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IVheti lamp-11laclt is exposed to tlic action of tlie ligll! 1 
of t h e  spectrum it is found to give n sonorous resllonse 
to  all of its rays a s  far a s  the  mitltlle of rile violct, and  
~ j e r h a ~ ~ s  T h e  intensit!- of tlie souncl, hoivever, 1be)-ond. 
varies reniarltably in tliKereni parts  of tlie spectrum. 
Taltirig t h e  rays successivel~- i'rom riifi'erent parts, from it h e  violet towards  t h e  red, tile sountls I ~ e g i n  very feeljly 
and  increase in intensity, reaching a m a r i ~ n u m  in t h e  ul- 
t ra  retl. Beyond that  point they sutldenly cease. Tile  
illcrease of intensity is very gradual ,  t h e  decrease very 
sudden.  

Other  substances lia7-e been esperiinenLed I\-ilh, and 
while eshibiting s ~ ~ n i l a r  proprrlies, each li-cs a range of its 
oivn. Porous a n d  fibrous substances give loud sounds. 
Thus,  common wool or n srstecl a re  foiund t,o h e  very 
sonorous, but  the  sountl; a re  fromohtaiiletl ~ v h o l l j ~  the  
visible parts  of the  spectru;n a ~ i t l  ha\-e t l ~ e  r n a ~ i m u m  in- 
tensity in the  green. 111 all sui~stat!ces tried sucaess has  
resulted, h u t  nearly all have a very short  range.  

In  experimenting \vilh tnore liomogsneous s u l ~ s l a n c e j  
of simpler constitut.ion, still niore tl-Snr'e results nri= 
obtained. T h e  rays oT tlie spectrum are jiassetl t h r o u g l ~  
su l l~hur ic  ether. Outsitle of tlie ul tra  retl is a very ilrrr- 
row halit1 which cause s3un:ls n.'?lle tlie ocller parts  
fail to  produce tliem. Hytll-ogm ~peroxitie giv5s so i~ i lds  
a t  several placzs n.holly wi t l i~n  tile visil~le 11x1-IS of tlie 
spectrum, a n d  these places are fount1 to coiiicitle n-it11 
t h e  posi t io~is  oT tlie 11ani.s of tha tknon-11 a b ~ o l . ~ , t i o ~ i  
substance. T h e  same is Tounti to  h e  true of Kitrogzn 
Oxitle and  n solution of Arnn~oii ia ,  Sulljhate oi Coljper, 
a n d  many other substances. Tlie  :eiier;il I;L\\- tlec'ucecl is 
t h a t  sazc/rds anre ji.atJui-eid l i z  sn6s?izizi-i~41, c'hc i.iys: r / i ~ ~  
fzuhich22 n b s o ~ h s .  

T h u s  a lcind of spectrum anal! sis can hc: obtained 
through the  intermecliation of sounil. 'The principal 
1-alue of the  sp-ctroljiione, AIr. Bcll i~elieves, n-ill be  
found in the  investigation of absorption 11;riids in the  
ultra red part of the spectrum. 

Mr.  \VilIiam B. Taylor inq:~ircd \vI~etl~:r the  sounds  
o'nser~-ed f rom tlie two ahsorption l~ant l s  of ammonia,  
sulphate of copper, were octaves. AIr. Eel1 replietl tha t  
this  cluestion hat1 not a s  )-el bee11 investijiatcd. 

Mr.  G. Brown Gsode  read partions ot a p.i!,er oil tilt  

t l~eories !lie rnetliodic:~! tleduction of ~ l i i c h  requires the  
highest po\vel:s,oi in~t l ie~ l ia t ica l  he lias found by aiial~-sis, 
n i,ultl of ~ n t u r t ~ o n ,  with the  seci~rl ty of  instinct, n-ithout 
tlie llelp of a single matliematical formula. 

T h e  electrical researches of I;aratla!-, altllougli eii?brac- 
iiig a great  n u n ~ l j e r  of :ll)ll;~~.iiltl\. 111i1iute and  tliscon-
nectetl questioiis, all of cvhicii lie h:is t r tatet l  with the  
s a m r  careful attentioa ; i ~ i t l  conscie~lt iousntss ,a r e  really 
always aiming a t  tn-o funtinmental 11rol;lems of  natural  
pllilosol~li~-, the  1i;iture of physi- the one inore ~ e g a r t l i i ~ g  
cal forces, or ~f t'orczs \\-orl;i~lg : ~ t  a ciistance ; the  other ,  
iri the  s a m e  n-ah-, iegartiino; clirinical forces, or those  
11-hich act  from ~l io lecr~ lc  theto molecule, anil rel?tion 
betlveen these ant1 tile first. 

T h e  great  funtlan~ental  i ) r o l ~ ! e i ~ ~  nliich F a r a h > -  calletl 
LI;, aliew for tllscussioii \ \ a s  t h e  esistence of forces n o r k -  
ing tlirectly a t  a t l i s t a ~ ~ c e  ~netiiuiii.\vithout an>- intervenil~g 
During tlie last a11d tlie ljegimiing of tlie ljresent century 
the  ~not le l  after tile libeuess of n.liich nearly all pliysical 
theories liatl I ~ e e n  fornled \vas tile i o ~ c z  of gravitation 
actiiig hetween tli: sun ,  tlie planets, ant1 tiieii- satellites. 
It is icno\vn iio\v, wit11 n ~ u c h c a n t i o n  anti e\.en reluctalice, 
Sir. Isaac Xewton 11imsc-lt p r ~ p ~ s e t l  his grand hypo:I~esis, 
nhicl i  was destined to beconre the  iii.:;t g rea t  and  im- 
posiiig exa~iiple,  illustratirig the power of triie scielitilic 
method ,  

1:iit then came Oerstetlt's tlisco\-ery of the molioiis oT 
magnets  untler tile ir;fiueuce oi tlcctric- currents. T h e  
Toi-ce actilig iii these p i ~ e n c r n e n ~h:itl n new ant1 very 
singular character .  Tt s e e m c ~ l  ns i f  it 11-ould tIri\-e a 
s i~ ig le  isolated pole of ;I magnet  in a circle arounti t h e  
wire cont1ucting the  cul.reilt, 01)and  on \vitIiout enti, never 
coining to rcst ,  17arzt?;~ysaw tha t  a ~ i io t ion  of this itintl 
could not 1,e ~jrotlueetl Ily any  force ot at t ract ion or  re-
pulsion, \vorl;ing fro111 point to 1jriii:t. T T  tlie current  is 
ab le  to i~ ic rease  he 1-elocity of he ~n:i,gilet, t11e iiiagnet 
must  react on tile current. So h e  made ~11e esljeriliient, 
and  tlisco~-ered inducetl currents  ; lle traced tile111 out  
t h ~ o u g l l  all the  I -a r~ous  conditinns 11:ider which they 
ought  to  appear. 1Ie ccinclirtletl tl1:it soruew!ii-re in a 
part of tilt sp;lce traj-ersetl by niagiietic force there e:.;is:s 
n peculiar s tate of ttnsioli, ailtl tliat t v e ~ y  cliangz of this  
tension l~rotluces electroinoti\.z force. Tliis u~i l inown 

s1i7ortl-fish and  its a l l~es ,  \vliich paper \\.ill be l~ul~lis l iet l  l iy l~o~l ic t ica lstate lie callctl provisio~ially tllr electrotonic 
in full in the next annual  repori o l  tlie U.  S. Fish Corn- state, alitl lle \\-as occuj~irjtl f o r  years ;rntl years in fintl-
~uission.  ing out  wliat was  this rlectrotonic state.  H e  tliscove~.ed . -_I_o_- a t  first, in 1838, tile c'ielectric -!~olarisation of electric in- 

sulators, subJect to elcctric io ic rs ,  Such I~otiies sliolv, 
O N  THE AIODERN I>ET7ET.O1'lIENT O F  l ' ,il(A- under the i n ~ ~ L l e l l c e  ibrcLs,  11lie110111enn per- of  electrir 

DAY'S C O N C E P T !  OX OF FLEC'I'lXICJ'I'Y :.; 11)- soil 1ro11 u~i t le r  tlie fectly an:ilogous to  those e s i ~ i l ~ i t e d  
inlluence of the  magnetic force. Ele\.eri years later, in 
I <;do.he 11~;~s illat-al~lt: to tlemonstrate t.lir~t all ~ ~ o n d e r a l ~ l e  

7'11e majority ol  Fa~.a:!ay's own rcsearclies \,;ere con- ter is n-icijinetjzeci under tile inilile~lce of suiiicitntly in- 
nected, directly or intiirectl!-, \vitIl qt!estions regarding tense magnetic ioi-ce, ant1 a t  tile s;lme time lie d i s c o ~ r r e t l  
the  na ture  of electricit!', and  liis ~ n a s t  anti ~ l i o s t  the  p h e n o ~ i ~ e n a  di ; imagntt is~ii ,  ~vhicl i  1nt1ic;lttd tliat 

82, 

i ~ i ~ p o l - [ a n t  of 
renot\med discoveries la)- in this fieltl. 'i'ne facts  ii.lii,c]~ e\-en sl.are, dtvoid of all po~itlerable n ~ a t t c r ,  IS magnet-
he has  found arz ~u1:versally l ; l~on~n.  I\'e\-elt!leless, the  izahle ; ;ir,tl non- \\-it11 c:ui:e n \voncla.f~rlsag ]city ant1 ic-
fundamental  conceptions 11)- ~ v h i c h  Enladay Iins 11:en let1 teIlectu;~l j~iecision Far;i'lay performetl i i i  Ris brain tile 
to these much-ndlniretl d~sco\ -e r ie i  ha:-e not been re- ~ v o r k  of a gi-eat 1l:atlir111;rtii.i3n \vitliout using a single 
ceived \vith nlucli consi t ier~tioi i ,  1-[is 11ri:lcipal all11 \vas matliematical Icrinula, l i e  sn\\- xiti1 his nii~itl 's eye t h a t  
t o  express in his new conceptions only f;~cts, \villi ttie by these systems of tensions ant1 pressul.es !~roduced 11y 
least possible use of  i ~ y l ~ o t l ~ e  ant1 forces. tlie tlielectric anti ~iiagiletiz polarisation of space \vliich iral su l~s ta~icr j s  
T h i s  was really a progress iu general sciei:t~iic metliotl, surrountls t l ec~r i i i t t l  l~otiies, magnets  or \\.ires co i i t iuc t i~~g 
destined to purify science fro111 tile last rrliina1itsof rneta- electric c u r r t n i ~ ,  all tl-ie pl iei io~nena of electlo-static, 

ailtlphysics. KO\\, t h a t  t h c  n~athematic. i l  interpretritions of mzgnetic, electro-nuagne~ic attr;iction, ~rel~ulsion, in-
Faraday ' s  conceptions regartling tile nature of clectl-ic 
ant1 magnetic force lias been gi\-en by Clerli hlasn.el1, \ ~ e  
see Ilow grea t  a degree or exactness aritl precisisn Tvas 
really liiddcn behind his ~vort ls ,  n~hicl i  to  111s co~iterupor-  
aries appeared so  v:lgile o r  o11sc.ure ; and  it is asto~iishi l ig 
in t h e  highest to s:e wliat a large number  of general 

:'T h e  Fa,.adxy L x t i i r z ,  de!iv:-e I h::>r- t h :  1"cllon--.of t h e  C h e l i ~ i ~ a l  
So:iety in t h e  ' r h - l t r s  o f  t h s  R~,rxlI n . : i t l ~ * i ) : ~ ,o a  L ' ~ I : . . I ~ ) - .  I p r l l  3 t ~ ~ ,1 
r831 ,by  l 'r~feij3r.H:l~i~io!tz .Abitv.a:t r:vlj: i > y t t12  3 3 '10.. 

tiuc:io~i coultl h e  erplainetl, witliout rcferl-ing a t  ail to  
folces acting tlirzctlj- a t  a tlistance. T h i s  xrrs ilie part of 
his pat11 \\here so  fc\v could iollon- him ; p e i l ~ a p sa Clerk 
M;ixivtIl, a s e c o ~ ~ t l  liian of the  same polver ant1 i~itlelientl- 
elice of iiltellect, \\..is necessary lo  reconstriicl in the  nor- 
mal iiiethotls o l  science the  grea t  I~uilding, the plan of 
\\rhicli Faratl;l!- had conceivstl in his ~nincl and at tempted 
to make  visible to  his contemporal-ies. 

Nerertheless the  a d h e r a i t s  of direct a c t i o i ~  a t  r tlii-
tarlce have n o t  yet ceased to  search for solutions of t h e  
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electro-magneti'c prol~lem. T h e  present clevelopment of say tha t  the  mol-e e s p e r i l n e ~ ~ t a l  metliods n-ere refined, 
science, however, s I i o \ ~ s ,  a s  I tliinl;, a s ta te  of thisigs very tlie more  the  exactness and generality of Faraday's  law 
favorable to  the hope tha t  Faratlay's f~uit iamental  con- w a s  confirmed. 
ceptions maji in tlie imrnetliate future receive general as- I n  the  beginning Herzelius ant1 tlie at lhere~lts  of Volta 's  
sent. I i i s  theory, i~i:!eetl, is the  onlj- existing one \vhich original tlieory of galvanism, based on the  effects of 
is a t  the same time in p e ~ f e c t  harmony with the  facts oh- nietallic contact ,  raised many ol?jections against Faraday ' s  
serveti, antl wliich a t  least tloes not leati into any contra- l a w .  By the  c o ~ i ~ l ~ i n a ~ i o n  of Kohili's astatic pairs of 
diction against t h e  general axioms of dl  nasnics. magnetic needles wit11 Schweigger's niultiplic;itor, a coil 

I t  i; not a t  all necessary to accept any definite opinion 
about  the  ultimate nature of the  agent  which we call 

, 
( 

of copper wire ~vi t l i  numerous circunivolutions, galvano- 
meters hecame so  tlelicate tli;u tlie electro-chemical 

electricity. 
Faraday  l ~ i m s ~ l l  avoided as much a s  lie could ei\-ing 

ecluivalent of 
impercepiible 

the  smaller currents they intlicated 
Eor all chemical metliods. JYitli 

n a s  
the  

any  ailirniative ass-rtion r-egarding tliis p r o b l e ~ ~ l ,  although newest  galvnnorneters you can very well observe currents  
he did not conceal !]is disinclination to  l~elieve in the  ex- ~vli ich ~voul t l  want  to last a century belore tlecomposing 
istence of t\vo ol~posite  electric tluids. one ~nil l igram of water ,  the  sniallest quantity which is  

F o r  our own c!incl.~sr.ion of tlie electro-chemical plie- usually weighetl on chemical bal ;~nces.  You see t h a t  i f  
nomena, to  wihich we shall turn now, I beg  permission ' such rr curieut  lasts only sonie secontls o r  come minutes, 
to use the lailguagz oE tlie old dualistic theory, b-cause there is not tlie s:iglitest hope to tliscover its protlucts of 
lve shall have to spealc principally on  relations of decomposition by c!iemical analvsis. A n d  even if it 
quantity. 1 s h o l ~ l d  last a long time the  feeble cjuantities of l iydrogei~ 

I no\\> turn t ~ >  tlie s x o n t l  lunt1ament;il proi~lein aimed collected a t  the  negative electrode can  vanish, because 
at  by Fara::ay, the  ck,nnec.ion be twetn  electl-ic and they comljine with t h e  traces of atmospheric o x y g e i ~  
chemical 1or:e. All-tntly, h t f o ~ e  Farat lay went to  worlr, absorbed ljy tlie lic1:iitl. U n d e r  such  contlitions a feeble 
a n  elal~orate e lec t ro-che~n~cal  current  may continue a s  long a s  you like n.ithout pro- theory hat1 be tn  estaljlished 
by the ren ;n l~ed  Swedish chemist, e r i s  which t111cing any viriblc tr;ice ol  electrolysis, even not  of 
fornied the  connecting-l~iik of 'ill? great  n-crk of his life, ga1van:c ~ ~ o l a r i s a t i o n ,  appearance of which can b e  the  
the systemat~satioil of the  chemical 1;nonledge of his used as a n  indicaiion of previous electrolysis. Galvanic 
time. 1-11s start ingpoini  n7as the series into 11;Iiich Volts polarisation, a s  y c u  l;noi\, is an  altered state of t h e  
hat1 arr;:~ig-ecl tlie ~ n e t a l s  accortling- to the elecrric tension n1et;lllic plates r ~ l ~ i c l i  have been userl a s  electroiles dur ing  
which they exhibit acttl- contzct r:ith t a c h  other, a the  tlecomposition ol  a11 electrolyte. Polarisetl electrodes, 
funtlatnental point which Faratlay's experiment contra- when c:onnectetl 11y a galranorneter, give a current  which 
dictetl nit11 the s i ~ l ~ l j o s ~ t i o n  c1u;intit)- of they (lid not give brfore ljeiiig j:olal-isetl. By this current  that  th?  elec-
tricity collectetl in t a c h  atoll1 \\-as de i~endznt  on t h e i ~  the  plates a re  tiischarged again and  returned to  their  
mutual  electro-cliemic?l dilftrzncec, \vIiich he considereti o r ig~n?l  s ta te  of equalil!.. 
a s  tl;e c:inie of rhrir  apparently greater  cheniical afhniti., l l i s  rlel~oiariiing current  is illtleerl a most  rlelicate 
But  altllougli the  funtla~iifntal  concepiiolis of Ber~eli i is 's  means of tliscover~lig prel-ious tleconicosition. I h a r e  
tiieory have been fi-rsalten, chemists 1la1.e not  ceaseti to really asce~tn ine t l  that  under favorable colitlitions one 
speak of positive ai,d ncgatire constituents of :I com- can o l s e n e  tlie l~olarisat ion produca l  during s o m e  sec- 
pouiic! botl!.. Nobody can ovei-look that  sucli a contrast , olltls 11)- a current  ~vhici i  t1ecoml;oses one milligram of, 
of quxl~ties,  a s  ivxs expressetl in Uerzelius's theory, really water  111 a century. 
exists, ell tievelopeti a t  t h e  exirem;ries, less evident in Protlucts oi  tlecoml~osition cannot  appear at  t h e  elec- 
the ~liitltlle rerills of tlie serirs, p l a ~ ~ n g  an i11ii:ortaiit parr I t rodes n i tbout  motlolls of the  constituent molecules of 
in all chemical ~.ctioiis, alrhoug-11 of ten  subordi~iat.ed to  the  electrol!-te tlironglicut tlie whole lergt l i  of the  liquid. 
other  influences. I 'This subject has  been stutlietl very caretully, and  for a 

TVhen Faraday  began to study ilie ~) l ienonie~ia  great  n u m l ~ e r  of licjuitls, by Prof. IIittorff, of Miinster,of tle- ~
coo~pori t ion i ~ y  the qrlvaoic curl- en^, wiiclr of course allti Prof. G. \ I~iet lemann,  01 L,eipsic. 
irere consitiert-d 11y l3c;zei.u~ a s  one of tlie f i i~i iest  sup- : l'roi; F. I<ohlrausch, c i  IT;~~rzl)urg,h a s  brought to  light 
ports of liis tlieory, he put a very sirnplz question ; the I tlie Trery iniportant fact t!lat in tliluteti solut io~is  of salts, 
first cjuestion, iiitieetl, which e~-er j -cl ien~ist  s;jeculating icclutling 1lytli.ates of acids a n d  hytirates of caustic alka- 
about  el~ctrolysis  ought  to have nns~veretl. H z  asiietl, lies, eyer!- atom u~l t le r  tlie influence of currents  of the  
IVliat is tile cjuaiitity of electl.olytic tleco~nposiiion if the  same (leiisit!- mores  on \\:itli its o\\:il peculiar velocity, i n -  
saiile clua11-tity of electricity is sent through several elec- depentlently of ot l i t r  aiorlls i~ lov ing  a t  tlie salile t ime in 
trolytic cells ? By tIli,s invest~gation he ciiscovered the  same or in opposite t l ~ r t c t i o ~ i s .  T h e  total anlouiit of 
that  most  important law, generally 1ino\\11 uiitler his ciieniical motion in tvcry section of the  fluid is repre- 1 

name, but  called by him the law of definite electrolytic ' sented hy the suin of tlie equi\-ale~its of t h e  cation gone  
action. fol.\vards ant1 of the anion gone  b:icltrvartls, in the s a m e  

Fararlay conclut l~t l  from his erperimeats  tha t  a defi- way a s  in the  t1u;listic theory of electricity, ant1 t h e  total 
nite quauti1.y of electricity cannot  pass a volta~iietric cell arnbunt of electviciiy flo\i,ing tlirough a section of t h e  
c o n t a ~ u i r ~ gacidula!eti water  l>etween elecrrodes of plati- , cositluctor co;.respcnds to the  sum of positive electricity 
I ~ L I I ~  setting- free a t  the  negative electrode a going f o r l ~ a r t l s  and negative electricity going backwards.  \rithout 
corresponding tlefirlite amount  of liytlrogen, and at  the  'rliis estabiisheti, Faratlay's law tells u s  t h a t  through 
positive electrodr the  equivalent quantity of oxygen, one each sec t io~i  o i  an electrolyac conductor \ve have always 
a tom of oxygen for every pair of atorils oi hydrogen. I i  equivalent electrical ailti c h e ~ i ~ i c a l  nlotiorl. T h e  salile 
instead of hydrogen any  other  ele~neslt capable of sub- tiefinite t~<ianti tycf either positive o r  negative eleckicity 
stituting l i y d ~ o g e n  is separate(; from t h e  electrolyte, this , mo\-es al\irays \vith each ciniralcnt ion, o r  n4th every unit 
is done also iu a c ~ u a n t ~ t y  exactly equivalent to the  quan-  of aiiinity of a mu1ti~;~lention, and  accompanies it (luring 
tity of hydrogen ~vhicl i  moultl have l x e n  evolvecl by the  all i ts  motions tlirough tlie inte~.ior of t h e  electrolytic 
s a m e  electric current. fluid. Tliis we may call t h e  electric cliarge of tlie atom. 

Since tha t  time our  experimental methotls antl our  Now tlie most  startling result, perhaps, of Faraday ' s  
lrnowledge of the la\vs of electrical pheno~l lena  h a r e  law is this : If 11-e accept the  hypotllesis t h a t  tlie elemen- 
m a d e  eriormous progress, anti a g-rcnt many obstacles 1 tal-)- su l~s tances  a r e  composetl of a toms me cannot  avoid 
have n o w  heen removed ;vhich entangled every clie of concluding that  electricity also, l~ositive a s  well a s  nega- 
Farat lay 's  steps, antl obligeti liim to fight n-ith tlie con- , tive, is tlividcd illto tleii~iite elementary portions, which 
fused ideas ant1 ill-applietl theoretical conceptions of behave like a toms of electricity. A s  long a s  it moves 
s o m e  of his contemporaries, TLTe need not  hesitate to j about o n  t h e  electrolytic liquid each atom reruains united 
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\vith its electric equivalent.or equi~~alents .  At  the sur-
face of the  electrodes decon~positioncan take place il 
there is sufficient electronioti\~e power, and then the 
atoms give off their electric charges ant1 becoine e1ec:ri- 
cally neutral. 

Now arises the question, Are all these relatioins Ile- 
tween electricity and che~nical  combination lin~ited to 
that  class of bodies which we lrnow as  electrolytes? In  
order to protluce a current of sufficient strength to collect 
enough of the products of decomposition without produc- 
iilg too much heat in the electrolyte, the substance which 
we try to decompose ought not to have too much resist- 
ance against the current. But t111s resista~ice may be 
very great, and the motion of the ions may be very slo~\r, 
so slow indeed that we should need to allow it to go on 
for hundretls of years before we should he able to collect 
even traces of the products of decomposition ; neverthe-
less all the essential attributes of the process of elec-
trolysis coultl subsist. If you conllect an  electrified con- 
ductor with one of the electrodes of a cell filled with oil 
of turpentine, the other with the earth, ycu will fintl that 
the electricity of the contluctor is discharged unmistak-
ably more rapidly through the oil of turpentine than if 
you take it away and fill the cell onlq- with air. 

Also in this case we may observe polarisation of' the 
electrodes as a symptom of pre\>ious electrolysis, i h -
other sign of electrolytic conductio~i is that liquids 
brought between two different metals produce an elec-
t r o m o t i ~ ~ e  'This is never tlone by equalforce. metals of 
temperature, or other conductors which, like metals, let 
electricity pass without being decomposed. 

T h e  same effect is also ohser\recl even with a great 
many rigid bodies, although we have very few solitl 
bodies which allow us  to observe this electrolytic con- 
duction with the galvanometer, and even these only to 
temperatures near to their melting-point, I t  is nearly 
impossible to shelter the quadrants of a delicate elec- 
trometer against being charged by the insulating boclies 
by which they are supportetl. 

I n  all the cases which I have cluoted one might suspect 
that  traces of humidity ahsorhetl hy the substance or ad- 
hering to their surface were the electrolytes. I show 
you therefore this little Daniell's cell, in which the 
porous septum has hcen suhstitutetl by a thin stratum of 
glass. Externally ail is synlnletrical at  hot11 poles ; there 
is nothing in contact with tlie air hut a clojetl sul.face 
of glass, through which two wires of platinum penetrzte, 
The whole charges the electro~neter exactly lilie a 
Daniell's cell of very great resistance, ant1 this it ~voultl 
not do if the septum of glass ditl not I~ehave like an elec- 
trolyte. All these facts show that electrolytic co~ltluctioll 
is not at  all limited to solutions of acitls or salts. 

Hitherto we have studied the ~l io t io~is  of i;onderaI~le 
matter a s  well a s  of electiicity, going on in an electrolyte. 
Let us study now the forces w i l~ch  are able to protluce 
these motions. It has a!ways appea r~ t l  somewhat start- 
ling to everybody who liuows the mighty power of chem- 
ical forces, the enornlous quantity ot heat a ~ l d  of 
nlechanical work which they are able to protluce. and 
who comphres with it the exceedingly small electric a t -
traction \\rhich the poles of a battery of two Daniel!': cells 
show. Nevertheless this little apparatus is a1)le to tie- 
compose water. 

T h e  quantity of electricity which can be coo\~eyetl by a 
very small quantity of hydrogeti, \I-hen ~neasuretl by its 
electrostatic forces, is exceetlingly~ great. Faraday saw 
this, and has endea\~ored ill various ways to give a t  
least an approximate deterini~lation. The  most powerful 
batteries of Leyden jars, dischargetl through a volta-
meter, give scarcely any visible traces of' gases. At  
present we can give definite nuiubers. T h e  result is that 
the electricity of I m.grm, of water, separated and com-
rnullicated to t\vo balls, I ltilonletre tiistant, ~ ~ o u l d  pro-
duce an  attraction between thern, equal to the weig-lit of 
2 g,ooo kilos. 

~. .. . ~ 

T h e  total force exerted by the attraction of an  electri- 
fied body upon another charged with opposite electricity 
is always proportional to tlie quantity of electricity con- 
tained in the attracting as  011 the attracted i~otly, ant1 
t11ere:ore even the feeble electric tensioil of two Daniell's 
elements, acting through an electrolytic cell upon the 
enormous quantities of electricity n-it11 ~vh ich  the consti- 
tuent ions of water are charged, is mighty enough to sep- 
ar.:te these eleine~lts ant1 to keep them separatetl. 

\Tie now turn to in!-estiplte what niotions of tlie pon-
derable molecules require tlie action of these forces. Let 
us begin with tile case ~vhel-e tlie conducting liquid is 
surrouncletl everywhere 11)- insulated botlies. Tlien no 
electricity can enter, none can go out through its surface, 
hut positive electricity can Ije clriven to one sitle, negative 
to the other, hy tile attracting and repelling forces of es- 
ternal electrifietl l~otlies. T h ~ s  process going on as  well 
in every ~netallic coiiductor is calletl "electrostatic induc- 
tion." Licluitl concluctors be11;~ve quite like nletals untler 
these conditions. Prof. tf'lilliler has pro~red that even our 
Sest insul;~l.o~-s, espocerl to electric forces for a long time, 
are charged at  last quite in the same way as iiietals ~voultl 
l ~ echarged in an instant. 'There can he no tloubt that 
even electromoti~e forces going down to less than 1-100 

Daniel1 produce perfect electrical ecluilibrium in the  in- 
terior of an electrolytic liquitl. 

12nother some~vhat n1otlified instance of the same 
effects is afforded by a ~~ol tamelr iccell containing t\vo 
electrodes of platluurn, 11-liicll are connectetl ~v i th  a Dan- 
iell's cell, the electromotive force of wliich is insufficient 
to tieco~npose the electrolyte. U~itler  tliis conditioli the 
ions carried to the electrotles cannot give ofl their elec- 
tric charges. 'The \\ ho!e apparatus bellaves, as  was first 
accentuated by Sir T\T. Thoniso~i ,  like a condenser of 
ecorlnous capacity. 

Ohserving tile polarizing and tlepolarizing currents in 
a cell c o n t a ~ ~ i i u g  two electrotles of platinu~n, hermetically 
sealed and freed of all air, Lve can ohserl-e these 11lieno- 
niena u ~ i t h  the most feehle electromotive forces of 
1-1000 U;lniell, ant1 I fount1 that do~vn  to this limit the 
capacity of the ~ ~ l a t i n u m  surfaces provctl to he constant. 

taking greater suriaces of platinuin 1 supl;ose it will 
possible to rtach a liruit muc11 lower than that .  If any 


chemical force e~is te t l  l~esitles tiiat of the electrical 

charges which coultl hint1 all the pairs of opposite ions 
together, ant1 require any amount of \vorli to he van-
quished, an inferlor limit to the electromotive forces 
ought to exist, \vliich forces are able to attract the atoms 
to the electrotles anti to charge these as coutlensers. K O  
phenomenon iiidicatillg such a liiilit lias as  yct been dis- 
coyeretl, and we must conclude, therefore, t h ~ t  no other 
force resists the niotio~is of the ions through the interior 
of the liquid than the mutual attractions of their electric 
c h a q e s .  

On thc contrary, as  soon as an ion is to lje sepavatetl 
fro111 its electrical c1l;~rge \ve find that the electr~cal forces 
of tile 1,attel.y meet with :r l~o~verfulresistance, the o\.er- 
l~o\~-ei-ing- rcqui1.e~ a gootl (leal of work to be of \vInich 
clone. Usunlly the ions, losing their electric ch:~rges, al-e 
sel~nratetl at  the same tiille from tlleliquitl ; some of theill 
are evolvetl as gases, others are depositetl as rigid strata 
on tile surfnce of the electrotles, like gnlvanol~lastic cop- 
l'er. But the mnion of t\lro constituents Ila\.ing pox2erful 
nfiinity to f01.m n clnemical ccmpountl, ns you Iinon~ very 
\\el!, protluces al\va).s ;L great mount of llez~t, and heat is 
equi\-dent to \vorl<. On the contrary, tlecomposition of 
the coinpound sul~stances I-ecjuil-es ~vorl;, 11ec:~use it 
restores the energy of tlie clleniical forces, \vl~icll has 
beell slIent by the act of coml~inatio~i. 

nletalsuniting ~vitln oxygen or ll:ilogei~s produce heat 
in the same \va!., soille of them, like l,otassimn, sodimn, 
zinc, even mol-e 1ne:it than equil-alent quantity of hy- 
tlrogen ; less ositlisil~le metnls, lil,c co!)l)er, sil\.er, pla- 
tinum, less. TVe find, thei-efol-e, that 1le;~t is generatetl 
wheia zillc tlrives~copl~ero ~ ~ tof  its combinatioi~ \\it11 tlie 
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c o m ~ ~ o u i ~ t Ihalogen of sulplil~ric acitl, a s  is the case in a of afiinity I belonging to tlic saiiie atom \vitll tliflereiit 
D:rniell's cell. force. I'otassium, sotlium, zinc, must  1n;~r.e s t rong  at- 

If a galvanic current p:rsses tlnrougli any co~itluctor, a tr~rction to a positi\rc charge ; oxygen, clilol.ine, l~romine
' 

iiletallic wire, o r  a n  electrolytic fluitl, it evolves 1ie;rt. Ah.  to a negatilre ch;irge. 

Presmt t  Joule \\-as tile hrst  \vho prover1 e~l~er i~nlen t ; r l l~-  Fararlay very olteu ricilrs to this to his con-. 
c s ~ ~ r e s s  
tliat if no otlier work is (lone 1jy tlie current the  total 
r i~l loui~t  	 cii-(-(lit du~-iing cer-of lieat evolvetl in a g;rl~~;r~iic :L 

triiii tiinne is exactly ecjual to tliat ~vliicli ouglit to lin\ e ileen 
ge~leratetl by tlie clle~iiical actions \vhioIi lnave I>cen per- 
formetl tlurilng that time. But this heat is not e\.ol\.ctl :it 
tlie suriace oi  the electi-otlcs, where tliese cllemicirl actiolis 
talc? lil:ice, liul it is evolved in all tlie liarts of  tlie circxit, 
11rol>ortionally to the g a l ~ ~ a n i cresistance of every part. 
Frotii this it is evitlent that  tlie lieat evolvetl is an imtiie- 
tliate effect, not of the chetiiical action, I ~ u t  of tile gal- 
vanic cm.rent, ant1 that  tlie chemical ~vorlc of the  11:ittery 
lins 1,eeii spent in protlucing only the electric actioii. 

If we apply Fnl-atlay's l;r\v, a definite amomlt of elec- 
tricity passing through the circuit corrcspontls to ;L tleii-
iiite ;rmount oi  clielli~cal tlecoiiilios~tio~i going o n  in every 
electrolytic cell of tlie s;rme circuit. Accortling to tlne 
tlneory of electricity tllc 1vork clone 115' suc11 :L definite 
quantity of electricity \vl~ich passes, protlucing a current, 
is pro1>ortionate to  tlie electromotive force actiiig l>et\veen 
botll entls o i  the  contluctor. You see, tlnel-efore, tli;rt llie 
electromoti\-e force o i  a galvanic circuit must  l ~ e ,  ant1 is, 
intleetl, proliortionate to tlle 1ie;rt gener;rtetl l>y tlie smni oi  
all tlne clleiilical actions goiiig 011 in ;rll tlie electrolytic 
cells tluring tlne passage of tlie same quantity oi  elec- 
tricit5-. In cells of the gal\-aliic battery c1nemic;il forces 
a re  I ~ r o u g h t  illto ;iction a l ~ l e  to produce nmrk ; in cells 
in \vliicli tlecomliosition is occm.ring worli must lie tlone 
irgai~lst ol>posi~lg che~llic;rl forces ; tlie rest of the ~vorl, 
tlolne appears ;is heat evol~e t l  by tlle current, ;rs fa r  a s  it 
is not used up to produce motions of m n g ~ i e t s  or otlier 
equivalents of \\.ork. 

I-litherto we have supposetl that  the ion \\it11 its electric 
charge is seljaratecl fro111 tlie iluitl. But  the pontlernllle 
atoms can give off tlieir electricity to the electrode, ant1 
reinlaill in the  liquitl, l ~ e i ~ n g  now electricnlly ~ icu t ra l .  'rhis 
liial<es almost 110 tliffereince ill the  value of tlie electro- 
inotive force. F o r  instance, if clilo~.ine IS se11a1-ated at  
the  aiiode, it will rennaiin a t  first al,sorl~etl 11y the liciuitl ; 
if the solution becomes saturated,  o r  if \ve malte a 
\racumn over tlie licjuitl, tlie gas  \\.ill rise in 11u1111les. Tile  
electromotive poiver remains unalteretl. The  s:rilie m!y 
11e observed \\,it11 all the other gases. You see in tlnls 
c;rse tliat the clia~ng-e of electrically negati\re cinlorine illto 
neutral clilorine is the process \\,llicli requires so  great  nn 
al i iou~lt  of 1vork. even if tlie pontleral~le inlatter of tlie 
atoiils remains \vhere it \\-as. 

Tlie  innore the sm-face of the  positive electrotle is co1.- 
eretl \\it11 negnti\re atoms of the anion, and the negative 
\\-it11 the  positive ones of the cation, the  more the attract- 
iiig force of tlie electrodes esertetl ~ 1 1 0 1 1  the ions of tlic 
liquitl is tliminislietl 11y this secolld stlatulii of opposite 
electricity covering theni. On the co~itr;rry, tine force \\,it11 
\\71iich tlie positive electricity of an atom of 11)-tlrogen is 
attracted to\varcls the  negatively chargctl metal increases 

viction t1n;rt tine forces terin~etl chemical aflinity a ~ i t l  elcc- 

tricity are one zi~itl the same.  T have entlea\oretl to givc 


, !-ON a s11rvcy of the  fncts in their ml~tu:il co~inection, 

a ~ o i d i n ~ ,a s  far a s  possible, introducing- otlier lnypotlneses, 
excelit tine ;rtoiliic llieory of motlei-11 chemistry. 1 tlniiil< 
the fncts leave 110 tlouljt tlnat tlie Irer)- mightiest :rmong 

. 	 tine clnemical forces a re  of electric 01-igin. Tlic  a toms 
cling to tlieir electric clnarges ;rntl the oj>posite electric 
cli;r~.ges cling to the  ;L~OIIIS. 1i11t I tlon't sulipose tha t  
other 11nolecul:rr forces are esclutletl, working tlirectly from 
; ~ t o ~ i i  oul- lcntling chemists have be- to : ~ t o ~ i i .  Sevcr~il  of 
gun  liriely to tlisting:.uisli tivo cl:~sses of c o m p o ~ ~ l i d s ,  
moleculnr aggreg:rtes :Inel t!,liical comliouiitls. Tlie  latter 
are cunitetl 1,y ato~il ic  aliinities, tlie former not. Electro-
lytes 1;elong to tlne latter class. 

lf lye conclutle fro111 tlie f:rcts that  every [unit of nliinity 

of every atom is chal-get1 ;rl\v:iys \vitli one ec1uiv;ilent 

either of positive or  of negative electricity, they can for111 

comlio~~ln(Is,l ~ e i n g  electrically neutral, only if every unit 

cliaryetl positively mnites u ~ ~ t l e r  o i  a iiiighty 
the inlluence 
electric nttr:rction \\.it11 ;inother unit cliargetl negatively. 
You see that tliis ouglit to psotluce coiiipo~rncls in \\-liicll 
every lliiit of irifinity o i  e\.ei-). ;rtom is connectetl ~ v i t h  one 
ant1 01111. \\itin one otlier luiit of :rnotlier ;rtom. Tliis is, 
a s  you \vill see iiii~netliritely, intleetl, tlie mot1e1-ii c1ie1nic;rl 
tlieory of cluanti~~alence, comprising all tile saturatetl 
compountls. T h e  krct t1i:rt elren elementary s u l ~ s t a ~ l c e s ,  
wit11 f e ~ v  esceptions, 1i:rve molecules composetl of t \ ~ ~ o  
atoms, 1iial;es it l ~ r o l ~ a l ~ l e  tlint even in tliese cases electric 

~neut~rl izat ionis l~rotlucetl 11). the of
c o m l ~ i ~ i a t i o ~ i t\vo 

atoiiis, each charget1 n~it l l  its electric equivalent, 1101 by 

neutraliiatio~i of every single unit of ailinit)-. 


But  I abstnin from enter i~ ig  inlo illere specialties, a s  
for instance, tlie question of u~isaturatet l  c o m p o ~ ~ n d s ;  
perhaps I have golie already too far. I woultl no t  have 
claret1 to (lo it if I ditl no t  feel ~siyself s l~e l te red1137 t he  
authority of that  great  mali \\711~ \\,as gl~itletl by a never- 
erring instinct of trutli. I thouglst tha t  t h e  best I could 
tlo for his memory was  to recall to tile lililltls of t h e  men,  
by the  energy ant1 intelligence of who111 chemistry h a s  
undergone its inodeill astonishi~ig t le~elopn?e~nt,  what  im- 
portant t reasures of knowledge lie still hidden in t h e  
works of tha t  wontlertul genius. I an1 not sufficiently ac- 
quainietl with chemistry to 11e coinfident t h a t  I have given 
the  right interpretation, that  interpretat iol~ wliich P'ara- 
day hilliself \\rould have given perl ial~s,  if lle hat1 kno~vi l  
tlie la\v of chenlical c j~~ant iva lc rce ,  he hat1 liatl t h e  ex- if 

perimental illearis of ascertailiing how large the  extent, 

how uiiexceptioiial tlie accwacy  of his la\\, really is ; a n d  

if lie llad known t h e  l ~ r t c ~ s e  of la\\, of 
ioriiiulation the  
energy applied to cheillical worlc, ant1 o i  the  laws which 
determine the tlistril~ution of electric forces in space a s  
well a s  in pontleral~le iloclies transniitting electric current  

, 	 or for~llillg condensers. to-
' 	

1 shall cousitler my work of 
in l>rol~ortioii ;rs illore negatil-e electricity collects l ~ e i o r c  day \\,ell re\v;~rtled if 1 have succeedetl in Itindling anew 
it on tile metal, a11d tile illore negative electricity colIects tile interest ot'clieiilists for the  electro-chemical part  of 
behind it in the iluitl. their scie~ice.  

Sucli is tlie mecliniiism 11y \vliicli electric force is concen- -----(O5~ -

trated and il~creasecl ill its illtellsity to sucll degree illat BI.ix~~~'.lcrrnc Sol):\ SCLPH.YI~E.--Salt.cake is  ole I'l<O?i 

it l,ecollles allle to o\-erpo\ver tile llli~lltiest cllemical I produceti i l l  qun~itity in Californix io tlie ma~iilfacture of 
n(jllities \ve lcllo\v of, ~f tllis call dolye l I y  lIO1zLrizetl nitric acid. A s  coal atid lime-stone are clear in California, 
s,l,.face, liice a colItlellser, cllarged very lllotler- Le Blnuc's process is not econoniical. The author there-
ate electrolnotive force, c;Lll tile llct\vee,l 	 fore proposes to rllix a solution of salt cake with calcinm 

sulpllite aiicl pass in sulphurous acid. Soltthle calcium enormous electric cliai-ges of anions :inil c:rtions play ail 1 bisulpllite is fornlecl, and by tlecomposition calciulll sul-
ant1 inclifferent part in cliemical aiiinity ?u n i m l ~ o r t a ~ i t  	 hate aliil sodium l~isulphite. The  two salts are scpnrated 

You see, therefore, if we use tile l a n ~ u n g e  of tile tlunl- bJ. filtratioll,r,nci soililun bisulpl,ite is  millr
istic tlieory nntl treat positive ant1 negative electricities a s  
tIv0 ~LIilStallceS, the ~1h~110111~11~ are the samc ns if ec1uiv:i.- 
lellts of p o ~ i t i \ ~ e  a1ic1 negative electi-icity \Yere attractetl 11). 
rliffsrerit atoms. and perhaps also by the  difierclli. r d u c s  


