
lectual faculties of the highest order, such as 
none of his descendants have surpassed. His 
speech, we may be sure, mas not a mere inumble 
of disjointed sounds, frailled of interjections and 
of inlitations of the cries of beasts and birds. I t  
mas, like every language no15- spoken anywhere 
on earth by any tribe, however rude or savage. a 
full, expressive, well-organized speech, complete 
in all its parts. The first men spolre, because 
they possessed, along with the vocal organs, t l ~ e  
cerebral faculty of speech. ,4s Professor Max llliil- 
ler has well said, &' that  faculty was an instinot 
of the mind, as irresistible as any other instinct.'' 
I t  was as impossible for the first child endowed 
with tliis faculty not to speak, in the presence of 
a companion similarly endomecl, as it 'ivould be 
for a nightingale or a tE~us11 not to carol to its 
mate. The same faculty creates the same neces- 
sity in our days ; ant1 its exercise by young chil- 
dren, when accidentally iyolated from the teach- 
ings and influence of grown companions, ~vi l l  
readily account for the existence of all the diver- 
sities of speech on our globe. 

WHAT IS IVE12VE- FOIZCE ? 

A DISTINGUISHED biologist has remarlrecl, nit11 
great truth, that the study of the nervous s>stem 
is the true field of battle for physiologists, all 
other iavestigations, homerer interesting and im- 
portant, being of the nature of skirmishes, pre- 
paratory for and surely leading up to the final 
conflict, in wliicli we must engage before we can 
hope to gain a position fro111 whiclr nature's most 
mysterious processes are laid bare to our riew. 
Of all the functions of the nervous system, the 
one which, a t  first sight, \rould seein rnost acces- 
sible to investigation, is that of the nerve-fibre 
itself. What conception can we form of the 
pllysical or cheinical changes which take place in 
those white glistening bands which are for us the 
oilly channels through which knowledge of the 
physical universe can be obtainecl, and which also 
enable us to impress upon the world around us the 
evidence of our conscious personality? 

With the discoveries of Du Bois Reyn~ond, the 
hope arose that nerve-activity might be explained 
as an electrical plienonienon, ancl the attempts 
made to build up a satisfactory electrical theory 
of nervous action have been numerous and in- 
genious. The important facts which forbid the 
identification of nerve-force with electricity are : 
the absence of an insulating sheath on the nerve- 
fihre, the slow rate at  wElicli the nerve-force is 
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transmitted, and the effect of a ligature on a 
nerve in preventing t11e passage of irerve-force, 
~vhile not interfering with that of electricity. 
The electrical phenomena connected with the 
functional activity of nerves (action-current, elec- 
trctonus) appew, therefore, to be secondary in 
their character, and not to constitute the essential 
11rocess in nert e action. In  tliis connection shoulcl 
be noted a n  experinrent of d'drsonval,' which 
shows how the electrical phenomena associated 
with the activity of nerves may be imitated hy 
purely physical means. This observer filled a glass 
tube, of one or two inilliinetres interior diameter, 
with drops of mercury alternating with clrops of 
acidulated water, thus forming a series of capil-
lary electron~eters. The tube was closed at its 
two ends 11-ith rubber membranes, and was pro-
~ i d e d  ~vit'll lateral openings by which its interior 
could be connected with electrical conductors. 
X blow upon one of the membranes caueed a n  
untlulation of the liquid column, which was prop- 
agated from one end to the other of the tube, 
and was accompanied by a wave of electrical 
oscillation, which was propagated at  the senle 
i ate. The phenomenon is, according to d'ilrsonval, 
to be explainecl as follo15-s : The blow upon the 
meinbrane changes the form of the surface of 
contact between the first two cylinders of mercury 
and acidulated water. This change of form is 
transmitted to the following cylinders with a 
rapidity dependent upon the nature of the fluid. 
Rut each of these changes of shape is accoin-
panied by the production of a n  electric current 
(Lippmann's phenomenon, clue to variation of 
superficial tension), ancl the tube is therefore trav- 
ersed by an electric wave, xvliich necessarily has 
the same rate as the undulation of the liquid 
column. The analogy between this phenomenon 
and the 15-are-like propagation of the action-cur- 
rent in ncrres is sufficiently ohvioub. 

Jn studying the nature of nerve-force, two alter- 
natives present themselves. We may conceive 
the impulse to be conducted through the 
nerve-fibre by a series of retsograde cheinical 
changes in the successive molecules of the nerve- 
substance, the change occurring in one portion of 
the fihre acting to produce a similar change in 
the neighboring portion. As this process is as-
sociated with the using up of organic material, 
and the consequent discharge of potential energy 
in the successive portions of the nerve, the theory 
rnay be called ' the discharging hypothesis.' The 
burning of a line of gunpowder may be taken as 
an example of this sort of action. On the other 
hand, we rnay conceive that the ner1.e-force is 
transmitted from inolecule to n~olecule by some 
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sort of vibratory action, as sound is transmitted 
through a stretclied wire. As this theory does 
not involve the using up of any mater~al,  but sim- 
ply the transferring of motion, it  nlay be called 
' the kinetic hypothesis.' 

Inasn~uchas the discharging hypothesis involt es 
the clestruction of organic material, we may, i f  
this theory be correct, reasonably expect to find 
in tile active nerve-fibre evidenc~s of chemical cle- 
composition and of heat production. &'loreover, 
if the organic substances areused faster t l ~ a n  they 
are i~placed,  or their products of decomposition 
removed, as they nould naturally he under con-
stant stimulation, we may expect to observe a 
diminution of nerve-action duiing tlie continuance 
of tlze stimulation : in  other words, we shall have 
the plrenomena of fatigue. On thekinetic hypoth- 
esis, on the other hand, we rnay expect to find 
an entire absence of chemical decomposition and 
fatigue, and, if the moving particles are endowed 
~ v i t h  perfect elasticity, an absence also of heat 
procluction. 

The only functional chemical change of nerves 
for tile existence of ~vhich an experimental proof 
has been offered, is the change in the reaction 
with test-paper. Just as the nornlally alkaline 
tissue of muscles becomes neutral or acid in 
activity, so, according to E'unke1 and R a i ~ k e , ~  do 
nerve-fibres and the ~vhi te  substance of the spinal 
cord change in activity from a n  alkaline to a n  
acid reaction. Liebreich and Heidenhain,* on 
the other hand, experimenting with a slightly 
different inethod, failed to get any evidence of 
the acidification .of nerves in  connection with 
functional achivity. The phenonlenon must in-
deed be a delicate one, since Ranlie himself urges 
that the question should be decided by experi- 
ments on the spinal cord, and should not depencl 
upon the 'doubtful results of tests applied to the 
nerve-trunks.' Now, since the cord contains 
gray as well as white snbstance, ancl as tlie gray 
scbstance. according to Ranke hin~self, becomes 
more acid than the white in  functional acti-iitp, 
it is clear that a n  acid reaction of the white sub- 
stance of the spinal cord niay depend upon an acid 
formed in the gray and passing by diflt'usion into 
the white substance. This possibility, which is 
indeed aduiitted by Ranlre, seems to deprive the 
experiments on the spinal cord of what little value 
they possessed as evidence of the production of 
acid in connection with the acti-vity of nerre-
fibres. 

The other chemical changes which have occa-
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sionally been asserted to  occur in a c t i ~ e  nerres, 
rest on still weaker experimental evidence, and it 
is therefore clear that chemical investigation gives 
us but little reason for maintaining a discharging, 
in opposition to a kinctlc, theory of nerve action. 

The first experiments to test the Izeat-produc- 
tion of active nerves were those of I-Iellnholtz,' 
who, after studying the analogous phenolnenon in 
muscles, extended 111s investigatiolls to nerve-
fibres. I-Ie failed, however, when all sources of 
error were carfully avoided, to obtain any evi- 
dence of heat-pioduction in connection v i t h  
nervous activity, though his apparatus was capa- 
ble of registering a change of temperature of 
0.002° C. S~milarnegative results m7e1e obtained 
by T-Ieidenhain.d On the other hand, Valentine,3 
Oehl,* and Schiff "maintained that nerre-fibres 
really are warmed t y  tlie passage of the nerve 
impulse. I t  seems. then, that the lesults of 
thermometric inreitigations speak no more posi-
tively than those of chenlical iesearcli in favor 
of a discharging rather than a kinetic theory of 
nerve action. 

The evidence of the activity of a nerve may be 
either direct or indirect. The direct evidence 
consists in the occurrence of that change of the 
electrical condition lrnown as the ' negative varia- 
tion,' of Du Bois Reyn~ond, or the ' action-cur-
rent,' ot Hernmann. The latter writer quotes the 
former as authoiity for the statenlent that this 
phenomenon becornes les5 intense in successive 
repetitions of the experiment, and regards thiq as 
evidence of the exhaustion of the nerve-fibre. 
Unfortunately, Eermann does not refer to the 
exact passage which contains this statement, and 
anexarnination of tlie chapter on the negative 
variation of nerves, in Dn Bois Reyruond's ' Un-
tersuchungen,' fails to dmow any systematic sttcly 
of the effects of fatigue on this phenomenon. 

The indirect evidence of the activity of a nerve 
consists in  the effect which it produces upon the 
central and peripheral organq with which it  is 
connected. Of these efrects, the cantlaction of a 
muscle is the one which is most conveniently ob- 
served, but the fact that a nluscle is more readily 
exhausted than a nerve, readers it inlpossible to  
study the fatigue of nerves in this way without 
some special ~nodification of the experiment. 

Bernstein was the first to employ the muscular 
contraction in experiments on tlie exhaustion of 
nerves. This observer finally reached the conclu- 
sion that a nerve may be exhausted by 5'- 15' 
tetanic stinlulation. The experiments of Bern-
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stein have recently been repeated by Wedenskii,' 
who wab unable to find any evidence of the ex-
haustion of the nerve, even after the tetanic 
htimulation llad continued six llours. A study of 
the subject upon warm-blooded animals seeming 
desirable, experiments were rnade upon cats. in 
the laboratorj- of the Harr<rrd medical scho01.~ 
I t  mas found that stiriiulation of the nerve lasting 
from one and a half to four hours (the muscle be- 
ing prevented froin contracting by curare) did not 
exhaust the nerve, since on the elimination of the 
curare the muscle began to contract. 

I t  Iiius appears that evidence of fatigue in 
nerves resulting from functional activity is as 
difficult to obtain a s  that of cllernical change or of 
lieat-production. It is conceivable that the jrrita- 
bility of a nerve slzould depend upon its possessing 
a certain detiuite chernical composition, constantly 
maintained by metabolic changes, aud yet that the 
irritation of tlle nerve should prodace no change 
rvhatever in its composition. 

In  support of this viewr, an analogy may be 
drawn from the physiology of the muscular s ~ s -  
tern. We find here that the power of the nluscles 
to perform their function is intimately associated 
with the anzount of nitrogenoi~s material under- 
going deconlposition in the body, but the perform- 
ance of a given aniount of muscular \vorlr, i f  with-
in phyciological limits, does not eff'dct the amount 
of nitrogel1 excreted. In the case cf muscles, to 
be sure, we have evidence of a considerat)le 
clecornpusition of non-nitroge:lous material, and 
also of lieat-;~roduction in connection with func- 
tional acti~-ity, but, if we limit our consideration 
to tlie nitrogenous element of niuscular substance, 
tile Iiypotllesis above proposed for nerves finds its 
complete analogy in the muscular system. 

We have thus seen that in~restigations into tlie 
chemioal chal~ges, the heat-production, and tlie 
fatigue of active nerves, all lead to results ]nore 
favorable to a kinetic than to a discharging theory 
of nerve action. 

We may, therefore, reasonably hope that future 
researches, if directed on this line, \%,ill throw 
fur1;her light on this most nlysterions and interest- 
lng process 

IN the 'Catalogue of printed books' in the 
British museum, now issuing in random instal- 
menls, one heading which has just been com-
pleted -' Academ~es'-is of special scientific in- 
terest. This and ' Periodical publications' (which 
is also nearly completed, four of the five parts 
being out) \$-ill indeed include reference to a large 
proportion of scientific literature, and it is not 
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probal~lethat any library in the world can at  all 
con~pete with the British museum in its general 
completeness in these departments. The earlier 
publication of this list of titles of society publica- 
tions tvoultl have rendered the catalogues of Scnd- 
der ancl Bolton more satisfactory. The 1 olume of 
'Academies' ir a folio of lOlS pages. London 
alone occupie? one part wit11 ne3rlg 200 pages, 
though Paris has less than 90. The public.ations 
are arranged under the name of tho issuing body, 
ancl these alpllabetically under the town where 
~~tuatecl ,the tov ns having their Ellgliih form and 
making a bingle alpi~abet. Thus Compiegne, Con- 
cord, Constantina, Constantinople. and Copen-
liagen follow in tllac order. 12 few countries are 
introduced into tlie alphabet for sonle g ~ a e r a l  
societies. thouglz otlier societies wit11 equal riglit 
to a national name are placed under the seat of 
government. The United States does not appear, 
and it would be difficrilt to say where to look 
for oar peripatetic societies. Certainly the ilmer- 
ican association uublicativns can nowhere be 
found, though they are doubtless in the illuseurn, 
as we note one or tw-o other oruissions known 
to us to he there. Only com~~letedteries are 
full7 entered ; of others, the first volunie in the 
povsession of the museurn is g i ~ e n ,  mitli the 
added \\-ords, ' in progrebs.' There is no trans-
literation, but Greek, Ru.;sian, Persian, or what 
not. are mixed in our alphabet u ith the Roman. 
Sorile curious rules have brrn followed in the 
alpliabetization : thus 'SociBtB cuvierienne ' pre-
cedes ' SociBti. d'accliwatation.' hecause of the prep- 
osition in the latter; get Le 'bureau cles longi- 
tudes ' is made to precede La ' sociBtB cuvierienne' 
by dropping the objectionabie particles from tlie 
full names. These, of course, are minor matters, 
and it would take a good many such to detract in 
any serious measure from the value of tliis excel- 
lent and carefully edited work. 

- iilessrs. Jacknlan and Webster report in the 
Pl~otogr~aphic thelr results in pllotograljhing 9~ezL.s 

the retina of the human eje. h small carnera 
was employed, placed behincl an ophthalnloscope, 
and tlie albo-carbon gaslight was the nieans of 
illumination. In t h e  photograpl~ the nor~nal  cup- 
ping of the optic disk and the l~rincipal blood- 
ressels are readily discerned. It js evident that 
but a beginning has been made in this !nethod of 
research ; but, if continued, very valuable results 
inay be obtained. Tlie method of Rrainerd and 
French in photogral~hing ttie vocal cords and ttie 
interior of the larynx promises equally well, and 
is now employed by a number of laryngologlsts in 
making permanent records of abnormalities in 
these parts. 


