology is more ancient than the sciences, and Aristotle had
received from Plato a whole system ready made. It was thought indispensably
necessary to lodge three souls in the human body, and each of these had se
perties which could not be left without a habitat. Thus it is that mystl
tradition has imposed even on those who have conscientiously sought to p
themselves in direct relations with nature, 2

I wonld have wlulhg'lr u} silence these sin tendencies of
human mind to depart from the domain of real facts and to yield to the capri
of imagination; but the question relates not to & passing error to which time |
_already rendered justice. The ideas of Plato Lave a hundred times chang
their form, but thag have been transmitted from ace to age; they prevail

* this day under the form of vifalism ; that is to ﬁy,aﬁle doctrine which prete
to have explained every phenomenon of life when it has pronounced such or
a phenomenon to be the effect of & particular properfy of the living being. T

.doctrine I shall not stop to combat; quite enongh has been vainly said
attempting’ to confute those who do not choose to be convinced. It is safe
assume, however, that the vitalistic school is at present condemned for its s
ity; that it loses ground every day, while the number of those is daily incre
ing who demand : the rigorons observation of facts and from experiment
ﬁuﬁu-n of the problems of biology. !

It would be more interesting’ to Tollow through its snccessive stages the d
opment of t_.‘ue_schocl of experimenters. To find its origin, we must go
remote periods. Surprising it is, that the two opposite tendencies which ;

CeCL IR CH
Y
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1ong contended for mastery. come to ns from the same source. Aristotle, who
ncambered science with entities nselessly imagined, has bequeathed tous many
F oxact ideas on’ the nature, whether volumtary or involuntary, of movement, on
‘¢, Frasistratus, who represented vital spiriis as
" girculsting in the arteries, reeognized the true nature of the action of the muscles.
F Galen, m:i:nch pmposaess:;,with homorism, m&?ﬂ';hﬁ four elements, with the
' forces Whi eside over functions, was not 68 4 great experime
= mag:e:-are' i ies ,than“,nil.l his predecessors; he showed that it iz
#ith blood that the arteries and the heart are filled ; he pointed out the influence
" f the nerves on the movement of the muscles ; he recognized the paralysis pro-
need by & lesion of .;ge ]:pinnl mw;h He m in fine, ?;:'athOf the most
iking experiments of physiology, by showi the section ¢ Tecurrent
mﬁuﬁgwﬁiﬁlﬂjﬁ and extinguishes :lgm voice. o
Boon afterwards all profmss is arrested before the invasion of the barbarians,
and ecience remains torpid for 14 centuries. Omits revival, the two parties reap-
pear more opposed than ever; with an an%mm more prec {1 and
~ pach boasting its proper representatives. ile Btahl revives the immaterial
‘principles of Plato, Hoffman vindicates the supremacy of ﬁaﬁ@l laws in the
nhenomena of life. Establishing themselves on the grand di overy of Harvey,
 the organicians proceed to demenstrate the potency of the experimental method.
Finally, Haller appears, and, reassembling the materials of physiology, makes of
3 well-defined science, and impels it onward in the _Egath of experiment. ;
Since this epoch discoveries have rapidly sucoeeded cne another ; with each .
of them the name of some experimentalist is associated : J. Hunter, Bichat, Ma-
gendie, Ch. Bell, J. Miiller, savants whose work bas been so gbly continned by
- onr eotemporaries,  Animal physiclogy has reached a 'vg advanced stage, and
- ane of great interest. Having emerged from that unsatisfactory phase in which,
| the sciences, while in a state of formation, are engaged in accumulating isolated
. facts, and too often jn seeking to connect those facts by prematare hypothesis, we
are able not only to realize the principal conditions onder which certain functions
 ire performed, but to obtain a view of their relations and reciprocal influences.
* In the collective functions of the organism, we discover, in effect, a subordination
- gnch as Cuvier has pointed out in the organs themselves. The nefvous system,
- the most constant apparatus in animals, presides over sensibility and movement,
- the two' prominent functions in the animal economy. But it governs also the
. functions of organic life—respiration and circulation, which in turn react upon
"~ the nervons system, so that the knowledge of one function would not be complete
- if we did not know at the same time its influence npon the others. gy
L Vegetable physiology is unfortunately moch less advanced ; it can scarcely bo
- Eaid to consist of more than certain rather vague ideas. - Not only is it true that
- We do not at present understand the general harmony of the functions of plants;
.~ W6 have but a very incomplete knowledge of each of thiose functions in itself.
The phytologists have attempted to model themselves upon the procedure of the
ologists, but without deriving much benefit from the imitation. -
- The functions of the vegetable have been classed nearly in conformity with
E: 1he funetions of the ani but this assimilation may itself have operated as a
f shackle on the progress of the science. A1l that has been said of the circulation
& 0 plants was ph':ﬁiy suggested by ideas borrowed from the circolation in ani-
- Mals. The double current of liquid supposed to ascend by the tubes of the lig-
.~ IUm and to descend again by those of the latex, would seem, according to modern
3 "‘tﬂthﬂm, but a false analogy established between the physiclogy of enimals and
. 0at of Veretable respiration is however better known. The experi-
E Ems o Bﬂnﬁﬁ;@ﬁsﬁ Senebier, and Th];lda Sanssme have aat.ah]ishemﬂtha
. Portang the green parts of vegetables exhale.oxygen under the inflo-
?;.E.Of solar radistion, while, in darkmess, these same parts di carbonio

&
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As to other phenomena of vegetable iology, they remain fo a grest
unexplained. Plnquir‘_pis.hacmsidmh measure, still confined to the
cation of facis, of which the i ion has not yet been fornished.
instaﬁmisthepmpertf by the root 4nd the stalk of vegetal
one of directing itself in accordance with the terrestrial attraction, the
rearing itself in the inverse direction of that attrgetion. Ingenions e i
were mstitnted by J. Hunter and Knight with a view to armive at the sl
of this problem, but the results obtained by these experimentalists have
insufficient to explain the facts. The action also which the light ewerts §
planis in curving their branches, the tendeney which certain plants manifa
twinethamselmalmyainﬂmmadimoﬁan, to the right in the case of
to the left in the case of others, are facts ascertained but not explained.
word, table physiolo is & science which is In process of f iom, b
far from having attained the degree of development presented at thig ]
animal physio % ] ]

" In this rapidtggview,IhEvaattmnptait.o indicate the principal phases of
evolution o]i:ha natural soiences ; their succession must doubtless take =
an order which may be ounced necessary, each phase preparing the way il
another, and rendering };ﬁhleanﬂpmdncﬁvs rezearches whi n%muld
ously have been premature. At the same time;the facts would certainl;
strained did we pretend to.exhibit a succession of well-defined 8, each
sively devoted to the elaboration of one of the links of this Tong chain
not the less true however, that the human mind, in the evolution of the
sciences, has pursued in general the conrse above indieated, a course whichi
¢an trace in the advancement of all the seiences which depend upon obses

nothing as true but what appeared tible of being demonstrated ; of ren
cing the search for first causes, and of dt ing their attention exclusively td
verification of facts and the deduction of laws under the contrel of eXperia
I advance no pretensions to madify this formala so ingeniously nnd
Anguste Comte, still less wonld I venture to enbstitute another. Buot pl
myself at the more restricted point of view of the sciences which have for
object the facts of nature, I LEmk it competent still further to sabdivid
pecify the phases of thaiievolfnﬁm‘,u?;’ﬂ to say that in all these sciences wé
mgmsh_ a certain number o each ding to a certain
in their development. We shonf;nthus have, first the parigd of nome
next that of the natural classification of bejne < still later the analytic

be followed by the stndy of phe
leading finally to the establishment of neral laws, x y. 3

the science which, in virtne of its som rehensiven takes precedence of all
th%vscien_mtﬁgt}lﬁuivpmeormng,bﬂhﬂ es:’wﬁai’e. : .
qeo see the Immensity of space peopled with objects each of hich is.
ﬁrheavanlyhndy,&udtheﬁrstimpu]senfmkﬁndmthadﬁi;m
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i
them. Artificial groups or eonstéllations were first established, constituting a
1o nomenclataore of the stars. Afterwards the effort was to classify them, and
gtars which appear fixed were distingnished from those which exhibit move-
t: among these last again, the planets, the comets, and the asteroids were to
st O:nied before the immutable laws of the planetary movements could be
: M In this classification the terrestrial globe became an individual per-
- fiining to the genus planet and a member of that class called the solar system.
Ti wﬂfbﬂ seen further, that the earth; considered individually, was submitted to
"the same analysis as the individuals which pertain to the organized world. - Thus
“tha earth has its deseripfive anafomy ; it is the physical geography which teaches
: us the general mn::f;ement of the planet, its double polar oblateness, the con-
: fignration of the land and seas, the altitude of the ground and depth of the waters
in different places, the course of the rivers which traverse the terrestrial surface .
like the veins in our organs. The earth has also its anafomy of structure.  This
* 1 repregented by geology, properly so called, which, according to the mmgusi—
fion or arrangement of the fi ions, refers them to different types, as is done
" with re to the living tissues. geologist, like the anatomist, does not
“confine himself to the exterior appearance, but subjects each part to chemical
yeis, explores the densities and cohesions, observes with the microscope the

“details of structure, &e.  Embryogeny itself finds its analogue in the science
which is Mﬂu‘p‘izgrzith the evolation of our globe and the g?ég:'::;sis of ‘the differ-
- ent terrestrial strata. On one part and the other, we have the game meihod, the
- same induction from what is passing under our eyes to what must have passed
_ak an epoch inaccessible to our observation. i §ores g
- Thus we observe, in regard to the material study of our planet, a striking
_emilitnde between the methods employed and those to which naturalists have
: recowrse for the study of organized beings. Without forcing the comparison, it
- may be carried even further. The earth has functions ; there are phenomena
. which take place in it that bear an analogy to actnal life. Asthe moon has been
- called the cadaver of a planet, it may be said that the earth is a living planet.
® Under this point of view, we shall see that it has also its physiology.
- - 1t in meteorology which reveals to us the funetions of our planet. In the inﬁ:
ons treatise lately published on this subject by M. Marié—Davy, there may be
- found a particularly vivid picture of that perpetual circulation of the waters which,
- quiting the sea under the form of vapor, rise into the atmosphere only te be con-
~Oensed in clonds, and, falling again upon the earth, are borne by the brooks and
- Iivers 10 the sea from which they werepg:pamted. The atmosphere is the seat
: ﬂf.,'ﬂn analogous aerial circulation ; the: e%uattmal zone is the common goal of
ﬂ'}_a lower trade-winds, as it is the point of e of the winds of an opposite
_? the npper trade-winds, which flow thence to the polar regions, whenecs
- they will again retnrn towards the equator. The distribution of terrestrial heat
Hrsents g perfect resemblancs to that of animal heat; the same tendency on
part to the refrigeration of the points remote from the central region; the
e transference of calorio by the cireulation of heated lignids, - Could we enter
E:tn the study of the distribution of the animal temperature, it would be
the analogies are still more striking than the present occasion permits
i0 demanstrate. d e 5 -
If 1 have dwelt at some length on this retrospeciive survey of the g of
BClences, it is because I have-thonght that much instryetion migEEt be fonnd
0 for those who ave seeking to advance them ; and ghould I have sncceeded
= ‘ﬁﬂwmg that the methods foﬁ:wed. are always nearly the same, the history
Sié progress achieved may enlighten us as to the valne of each of those methods,
said in commencing, the experience acquired by our predscessors will
o ¢conduct us in the new ronte which weé shall heve to traverse. That
1s plainly traced ; it is easy to see that the tendency is no longer-to classi-
28, which will, of themselves, become perfect under the influence of ulte-
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rior discoveries respecting the functions of animals and plants. - Nor yet i
getunl tendency, as it seems, to descriptive studies. At the point which ans;
has reached, what is rather to be apprehended is confusion, throngh the my
plicity of minute details. Onur science is already encambered with desc
which the life of one man would not suffice fo master. . ;
To'this it may be answered that it is precisely to remedy this obstructi
recourse iz had to a division of labor; that, by virtue of this expedient,
look with confidence to the indefinite inerease of human science, each ra
- tion of which will be developed by the assiduity of inguirers devoted exclu
to some speciality. But ean it be necessary to show how touch such a state
things is to be deprecated? The mare thoronghly any point of science isin
tigated the more nomerous and intimate are found to be its connections wi
others. .Need we reeall the services which zoology and botany have ren
to geology, the utility of chemistry and physics to those who cultivate 2
or pliysiology?  So much for the solidarily, the inter-dependence of the scient
in view of the means of study and the furtherance of one through the o
a like solidarity is found in regard to the laws which govern them. .
Every law, when once known, throws light on & vast field, for it control,
nomber of phenomena. The law of proportionality fo the squares apy
not only to the gravitation of the heavenly bodies, but to light, electricity, 1
netic aftraction, accelerated movement, &ec. Chemical laws enable us to fo
a great nomber of phenomena which no one has yet attempted to realize,
all the sciences allowed of cur evolving, from this time forward, p
laws, it would be easy for ns to combine in a grand assemblage all dis
facts; a single mind might embrace in their generality all human cognit
what the sares of antiquity could not realize l'niy reason of the narrow ex
their knnmge, would be accomplished to-day on a field much more
thanks to the excellence and simplicity of method. This ideal, which how
we shall never attain, should at least be the star which serves us for a gul
it iz to the research of the laws of life that it behooves us henceforth to
our earnest attention. :

IL.—OFFICE OF ANALYSIS IN THE SCIENCEIS—POWER WHICH IT DEB
FROM THE EMPLOYMENT OF GREATLY IMPROVED INSTRUMENTS.

- I have endeavored to show that the human mind proceeds in all the
after nearly the same manner, so that, as regards each of them, pro
resented by an evolotion strikingly similar. I hope to prove that U
sciences, in the process of their development, tend to an approximation towa
one another, resulting in their reciprocal advancement, since each of them @
light apon the other. Zuology and botany, it is obvions, have
geology an inestimable element of %rogtém;,.iay disclosing one of the most
pensable characters for recognizing the relative of different formations.
character is derived from g_a determination of fossil species, some of
characterize, so to speak, certain geological epochs. -
Pl;isi.ca and -chemistry have so many poinis of contact that it i
superflnons to mention them; the time may be foreseen when t
sclences can be no longer separated, chemistry constitating, in effect 0
molecular physics. But physics and chemistry éxert on the other hand a1,
increasing influence on the naiural sciences. Neither animal nor vege
E.:ysinlcgj can dispense with their aid; it may even be said that all-t
ow accurately in these two sciences is what is explained by means
laws of physics and chemistry, Ezamples would present themselves i
+were it requizite to furnish them. Thus the mechanical phenomena o
tion were unintelligible before atmospheric pressure had been dizcovered:
mists and physiologists were surprized to zee the air rush into the p

g8 15 T
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 the diaphragm or walls of the breast of an animal; alive or dead, were pierced ;
g:-g ignow nothing obscare in the nature of this effect. The same canse
& explains also many phenomena relating to the exchange incessantly produced
" petween the gases of the blood and the atmn?hsﬁa air, the action of respiration
- ou the course of the blood; &o. Mechanics elucidates the musenlar phenomena,
= ind in general all the movements produced by animals. The circolation of the
. tlood borrows from hydrodynamics the explanation of everything relating to the
© movement of the sanguineous finid. Without chemistry, what ideas could we
respecting the digestive functions, the offices of Tespiration, the fanction
© of the glands? Optics and acoustics are treated, in the works on physiology, in
- the same manner as in those on physics. Finally, the laws of electricity acquire
b day more im uce in the interpretation of the nervons phenomens.
ai-llf this proves the reciprocal dependence (solidarity) of the sciences; it shows’
& thal it Is necessary to separate them as little as possible, that the tendency should
= be to their simplification, to the reduetion into general laws in order to render
i them easily accessible to every one. : 3
¢ A very important point, for it is decisive of suceess or failure in sclentific
= mmhn; is the choice of a good method.  On this subject it is mec to
- be gnarded against a very common error.  We become habitnated generally by
- the usual processes of demonstration to pass from the simple to the compasite,
start from & well established principle in order to arrive, from one dednetion
« ioanother, at the demonstration of more complex propositions. It is in this wa: T
o that the theorems of are successfully demonstrated; but is it by this {
- method that a science is established? Far otherwise 7 nor do thoge who make
- diseoveries in the natural sciences proceed in this manner, . -They chserve a
- freai number of facts, compare them; place them side by gide, seek the condi-
_ tons which modify each phenomenon, and sncceed ‘only in the last place in
- finding & principle or a law which may guide the understanding in the midst of
- 80 embarrassing: complexity. .
- _edicine, a science whith touches us so nearly, since it deals with the troubles
which occur in the functions of life, was long misled by that false method
 which generates systems. Starting from a principle supposed to be trae, it pro-
 teded with the most irreproachabls logic to heap deductions upon deductions,
: moment when error became so obvious that the whole fabric oollapsed
& once, and the work was to be commenced anew. Tt was & pure metaphor
ﬁ’*'-'-‘W'Jl'urﬂg-ht the evil: Tt was proposed to construct the science, and a corner-
- Sione was to be songht to support the edifice.” But by what right, among so
(= Tany materials, was one stone to be taken for this purpose sooner than another ?
i By what token was it to be mwd as the real base of the structwre? Cer-
tain]y, by none. If there must e & metaphor, [ would prefer to compare the
-~ [0y of the natural sciences to the labor of the archeologists in deciphering
- MSeriptions traced in an unknown language. They oy, turn by turn, sev
3 for each sign ; they seek assistance st the same time from the conditions
2y . Which each inseription has' been found, and from the ‘analogy it presents
".:h meeriptions y known, and they arrive only in the last place at a-
g edge of the principles by which they teach others to decipher the strange

NN RS

i

LT

5

b VOTY 2clence zis only to be obtained by the employment of certain pro-
__. gjﬂ‘f"ﬁ which act Hgﬁ?erfﬂ levers in' the service of the human mind : anal'yl::i‘;:
of m’aﬂrf'ea for research, and symthesis, which is emplhiyed to verify the results
Erat 5 OF t0 et in & more- simple light a truth already discovered. But
p&‘hﬂg is susceptible of improvement, even the means which are at our dis:
s mbf:r the realization of farther rogress. I propose, therefore, sammarily
@ the Present vesources of analysis and synthesis, instroments which are
P hstantly to be handled by the teachers as well as cultivators of science.
Analysi fonsists in reducing to its most simple elements a phenomenon too
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mgleul: to be otherwise comprehended. If the muliiplicity of simm

incidents perplexes our undersianding, we endeavor to abSiract one of

incidents, observe it as exactly as possible, then, passing to another, stud:

the same manner. In thus overcoming successively the difficulties which:
g . & 1 e .

sent
consists the finction of analysis, and it is this which constitutes the source

WETL.

Bat, in this eonflict of details, diffienlties of another order sill {]
selves, 'These arize from the insofficiency of our senses, baffled by obje
too small or too large, too near or too remote, as well as by movements too
or too rapid. Man has found the means of creating for himself more -y
eemses in order to detect t]:]fl uuthnfthwhimhihm. Hditl;.a:s,mn
vision more-penetrating by the tel ! ich soun immen
space, and of the microseope which ezplores the infinitely little. Balance
comy in hand, he estimates with precision the weight and volome of bo
which his tonch indicated to him in only a rongh manner: The more ads
the state of any science, the more it has need of instroments, for it has
beyond the horizon embraced by the unassisted view of our predece:
1;];; transcended the limits of the circle in which the human intellect

= exercised, while exhansting itself in contemiplating the surface of the :

~ objects and mnanmjngin% h:riiuh to-day it emplo

dialecties the power
rous observation. =
- n&f‘lmm are the indispensable intermediaries between mind and
the phtgmmsl, the chemist, the astronomer can effect but little without t
cor ; the ist, the physiologist, the physician have recourse to them
indispensable t&lh?)?rogrem of medical science. The invention of cadave
injections and that of the microscope have ina a mew era for anat
which owes to the mse of these expedients _comparative Earfectun
it has attained in our day. The same is the case with physiclogy
to the manometer, the thermometer, to electric machines of various constructi
ﬁ:pamtlm for registering, &o., that the physiclogist is indebted for the. o
substifuting experimentation, in iis proper sense, for ohservation,
slower and often powerless 1o discover the laws which govern life. :
To show the ess already realized in the method of analysis, an
the muoltiplicity of resources of which it may avail itself,” we take
examples: : . , _ L5908
In chemistry, when the object is to recogmize the nature of certain b
which enter into ‘a combination or mixture, we proceed, by gualitative anal
to disengage each of these bodies and to isolate them suceessively. - Thed
gquantitative analysis, we determine in what quantity each substance existe

the mixture. In making this discrimination, the balance is at our ser¥
This, we see, is an apparatus borrowed from physics which enables the ch
to arrive at exact determinations. But the helpful intervention of physies !
not there. TIn virtue of that eolidarity of the sciences, of which I have b
spoken, the chemist resorts to the physicist for the aid of still other ingtr
If, for instance, we have the solution of a known salt whose degree of.
tration we wounld ascertain, there is no need to destroy-the mixturs
extraet the salf, in order afterwards to weigh it; we geek, by means. of 1
ometer, the density of the mixtare, and, knowing the density proper to
it is easy to caleulate the guantity contained. in the solution. If in
solution substances exist which are crystallizable with others
not &0, the use of the dialyser enables us to effect their separation. !
is an ap%va_tns of physics placed at the service of chemistry. The po
is also of great utility. Tt enables us to appreciate in an insiant the
of certain substances contained in a solntion, and to determine their
with rigorons exactness. Lastly, the specfroscope contributes s new
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emisiry ¢ it has extended the domain of chemical analysis beyond the world
e inhabit, by ensbling us, from the optical properties-of the light of the stars,
ia determine their chemical composition, and to affirm; for example, that in the
Em there must be irom, nitrogen, eobalt, &ec.; in the star Aldebaran, sodinm,
nasnesinm, caleium, iron, mercnry, hydrogen, &c. Thus science, by means of
nalysis, has realized wonders which the most daring imagination wonld have
- In physics, the fanctions of analysis are not less extensive. - - It i= by employ-
different kinds of apparatus, each of which reveals certain properties of elec-
b tricitys liﬁht, heat, &e., that we have sunceeeded in forming an idea of the man- :
'ner in which these agents act in nature. The physicist renounces the idea of
‘sscertaining their essence as we renounce a kuuw{:]dga of the essence of life,’
is content to deseribe each agent” according to its manifestations.  Electri-
aty, which reveals itself to us in great meteorological effects; in the production
of lightning and boreal a for instance, everywhere else evades our per-”
Fgeption; and yet it is demonstrable that everywhere in natore electricity exists.”
Tho electroseape discloses it in the atmosphere which surroundsus. The goloan-
peter shows ns that electric currents are formed, so to say, wherever an act of
 physical nature is accomplished : water which evaporates, a plant which vege-
tates, an animal which lives, give rise to electric pggtnomena. which our senses
ot directly perceive, but which we render perceptible by medns of instru-
‘ments of m:sfym.a. SBuch expressions as electric currents, electro-motive forees,
ity and fension of electricity, are artifices of language which enable us to-
tneeive more readily the conditions under which the phenomena called elec-
trical are produced and modified. But. in proportion as known facts become
muliiplied by analytic researches, science is seen to disengige itself from the
smbiguities of language and to sacrifice the expressions which are no lon
Jeeful to it. It is thus that the hypothesiz of two eleciric fluids, the one positive,
the other negative, is tending at present to disappear. -
- What we know regarding Egﬁﬂs been acquired by the ssme method : we
Jave learned to decompose it by the prism into its different elements ; some col-
gred in different manners, others invisible, but -endued with heat or chemical
s Poperties,  The theory of light furnishes ns with a good example of the dis-
pearance of an hypothesis in the presence of contredictory facts. We know
st the hypothesis of radiation has vanished before the phenomenon of inter-
. 2e0ces, and has given place to the theory of undulations, which alone explains:
",nﬂlﬂ Phenomensa actnally known. <ielts i : ;
- Thus physical agents me characterized every day in a more complete
anter, and are more and more accurately determined by the characters which
o analysis discloses. I shall not attempt to follow the progress realized by
- snalytic method in the knowledge of magnetism, heat, mechanical force, .
j= .0onfine myself to the statement already made that the solidarity of the
Eﬂlm..: constantly ents in proportion to the progress realized. - For the
- erent branches of phyeios the f?]gun is svidemtly taking place in our own day.
- S Interpreted to us by the profound conception of the eguivalence of forces
" of the transformation of mechanical labor into heat or into electricity.
¢ nataralist who is not content with observing the forms, however varied,
e tion in animals and plants, must PI;;E% the physicist and chem-
iy i he desires to disoover the conditions of life. - His first means for the
T3 of phenomena is vivisection. It is through this that he becomes & wit-
Siay, -~ the accomplishment of functions; all that is visible and palpable in the
b L the organs is revealed to him by this anatomia animata, as it was called
o this head I conld say nothing which will not be fonnd more
-iently stated in the valuable treatise of M. CL Bernard (Iniroduction d la
/ Im this work may be seen everything relative to phy-

ey
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siological experiment; while excellent advice is given T
of mind which it is necessary to bring to the study of b 5
But, of itself alone, vivisection is insufficient for this pursait; it can do no m
o to say, than lay bare the phenomenon simultaneously with the organ whidh
is the seat of it; it reveals to our senses only what they are capable of percei
ing. Now, we hiave seen that in physics mm&amuwﬁléﬁ? and
it is pecessary, at e step, to have recourse to apparatus yzing thes
mﬂreﬁeﬁmta,;rﬁem?-ga. p’i‘]w game iz the ease in biology. The electrical
phenomena which take place in animals are, in certain cases, directly pe
: ble. The commotion produced by the tarpe&o and notns have been
from antiguity, but the most sensitive galvanometers have been needed to de
those electric modifications, =0 weak and yet so impor:aniawhich accompany th
nérvons and museilar actions. Du BoeisReymond and his suecessors :
made known to us an entire new phase of physiclogy, and ome of theé me
interesting kind. Optieal apparatns is indispensable for the exploration of th
interior of ‘the eye, as well as for the delicate measurement of the corvatores
each of the refractive mediums which compose it. Thus, while dis
teaches us certain detsils of the ization, it would nevertheless decei
by destroying the normal disposition of the parts, had we not the mi
stadying the living apparatus in' sifu. :

- Anatomy shows ns the organs with a definite form and volume; Ph}'ﬁﬂl
on the contrary, teaches us Et- most of the organs present, in the actions of li
changes both of form and volume, a few of which only can be easily percei
We must resort to instrumental aid for the demonstration of changes toe de
cate for naked vision. Now, micromefry, as is well known, has atiained
extraordinary precision in the determination of the diameters of ohjects extreii
minute; it constitutes one of the principal resonrces at the dis of histolog

_and enables it, in effect, to assign to each element ite normal diameter, which
“one of its important characteristica.

- As there exists, then, & micrometry by which we ecan measnre the slig
changes in the volume of the organs in living animals, I deem it the
iml:{grtaut. to indicate the apparatns destined for this porpose, since it is sti
little employed, though possessing, in certain cases, very great untility. It

. remembered that discusstons were heretofore maintained respecting the dilal
of the arteries under the afflux of the blood propelled into them by the
tion of the ventricle. Some writers contended that the arterial system T
room for the sanguineouns wave by means of an elongation sustained by
sels, while others thought that arteries, in this act, dilate and len
the sime time. . . -

To resolve this question, M. Flourens conceived the idea of encircl
artery of a living animal with an interropted ring formed of an elastic spring;?
would yield tothe dilatation of the artery and manifest it by the separationd
two ends of the ring. This separation takes place, in effect, whenever &
charge of blood is received from the heart.  But the method is not wholly &
objection. Tf we suppose the pressure of the elastic ring to producs

constriction of the vessel, the latter may simply recover its n s
and in this way, withont undergoing dilatation, would separate the enﬂf
ring which compressed it. M. Polseunille employed & more rigorols
which consists in ing the artery. which we propose to examing i
box with rigid walls, pierced on one side and the other by a suitabl
this box the artery is maintained at such a degree of fension as 10
Jiability to elongation through pressure of the blood. The box is il
liquid, and is farnished at some point in its walls with a capillary tube?
the liquid ascends to a determinate level. If the blood-vessel-th

mndergoes the slightest ion of diameter, it necessarily ¢
lignid of the box, and the m;in the capillary tube is seen to rise
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- pecording as the diameter of the vessel is increased or diminished. This method
& iz susceptible of a great number of applications ; it enables us to show that all
the vascular organs nndergo, at each sanguineons discharge from the heart, a
- gistension followed by contraction, similar fo that presented, in a higher degree,
: by the erectile tissnes. Bat this mode of examination is ot new; thers may be
seen in the works of Swammerdam the deacn‘;ptiou of an apparatus very analo-

etermine whether a musele in con-

\ gous to the one in gquestion, and destined to
E tracting undergoes a change of volume. -

- Of all the phenomena which characterize life, movement is the most import-
£ ant; it may be said, indeed, thai in general it is movement which gives their
. distinctive character to all the fonctions; now, it is under this aspect that the
. phenomena of animal life can be analyzed at present with the most admirable
- precision in the three correlativé elements of duration, extent, and foree. We arg
 but little capable of appreciating duration with exactness, especially that which
- is very short, and we generally consider as instantaneons snch phenomens as
oceupy & space of time shorter than the halfl or quarter of a second. For the
- same reason we assnme the synchronism of two acts which follow one another at
- a chort interval. But chronometry has made so moch progress of late that we
- can now measure the ghortest durations, thanks io the apparatne employed by
“the physicista. The velocity of projectiles, of light, of electricity, is readily
¢ reduced to measnrement, and nothing prevents the application in general of the

same methods to the still ehorter durations of physiological acts. The exfent of
* 4 movement is susceptible of very exact appreciation, provided the movement fur-
" nighes & trace which may be afterwards submitted to the estimates of micrometry.
- The idea of foree has recently undergone an important modification; it has been
reduced to that of lahor accomplished, and is referable henceforth to a determinate
standard, the kilogrammetre and its divisions. We find ourselves therefore in
possession of acenrate terms of comparison, and shonld eliminate in foture every
. Vague expression relative to movement. We should characterize it in every case
= sccording to its doration referred to the second of time, its extent in terms of the
. metre orits fraction, its force as expressed in kilogrammetres. Perhaps a still more
. tomplete conception is that which forther characterizes a movement by its form ;
that is to say, which takes account of the different phases of the movement, and
- 1o _]ﬂlil only of its commencement and end, its maximum and minimom, but,
- which determines all the intermediate states. Such is the result obtained by the
_ '_ method, to which T shall have occasion elsewhere to call attention, as

_"_ of itself the solution of a great number of problems of the highest

: ce. -

i ovement, before being executed, is, so to say, potentially contained in certain

uses which produce it: weight, elasticity, the pressure of a liquid, the fension
o a gas. We now know how to appreciate these forees, which may be called
Mtual. Tt s statics which measures them, and introduces into their measare-
ﬂm}t that l‘l%ﬂmﬂ‘ﬂ exactness which tends at present to become general. The
Mmm of the manometer to the valuation of the pressnre of the bload, of the
hﬁ-c aspiration, of the furce with which the glandular reservoirs contract, is a
it step in t_h&_Emgreas of our epoch. '

I have here given but a rapid and incomplete enumeration of all these exact
ssés and therr appropriate apparatus, it is becanse the oocasion will here-
t itself, in my collegiate course, of describing them more completely,
: ﬂ:ﬂm folly axem;ilhf_ﬁ.ug their valne. T have aimed to show in the first
b ;mm?nmea which we have at oor disposal, and to prove especially that

¥ drawing more elosely its relations with the other sciences, that biology
I bmm't.h Progressive and will continue o progress. Now that we are pro-
WIth neéw means for atfempting the solution of the problems of lifs, we
=) _“ﬂﬁnm_e thlf researches in which our predecessors have been foiled: A -
3 Wh’iﬁgh ;mght be sopposed to be exhsusted becomes once more a fertile
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field for stud if we acquire new processes with which to it,
chiefly when 1};’0 Tecur -to ancient experiments that we are struck with the o
gress which has been realized. We might almost be disposed to condemn
narrownesz of view of the old experimenters, if we did not revert in thought
the epoch when they lived, and to the exiguity of the means of analysis of whigh
they could avail themselves. | : =
4 another reason necessitates the employment of apparatus in physiclogy.
Even in the cases in which vivisection reveals to us important facts, it i
such exireme perturbations in the functions of life as y to modify
amitomnveyﬂ.ﬁﬂlsaidea,ifthennmmlexpxmsimof e funciion be assum
to be exhibited in any phenomenon which we may thus witness, To take’
example, the cage maj‘Ee cited wheh the section of the spinal marrow is
formed on an animal, and artificial respiration is practiced in order to main
:famc- life as long as possible. Under these conditions the phenomena of
ation undergo so profound a modification that we should be on our g
against the false ideas which may be drawn from the experiment. The rapidi
of the current of the blood becomes excessive, the pulsations of the heart
accelerated, the central texgﬁﬂum is lowered, while the periphéral tempers
nses.. -The physiologist” d, therefore, endeavor to inflick on the
which helis examining as little mutilation as possible, if he would obtain
exact idea of the normal conditions of the circolation of the blood and
animal temperature. We know, moreover, that the secretion of the glan
utider normal conditions, differs much from that which we collect by artifici;
means. Thus the pancreatic juice derived from an animal in which an openin
has been effected differs chemically from that which the land discharges no
mally into the duodenum. It would not be diffiealt to miﬁtiplg examples gho
ing how necessary it is to leave the animal in its normal condition if we w
not have the fanction interfered with; but this is only attainable by means of
different and delicate apparatos of which some portions are above enumerabed
Another cause often obliges us to renounce vivisection, and to substitute th
use of apparatus : it is the necessity of directly studying the human physiold
Of all the beings whose organization and funetions science has essayed to
ligate, man has been the most frequent object of stndy. Tt is the human
slollggy which serves, 50 to speak, as a type for that of the whole ani

kingdom,
evertheless, if it is true that our own organism and funetions seem
present the most outuﬁlar.e model of animal organization, it is not less true
certain organs, as well as certain fanetions, are, in us, less sharply characte
in the lower order of bei Hence it is of the greatest importan
%‘;‘}O‘W; by a:f;myfm, ﬂtctlll of thsn;i&encmana of life in the whole series of H
ings, or a in the principal with a view to ascertaining what
ﬂ__:eufﬂ'aré:r{t processes which nsf:n.ra@l}ﬁ;:la s in order to arrive at her end, |
life of the individual and of the species. Hence the origin and object of o
parative physiology. - e e
It is to the human being, bowever, his organs and his fanctions, that
greater number of investigations is at the present day directed, And,*
resources are to be laid under contribution in the prosecution of our obje
may sometimes borrow aid from the seience of medicine, which finds in the §
i';sf m::f:ﬁ]«l;l; cfzrtam mnﬁ;huna not always tom by 'IE gﬂf
not., : wever, that medicine is not the i
thongh, In &n utiitae £ 'a ot
7

o tamanpnhi;;o view, it may be its end. Iumshintlﬂl-
We are now. pursuing, it is one means the more of analyzing the condB0
which modify the functions of life, and of arriving at & betier Gotermin
ihe laws which nll'giﬂ.;t: those funetions. Tn order to give an ides
influence which cine has had on the kmowledge of the organism; I
but recall that it was in 8 case where a perforation of the thoracic Waﬂﬁ
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¢ with numerons indieations, not only on the subject of embryogeny, but also in
& relation” to certain fanctions, snch as those of the nervous system, respiration,
= and circalstion, which produce the movements of the cephalorachidig-_ liquid, &,
= The above iz but a summary statement of the means of analysis at onr dis-
¢ posal at the present time. Owur resources, it will be seen, are -and fornish
-~ a guaraniee of success in researches yet to be ondertaken. T wounld repeat, in
- conclusion, what I have before said, that progress is visibly taking place t.hmuﬁlg
" the fusion of the sciences, and for us, naturalists and biologists, Tesolves itse

- into the faciliies which we every day derive from physics and chemistry.
. The time will come, no doubt, when we shall be able in our turn to fornish te
- those sciences new elements of progress. But, for the moment, we are their
- debtors, for the reason that the physical and chemieal sciences, more simple than
- ours, and long disengaged from the bad methods by which we have been misled,
- are to-day more advanced than biclogy, in the sense that they arrive more readily

exact ideas of the phenomena which they study. It is only after hgvi

- fmitlesely employed in the study of the phenomena of life the methods aup]:l-":;g
3_ physics and chemistry that we shall have any right to invoke the intervention
- of extra-physical eanses for the explanation of the vital henomena ; and it is
 nof diffieult to see how far we are gnm having exhausted the resources which
physical and chemical analysis now places at our disposal.

II1.— ExrPERTMENTAL SYNTHESIS IN THE NATURAL SCIENCES. r,

king of the processes which the human mind employs in scientific
es, I have mentioned analysis and synthesis. We have thus far treated
analysis; we have considered it in its progressive improvements, and know,
8 H-genemi manner, the immense resources which it has at its eommand.
. Itremains to inquire the meaning of synthesisand the services whichit iscapable
.f rendering. It has already been seen that it is not a method of research; that
science which should propose to found itself upon synthesis, by setting out
n principles established & priori, would incur the peril of going widely astray. .
nothing of this sort is to be apprehended when analyeis finished ita
{'“k and has put us in possession-of a large number of facts, well establiched.
It s then that the office of synthesis commences. Synthesis is the opposite of
{ alysis; it reconstruets what has been decomposed. This is the most general
definition of the method. But to give a more complete ides of it, it is well to
it in its different applications. We will first examine experimental syn-
=18, In 5o far as it serves to control the results of analysis by reproducing a
tomenon through a reassemblage of the conditions ofy its existence.
°8 we shall pass to synthesis properly so called, being such as it is defined
ics, and which collects particular facts into general laws,
mental synthesis recompounds that which has been decompozed into its
ent elements. The chemiet, for instance, when he has decomposed water
‘means of analysis and has separated it into oxygen and hy en, can
bine those two gases. He has effected the synthesis of water. In
:geﬁmaut, then, is found the most satisfactory demonstration of the
°58 of the first. Synthesis has served for the of analysis. .
~ rganic chemistry the introduction of synthesis is altogether recent, but it
g8 _in this branch of science a real revolution. In the last century,
Sis believed that organic matter was formed in animals and plants by virtae
Jrees different from those which govern unorganized matter. Buffon even
.2ed an animated organic matter, destined to furnish uncessingly the
dner, - Of beings endowed with organization. As late as 1849, Berzelins still
3 “Hed of special chemical Jaws in organized nature,
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It be to Berthelot to overthrow these erronecus and to &
that the same laws prevail in organic chemistry and chemisiry ;

#hat by employing the inorganic elements diselosed by analysis, it is pra
mpb;ducglby synthesis a great number of the substances found in
Ihma thus that, by means of carbon and hydrogen, our learned chemist fir
- acetylens, C'H?; body, treated with nascent hydrogen, gave him o
CH"

By the loyment of water and carbonic acid, Berthelot formed the oxid
of carbon, : by the fization of the elements of the wale
mﬁé formic aci C’H‘ﬁfﬁi}mw was obtained the gas of the marshes, G’H

ofthnmamhas,m turn, are derived, by successive condensal

of the elementa, acetylene, pmpylene, benzine, and naphmbne The

bodies spring from the pmmdmgh ¥ the addition of oxy, Thus are prod

the aleohiols: the methylic aleohol, C*H*(P, by the oxydation of the gaa of

marshes; common aleohol, GYHAO?, by the hyd.mtn.tm‘n of the olefiant gas. < B

the hydrogen from the almho].a, we obtain the aldehydes; by oxydizin

: alooﬁoh, we form the organic acids. By the fixation of theni n in

new products, whether by means of ammonia or by the action of nitrons

we obtain the quaternary compounds. So that it may be foreseen that a re

fo synthesis enable us to reproduce artificially-those important subs
which are called the alealoids of vegetables.

The physicist also makes extensive.use of synthesis. Thus, when he wi
pmduc.n with great infensity a phenomenon of which analysis has revealed to hi
the conditions of existence, he eonstructs an apparatns in which he asseml
those conditioms, and evokes the phenomenon with a de of evidence whi
leaves no longer any doubt. Knowing, for instance, the eleciric phenomen
which oceur between two different m , both submitted to a chemical actior
ﬁhyaamsta bave constructed batteries’ which nee currents of dynamic ele
tricity of a surprising intensity. In general, what is called an instrumen
demonstration is constructed in virtue of a aynthetm idea.

. In biology, synthesis is generally too little employed, and yet it would app
_ in certain cases, eminenily useful, whether for contmilmg the results ob
by analysis or for furnishing a clear and striking demonstration of the ph
ena. Thiz means of control and demonstration should eertainly not be neg!
It is often proper that experimenis should be made with the view of repro
a phenomenon, and demonstrating that it takes place in certain determing
ditions. In this case, the experimentation is synthetic. One of the prind
applications of this method consists in reproducing, cutside of the livin
certain ph&nﬂmmﬂ. which take place in the interior of the
orda]i’ef ?}dlimolzlim theo:]clt.tllg:a’whwh tte air exerts on thﬁm%hmd tﬂiaug
w the pulmonary we make it a that venous bl :
nﬁauahzedbg'theacuonofthemrtahn Ppem h an organic memb
To prove-the action of the acids of the sf.crma.ch as we].%as that uf heat in.d
tion, it is nsual to show that, in a matras, the addition of an acid to &
of gastric juice and food excites an artificial digestion which would take
but very incompletely without the presence of the acid. The action of
digestion may at the same time be shown, for the temperature must b
elevated for that phenomenon to be produced with Ta.plﬂ_ﬂ.j"

The physieal iﬂﬂﬁ‘mﬁnﬁ which ocenr in living mgafaﬂ y

. oa‘ptlblﬂ of thermu demonstration. The apparatus of emunstmtmn or §
are admirably adapted to give an idea of the mechanism of these fufl
nar can a.n mare instruetive be readily imagined than the employme
enta,whch enable us to assist, as it wers, in the produ
iha d of the phenomena.
There are many, doubtless, who will recall the difficalties experienced
outset of physiological studies, in comprehending perfectly the me

-
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m;thstv&ﬁdvammm,aaﬂismﬂeﬂ,wﬁnhaﬂmmthecaﬁty_oﬁ
'plmamdhtowtdchthéairtmdnmpmaipmihseﬁmmumopenmg o
< formed at any point of the thoracie structure. Now, this phenomenon can be
iquwrfeﬂadinaverynimplemmer. (Fig. 1.) R

We take a botile whose bottom has been removed and is replaced by a
' strelched membrane of caoutchono : this bottle will represent the thoracic cavity;.
' while the membrane corresponds to the diaphragm. 1n the interior of this appa-
£ raine we place an elastic bladder of cacutchone, which represents the lungs. The
neck of the bladder is luted to the neck of the bettle, so that there shall be but
“one orifice, that which enables the exterior air to communicate with the interior
o the bladder of caoutchoue. A hole has been formed in one side of the wall of
" the bottle, and a cord is attached to the centre of the membrane which represents
the diaphragm, for the purpose of communicating to this membrane movements
£ which imitate the diaphragmatic action in respiration. - We now 'F?md to place..
. this apparatus in the same conditions with the thoracic cavity. e blow throngh.
_ the throat of the bottle into the bladder, so as to distend it until it fills the cavity
 of the bottle and expels the air contained therein. We have thus established a.
of things analogous to that in which the thorax is filled by the expanded
! :I[Jf we ceaze to blow, leaving the lateral hole free, thl; wind h;t once snt%]rs
hl & whistling sound through the hole in questiom, precisely as ppens in tha.
ca86 of an anirtglwhﬁsa bm:.%t. has been ﬂud%.snlypi’ewed.- But, if we close that
le after having finished the insufflation, the bladder will continue adhering fo.
walls of the bottle, although the throat of the latter be open. To imitate the
vements of the diaphragm, we exert a traction on the membrane ; the bladder
follows all these movements just as the lungs would do, and a reciprocating motion.
eatablished between the exterior and interior air, throngh the throat of the bottle.
We degire to measure the energy with which the blad er-lung tends to collapse
- Dot itself, a manometer is fi to the hole in the side-wall; the mercury will
0% be seen to be drawn towards the apparatus with a force represented by the:
= on of a column of air a eertain nomber of centimetres in height.
" rather curions phenomenon sometimes oecurs in surgery, being a hernia of
" e Iing through a wound of the breast. 'This hernia might seem inexplicable,
-0 View of the tendency of the long in such case to collapse npon itself. If we
2056 the throat of our bottle, an act which corresponds fo the occlusion of the
ﬁﬁ_m in an animal and prevents the escape of the air from the breast, the blad-
e &:’ﬂ-‘- no longer have, as before, a strong tendency to retreat upon itself; for,
G0 that, it mnst becoms empty. At this juncture let the diaphragm be
hed, which will be equivalent to a strong effort at inhalation. The blad-
Will then be seen to form a hernia thmn%h the opening in the side of the
o

The explanationof this fact is quite obvious : the air, compressed in the
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elmﬁcpmuhwiﬁthfm,tenﬂsmmpeumﬂsb?ﬁﬁmghmk
thin membrane which confines it; this it effects st the sole point where the
offer little resistance. for an instant, that; in place of the thin
‘brane which now forms the hm were a gpongy but more con
tizsue, like that of the lungs; the ia would become strangulated betwe
the edges of the openin and be mnable to re-enter | taneonsly, even w
« the effort has ceased. v other demonstrations be made by means
this simple apparains. - . . e s
Without digressing from the subject, another fact may be noticed which
seemed obseare, but which is susceptible of a synthetic demonsiration at once
simple and convincing. Have the infercostal museles any action on the mov
ment of the ribs; and, if so, what is that action . This was the subject of o
disenssion among the physiologists of thelast cenfury.. = - . = . . 3
The solution of the question was demanded of experiment, amd it was
that, in living animals, the external i.ntm’ﬂ?ﬂl‘-ﬂ-l muscles contract at every
ration of air. Bat this result of cbservation presented something parado
and inexplicable. The external intercostals are extended between two i
it would seem, therefore, that they ought, in contracting, to bring the ribs n
to one another. Now, at the moment of inhalation, the ribs separate am

intercostal are enlarged. |

P. Eemﬂsz'hm courses of physiology at the Faculty of Medicine,
sccnstomed o recall the diseussions in queetion, and removed any lfeﬁltauw
the part of his auditory by tracing on & tablet a schematic figare which rend
the phenomenon easily i.nte]]igih%e. He wonld state, at the same time,

‘had received fiom Dr. Hutchinson a small apparatus formed of pieces of wi
in imitation of the arrangement of the ribs in relation to the vertebral colur
and of elastio handelets which represented the action of the external intercos
muscles. The whole, when the parts represemting ribs were lowered so
exert a traction upon the elastic bandelets, was o ted to take the positid
attending the act of inhalation in the animal frame. Annezed is an app
which I have constructed upon these indi- - St e
cations and which aptly reproduces the phe- ’
nomenon in question, (Fig. 2.}

The vertebral eolumn is represented by a-
piece of vertical wood on which three trans-
verse pieces are articulated : these represent 1
the ribs. The direction of the intercostal
mitscles is indicated by that of the braces of
caoutchone fastened by pins on the cross- i
bars of wood: - When the ribs are horizon-
tal, as in the figore, there is a considerable
interval between them, but the insertions,
A, B, of the brace of eaoutchoune are not so
widely separated as in the case when the rib-
pleces, being lowered, approach and tomch
one ancther. Im t.hgﬁ cage, the b::lm of
caoutchoue corresponds to the di of a
very oblique. pa;raﬂélhgﬂm_dnﬁnw,' the &
position of the elastic brace is that which Tzl
the external intercostals present in relation ¥
to the ribs. The. contraction of these mus-
eles serves, therefore, to raise the ribs, as
the elasticity of the caocutchoué acts in the
gchems which we have been describing.
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¢ - Among the mechanical phenomena of the circnlation of the blood there are
¢ guite a number which may be imitated in a perfect manper. A schema, well
& known in Germany, is that of Weber: it shows- how the circular movement of
¢ the blood is accomplished in that vast self re-entering system represented by the
B heart and blood-vessels, (jig. 3.) :

~ We take an elastio tube, curved mpon itself, g0 as fo form a complete circnit,
. which may be filled with a liquid by means of the funmel, e. At a point in
| ikis tube a part, marked ¢, is bounded by two valves, both of which open in the
¢ wame direction. This portion of the circait corresponds to the heart. At the
* paint diréetly opposite the portion ¢ is placed, st ¢, a tabe of glass, in which a
¢ eponge is ingted tightly, forming, of course, an obstacle to the passage of the
-~ liquid, in regard to which it exerts a resistance like- that opposed by the eapil-
* lary vessels to the conrse of the blood. 'The apparatus being now filled with
* Jignid is ready for o ting. Tf intermitting pressures be exerted on the part
- ¢ which representa the heart, the enclossd liquid is propelled and made ta pass
. into the portion of the tube where the play of the vaplvgs permits its being intro- ¢
= duced, namely, into @, @’. Under the influence of compressions frequentl
. Ipeated, the portion into which the liquid flows becomes distended. Wow, it is
o in this condition that the arterial system subsists in animals, since there the blood
f it continually pressed forward by the systolés of the left heart. Hence the
b liquid acquires in this part of the tube a considerable amomnt of pressore which
* imitates, with sufficient exactness, the pressure of the blood in the arteries. The
¢ Ponge, ¢, allows the liquid to pass gradually from the arterial part of the tnba.
\ Itto the venous part, that is to say, into the portion + v of the apparatns. This
| Pissage of the liquid takes place in a continnons manner, notwithstanding the
- Mermission of the impulses given to the liguid. Here, then, we realize an imi.
tation of the phenomenon produced in the cirenlatory apparatus: the regularity,
Emely, of the course of the blaod in the small vesséls, TIn both cases thiy
= "esult is obtained through the effect of the elasticity of the conduits in which
b 188 liquid has ciroulated. Further, it s the same canse whid: prodaces in fire-
L “*gines the regularity of the jet, notwithstanding the suceessive checks in the
; _Plai'_ of the pump. In apparatus of the latter kind resort is had toa bell-shaped
—=Ver, under which the lignid arrives on issuing from the pump, and which
3 the irregularities of the motive force. &
LIt shonld likewice be remarked, that, under the influence of suceessive impul-
i _fm‘!n to the lignid by pressing on the part ¢, it will be found that the
o and the venous portion ofntie cirenit present oppesite conditions of
E"Pletion : the arterial pressure constantly tending to distention at the expense
'l]t.a Venous portion which is at the same time partially depleted. Tt iz thus
F 250 i the ceonomy of the living animal, the repletion o_fegne arterial system
E &h“g plage at the expense of the contents of the veinps, Finally, it will be
= “"!’WWM tl:at‘ vach impalsion given to the liquid, by the eompresgion of the tnbe
b ﬂ. Sommnnicates o the whole of the arterial eolumn a polsation analogons to
]Fr&aentad by the arteries of a living enimal, and that this impulsion is
® Borri, ) ot the extremity of the arterial part, 50-as to fail entirely in the venous
& ™ On the whole, then, this schema of Webar's reproduces in & very sim-
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le way some of the principal phenomens of the circulation of tha Bl
{'Et. Thidrmﬂtamiﬁc%mt throogh the whole system of ty
with the understanding, however, that the ap is i ed to rep
only one of the two circnits which constitute the cirenlation in the high
y, the greater one. 2d. The formation of two unequal p
one rather high, being that of the blood in the arteries; the othier lower.
the venons pressare. 3d. The continmity of the course of the blood
capillary vessels under the influence of the elasticity of the arteries. 4
pulsation which is produced in all the arteries at each 1é of the he
might be possible to imitate in s more perfeet manner the hydraalic phen
of E?be course of the hlood, bat the schema before us m:ﬂ'ilﬁ for hthe
exhibiting a synthetie reprodnction of an action taking place in livi z
In mﬁmﬂg’fha circulstion, theotetical considerations had lod mé 15 i)
that the elasticity of the arteries produces on the course of the blood still
effects than those demonstrable by the apparatus of Weber, and that this e
ticity itself favors the circulation by diminishing the obstacle which the b
encounters at each contraction ; in other words, that the heart has less diffical
in emptying itaelf into elastic vessels than it would meet with if the arfe
gystem were formed of rigid conduits. Now this effect of the arterial elastici
has been contested by the whole body of physiclogists. Some of them
- held, with Bichat, that the ecirealation would be ed quite as well in
tubes asin elastic ones, the only difference being that in inert vessels no-
sation would be felt. Others, relying on experiment, asserted that two tah
- one elastic, the other inert, give teux&a same quantity of liguid if bo
have the same calibre; and this is p:f:fﬁec!]y troe if the flow of the liquid
qu

place under a constant discharge, but ceases to be true if the afflux of the I
occars in an intermittent manner, as is the case with the cireulation of the bloo
Still other physiologists, struck with the regularity of the course of the
in the small vessels, have considered the elasticity of the arteries as an addi
force, which propels the blood in the arteries during the repose of the
But these also were in error, and we might refute their opinion by s&;’iug,'" ;
Berard, that the elastic foree of the arteries is in reality only indirectly
utory, a force d’emprunt, and that the heart is the sole impulsive agen
exeris an active part in the cireulation. Nevertheless, I maintain my
tion: the elasticity of the arteries is favorable to the course of the blood;.
it does not act as an impulsive force. It diminishes the resistance which
heart experiences when it propels the blood in the vessels. The annexed sch
apparatus will enable me to demonstrate this proposition, i

‘ "_""" B — :
A.Hari_uttavnse‘fismisedonasu}:pnrt. From this vase proceeds
tube furnished with & fancot R. This tube is bifurcated &t the poin
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£ each of iis branches is continned by a long condnit. One b¥is elastiu,bam‘f
" formed of thin caoutchonc; the other a a'is of glass, and consequently rigi
- A valve, placed at the origin of the elastic tube, permits the liqnid to penetrate
- freely into its interior, but opposes all reflus in an inverse direction. The two
- tubes have the same capacity of discharge: of this we may convince curselves
= by opening the faucet B and allowing a continnous corrent to be established.
~ Butif the fancet be opened and closed alternately, it will be seen that the efflax
~ by the inert tube is intermittent, while that by elastie tube is continnous;
it will be also found that the discharge has become very unequal, and that much .
- lessof the liguid escapes by the inert than by the elastic tube. The proposition
might be considered, then, as already proved, for it is evident that if the elastic
. tube has discharged more liquid than the other, this resnlts from its having
. received more, and as the penetration of the liquid into the tubes takes place
¢ under a constant charge, ﬂ.n?mn only be effected at the time whien the fancet is -
. open, this clearly proves that at those instants the tube of glass was more per-
= meable than the elastic tube.
= But we may form a more exact conception of what oceurs under these condi-
* tions by inquiring not what issues from the tubes, but what enters them. The
= Mariotte vase employed as a source of supply furnishes the means of knowing
- accurately what penetrates into each of the tubes at a given moment, for not the
. smallest guantity of liquid can issue from the vase without the indication of what
- portion of it is withdrawn by the entrance of a more or less considerable quantity
- ofair. Now, if the liquid be permitted to flow by the elastic tube alone, or the
& glass tube alone, it will be seen that in the two cases the Mariotte vase indicates
- very different discharges. If the effinx be by the inest tube alone, bubbles of
~ air are seen to enier the vase one by one, at regunlar intervals, until the so
El?&asion of the flow of liquid, when, by the same act, the entrance of the bubbles
- 5 arrested. If, on the other hand, the inert tube being closed, the efflox
- tommences with the elastie tube alone, a mass of air is seen on the instant to
- msh into the vase, announcing the escape of a wave of the liguid at the first
. Doment; the bubbles then become more rare and enter with the same slowness
Which was observed in the case of efflux by the inert tube. Let the fancet be
Cosed at this instant, and it will plainly appear that the elastic tube hes
Tceived a gquantity of liguid r than that received by the inert tube and
toresponding to the access of the large volume of air af the commencement
of the experiment. It is this excess of liquid which occasions a flow more or -
Iﬁﬂ% durable after the closing of the fancet, This whole quantity of water aceom-
- odated by the distension of the tube constitntes the advantage of the elastio
. ‘abe as regards the afflux. If this tube more readily admits the penetration .
= of the water into its interior, it is becanse the liguid is not required, as in the
©.5358 of the inert tnbe, to overcome the total friction and flow outwardly, but
-~ fnds Jodgment within the tube by reason of the extensibility of the latter. Tt
- 18 0bvions that as often as these intermittent openings of the fancet are repeated
-~ i hew advantage is created in favor of the elastic tube. Finally, theory teaches
 that to render the efflax by the two tubes as unequal as possible, it is
- “FQuisite that the fancet should be opened, each time for a very brief period, and
14t the intervals between the openings should be of some doration,
demonstration of this effeet of the elasticity of the arteries, tho here-
*¢ unknown, would seem to be of much importance; it has enabled we to
‘W_ new conclusions, and to establish, for example, that if the arteries lose their
lasticity, a6 is normally the case with aged persons, the heart must experience
by, crease of resistance, and, according o the known laws of pathol , become
Eﬁemtglh The researches which I have made with a view to the verifica-
by .o this prevision have farnished a complete confirmation of. the theory, but
= 5hall not insist here on particnlars which enter properly into the domain of
edicine, and which would divert me from my subjct. e
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In returning to the synthetic metion of the phenomena which g
pany life, T shall present bat one o example of synthesis. The uses of
natatory bladder of fishes have been very much coniroverted ; most natnra
E??hv&mnid&mdthismgana&mp&bhofmﬁfﬁngthamlmnf

s ; ! 2 z

and in this condition floats helplesely, becanse it has become much less dense
_the water. The elastic force of the air of the bladder; resisted under normal
[ ditions by the weight of a column of water extremely b
brings on a great di ion of the animal if the pressnre
diminished, so that, having become lighter than the water,
floats on the surface. Hence it follows that a fish which Ky
normally at great depths in the sea cannot riseabove  ce o
altitnde, u.ud%rm penalty of being borne to the surface by t
expansion of the gas of its air-bladder. And this theoretical:
deduction involvesa converse one: that the fish cannot dess
toa deé;th ter than that for which its natatory bladder
adapted. If it ventures to a-greater depth the of
bladder will nndergo greater’ compression, the density of t
animal will be ented, and it will be precipitated indes
nitely, even to the bottom of the sen; whenee it can riss
maore, utiless it conld secrete within its bladder a quantity of
gas sufficient to distend it notwithstanding the emormous
pressure to which it is snbjected. :
Theory teaches us, then, that a fish iz not fitted to ]_175:
except at a certain depth; that it cannot all of a sudde
transfer itsedf from a certain zone to which the state of ita air-
bladder assigns it; that if it emerges from that zone in whic
it possesses nearly the same deneity with the water, it
be impelled ind nitely, whether to the snrface or tor
the bottom of the sea. Tt may, moreover, be inferred

it is assigned, if it has the power of compressing or relaxiiE

its air-bladder; that is to Bapy, of modlfywﬁ' apong isly
own density, whether in_one direction or the other, It i§
be understood, finally, that the fish has the faculty o
tending to a certain extent, by the movements of its
against the effects of its own density, and thus still
enlarges the zone in which it can subsist, .

The whole of these theoretical dednetions can =

drawn from a certain dspthtath;}ﬁmjﬁce_
gea floats in spite. of itself; bus the inverse pheno
fish precipitated to the bottom of the sea, iz what no
bas witnessed. Yet o very simple scheme will Tender
Phenomenon perfectly evident. @ apparatns for this|]
pose (Fig. 5) is analogous to the Tudi i
which we are familiar. It is formed o & bladder o
= - choue filled with air, and gustaining & weight grs i
Vi & Bmhmannﬂaamgivatothawholeayﬂtemamﬂity
5 alent to that of water. This apparatus is placed in :
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gauge having soch a h thst the liquid column shall represent a rather
sirong pressure, when the Indion ispluggmwammin.daﬁ-ufp‘l‘he volume of

- gir contained in the ball is so regulated that the lndion, when at the surface of
= the waler, is a little less dense than the liquid, and emerges from it to some
| extent. it be now sunk to a slight depth; it is still not so dense as the
~—  water and tends to rise above its surface, Sink it a ]itﬂedseper, and it will

*  remain nearly immovable in the zone in which it iz placed, indicating that its -
~ deosity is now equal to that of the water. It is thos that it is represented in

i - {ha Let it be sunk more deeply and it will be seen to have & tendency

io descend of itzelf: it has become denser than the water. =

Here, then, we have a new example of the synthetic reproduction of the phe-
pomens which occur in living animals, Many maﬁus examples might be
cited, but it iz only my purpose hers to signalize the ity of this method, and
to show hew fmportant it is still farther to extend its application. It may be-
sdded that any one, by the construction of a schema of his own, will find that
the vague ideas which he may have at first eonceived on an obsenre subject,
acquire singular precision and development. New econceptions will be con.
stantly presenting themselves, and problems be gnj which: the mind is
impatient td verify by new experiments. In a won{ this manual labor of the
constroetion of schematic apparatus, far from absorbing the mind, sustaing and
guides it by furnishing it at each etep with an experimental test,

An objection will not fail to be made by those ‘who pretend that there are,
in living heings, properties which much persons term vital, and which- are alio-
gether pecaliar.  They will tell us that gynthesis may well nee the physi- -
cal phenomensa which accompany life, but that it is incapable of imitating the

phenomena. T will answer, for m oWn that I re ize but, two
sorts of manifestations of life: those which are intelligible to s, being all of &
Physical or chemical order; and those which are not intelligible. ~As re
the last, it is better to avow our ignorance than to disguise it under a semblance
of explanation.

T T TR ——. - —

IV.—Laws v EroLogy.

I have next to speak of synthesis considered as & mental operation, the oppo-
fite of analysis; as collecting dispersed ideas to form of them a whole; 25 ascend-
Ing from particular facts to the general law which governs all of them.

be highest point which the natural sciences can reach is the diseavery of
the laws which ‘govern the phenomena of life. This, as I have said, is the
ideal we should pursue, but which we have not yet attained. At present it is
tesearch for facts which occupies.us; we labor in behalf of BUCCEES0TS, Per-
Bape far remote; we accumnulate for them the materials of a vast synthesis, which
Will enable them to embrace all these facts under g general point of view, and
to educe from them simple laws, Already, however, light seems to diffuse jtgelf
Ipom certain points of the sciencesin question, and some of their laws have begun
% emerge from the mass of details, ; : e %
Tet us premise this capital fact, that the laws of physics and of chemistry
-Teap in the manifestations of animal or vegetable life, and that every day
the hypothesis which led to the admission of forces of a special nature in organ-
126d beings is becoming less and less necessary. As regards the laws of physics,
':fﬂ bave seen them applied in the operation of the schematic apparatns by means
w:?ch We are enabled to imitate certain phenomens, observed in living beings,

Ztgards the laws of chemistry, Berthelot has shown them as presidin in the

= of the substances called organic. The hypothesis of f vital chemistry

& wholl pecu?aa:-hﬂnature% is now neeless. Researches based on synthesig in

: oW ms i laws soffics to in the formation of
el et o e e, % 10 explaa he frmation
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= %

The best known of all mblefmcﬁons,themﬁpﬁ:aﬂmuf lants, m
this first experimental idea, the gnmmatterofplmta,mﬂgrthe
of solar light, decomposes the water and carbonic acid, thus setting
the hy and oxide of carbon. Now, these latter sabstances
ments which chemiecal synthesis employs to form the ternary com
may all be derived from thasaﬁwofnaamthyﬂmgeuonthaaxide of carh

the chemist, in bis laboratory, must proceed by a series of transformag
-in erder to ize substances in which the elements are more condens
naiore attains the same end in a more direct manner, without, on that aceoun,
violating theordi:mqla.waufchemisny. In natare all the elementa are in pog
tact in a nascent state, so that the simpler componnds which resalt theref om
remain not long in their first phase of evolution, having close at hand «
principle necessary for the formation of more complex bodies. Organie bodi ;
arrive, therefore, with immediate effect- at their highest degree of condencatior
- while, in the chemical reactions of the laboratory, we are obli , in followig
up the conditions of the formation of these bodies, to create artificial and g e
Eve
In the study of the functions of life, the physiologist finds himself eont
with phenomena so complex that he cannof ai once comprehend the laws wh
govern them. But he is strock with eertain ;
constant than others, me these he deduces the existence of certain vital luy

investigation of the phenomens, and is absorbed in. the
generalizations of physical or chemical Taws,

First of all, the production of heat and that of movement seem to him to
attributes of the animal kingdom. T some gpecies appear to form an exce
to this sort of general law which he has establish , the physiologist explo
the facts more attentively, and ]E]ame:m that the animals W]§al he had at firs
distinguished from others by ealling them animals with cold constitute but
an apparent exception, and that they also produce heat, though in less quantit
than others, besides that they have not the property of preserving this heat, buf
allow it to escape when they are placed in a oo medinm. Igveutuaﬂy it
recognized that the chemical actions which take place in the organism are
cause of the production of heat in animals, and that the quantity of heat di

ed incresses or-deereases accordi i i

actions. T the production of animal heat presents itself only as

. rent : i
tingnished it from the movements whose laws are determined by mechanic
principles, Bnt it was at length recognized that the T :
like of heat, requires in animals & chemical action; that its pr
therefore, is not unlimited, but must he assimilated to the labor of our ma
.which transform into movement the heat derived
Consid erbi} under this point of view, the animal
- our machinery, except in its more advan capacity of produetion, bat &
yield, on the ’who]e, in labor only what the chern;}flc';.lqacﬁol;a exerted on
absorbed aliments will admit of Thig extension of physical laws to-
functions of organized beings commends itself 80 mly to reason, that no b
‘tation is ;otr present {aIt. in pushing conclusions to their consequences, and.
i example, in the animal economy the verification of law of the
munfheatmdofmechsaithbor.r i
- Nothing can be more legitimate than this tendency to reduce 511 the phen
ena of pature to simple alﬁn genersl laws; to me it_av?en seems that this i’nﬂﬂﬁ
procedure. has every chance In its favor of being the right one; still, from p
able hypothesis to demonstration is a long siride, (On this aceount it is that
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mnﬂmhﬂﬁﬁgai?bﬁe#uﬂfcfpuﬁm]ﬂ%mﬂ&#,ﬁ&uﬂmwﬁ
¢ ing the purpose of reducing eventually to simple laws, it is necessary in
 the first place to refer them to other special laws, but to such laws as are sus-
ible of demonstration. ' i
pon these grounds, eertain phenomena of life may already be referred to
demonstrable laws. H.Bmwn-ﬂéq’umd,inparﬁmlar‘, has given us, in his Journal
de la FPhysiologie, a short” note containing & very noticeable attempt at that gen-
- emalization of which I have been speaking. This physiologist sets forth, as
- dresults of his own labors as well as those of the savants who have preceded
~ him, ficelve Iaws relative to the conditions under which nervons and muscular
actions are either produced, increased or exhansied, together with ecertain other
analogous phenomena which are observed in animals.® By Y

Among laws there are several which are not, ps, 'b?ond the reach
of criticism, and everything would lead us to believe that the further progress of
science will reduce them o ter simplicity. Such as they are, however, they
appear to me well worthy of remark and meditation. For some of my auditors,
- it is troe, this generalization may be premature and difficult of comprehension ;
- but for most of those who are somewhat initiated in biclegy, T wuu]grhupe that
i they might lead to an BII.!.&;F@& conception of the facts with which they are

- already-acquainted. Some of these laws, being those which are specially appli-

cable to muscular contraction, ate in substance as follows:

; Frest vaw.—Muscular contraction seems inseparable from an organic change

- which nutrition alone can repair. _ _ .
= Itis now known that the muscle in repose presents the alkaline reaction, and

. that, under the influence of Tepeated contractions, it passes to the acid reaction;
4 chemical process has therefore been at work, which has modified the composi-
tion of the musele. Again, if we seek in a muscle the ortion of matter solo-
. ble in water, before or after energetic exertion, we shall find, with Helmholtz,
¢ that the quantity of soluble substances has angmented under the influence of
- that exertion. :

BECOND LAW.—The rapidity of the circulation of the blood and the richness of
that liguid in restorative substances, favor the recuperation of the muscle, and ren-
der it capable of new labor. T

This law, like the preceding, is susceptible of experimental verification. We
fan angment or diminish the time nece for the recuperation of the muscle
" byabafing or accelerating the cotirse of the blood which traverses it. The need

ot alimentation which follows muscular exercise also confirms this law in what

i Tclates to the influence of the qualities of the blood on the muscalar restoration.
Even in the absence of circnlation, the restoration still takes place within certain
limits, which is explained by the presence of the blood with which the tissaes
are saturated, even when it ceases to circulate. :

Tarep Law, (fowing from: the two preceding).—d muscle is subjected fo
Eﬂ‘; ; , the one restorative, nutrition ; exhaustive, its molive func-
ooy s acfual faculty of producing movement varies according as one or the

H o S T M T
- “ence, after longed repose; the muscle has attained its maximum of
£ SDtitnde to since the restoration is produced without waste. Conversely,
ho Prolonged action, the faculty of acting is at its minimuin. Tt will be seen
W closely this law approximates to laws purely physical, and how mnch the
it the resembles an apparatus which on the one hand receives electricity, and
-, ¢ other dispenses it ; as it doesalso a body subjected to a source of heat and -
- i‘nmtﬂmlmpgmseofreﬁgﬂaﬁm J
b o OURTH LaW.— ion after action is more rapid during the first fow
__,__________H%t!istthnris. : 2 g ?
" gy 12 the namber of these would farther the electsi i}
3 ectric cmens obgerved in certain
%'mpb@hﬂmafmnmﬁiammn??ﬁwm&m
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That is to say that if, after the action of a musele; thereposelasts one minnts,
ﬂ;mwﬂlba.ﬂ:;iksn piamamhixi_dagﬂeafmtg'mﬁon of the faculty of act.
ing, and that if the repose continnes for two minutes, the restoration will noi
have doubled the muscular energy. This likewise offers a new analogy with -
physical phenomena. Tn effect, a chilled body submitted to a smogh%—
gains much heat in the first few instants, and acquires but little afterwards i
proportion to the duration of the process of heating.

%m Law.—The habitual activity of a muscle and s nulrifion stand in such
while action_frequently repeated increases the volume of the muscle and augments
The examples which confirm this law are well known; every one has had
opporionity of observing the development of the mnscles which, in some indi
ncf:als, are more exercised than the rest, and, reciprocally, the atrophy of the
muscles which, for whatever reason, have been consigned to a lomg rep
There are limits, however, beyond which this law ceases to be trme; but
limits have not yet been ascertained in a precise manner. : :

The laws here stated re ing the musenlar function are sufficiently general:
to enable us to ize them in other fonctions which seem to have no anal
with movement. ving incidentally mentioned the discharge of the torps
I may here add that it would be interesting to inqguire, within what Jimits
laws above stated ate verified in this order of phenomena. M. Brown Béqus
thinks, as I have before said, that they are governed by the same laws with
muscalar action ; but experiment has not yet succeeded in proving the raali&%o!
this opinion, thdugh it may be said to have every probability in its favor. The
only point on which perfect identity has thus far l;aeen established consists. in’

the fact that the di of the 'bot&zio become weaker and weaker wh

series of them is provo There is, therefore, a real exhaunstion of the functio

zl;rmtl:]rjly bjrsitls own action; a fatigne of the electric organ, as there is a fatigue
e muscle: )

The mee of blood in the organ and its rapid ecireulation seem to be essen-.
tial conditions for the abundant produetion of eleetrieity and its prompt restora-
tion. Such, at least, is the conclusion which appears to resnlt from the anatom
of the electric apparatus of these ani g0 richly provided with bloodvesselsy
but the absence of exact means for appreciating the intensity of the discha
of the torpedo has heretofore luded rigorons experiment on this sub
We are able, however, as M. Morean has shown, to verify the fact that a
tion of the current of the blood does not immediately prevent the eleciric a
ratos from operating, any more than it extingnishes instantly the con it
of & moscle. Bnt this suppression of the-current of the blood would seem
render the exhanstion of the electricity more rapid. i

Tt will be seen that there remain many - ais in relation to the prod
tion of electric phenomena in fishes. The presence, however, of certain ch
ters perfectly alike in the function of their eleciric apparatus and the musenla
function should induce inguiry whether other analogies exist. It is thuos that:
Enowledge of the laws of a phenomenon traces for us ihe path to be followed !
the study of others, by indicating the most probable resalt of the researches whi e
may be undertakens w

z A. Morean hafs happily been led by the analogy which exists between b
production of electricity in the torpedo and the pm%y :

* The galvenometlers w! ive; ie dis

of tho Atimal cOmmuzicatun i e necale 33 inent e Aaviosian Thet if maes e ot

different eommotions, — It might be practicab of a eircait of den

to ;ﬂwtha_imuumm.t_ Eﬁaﬁdm&ﬂm&gmtma .the intensity
current remaing pr 1 to that of the principal the variations

Intensity ﬁm&hwmmym;;prﬁﬂmp e -
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 muscle, to a_study of the action of the nerves which proceed to the electric

; In inguiring whether these nerves are similar to the motor-nerves,
E ],ﬂ;: meﬁaﬂt,nﬁmd the resemblanee perfect: 1. That the section of the for-
mer suppresses the sponfaneouns discharges of the animal; just as the section of

. the motor-nerves suppresses voluntary movement in the muscles to whieh they
- aredistributed. 2. That the excitation of the peripheral end of an eleciric nerve
provokes a discharge of the ap as the excitation of a motor-nerve pro-
vokes a shock of the corresponding muscle. 3. That the excitation of the cen-
tral end of the electric nerve provokes in the animal no phenomenon of sensi-
| bility, a8 none is occasioned when the central end of a nerve of movement is
. excited. 4. M. Moreau having poisoned- a torpedo with strychnine, which-com-
¢ municates to the motor-nerves a series of Tepeated excitations and throws the
- museles into tetanic convulsion, found that this drug provoked in the electrio

. atetanized musele. \ -

; The phenomens of sensibilify are, within certain limits, subjected to the same

- laws with the phenomena of movement. We verify with regard to both the
~ lawwhich es s that activity exhausts the function, and that. repose restores

¢ it. A lively sensation fatigues the sensibility, exhansts or abolishes it for a

- cerfain time, while by repose its previous intensity is renewed. -

.- Let us take as an example ihe most complex, but at the ssme time most inter-

¢ esting of our sensitive manifestations, the sight. When we look at a very biight -
- luminous object, the point of our retina on which its image falls is vividly

- excited ; it becomes fatigued, and if we turn the eyes on a ﬁeﬁof 4 nniform clear

-~ color.we see on it a darker spot, prﬂaeenﬁnlﬁltha exact form of the bright object
. by which our vision had been 1mpressed. ~This spot is owing to the fact that the

. fatigued point of our retina no longer perceives r.iz luminous sensations with the

- cwstomary intensity. The more brilliant the body observed, and the longer the

. Ome we have observed it, so much darker and more persistent is the ensuin

¢ 'mage. Repose of the sight causes this subjective image, as it is called, gradu-

* ally to disappear. T
- The fatigue of our retina may be restricted to certain elements of sensation,

- i we have received the impression of only certain elements of the light, Thus,
i vision may be fatigued for the blue, the red, or the yellow separately. Sup-
- Dose, for example, that a red wafer be placed on a sheet of white paper, and

. "t we look upon it intently for some instants. Let us now remove the wafer

© ithout ceasing to look at the samie point; we shall immediately see a green disk
- of the same dimensions with the wafer appear in its place. The reason thereof-

¢ = that in the white light of the paper our oye cannot perceive so vividly the

3 E{i fays in the point of the retina which is fatigned with that color, and as all
X o

L rays are there perceived, these form by their fusion the complementary
k- P'J'lﬁr_ of red, namely, In the same way, a green wafer would leave after
. I8 disappearance a red subjective image; a yellow wafer wonld give a violet

£ Ishall not dwell longer on examples of the very general law that every fiinc-
L Som which is exerted ]:fwg exhausted; and that it is restored by repose.
of U5 proceed to a brief consideration of laws of another order in ihe plenomiens
Dn]ﬂ& . We will take, for example, the influence of fometions upon one ancther,
. . this subject T may be allowed to adduce certain general views which
- T to me to result from the obéervation of phenomena and from physiologi
:-“Pe_ﬂment._ A low of harmony among the functions of life wilfflll' z, ba
E i ; ted withont difficnlty; that is to say, that if one function reacts on another
| 7, uences the latter in such manner as to derive therefrom advantage for itself,

" thay evelope this idea, T will present a few examples: Tt has been already said
an mﬂ ¥ muscular action has need of being maintained by the circulation of the
e 7 20w the setion favors this cirenlatiun and renders it more Tapid.
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To leave no doubt reganding the first proposition, I proceed to support it by =
experimental facts. Tt is in effect easy to demonstrate the necessity of tha s
i corrent in the exercise of a musenlar action. Thus, when we tia
the lower sorts in an animal, we find that the muscles of the hind guarters are
2 Fgf‘dﬁ@d- The same result follows if we inject into the arteries of
h a fine powder, which has the effect of obliterating the small vessels,
Flourens has shown that, under these circomstances, the muscles soon become
incapable of acting. There i a malady which veterinary g call inter
" mittent clandication, and which has heen attentively studied in the horze rg
PBounley and Dr. Charcot. This malady is prodoced by an obliteration
ilino ‘arteries. In this state of things & new circulation is established by the:
collateral vessels, but these have not the easy permeability of the large trunks
whose place they tend to supply. The animal thus affected can move for some:
time in the nspal way; but presenily the afflox of blood to its muscles being n
longer sufficient, a sudden paralysis takes place and the horee stops. A moment®
of repose re-establishes the muscular function, which iz exhausted anew affera
féw steps. 'The case wholly arises from the fact that the cnrrent of blood in th
muscles is no longer sufficiently rapid to maintain their function in a durab

- Again, let us take a frog in which- the vessels of one of the binder feet hav
been tied, and suppose that both feet have lLieen excited by induced curre
- and that in both the contractility has been fatigued by prolonged action. - If w
now excite the two feet of the animal, it will geen that the gonnd foot h
ié;uhvgmd Etsg}onh'}aﬂcﬁlitj, while that whose vessels were tied still evinces in
igh degree the exhaustion consequent upon its fatigne. =
; g(-%mnt.mg then the neneaaitysl:? a'citl;ﬁ? tion so ﬁﬂnch the more rapid as’th
miuscular act is one of more energy and duration, it is casy to prove the secof
* proposition which T just now advanced, namely : that this musenlar aet commi
nicates of itself a greater rapidity to the cirenlation of the blood. Every
is aware that in vemesection, if the member-is motionless, the blood escd
elowly from the vein, while the flow becomes much more copivus if the patien
exerts coniractions of the muscles of the fore-arm, The question here s B0l 2
that of a simplé compression of the veing by the muscles, which wonld mechani==
cally express the blood contained in those vessels,” Sach a cause would speedil
have exhansted its effect, and extruded but an inconsiderable quantity of bl
There is exerted, on the contrary, ‘a continuous action which accelerates 1
conrse of the blood as long as the contractions of the musecles of the fore-arin
continned. * A still more convincing demonstration of the influence of the mi
. lar act on the current of the blood may be given, by showing that the arte
system is depleted in an animal which has just desisted from running and p
i ts interior a more feelile pressure’ in a state of repose.® TFrom
facts as these it results that the mnsenlar act operates on the cirenlation in
a way as to accelerate the course of the blood through the mnscles, and:
promotes that action by which the acceleration was oceasioned. r#l
We might cite a great number of examples of this law of harmony of
fonctions, and show, for initance, that the venons blood, when it arrive
~abundance at the lungs, stimulates that organ and okes the respir?
movements destined to arterialize it; while the respiration, at the moment ¥
it Is elgoutel, Gpens & pastage for. the blood on which t is to ach; &%
these reciprocal influences of the functions would exact too long deve
to be thoroughly freated on this occagion. I confine myself to a noti
existence of this law of harmony of which T have been speaking, the Tec
of which T consider of th:‘ﬁ_mnas.t utility, 43 enabling us often to forése
* Bee, for farther development of this gabj i icale. de L
ﬁus-;:’mg,p-m elopment o this subject, Marey, Physiplogie médicale 25
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