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day t l~ey  produce, or1 :ill :tvor;l&cx,upw:t~.clsof :3OO ~ . ( I I I S  

per week, in sorrlt: cases 800 or 900 (:~nd in one of t l~t:  
I'it1,sbnr.g frrrnaccs tlie enonnons ontput of 1,POO 
tons has beell reached). Mr. Ch;lr~les C!ocl~rai~r, alr 
advocate of t,hc hott,cst Irot bI:rst, statocl, that, at  the 
\vorBs at 0r111sRy~ l.11ey boprr in lS.56 with :L furr~acc 
of 7,000 cul~icfeet c:cl~acity, arrd wit,lr a telr~lx?ratnre 
of air betwc!en tlrat of ~noltt?rr Icatl a~ril  n~olloir zinc:, 
using 39.64 cn7t,s. of coko t.o ilre to11 of pig. 1111837 
tlrt:y used 38.87 cwls. ; ill 18(i7 it was orrly 2!).(i(i; in 
1877 it had becoirle rectitcc:d t,o 22.64; and in 1882, 
21.18 c \~~t , s .  :hver:Lgc for :ill fr~rli:lcc:s, s111al1 was the 
: ~ n d  li~rge, wl~ile tllre l:~l.jicr f1lr11:~cc of 34,000 c~ihic 
fcct c;~p;~cil,y t,lre wholr: ycar tl!ronglr onwoi.kod 
19.38 c\vts. per t,on of pig. ITtr11t.c fvorlr IS55 1.0 1XS:I 
the saving ::T\;as 20.24 cwts. o l  colic' 11cr to11 of iron; 
allti, in Mr. Coclrra~lc's opiuioli, fnlly 11;ilf tlris s:tv- 
ing was due to  tllo use of i11e (:owpcxr fir.c!-bl.iclt 
stovns. 

Mr. Cochrar~c 1~1 , s  recoarrtctl sornc of the t l~co- 
ret.ical c:rlculat,io~ls t,lrat Ilnvc bcnn III:LC~O. 111 1879 
h e  vcl~tarccl to prctlict that :I, ton of iron could be 
nratlc wit11 17.90 cwts. I n  1881 lrn hail ~riadc iror~ 
wit,li 18.40 cwt.s. Another iron-~rr:rstcr slated that  a 
f r~rr~acobas run for eiglll wcolis o~ r  leas t,lran 18 cwts. 

Mr. Hawtlun clailns tlr;%t hc~:tt,ing t,lro I~last, from 
990° F. to 1400° F. resalt,od i r ~  a s;~\'ii~gof 1.5 c\vts. 
of colic t,o t l ~ e  to11 of i r o ~ ~ ,  i~ filrtl~er Ir('atit)g :~ntl l l ~ a t  
to 1550° 1'. was iollowctl by :L 111t:~lsavillg of 2.5 
cwts., bringing tlic col3o tlown to 21.3 cwts. 

I n  tllo tliscussioris wlricll tooli placc irt t.11~ nieet- 

pr(-6 oitr g~.;%tit,trtlc we owe it, -first to lhosc to wl~oln 
to ollr forlntler, Jollns klopkins, Tor Iris rnml~~ificence; 
:~11dirext. to his trustc~c?~. I'~oh:\.bljr vt:ry few pros- 
rrrit rc!itlizc? lro\v 1111icIr tinle and L11o~gIlt tilie t.rustee2 
sl)cirl,on tht: biriltli~~g before a stone of its foundi~lio, 
was l ~ i t l ,  nncl clriring its ci.ectiorl. No one bill. ~nyself 
Icno\vs Ilo\v oEl,cn I l ia\~c bccn put in good 1leirrC by 
tho cllc?cri~ig words, "Wcll, 1)r. Martin, let. 11s gat it, 
right TVIIOI I  \vr: ;~r(! abor~t it." l u  this conricction 1 
canrrot rc:fl.:rin from s ;~yi i~g,  t,lr:~t, tlrongli we ow(! all 
so m ~ ~ c l i ,  we o\vc! a. spc!ci:t.l clt:l)l, of gr;tt.itucIc to Nr .  
lI:~11I>~O:LS:LII~S,1.1le cliairnl:~~i of tlie I~ni ld i r~g com-
ittee tee. Tl~roughoitt t l ~ n  wlloltr slunmcr t,l~cre was 
1i:ti.illy n ~riorrri~i:~. Ire tlict not visit, tlro baild- 011 ~ ~ 1 1 i ~ 1 1  
irig, :rirtl t l ~ : ~ t  glance, but far inore not, mcrcly for :L 

oftc:n to spcrrtl ;LII 11o1rr or two llor~vs al~oirl it, ~ t n d  
i~ral<c> tlrat all was goi~rg right,. s ~ u . ~ :  


'l'lrc! r r~alc~~ia l  
rttsult of this libcr:rlity, forethought, 
snl)ervision, atit1 care, is tllat sta.telp btiilcIil!g o ~ rtl1e 
t,op of t,he Itill. lI:rndsorl~c thoug11 ]rot ost~entatione, 
cc~liifortablc i>at not l u x ~ ~ r i o u s ~  p1cas:tnt to ~vork  in 
witboilt t~nr~ccc:ssary fincry, it stantls tlrcrc?? for it)^ 

l ~ t r p o x  einriualled ill the linitctl Statrs, ;md not, 
snr1)assod in t,l~e ~vorltl. 

S~al)st.:~nti;rl, i t ssolid, well tbonglil out, suit,c(l to  
t s~~ds ,  frippery bout it, it, is now for usand with ~ i o  
to see Illat our work ngrocs ill cl1:tracto wit11 tile 
br~ildiilg. 

There arc Inally hern to-niglit,, ~ r l ~ o ,  rot being hi- 
ologists! rnay tlesirc lo li-no~v what suc:lr l:~,borirtories 
arc for, :~11il wlly tllerc is :my rinorl of t,he~n. 1 s l ~ i ~ l l  

ings t.efcrrcd to, I l ~ cl~rot~ii l io~rt  pcrlial~s best bcgirr ruy :ht,tenrpt, to :tliswer thr9se qi~cs- il.on-in;ir~nfactll~~ers 

by statirrg briefly what our ow11 I:tb(~r;tt,oi.y 

the bctt,cr t , l~e result, I I ~Lo the lt:rr~per:hturo of lnelt,- I t  is :& E~niltling cor~strucfed primarily to irll'ord fa-
ing iroli. Mr. IJell, lio~vcvel., tliss~:~its cilitirs for instructio~r nrirl ~.esc:hrcli i l ~  plrysiolc~gy; 

gcriernlly t,ook t l ~ c  g r o u ~ ~ d  that t11c: lrottcr t,llc 1)l:~st t i o ~ ~ s  is. 

I. L o w t l ~ i : ~ ~ ~  
froin tliis vicw, :~nd t,hir~ks, t,llal,, in real ~rlt,irn:htc 
economy, 1000° F. will prove to be nbo~ct the limit 
of Ileal. for t,hc blast w1lic.h it is wortll wl~ilo to strivc 
for. 1(. 11. ~ L I C I I A I L I I S .  

MODERN Z'HYSIOLOGl('r1L LABORA 1'0-
K I E S :  W H A T  T H E Y  A ~ Z EAivn IVIIY 
TIIEY BIZE.l--I. 

A LTc1'TI3ICnrore t.lian seocn years ago I annorulcetl 
from this platfornr t l ~ a l  the old bio1ogic:il Iabora1,ory 
was ready for ilzc, - t,l~at sct of rooms in the tliird 
story of t,bis I~uilding, wl~icli, inconvenienl, in inany 
reslrect,~ as t l ~ e y  ~vcrc,  will, L trust, always be re-
lr~ernbered by sonltr of 11s T1.i tll affection, :hnd 1n:tylr:~p 
u~itlia little pritle. 

This night on wlliclr wo Ir;~\le rnet to ce1sl~r:~to the 
corrlpletion of t , l~e  new 1:tboratory is, however, an 
occasion for loolring forwartl rathcr t l ia~i back~: i rd .  
Elit before l~roceeding to  spe:tli in ilet:~il of t,lle 11cw 
buildiiig, 1 feel snro I (10 bat wllat c v t ~ y  orre o S  l.lre 
merrrbcrs of the biological clcl~;trt~nent would11rcsc111. 
tllirrk me rerrliss t,o o~r~i t , ,  in ~rmlsirrg a monront Lo ex- 

1 i\n address duiivcrcd on the oooasion of tlie fol.tn:rl opctrinq 
of tile new bioloqicnl laboratory of Lhc Johrrs Hi~pl;irrs rrni-
v e r ~ i t y ,J;r t~.2, 1884. Hy 11. New~r.r,MAB'PIN,M.l)., 1 ) ~ .SC., 
M.iZ., proft.ssor of biology in the i~rri\~evsity. 

aird, secor~d:r.rily, sinril:hr ol)l>ort,ruiitins ill allied sci- 
or!ct:q, ;cs co111par;~t;ivc a~r:~toln-j and botauy, sorne 
t ,~.ai~~irrg (and tllc I I I O Y ~the I)t:t- in ~vllich is essc?iit,i:~l 
tcr) to cvc?ry oile who wot~ld.nttain any reallcnowl(~tlg@ 
of pllgsiology. As so Irmny tiistiuct br;tlit:l~es of bio- 
logical scie~lce arc! l>~usried ill it, ~ v o  c:~llil, in gelior:1.1 
the i~iologic;~l 1abor:rtory; b11t it is a I)iologic:hl labova-. 
t,org. dcliber;atcly pl:h~n~ctl t l ~ a t  physiology i l r  it, sliall 
be clitcen, and t,hc? rest, her 11a11tlnr:titls. If, tl~erc?fore, 
yon visit the bniltlir~g prel~ared to see :1 zoiilo-g r ~ : ~ l ,  
gical r n ~ i s e ~ ~ r r ~  or ail c!sl,ensive l~c+rbarirurr, you will 
Iltt tlis:~p~x~irrt.ctl. ant1 no I do not ~ ~ r ~ d e r ~ . ; ~ t e ,  one 
co~nlecteti witll this zuii\-crsity call, -beari~tx ill lnirld 
llie hrilli:hr~t ini:hto~nir;~l rcscarchcs of 1)r. I3roolts :urd 
ot,liers, made among ::IS, -the clnirrls of 111ur11llology; 
ant1 in time 1 i r~ i s t\v(: Iilay seo a sislcr bi~iltlirrg spe- 
cially tlesignctl for s111tly of t l ~ c  stl'ltc:t,nrc, folnls, 
ail(1 dovolo1)rnont of plarlls ;rrr(l a~lirr~nls. 1;nt CIIIC o r  
the other hat1 to loo first, cl~osell, I I I I ~ C R S\vt? wert? to 
(lo two t , h i~~gs  ~ I I I :mcll, :~nd  irnj)crfccl,ly instcacl of 
t,l~tlr.ewcre strong rtJnso~is for seleet.i~rg ~~llysiology. 
In t11c Iirst. placc, 1 tllirrli evcn t,llc n~or.plroIorl;ists will 
atlr~lit that hitbcrlo, w~ t l  cslicci:llly in tlic TJnited 
Sl:rtes, they 1in.ve II:L(I r:xtl~cr ])lore t,lral~ t.hcir fair 
sliarcx; i r ~ n u n ~ e r ; ~ l ~ l e  rrluserims :1nd nl:ii~y l;hbor:it,ories 
11avc k)rm 11clilt for tllcir nso; \r-l~ilr plrysioltrg>r, if 
she got ally thing. wi~s  usw~lly nlloltstl sollie o11t-of- 
the-way room ill nu iferit,irely irrrsrtitw1)lc ljniltli~rq~ 
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rio one else ~vnnted it, a , ~ t l  w ; ~ sTrery glad to get even 
that. A second and stili stroi~ger reason is, that as 
medicine is slowly pnssi~ig ont of the regions of eni- 
piricism and rule-of-tliu!nb treatment, or rnnl-treat- 
ment, it has become erii1i:nt that so~lnd l?hgsiology 
is  its foundation; ancl this miiversity will at no dis- 
tant day hare a medical icliool connected with it. 

As yon walk presentl; throngh the roorns of the 
new building, ancl see thc ;~b~undance of instrunlents 
of precision for teacl~irig :ind research-the batteries, 
galvanometers, incluctioil-coils, ant1 spectroscopes ; 
the balances, reagents, and other appliances of a 
chemical laboratory; thi niicroscol~e for every stu- 
dent; the library of biological books and journals; 
the  photographic appliairces; the workshop for the 
constrnction and repair of instruments -when you 
see these tl~ings, it may iiiterest you to recall tliat 
sixty years ago tliere was ]lot :I single public physio- 
logical laboratory i11 the .aorld ; nor was there then, 
even in any medical school, a special professor of 
physiology. So late as 18'r(i Joliannes llfiiller taught 
in Eerliil. h ~ t r n a ~ i  ariatolay, comparative ari:ttomy, 
pathological anatomy, phgsiology. and embryology. 

DuEois-Iieyinond, nov himself professor in Ber- 
lin, has graphically described thc difficnlties of the 
earnest strident of physiology, when he  attended 
Miiller's lectnres in 1810.1 

"TVe were sllown (lie says) ;r few freshly prcpared micro- 
scopic specimens (the art  of putting up  permanent preparations 
being still u ~ ~ l i n o w n ) ,  circrilation of the lrlood in the and the 
frog's ~vcb." So rnricil for the Iristological side. 

" W e  mere also sho\vlr the exporiment of filtering frog's blood 
to get a colorless clot, an experi~nent  on the roots of the spinal 
nerves, Borne reflex movements in a frog, and that opiirm-poison- 
ing was not conducted along the uerves. There were s o ~ n c  bet- 
ter  esperilnents on tlie physioloii.y of voice,-a snb,iect 011 wliich 
hfiiller had recently bee11 \vorkil~g; and there was finally a deln-
onstration of the eff'ect upon r(,sl)iration of dividing the pneu- 
rnogastric nerves." 

I n  all, you see six expe~ime~i ts ,  or sets of experi- 
ments, in the whole course, in addition to the exhibi- 
tion of some microscope slides; aiiil all these mere 
demonstrations. I t  lvas hardly thought of, that a 
strident should use a n ~ i c r o ~ o p e ,  or make an experi- 
ment, himself. If he desired to (lo so, the difficulties 
i n  his way were snch as but few overcame. 

"H e  mnst experiment in his  lodgings, where 011 account of his 
frog8 he usually got into trouble with the l;~ndlady, and where 
many researcljes mere impossibl~ -there were no trained assist- 
ants  to guide him -no public plijniological library -no collcc- 
tion of apparatus. TI-e had to roll our omn coils, soldrr orrr own 
galvanic elements, make even oui olv~i robber tubing, for a t  that 
time it was rot an article of comtn?rce. W e  sawed, plnnod and 
drilled -we filed, turned, and l,olisl!ed. If tlirough the Bind- 
ness of a teacher a piece of app ;~ra tns  vras lenl to us, how we 
made the most of it -horn we r t i i i o d  its idiosyncrasies -above 
all, hom me kept  it clean ! " 

Of courqe ccrtain men, tl c rneii who were born to 
becorne p1lysjologi.t~. and not mere atle~ldarits oil 
Zectnres on physiology, surnlounted tliese difficulties. 

Oile has only to recall the names of DnBois-1:eglnoiid 
himself, and of snch of his col~ternporaries as Briicke, 
Helmholtz, Ludwig, Vicrordt, Donders, and Cla~tde 
Eernard, to realize that fact; and undoubtetlly tliere 
was a good sicle to it all. Triflers, at  any rate, were 
eli~ninatecl; and the class of individuals ~vasunlrnown 
.ivho soinetirncs turn up at  nioderri laboratories (and, 
judging from a good deal of curre~lt  physiological 
literature, sorueti~nes get admitted to thern) with a 
burlling desire to nndertalre fo r thn~ i t l~  a complicated 
research, tliongli they would liardly know an ordirlary 
physiological i ~ i s t r u n ~ e i ~ t  if shorvn to them, ninch less 
how to handle it. They never can wait: tliey nus st 
begin the next morning, believing, I presume, that 
nlodern laboratories arc stoclred with automatic appa-
ratus, -some sort of physiological sausage-macliines, 
in ~vhich  yon put an  animal at  one end, tnrn the han- 
dle, and get a valuable discovery out at  the other. 

TVitli one exception, Berlin was not in 1810 worse 
off than otlier G e r n i a ~ ~  nnirersities, so far as facili- 
ties for physiological study were concerned, arid ccr-
tainly better off than any university in England or 
the Unitecl States. The exception was in Ereslan, 
where the celebrated Purltinje, single-handed, had 
founded a l~tiysiological institute. I t  has nsnally been 
supposed that in this 11e followed the example given by 
Liebig, who founded at  Giessc~i the first public chem- 
ical laboratory; but this, pace my colleague Profes- 
sor Remsen, can hardly have been the case. I t  is 
to Parliinje that  the honor belongs of founding the 
first pctblic laboratory. Liebig undoubtedly conceived 
the plan wlie~i ~vorking in Paris in Gey Lnssac's 
private laboratory, but it was not until 1826 that h e  
began to put it into execution; and a t  that date Pur- 
lrinje hail already, largely a t  his own cost, started a 
physiological laboratory at Breslau, ope~l  to stuilents, 
-011 a very small scale, it is true, but still the genri of 
all those great laboratories of physics, clleniistry, and 
biology, which are now found in every civilize11 conn- 
try, and to mhicl~, more than to any thingelse, modern 
science owes its rapid progress. Of thcse there must 
be a t  least forty nom organized for physiological work; 
and almost every year sees an increase in their num- 
ber. IIow has this conle abont in the fifty odd years 
which have passed since the origination of Pnr-
kinje's ill-equipped and little known workrooms 2 

First and foremost, because of the improveinent i n  
pliilosophy which took place as men began to break 
loose from the tra~nmels of Greelr and mediaeval meta- 
physics, and to realize that a process is not explained 
t)y the arbitrary assun~ption of some 11ypot;hetical 
cause invented to account for it. So long as tlie phe- 
nomena exhibited by living things were regarded, 
not as rna~lifestations of the properties of tlle kind 
of matter of which they were composed, but as Inere 
exhibit.ions of tlic activity of an extrinsic independent 
entity, -a pneulna, aninla, vital spirit, or vital prin- 
ciple which hail temporarily talien up its residence 
in the body of an a~iimal,  but had no more essential 

~ ~ r i t e r ~ i c J z t ,1 Em11 IInRois-TZeymolrd. 11.). p i~ys io iog i sc l i~~  co~nicction with that body thail a tenant with the 
so?!st und ,jet&. Gerlirr, 1875. 'l';ie rjuotalions from this pam- 
phlet, while givinp, 1 trust, a trur idea of the sr~bslnnce of 1)a- house in which Ile lives, -there was no need for 
Bois-Rrgmond's statements, h8n.e lrcrn ctrrtaile(1, n ~ r d  are not to physiological lnboratories, Dissection of tlle dead 
be regarded as iiterai full tr:uisiatiol~r of tllc original.-11. N. M. be interesting as malriiig known body might, i~~dee i l ,  
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the sort of machine through which the vital force ally became simply a convenient phrase for expressilig 

worliec1,- just as some people find it ainusirig to  the totality 01. ~e.sultcoal;of the lives of 1.11e indivicl- 

visit Lhe former abode of a great author, and see his rial organs. Physiologists began to see l.l~:?t they had 

library and mritirig-table and inl<stancl; and there nothirig to do with seclcing a vital force, or with 

might be discnssioiis as to the locality of the body essences or abso l~~ le s ;that their bnsiness mas to 

iii 7,vhicll this vital force resided; to carry out our stutly the plieiio~ilena esliihited by living tlii~lgs, and 

simile, as to what mas iLs favorite armchair. Various leave the noumena, if t l~e re  mere silch, to  alnnse nlcta- 

guessers placecl i t  in tlie heart, the l u ~ i g s ~  physiciaiis. tlleuceforth became niorc
tlie blood, I'hysiology 

tlie brain, arlil so forth. Paracelsns, ~vit l i  rnore sliow slid inore a stucly of the rneclianics, ~)iiysics, and 

of reason, located it in with the and parts of organisms.
close ~onnect~ior~ clic~nistry of livi~ig orgai~is~ns  

stornncli, on tlie top of which lie sup1)oscd there Progress at  first v a s  riecessari1,y ve1.j- s lon~;  l~hysics 

mas seatecl a chief vital spirit,, h r c l i ae~~s ,  ant1 clielilistry, as n e  110x1~lrnon. tllei11, tiid iiot exist; 
wlio snper- 

i~ltentleil digestio~~. It is mr~inly to Desc;~rlcs.l n h o  g:ilra.r~is~n was unl~nomil; 
\\-as not discovered; os~iiosis 

lived in the earlier llalf of the se~e~i leer i th  t l ~ e  of;  xvllile 
ce~ilnry,  eoiiservatio~i of energy was ~ ~ ~ i r l r e a ~ i i e ~ l  

tliat pllysio10,yy elves llie iml)nlsc ~vhicii set it fi,ee n ~ o d r r ~ ~ 
clienrislry did ]lot t>al<e i t? riso uiitil tho dis- 
from such will-0'-the-wisps. l ' u t t i ~ ~ gaside a11 con- covery of oxygen by Priestly, a ~ r d  Ll!e extensio~i a~icl 
scioniness as tht: f~l~ictioriof the soul, Ibc main- al!plica.lion of thal, tiisco\:ery by.I~:~voisier lowards the 
tailled that all other vital plienonipiia r\.t:rc tine to clo~,c of the l i~s t  cellt,ury. Physiology ll:~il to n.ait 
properties of the ~nateriwl of ~vhicli the 11ocly is conl- Ilicn, as ilo~v, for it!: advallce upo~ i  the dc~eloprnelit 
posecl; arid that death was not due to ally dcfecl, of of the scieilccs. ile:~li~l,y wilh siniplcr forms of iliattec 
the soul, but to sonic i a~ l~or t an t  alteratio~i or degen- l.lia.~i1,iiose foulid ill l i~ i l i g  thillgs. I:ii1 little by little, 
eratioil in solile ],nrl or parls of thc body. step iifler step, so Illally olicn mysteriolrs ~ i t n l  1j1.o- 

'I'Iie iiifl~ie~lce ce-scs liave 11c?ei1 explz~ined as ~lrerrly :tpecial illnst,~.a- of Descartes, and iii the sa111e half- 

cctit~rry the deinoi~stratioii of the c i r c~ l lx t io~~  tioils of :riiti clicnlic:i! l:~\ss? tlrzrt 
of the gencr.al, ] ~ h ~ s i c n l ,  

blood by Rsrvcy, gave a great i~tipl~lse to esl~crimen- iioir the phgsiolo~ist scalis eucli atLv;~i?ct? iii t,lrese sci- 

tal pliysiology. 13otl1 Iiarrey ant1 Descxrtrs. Iro~v- tliat it liilrl 1.0 i?,(ld 
ences iii full c:oi~fiilcnccl ill i ~ ~ i a l ~ l o  

ever, still believcd iii a. spccial locally placctl vital ii~iotltcirlo the l?licno~uena of liviiig Ootli~s, whic11 a1.e 

sl~iiit or vital , /o i .ce,  ~vhich alii~iiatetl the whole bod- ill nlti~iiate ati;ilysis ~ioi, pecir1i:ir or. ' T il,:i1,' b ~ i t  sii~iliiy 

ily frariie as the eligirie a ~~1iysii~o-cl~cn1ii~:11~ fro111 thi? l?lieiit!ii~c~~~a
in grezit factory illores Ailart of 

all tlie ruachi11er-j iii it. TTr1lat :I i~ir~ccle a ~ r l ~ o s e  villi oi 
clitl, or ir~ii~tl ,  lily-terious eoi~~it:ctioii forrils 
gl:u~tl ditl, tlel~e~lclitcl on the st.rncture airtl prol)erties ~ilcittcr he e:iii nevi:? hope to c3splni~~, n 1tiodel.1iif 

of the il~uhcle or glwt~d; but n-as l~ltysiologis!, Tvcre :i:.ltctl nha t  is tltc object of his sci 
the ~vork-1~on.e~ 
derivcd f1.01n a force outside t l~ose organs, -on vital eilco, Iic ~vo~i l i l  ~LI ISR.C~ ,  tho"not 1hc: disr:over~- or 
spirits s~ipplieil f~,onl tlie l~ ra in  along tlie nerves. or localiza,tio~~of a ilal force, 1)nL llie htucly of tlie 
c,ti,ried lo every part in the bioocl. B s  the lratter~i ol' qnz~ntityof ositliznblo food lalicii into tlie stoi~iacli, 
a carpet nil1 riepe~id on tlie structure aiitl armliye- anil ih!? q11:iiilily of oxygen xbsorl~etl iri t,he Imlgs; 
moilt of the looi~i, -\vbicli loom, hon7ever, is IT-orlcetl tliti c:ilculatio~i of tlie criergy or foi,cc lil~ei-z~tetl by 
by a nlisl ant  steam-eiigine, -so Llie resl~lts the coiril~i~i:~tioli of m ~ ~ s c u l a r  of llle food and oxygen; a ~ i d  ol?ser- 
or gia~idnlar acti1-ity were believed to be detertliiiled vation of thee Tvag ill n~ l~ ic l l  es-tiitit force has i)~:e~l 
by tlie slructllre of mnscle and gland; hilt t,lie inov- l~eiicied, ant1 the incans by \vhicli its distribution m:~y 
ing-forcc came from soriie other part of tlie botly. l,e i~~fi~~ciicct!." 

The nes t  esseiitial :~clvancc n.as made by Ilaller, Once it \r:.as rccoguizecl t , l~a t  at  least the great 
about t,lie ~niilclle of the ei::.llteoritl~ ce~ilirry. IIe ~iiajoritg of pllybiolo~;i~:~I l ) robl~~r isivere l~roblellls acl-
delrioristratecl that the contractilig-l~omcr of a i ~ ~ n s c l emitting of csl?eri~i~eiital llie ~ieceisity i t~vt~s!i~;~tioli ,  
tlicl iiot clepelicl on vit:tl spirits carried to it ill nerve for slwcial collectio~t~ of apparntlis snit:~ble for espcri- 
or blood, bnt on p ro l~ r t i c?  of tlie ninscle itself. nlc~ll,on l i ~ i ~ i g  ])la~ilsa~lt l  ani~iluls, and For affording 
Ot,hcrs had. guessed, Hallcr lwovecl, that the 1)ocl;v of st~iilents ail o!)portilnil~- to stnciy tllc pl:cy of forcc:n in 
one of the higher arii~rialu is not :L collectiorl of ma- living org:~ilisrns, hat1 iiot long to wait for r r cog~~ i t io~ r .  
chines \\-orlced by a cerit,ral motor, but a coileelion of 1'11ysiologic,il laborat,ories wcre org:i~iizeil at  first ill 
maclti~ies enell of whicli iri itself is hot11 slea~ir-erigine be spared iir l~~iildinigs snclr l.oo111s as co~~lc l  consl~,uctetl 
and loom; leaving aside, of course, certain of tlic 111iilt for tliis for other purposes; later, ill s t r ~ t c l ~ ~ r e s  
l~urely ~nechrniic:ll supportirig and lrrotectilig appara- speci~1eiitl. The first laboratory specially erected fo r  
tuses of the skeleto~i. This was tlie death-blow of piiysiolopical n.orli was built for Vierordt, in l'iibin- 
t,lie ' vital force ' doctrine. Extensions of EIaller's years ago. gen, less tllail t ~ v e ~ t l p  So fxr as I liliorv, 
method showed that it mas possible to destroy tlie our onn  is tlie first suc l~  bnildi~rg irr the Unit,ed 
brain aild spinal cord of an arii~iial, and separate its States. 
muscles, its heart, its nerves, its glmids, arlil yet lreep There is atill anotlier 1,raxon ~vliicll has combined 
all these isolated orgalis ~vorliing as in life for niang with the recogliitioli of tlie intlepe!!clerice of physiol- 
hours. The life of an animal could be IIO longer re- ogy as a science to rl~alie t,l~e motlern lirbor;~tory, open 
garcled as an  entity residing in one region of the body, to all properly preparecl st l~de~itq,  p ~ s i b i l i t y ;  a ~ i d  a. 

from ~vhicli it animated the rest; and the word grada- physiology ovcs it to this cotuitry. I do not forget 

1 See IIuxley : Z'ibe cotlnection o f  ti le Oioloyical sc iences  with how Browii-Sequartl in Philadelpl~ia. clil~ched anc1 
m e d i c i n e  (The Lnlncet, Aug. 13, 1881). completed Berriard's great discovery of the vaso-motor 
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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- 

Pop. sc. ?nu?~thlgNovember, 1876. 

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 :-


