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nerves; nor the resetlri,hes of Weir Nitchell on the 
fnnctions of iierve-centrcs, and tlie actioi~ of stlakc- 
poisons; nor, in later ;ve;,rs, tlie resenrclies of TTocd on 
tlie physiology of fever: and on \7~ r ious  subjects by 
Eonrditch, Arnold, Flint, Vinot, Sewall, Ott, Cliit,ten- 
den, I'rudrle~r, Keyt, ;mil otl~ers,  But speakills with 
all tile diffidence wliicli oiie. ~vlio. at  least hv birth. is 

3 , 

a foreigner, n~ustfeel  in ctspressing such an  opiiiiori, I 
say, that co~isiclering thc accunnnlated wealtll of this 
conntry, 1,lre energy mliizli throbs through it, arril tlie 
nllniber of its n1ec1ic;tl schools, it 112s not doire its 
fair share in adranci l~g ;~hgsiological 1;ilo~r-ledge, but 

.fiw one thing, ~vliich ~nokes  tlie ~vorld its debtor. I 
mean tlie discover1- of a iiaestlietics. TF71ien Morton, 
in lS.l(i, demonstrated ilt the Massachnsetts general 
hospital tliat the iiillalalion of ethrtr c o ~ ~ l d  produce 
complete insensibility to p%in,,hc laid tllc fo~nntlation- 
stone of our laboratory, a:icl of 1n%njr others. No doitbt 
thc  men ~vhose i~rstiilcis led then1 to pl~gsiological 
researcli, and ~ v h o  realizad that, by the infliction of 
tatnporary pain on a fe:v of the lower animals they 
were discoverilrg tmths  n-liich ~vonld lead to allevi- 
atiorr of suffering, anrl p;olongatioii of life, not only 
ill counlless gc~ierations of such animals t,hemselves, 
but in nieri and nrouleil to the end of titlie, woulij 
liare tried to ilo their TI-orli in any case. Bnt the 
men ~vlio can st,eel their Ihcarts to inflict present pain 
for a futnre greater gai'i are ferv in nulnher. 'l'lie 
discovery of anaesthetics as not only led to tell physi- 
ological esperimel~ters f ( ~ r  each one mho monld have 
worked xviil~out tallem, but by nialcing it possible to 
introduce illto the regular conrse of physiological 
.teaclliag, den~o~rstratioli?, and expcriineuts on living 
anirnals, witlrout, slloclrioq the ~nora l  sense of stn-
d e i ~ t sor of the cntnmunily at  large, has contribnteil 
incalculably to the progrcsss of physiology. 

On the occasion of thi! opening of Lbe old labora- 
tory I used these mortls :1 .-

" I'liysiology tlie plicnomcna going on i n  is concerricil . ~ i l l ~  
living things, and vital phciiornena cannot be observed in dcad 
bodics; and from what I have ,.aid you will have gathered that I 
intend LO employ vivisection^ 111 teaching. I want, ho~vever,  to 
say, once for :&I!, t i n t  hcre, for tcncl~ins purpoacs, no paiuful 
experiment mill he pcrfornicii. Rort~rn;itciy the \,:*st majority of 
physiological cxyerin~cnts caii 1:omadays be performen without 
the infliction of p:lin, eitlicr by t l ~ c  a(1~ninistwtion of some of the 
many ar~aesthetics Bnomrl, or  by prcvions remoral of parts of the 
central ner.i70us system; and s~icl: cspcrirncnts only \vill be r~scil 
here for teaching. T'v'itli rcga:d to pliysio1ogic;il resealxh, the 
case is different. Happiiy Irerr,, too, the nurnber of necessarily 
yainful erperimcrrt,s is very sn~:,ll indeed; but in :my case \r.llcre 
the furtherance of p h y a i ~ l o ~ c ; ~ i  wilereknowloilge if? nt ~ t ~ k e -  
the progress of thas science is r:onccxrned, on which all mcdioine 
is bascd, so far as  it is not a n,ere empiricism -1 cannot doubt 
that  we har-e a right to inflict ;,,uffering npon tlie lower animals, 
always provided that it be rcdu~,ed  to tllc minimum possible, and 
that  none hut  conipetent perso'is bc allorvcd to undertake sue11 
experiments." 

Those vorils were a. declaration of principle anti a 
pledge given to this comm,nnity, iri ~ v h i c h I  was about 
to  commence my worlr. That tlie work 11as been 
carried on for seven years ;.mong you, without a mur- 
mur ot objection reaching tny ears, is sufficient proof 
that Balti~nore assents to the principle; and, grati- 
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tying as the bnilclirig of our new laboratory is to  nie 
fro111 nlariy points of r iev ,  there is none so grateful 
as its witness, tliat, in t,lie opinion of our 1,rustees and 
of my fellow-citizens, I have carried out my plcdge. 
There has been no hole-and-coriier secrecy about the 
matter: the students in the laboratory liare beeri 110 

clique living isolated in a college-buil(1iiig. ba t  either 
your own solis, or boarders scattered anlong dozens 
of fnniilies in this city; and iio room in tlie labora- 
tory has erer beeri closecl to any student: v h a t  we 
have done has been open to all who cared to Itnow. 
On this occasion, w1ic.1~ %re fo~,tnally make a fresh 
stmt, I desire to re-assert the principle, and repeat. the 
pledge. 

(To be co7iclzadcc7.) 
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THElectures of Certtlelot, mliich form the 

more iruportmlt p:ut of this collection, are ile- 
~roted to a popular exposition and aml~lifiea- 
tion of the theories which lie has froin tiwe to 
time aclvancecl, concerning the corlstitntion and 
illode of action of csplosive substances. The 
prilicipal topics trcatecl are, tlie force of ex-
l~losives; the origin, duration, and speecl of 
prol?agation of the explosive reactions : inilam-
lnat~on and detonation as motles of illducing 
explosions ; anrl explosions by influence. 

Tlie force of an explosive rnay be nntler- 
stood in t ~ v o  mays : i t  may be considered either 
as the pressure developerl or as the work :rccom- 
plished. The pressure clel>encls principally 
upon the 11ature of the gases forn~ecl, their vol- 
ume, aiid their tempernture. The work, on the 
other !land, is priilcipally clepenclent up011 the 
nmorult of heat given off ia consequence of 
the chenlical decomposition. 111 practice, as, 
for instance, in  guns, the transforrnatio~i of this 
heat into useful norB is never complete, since 
heat is absorbed bj- tlle gull, gases, ant1 projec- 
tile, and a portion of the worli procluced is lost 
in moving the gases and air projected. Tnliing 
all these facts into coilsideration, it hasre t  been 
dificult to eslslaiil the great difFerences fi-hich 
result fiom the different methotis emplored for 
iaducing explosions. Bertl~elot holds that this 
diversity depe~lds up011 the rapidity with mliich 
the explosi~ e reaction propagates itself, ancX the 
more or less irltense pressures mhicli result from 
it, and lle illustrates it as follows :-



Let the case be the siillplcst one, such as an 
explosion caused by thc fall of a weight from a 
certain height. At first one would suppose the 
effects observecl to be clue to the heat tleveloped 
by the pressure of the s~~clclcnly arrestecl neight. 
But calculation shows that the arresting of a, 

weight of several kilograms, falling .Bj to .50 
of a metre, would not be capable of raising 
the temperature of the esplosivc mass more 
than a fraction of a, clegree, if the resulting 
heat were dispersed uniformly throughout the 
entire mass : while for a body such as nitro-
glycerine, for instance. it is necessary to heat it 
to 190" to incluce explosion. 

I t  is by another process that tlie mechanical 
energy of the weight, which is transforniccl 
into heat, becomes the originator of the 
observed effects. I t  is snfficient to assume, 
that, ns the pressures which arise from the 
shock exerted on the surface of the nitro-
glycerine are too rapid to becoinc nnifhrmlj~ 
dispersecl throughout the entire mass, the trans- 
formation takes place locally among the layers 
first reachecl by the shock. If  it is safficiently 
violent, they may thus bc rapidly lleatecl to 
the necessary temperature; and they will be 
irnmecliately clecon~l?osecl, ancl ~rrocluce a large 
quantity of gas. This prodnctioa of gas is in 
its turn so violent that the shocliing body has 
not time to displace itself; and the sudden 
expansion of the gases of explosion produces 
a. new shock, probably more violent than the 
first. on the layer situated below. The mechani- 
cal energy of this shock is changed into heat in 
the layers which it reaches, and produces an 
explosion ; and this alternation between a shock 
developing mechanical energy which changes 
into hcat, and a l?roduction of heat which ele- 
vates the temperature of the layers up to the 
degree necessary for a new explosion capable 
of reproducing the shock, propagates the reac- 
tion, niolecule by molecule, through the entire 
mass. 'L'he propagation of the deflagration 
takes place in this way in consequence of phe- 
nomena comljarable to those ~vhich procluce 
a sonorous wave ; that is to say, by proclucing 
a real explosion which advances with n rapidity 
incomparably greater tllan that of a simple 
burning provoked by the contact of a body in 
ignition, ancl operating under conditioas where 
the gases cxpancl freely in proportion to their 
production. 

The reaction started by the first shock in a 
given explosive material is propagated with 
a rapidity which clepencls upon the intensity 
of the first shock ; ancl this intensity may 
vary considerably, according to the method 
by which it is produced. Marcel Duprez has 

shown that the effect of a blow from a hammer 
mar vary in duration fro111 tlie hu~lclredtll to 
the ten-thousandth of a second, accortling as 
one strikes ~ v i t l ~  hmnmer h a ~ i n g  a flexiblea 
l~anclle or with a block of steel. From this i t  
follows that the explosion of a solid or liqaicl 
mass n ~ a y  develop itself according to an infi-
nite nlimber of diK'crcnt laws, each one of 
which is tlctermined, all other things being 
e q ~ ~ a l ,  'L'he more vio- by the original iml?ulse. 
lent the initial shock, the greater will the result- 
ing violenc~e of the decomposition be, and the 
greater will be the pressures which are exerted 
during the entire course of this decomposition. 
Onc ancl the same explosive substance inay 
hence procloce verg diEerent effects, according 
to the method of ignitio~i. 

Among these methods of ignition, by far thc 
most curious ancl inexplicable is the cletermia- 
ing of the explosion of one mass by the ex-
plosion of another mass near by, but not in 
contact with it,  which is termed by Berthelot 

explosion by influence.' Abel has offered his 
theory of synchronous v ibrct t ions to explain this 
phenomenon, and the theory seemed to be coa- 
firmed by the interesting experiments of Cham- 
pion and Pellet ; but Berthelot regards them as 
inconclusive, or else clirectly opposetl to Abel's 
theory, and he offers a theory of his own, whicl~ 
is but an expansion of that of shocks esplainecl 
above. 

Working, as 13erthelot is, under the direct 
auspices of the French government, he has had 
the best of facilities for the study of explosive 
substances ancl the l?henomena of explosions ; 
and no one has probably engaged in a more 
critical or extended physical an6 chemical ex-
amination of these bodies, and hence he speaks 
with authority. Yet sonie of his theories have 
failed to find general acceptance, especially 
that concerning the influence of dissociation 
upon the force of explosives ; and it is notice- 
able that this theory finds no place in these 
lectures. 

Karl Brann's sketch is bright and entertain- 
ing but iconoclastic, ancl, while wresting the 
honor of the discovery of gunpowder from Ber- 
tholcl Schwartz, intimates that tlie knomledge 
of its manufacture vas  brought from the orient -
to Augsbarg in 1353 b~ a Greek Jew nailled 
Typsil&. 

Of the ' Bibliography of explosives ' the best 
that can be said is, that it is an unsystematizecl 
collection of titles, that it is filled with errors 
of the grossest kind, and that it is unworthy of 
both compiler ancl publisher. 111fact, i t  must 
be said the book throughont is marred by 
printers' errors. 


