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lne' ph"-.¡sical and, ei:eiråcal ef:-'ects Ðr'od¡-r-cecl s*he:r

eleg'tric Ciseharges ¿ì.:rç operated in J-ic¡-lic's irave i,eËn stud.ied.

bT a nuc*ber o.f, investåg¿etors frcm iï:e tit*e of Sír' Iåw*i:hrey

Ds-rî,' to "b}:re p::e*ont da;¡. JJåschnrges in 4:"ses hct¡erër"e }:ave

reeelçed waefu alorÊ attenti*n, and o,L.art fro¡r: some qualita{:ive

vrorl{ elone in thre ea::3y -ne.T't st ti:is centu:"-t{ Yory 11tt3e e;cact

ånfnrmaÈj-on ls to be fou::d rbga:"Cf"ng eitiler the prr:duets otr

the æeci:enísx: cf' u.ndec"-J-iqui-d d.iseherges " $er¡er"al v¡*iråqers

have ,made ea:"*Í'u1 çti¿dies cf tme e:::i$si.on sÐeü*r'a Ðf sÐarlc

arrd a-re dåsohargee in we"Èer, lnitt r;itl'rc*t refçr.'enr:e 'r:o c1:.oi*i*e"].

effeets "

T lreve found that åÌn årg e*n -he strï!.ck i"n ¡:ure

r'¡ater i:;¡ br:i-n6;i.ng toiïeiirer th.e encls of earbon Ër i'r'ietall-i*

eleetrodeÐ r/ith applied. pcteui:ials Ë.s l-ov;, as 1ü volts, t.ne

eurrçnt i:eLng eitl':.+r alternating or direct. fhe reaetår¡ns

tal<ång plaee in suci:i veä']r ]ey,r vsl'esfl,e å-rcs ú.r'e of inter+st

si¡:.çe fev¡ ches:ical st-u-dies hase heen r:*.de lritli iil-eelearg*e

ernployi,nf; le$s than 4tt ¡¡cl'Ls; fu:'thÊrTrìoz'e, ti're electt"sdres

a::e faund., ån thie gåse çf uacLer E;ater dlscrra:';r.:'.:s, to l¡e

l-nlii,i¿ifely i.nv*l¡red å:n bll+ res'.iltÌ.rig cT:.e¡;;j.ca1 *i:is:rÍ:çs, ,Tivirig

rise tg u^rrue-ús.l Ðr+ducts,

In the '¿+crk eu"iii::ed- bå1ol':¡ g¡l:'.lrcn ei.ectrodeg ltave

been ømylla:;*ð- aSno.si a1v.;a;ys, nåth rvaier as tne liq'lr:l 13-'ne,ð-i.u:";t,



*ä*

lçS':- *X*t'¡t **g8*j.'í:xfâT,-it.¡* VííÌ-æ #'Jttfr:-':*Z:¡Z# "';tl kt* 'L-t::* g,c";.¡li;3"**E i'fü*

r^ &?z#1.L*iz,L #*eî71$;ï"i'&:.-r*;* Ti:;* îzr*Ê,¡*r:*i'-t¿L'e ?:i*ti* 'Lt**i: å;"; tilc

z"*iLJ::z:**E:!à**i:. ¡sl *i)i ru,-*}ïs r r*lti;û,* '.1{1,21:L!:itE ?i"'L}"*!i **å*i.l ';*::i'':.,"# t[* n{}t

gi:.",:tit; ;'r'*.fÍj-u}åe çfuLlri * è¿-i:,-1"* i*;î:*13 6

lyz¡3 ;¡+;',xL,il T1'ås ry::¡."îJT,] ";tlLzI'; ï"j,:;:: i-*'1-11^*ri:t.':i\ï ll.itj.n *'?:-1'**i:'g

L'r:- ",r":"e't:) 2

{23 {"'# *,*'b,ir.l¡t-i:i+: tti¿1'Í å'i.:¡¿*;i+:zL:;i *':1'ej:' ',T'¿*.72*::.1't-¿t.q'';'&Ay

s.iå ¡:i' *'i'.u: l-t:"**.ri*-h* *,t uçå* 
'*"3.x*i:t;;tr'¡i;tts "

t*'¡ 'tt; *|'s**t:,Tr F,-í.:i*xti:* -j:x*.3.ç:*t;:t.1it \:::{ :tz:*k.*,.'*L*

rxç*i:.¿¿¡:.iang rÅ '*i;'¡ ¡;"*eg'*i:*¡ie i;¿tkitt{ i::ii;llr3 "
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Ðavyl was the fi-::st 't'o tbpevv+ th¿* ti:e elestrle

ar* :¡rou-1d- C*ntin-rie 'bn tlbiLrûut ,rhen ir*m*r¡:eC -in lveteS'" Ë'åftj¡

;reår's 1r¿ter Grove? n*.."je e¿e*htL*al ::-ræasu-reine:ni.çt çï1 *I',:z!tas\T

{t-y## c-il.c1 iìîassonö observed. cerÈafn peeul-iar1ti*s j-n L}rei.r

specÈra. Tl:e prod-uei:s af 'hlie deea::iposii;ion af' vater' !ËLpCIur

blr elect:pic s-parlcs t'jcre first brier'ì;' st:-ic;ied by Pcrr"ot4,

r¡rhose ,¡;crk r¿as oæteniiocL by Bir:f''f ancl liolf,roair5. :;bo'il-i thÕ s$$ie

t1¡'¡ie the speætra of quf-te sir¡ilar dischar¡1.:s l;jere siudied. {¡:

d-ei;a:ï1 hy L:i.vel:ii:.g ancl Ðei;ar6, Konen? and others.

Leps:iue8 eliplo;rsg carbon eleet::r¡dee in. an erç

l3i:tr.*in¡' L- '.,.'ahe-t fl.nd an¿11 itsed- ';irg; flEtgGi:liL,î nfcdli-r:.ts : ,tiS ¡.rlrli

r1:e-Ð extend-ed b:¡ f,ån9, r"¡iti':. cci*ii.ci"erabi-;.¡ diffe::ent res-o-r-l-ts,

t,l:-e ßsnel-;:-sion reaci:ed 'oej-::n iiiat the reaction,ç trr€r* CIf a

purei-y "ïrlr'=o**oetj-*nu r:.air¿rr-¡o exa*ùJ"g tl"lc ,${l$e ås çiva*ø l-nriuoeCI

by +leeÈråeallg heated r:¡'ir€,',r, Orgatt:i"e 1jqu.l{is 8-s .:ve11 es

u.:aLët' liilrÊ *nrployed." but eaL.ld-s, ctirc;r i'12g.*' par-'tieieæ çt' þhe

+'i en*.r.nr.locr - .jir:è?aê a n:-:n'¡.,¡rril.¡ not oì:scrvecl in tl:.ie rgsid-Llalvrvvv¿ v\¿vu g rrvr v

1Í.q*.åct"* "

.{?:out thi* iår¡e Bred"igl0 conrlcn*ed. hin ti,€}} }mor,¿n

u'*vir o:r tire i;:'ccii;-c'i:'1on of colloid.s -rry arcÍ-cr: riieLa'i e i.:: i iquicis r

and- Svcclb ergL3' ns{;çd a dåffer"rt"tce ir: th.e Ër.och¿cte *i' d.lrect

a:iil alterrza.'çirig cur::ren'b arts, and ¡*odified the Fouleen
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reciriÍ'ier. 'btf bur::i::g 1,1le å.ïe i:i orqaiiic i:i.c¡r;titis12. thapi:ren

an¿r L:ìd-bur-,r1-õ, Tlclt anrl- î:a;rki.*son14 and J. J" Tir..::-isa;:tr5,

roy,k'ing ¡logf i;' -.-:+ th srnqr,lr rr -i an?¡'r-öq'âÕ i¡'r r¡rit.ter vû"I)Ot13' O?f ligï'Vgd:,!r¿ !:r-r5l | '-. - vj-L Ù !a¿ jl u. J\/-¡!.-t Livv

th.e nide diverSgenre fr?û1i Farada;¡rs el,*ctrol)ïsis 1eï",y fut:-'t,

fe.iï*t1 t* provide a Fuil¿lb.i.c irynsi;resr¡ls Íar the reac'bion" '*Tyæ

v¡çt:v, of Kernbeü-ti16 r:iti¿ brush rliech*rges e,nd tlalruvertzkyl-'/ r:j-th

g3,om Ciøc1zar6e tubes þas s-iicri¡¡: 'r,b:,rt l,ki.* praducfe råre -*:ûr*

eoriì:rlex i:irasl a'b fi::s'¿ þeiier,'ed., ancl '[]rai; 'L]r*¡r lr;:tf iî íîrêÊ¿tl.y

r¡i'i,h. ti::.e tyle cf disc¿l¿tt"t_{o er";cl, e3eetrades çtûplr.¡}red* Tl:.e*ie

v.¿*ri<*rx ¿¿rìv¿i:.ced, 'shearl"eg *t 'tltrz rtaç!.t-çngu bï¡,ù 'øes-.a .i:a:;:Ë*r.ed.

'by -bÌ:ie 1¡.ek cf *çr:i-*hiçv:*e^l:vL*aL ::e}¿¡.ticnsh-{irs ir"r t?i¡:: ily.Ðiue'üs

gbta :ïn ed ï;-"r¡'õ]:iÊrF,

gålU-or"1* stuclied È3le sps-r,-k d.i.scr:*.ï'fie j.n 1:ic:.¿id, air,

sho';vi-ng l:.osr corrpletel.;¡ 'bh..e r"easiÌ-1icns takin¡ï pi-ace eli,ffeyed

fro'n those 1.n. t?ne nrdi.:rilry a-ì:: $nark, and. abservÌ--:g rr sólirå

l:i:asuct nct col]oida]- in :tat'¡.zre but of untrs¡rc'r¡¿n eclsj:åiu{::i.on¡

ftecently Ëhipley and Goorls'¡çïfi ínr¡estigatie* 1:lgli -r¡c:taff;e ä1-cF

J.n e.i kalir'e eleetrol ¡¡fres witii r¡ariâus eleçÌ;r'ode ;::at,¡e::Liåls o

the el-ectr"j.cai çl:.¿¡-racferlsties bein6 -qtuC-ierl in cletai-ri hj-gh

frecìuezrcy aJtern.x.ting çurrerr-L r,¡as e:-*ployec}, and a.11 cf bi,re

ulr"ocLllc'bs trgre r:ot arr¡ll _ïs úd "

l,Ír+.rry p¿rpÉ"É, nor"a-ilå]tr those; 'by T,:rczprsl<izÚ er-rcì.

T}av;ler a¡:d ldardl-esÊ1 h.*rr* beoir puì.riisl:.ed clealin g: vtitlz vs-riçr.rs

disclr.s.rges in orqanie ì-iqu-icis, bu.t the exis'cÍ.irg; knc,.,iecj-':e of

tlr*.ee rejaetlons ie "..ierT ine s:ri:l-el:e"
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Jn ::tai<irrg ii. genere--L vçr¡igi:¡ cf Ì:ire past ,."ork cn

slecirical diacli:rrgas 1t is at oi,ltë abee::ved ti:ai; t}:ere i.s

a ssyiÐt¿s lai:k of *xper)tm*ntal ori-:flsns*" .å.it,eil:pts have been

made to relete da-ta sÌrtained lviti': d.ist:llarges of v;irteì-y diff'-

erl"nfl cliaracÈer, iind tn rr greet ffiån;r eåsÊri c*rtain praducts

o.f t}:e yeactisns heve been disre¡;;ard,ed- errtirel;r, Fol: exanple

t?ta ex'cent of forme'cion of hyclrolien peroxide ín tTre gJ"av;

C,ischal"ne in r:,aterJapour ,irû.s bccr: nel-ì-ectcd. i:i' sevez'el-, end

i:as bee¡ sÌ:ot-r¡n b;¡ sr;rre'ba be aÐìlreciai:le erici ].t;l oihers to be

neql-iqjì11e"

I'i:e $low r1"åsc}:l¡¡.r.;ie is receivjng: :::ost a'b't,en"iion ¿l'b

Dvesenì;, sini:e iì; si-ipplies easil¡¡ eontrolleä sonärtic::ls, The

p:'e$ËuJeff eupJ-o¡-ed- in i-i are ?:.ol¡e'vr;:t e vei:Jl 1oT,', anri. the

potentials ra::e1y und.er 5oü v*Lts- Ðisei:arf,tes in gasen s.t

atniosplierlc ps"essråre reær"esÐr:j: qi-ríte rllfferent eonciitions,

as pÕinted out by Lind??; and if the electroden be involved.

:in the reactåonse this being'ch.e eåse:'ritli loi.; voltage Ê.T.c$,

ttrre problerl e-ssuffes a dlff'erent natllne.
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i-n tnis secticn e r,Ð viere ol. ti:e exi¡tir¡l itnor¡l-edi¡e

af tlie electrical and- c.heniear *hnraete:"isÈice of tlie i-¡a;:ioü.s

d.iscir.a.rp;es toget:re:r ,;;ii;tr í;lod-*rn ti:eor}r 6f tbe vrarJ_or¿s r"eact-ione

r¡¡i:ici.r naxe been r.¡;ide-Lü stuc:ed- is ¡liven; sr:-ch å srårïil,ãr.-i. is
nec\essary j.n orctcr to satisfactori.l;ir consicier tiie datri

o'trtaineri l¡':ith liqr.iid d.iscirarge:*, in v¡hich the effec'N;s fou-nd-

1n several typ+s of dl-;:ch.a,':ges nay be supenimnôfiod-,

TÏfåj'1 Ï.1'_j:;É L]l'' 15j,.1iüt-}t1ff lli [ìcFi;rr{å};s :

irian;"r t yÐes of
d-:rchr.rges äre :r'ecÇgnized. i:;y t?.ie jlh:lsiciet but thesc na)¡ bc

gro1åeed in a fc-,; d-iv-ìs,io¿s fo:: cl:emical- Ðuïoi-rssuu*

{A) T'hç $j.lei:t JJj.scha:i:,,se :

Tïris ter::: is applied .l,o

all- disc.kra.rgodof po*l-t-ï t'e ci:i¡¡.r,aater"istic,¡ i-oÇo tirose in r,vh.iei:

air åncrease in applii:d. potentíe.1 resulís 1n an ìncresse in
cu:lrent, i?i,Ld viee 1J€rgaà a,:frçrlv; i"hese are th.e non*Lu,r::inous,

Nhe glow, brüsi:. end centsr-în sr;åï,k cli*ch;l'r,ges. Ií,*ny af tj1ese

are noÈ eilent a.nd. nriy Tfr*l"Ee j"nto üne anoth*rí in sofle ca.?eÊ

fi1cr# tire:r cne dieeh.a-rge nãy ta-.åre 'plaee simulta:recu_sf_.¡ froa:

titr¡ s¿lì-re electrocies 
"

¡;?h1l-e i:he eha¡:acteri-stlc i-s posi-ti.ve thi-s c,oes nor

i"ndlcate that ûlrr,rrs }*¿w is fol]avecl, sfnce tl:c ::esi-ste.;:ce cf

'r
_.L a
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al] dischar¡çes is sr r'r:nc'bf cn oí rii¿rnlr virlables ¡ û*f.{o disc}:.erge

lcn¡;th" e lcc'l,rode r:laterj.a.-l ancl tenper*'L¿::e, uo'r,entix.j and

ç:urye'nl, Í.1-so u cerÈain silenï d-Ì s c?:arges inc-iu-d,j-;r.¡i tir"e n.on-

iu¡;¡Jnous ïra-{,¡ ?"eåch a rlga'bur':l'i:ioï?.!' currer:t rrliici:t can¡:oi 1¡e

incræøsøú. 'r":l arnl;.rint a hir,;l:er: po'1,ential"

lhe glevr dlseÌ:ar"ge h.as recei¡;€d- ::lost attei:tion, ii;s

d,jst,-t,*e'ç:ve featu"re bej.nt{ the vis:l-ble 'lignt *mit'Led an,J t¡:e

f*et th.a'b fr$nsi.*e:'a-b1e eurrellts ria;,r ì:e pessed tht'*r:-gl* iì; r"r':ì.il:i

ncd.iu¡,r i:oienti.a-1s" It ¡rusì; i:or.";cveï, be cr.ie:,aied- ¿rt Ðï.essu-ï¡es

mr:.clr i:elcr.'¡ ¡e.t:nosi:herie ai:d- cÌLer:ical Te'ù,eti-ons oc,ça::.rin.ri 1n i.t

are to ir greab e¡ii,eut l-ir¡il:ed- -r;y tnis faetcr,

,-\
{ B ) The Spa.r=lr Dis ch¿:irge i

S park cli s çhai'ges ar.e

reaci-íl:,¡ ob'Lained at hígii Ðr:e.ssure$ ín. any- i{asr }:i¿t r+q-u-:i-:.e

veì',''l high potent{-årls appli.ed to the *Lect.rrodes" Thei:"

*h"a"raeterl"stic 1s negatlve sincÊ an lne::ease 1ri cu:r':i"ent is
f o1lgr',tr'tcl ål-r.;â;¡3 b,f a åec:'ease in voltege; the;i ane i-nter-

m'.ttr'nt,u d-i-st'uptl"ve t;fpesp so lmstable ths-t tl':,ey ciannot be

ma-intaj.ned ccnt1nuous, and tl:e cr-¡-r-rent j-s vejrj¡ loi"¡" Tireir

naturg ar:d- 1?lengthlT i.s a. comrle;c func'Lion of ihc slia.¡:e of

the r,:1ec'ct"otes, "bercf:erat¡-rre and. Ër,Êss'ure of iire gias reed.:iu:r:"

u:olstuve eondi.tiçns and othçr -,¡ariables" i"ons s:i¿si Jre

present in *i:ie 6ases tc l¡e sper.Ì<erl, tlleee bei;'r¡¡ surpp&1ed

-urs-r-:.a11y 1ry the ph.o'i;celectrie effect of daylif4h'b on tlie

electrod.es; tire t¡¡:etanclation r:f ti:re sËarkti in a daril room
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je â fø-rnil-iar -phenome::.err" Sons cÇl1sid.ev Íh.at tne t+npe:r'afu::e

af s.:-.arlr :¡a"! i;34 vot"y high, *ih*r's titç"T, t'*.a ß-iecliarge iit * çcol

one urigs:rt r,¡ ì thj-n r¡.;r)- snal-l- i"egions .

{C} T}re T-1i¿h Tensiolt Arc:

L'izi-s is í4r! ind.eÉ'i-ni te

te:rs elptlied 'to dtscharÊi*s *f lti¡5h .¡oLta¡îe and cot¡sj-r-ieral:1e

cnrrents î Th* anly saii.sfac,cor'g ineti:od of defån3ng the src

ås ts coneider i¿1"1 tlie d"ircharge* re-qill.'l;inq f:"rïr åncre,asing3

'b,lle cur.reni -pä$Ëing between 'Ìl'.'it clectrod-e*" åt a c'r,;rta-i-n

aur.::e:rt the spar.tr d.isch.arge rçil} þepome steercl-j-er ¿li':d. åntenselir

hot and. 'bhrç eTvã:*ae'terís'Lj.e toflanctr n.í' t}*re as'c ¡;¡j.}L år]Ðeer:'"

T,t* hiair tensio::.- ar:r l:ap a negaii-ve charae{,*r'istie and is

'che::ef'ore v€r'.-t Ð-n6tå,h1ç; j t çannot be op*ratec u'ri'r,jtcuL series

eesístances yi¡íåh Ð't, ûF.se:r-Íes -Lnduetances '.;l::th ¡\,Ç"

The high tensi.pn are ltas been much stud.iecL fror:i

tkÌe stand.point of' thc sSnthesis of: nitric oxiC-e, 'but \íet'T

liètle is !mot"'n regaz'd.ing¡ l-l,s aetlo:r.* fieÉÊÌrt rqs::lr i"ias sÏ:.o.øn

*itat tlie elreniical reaetions oceur"-,i.iig iru it ve.r,;,r g;reatl;¡ '¡ith
tire *leetz'od"es, eurr,'ent, length ol are, potential and- tenï:er-

atu::e, r,rnily cf theee beÌ"ng i:rl,erdepeirrlent" i,Iith. -Ll'ü" 'blte

potentín.l r1no1; practically all ta}<es al,ace i?Ð*.1" çacfi electrod.e,

ti're grad.i-ent in thc glor.iåno r"egi.oJ: 1**ín{ -,rvy}1: si:l¿,;lJ; *}:e

effects ",¿,ith ii,,:-$.- are' verï com,-.rlex*
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{Ð) T:h.r l.,cli' -'llens jon llrc:

1;ìl-r*¡: iire cu.:i:r,.9::lt i_:: ¡r hiy;ili

tension fl-ane åre is iiie::eased be;ronc a c*r.t*.i.::l Jn¿lef ji::it,e I j.nit

fhe d:r$el:arge cl:a::ges its potcntia'l abru-:,1,L¡ a¡id tj:e 3çÍ/ tensieìn

ãra' occurs " 1t i-Ê lïr'rt d,3st:netiue i¡r 'b]:.*t ver:.¡ 1a','; vsl-ta¡ies

¡ra;r ì)e ei-*plol;ed íjvÐrì to *'cer:t :it;r *bq cleetro;iee ar* :;:*reJy

tÛv.cired" together ;rnd tli*:: eeîlawrted* rhe irígir tensici1 as'c

iiri?,;¡ be extei:riod to eeverai- ::reb,*rs 3en¡ith 1:ut i;h.e lol.r tensíon

type is ::eally uns*able y;h*u:t i:he e3çet::oc-ies ar:e i;ope .i:j:.a¡t

a f'ev¡ ce::t-î*:et+rs ap+ir.t e.t ¡ltmoE¡;¡h.e::-åc Ìf,ïeÊcu.reu 'Íi:o o:::åz.*

flcielisl)ie ås ncgrltíve, 1;L:-i æ- *;aaj-3 s*j.,iils rijiTi$'h+rnc* öT l-nd.¡-;_c*

tance EiRlres the âT'c Cu.j.te stableÞ

Tlhe e]*e'brical *r'opertj-e* of t3:.e 1o'r 'l,çvisi.o::l r;rs

l:.e"v+ been siu,CieC Ì:;'¡ l-a:erie :luirilrl.s of .¡c.:r'igðrË -nut v-€ï,li iittl_e
j.s krlo1',¡li con*e}îning its ::iec.h.airÍg:r:, Tlre 1,.T?-;oris:rj;:Ìon of .i;h.e

eleetroce rirs.te3'Íal is pr-oi:ei:J-;¡ .å neÕesse.r,;r pi:e1i;,,_inary to
å"?ejng and. certa.inll¡ a verl¡ .h-líriL ier::pe::atu-re ls rìrainteined

sver å tollÊiderabl_e z'eg.io;n, T:he ches¡feal eff'esis o.t, true
low tonsior: a::cø at a-trnçs¡:kieri.c Ërçs rj_rÐ &r.c aläost uÍr..kno,,í¡:?.
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f T, ïJrSüIì¡iRGi, T:,,;.,i'l.F.eÏl,i¡t¡,1 :

The te::tr¡evat'urea of

the :¡p,rious oleetric d-isci:a.::gex ]nvr¿ been shos¡ri 'í:o t¡R1'y frcri

v'.:r.y lolv vaiues u¡ith d.¿:rjç d-ischarges ii: s,å93'ou"::dingls cf

l.iqu-ef åec} gases , 'cc' iir-cief i nite 1¡¡ hig* t:;tperra'n;,ï'es 'r¡;i'blr

c::tai$ vacrJ-uJ?] åras " 1n Êori# tire h-ighest Lært'pere1.É3'es ;ì.re

elase trr ihe electrocies ç,;i1ç j-n ath.ers t.he eolwlrn of 61oui-g

n:ate:råal- is th.ç i:"ott,est Érx:fj"onË ln near-ili elre r;.,- clisch.arge

the,r:e exists ËÌ i/Ðr'.-'r grea* tex';per'a:l,u::e gr*dl"ænl"

thre total radiati*n, cp'ì;ieaI, sÌ:reÐt:'sscoÞis and

içinetis "th.ëÐv:'l inettiod.* *f esÈirn¿¿ti;;g telll;oÊrafi:.res h.ave heçvt

used. i.n cenne*tion n:-th ele*tric c15-seharges, r;rdinar;¡ Èe;'*ne:"-

at';,re ri*åsi¿rÍ"ì:g clevå+eÉ hÐini.: of l-iitle LLsê" ilf.1san?5 fcr¿nd"

tlne tenrr¡evatr"¿re of an unii.er u¡a'ber sp;ark v¿ith ZürÐi)û r¡clis to
- ----ñfle 5,lr5"C, entpln;.3n9 tlre ;,' pect::cs;cCI,ljc ¡:letlrocl; tiris vaj.r¿e

:-efer"s ta j:?ie genereri di..*chargÊ regi"or, ï¿'rich appcar.s ic ìre

ualform" Spa:'i<s in ga.ses r.1ã.:r repres*nt '{:*,itpera'bllres taueh

irisì-1.e3. l-,iian tlte ¿lhlor;e,-_-Õ----

l,'iason34 illusi::ates tlre gyea'i; variatiar: in expilr,.i.¡¡entaL

l:est¡.}'cs oirtai;:ed- bl,r va::iç'i;s li,ork€r"s i::r ti':le field* ?h-Lr"s tlr.e

teripereture af' t]:r* so-c.*]lçri cetl:t:de r?cçLc¡. reg;iontt oÍ tire

}üm pree€'L1ye mercurlr eye Ïr*.s ?reen vrerior¿sl;t eet5.wa-tecå *¡.s ?:eing

from (¡AtøK to 25OOt;{" Tanl:erg and BerkeyËö nreasured, t}:.e

tr:nÍ;eratu:l''e of the gathode al vt.eu:'Jy{t eûprler &Tçs ftçm e{iyrsid.-



*11-

eråtioi?Ë tf tlie .;.3"loti"i;y +i' ti':e vå¡3Õ11i3 *i::i"ttcd b;;.r tì:o cai;L:.ode

a*ú çf the f,'oree *lr s:ïg"}L r*t.:-:1;ing v&nes sl:.sËen,r-ied nrar, tl-le

elee'¿rode surfaee; orrblie 1:a*is o'l lne kii,:eiic 1;h.eor';r Nþç

1.e:nper*tu-r"e thì;s j.ndieated ii;$s in exeess cí Atü'il0{]tï{1 T}:ie

optiea} pyromete]: hsrr''ere:rc gål1-¡e åäStÚli, r¿ltieh lra:: cûïrsírlcrecl

to ire ¡reare:" ïi:e eo::re*t value s 'r,?,e diser"epancy Ì:einÊ expiained.

blu ¡rssuønbi'Jn$ gcnterãnÌag the field. ncgr *],re e'ieet-ecd-e,

A'a m*:f be said tllat ',slii.le t!t* ontical 'p,¡rorueter gives

a faÍ.r'J.y' aeeu:rate val-u-e f or tlre ter;'r"ûeratu-re of i;r.rge regions,

th.,åre is no sultairl-e ::netl:oiL af +st1r:atÍ:rg tìre l:.i¡lh*si tenp-

eratu:re* oblatnirl¿g i.n por'i;-ions çf the v*.r"îor¿s eleetrie dj.sc,l:.ä.r,..ges

={i:d the Èenpet'*Èirr.e çnßoubtedl--.¡ affec'rs tnæ e.t:eniç&,1 y*tctions

t;ilrJng piaee in rn+st Cj.ee.i-:.e::g*x y ãfl uj-il- ?:e sllo,:rr:. le-'íe?o

Irl " pRtlluügIili'¿';ã;' fflT.,is ï!; .11 -¡j:iJi1}-rÍiüuä :

tnLl¡ in recent

îf,tars }ras the f,und-ar*+nt'al natrrr* *t lon pr'.*d.uetion been reaLieed-

i"nsof¿rr as it affee às che,r;i c*.1 reae'Í:i-c:r,ç iii rlis chnrÊìca i Lt is

nvai:ai:}e th¡:t åonisaticn pl-*:.ys Lile i*ost iripor-ta;:rï pei::"c i:'r ::rost,

burt nei: ai.l- eleetyie ci-åscl'rer.ges ln. :,tri'rish. eh"cn:ical chatrge is an

ilil¡ortant ccilsid,e¡:atìcn, ït is '¡.î' va-Lue il:e::efar.e hc cc¡lßiije-:'

tlle r¡a:::ltus ïiie&ixs þy whleh tti-,lnstt ra";;. ¡s prod-u-ced., a-:rci 1,iie

îs-çfiars eont:'üIlån¡1 i:rcC.,;,ctjon i-:-r çaeln r¿is*, The terr¡i "ion'u

irs d-erj ved froin the j-on af clect1ol;,is.isu but no,c -¡¡ç¿yt-y" Ë.11

ions 1n d j-eehåvgert are eonne*ted. r'¡j-th 'blre car.riring of or-¿r:,ent"
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Tl:e3 are eh.a::ge$ '>*-yi;i-r.7.*s *f tïrú ge'¡:el'ål t;+pes t 'Ðd)#åtir¡e and.

neg.*.tj.r;û* fi:e *åi:lple*'L negai:.i"rre igir- i-n 'Lne elsctron *r

ultå¡1rat* t?al.tiçl-e of negi:tÍ-"re eleetriaibyu wiiile tLte rirpl-est

TJO5Ìt{ve icn t* ar: atcn¿ 't¡:ih.!&*'tza.* 'losl, *. sj-ngq1e el*e'bg'çn"

Þou-blf pssltlrrely ch*rg¿¡*d. åÕns* b*th cf tl:c s.t:*riie and. r:olecu-14"r'

:rêrj"ety ååre pûssiþ1e u anf* an atore os'mo1ç*r-rle ruay attr¡.c'}1 one

o3: Täoï.* {æeye}if låtle than one} çJ-eetrçn ta f*:"*l negatf.ve 1ons,

:r{-lr¿;-n 4-.:ryroe nTe Cçilg id.e:fgCl bgf OW"\J u.L\rt uJ ,trvu v-r

{ il} .ff1çct::cns :

Tlbrese are *ti?sid.ez"ec1 sÈËarately s j-nce

tlre.y pl{rlf sç.*}r a f'und.av:ien*41 v,}"(,-*t, ån alå åo:r pt'othrctå+n, g.}3

€1€c'$rone 'l:çlong to r):'tê of tr",.o gi:ol¿pÉu 'Lire Ti¿¡"tor:1"-Õ olaet::*nstt

and- the {!atrnosptrzêrerr eleÕt¡-*n.e- ê,tarüi.c e-Lec'h:,:'o::-'su i:litl:r

î,.ositå'r.¡e T.r:ìðtûnË forx:t tl:* hase ma"'¡;*:ria-ì of all- rriatfe-* and

e æ.rûâ.i *es-1 is kncwn abcr¿i" 'Li:.e år e:::J-sçíon" from srrbsÈfi.ntes"

Tirç ele*troi:.a *f tn¡e 'îaÌ;-¡rÐ$;ri:*:lE:Ìr har¡e s cl-cfå:rite exintence,

hu"t ar.e Rct usuall-:¡ ççn*íd-e-¡,cr3 tc T;e int¡.eh. invoLved. ir:. J-çnisation

phenor*ena", at, least iv: eclå r1Ì-*øl:a:'gee "

Tlrerr*ionle eTirission +f, electrons is tf iriportanee

whenever high temperatur"c,$ e;tlst i;r regions conÈaít1ing sotri.C

eube ì;a.ne es , espeê ial3-y 'b3:"e i¡i;tats , fi¿r.s es and -traïlruîÊ *aiL

e.:ch.i?:it *i:er:n1r¡nLc ei:iÍsslcn, and. cn the i:¿leis çf ti:æ kínetie

tre¿rÈvrietri of *he åcleai ttio-¿r i:lå1stt th.e pe::ce:nÈage isnåsation

of vae.isu"s subetançes i:as been caleulated, ç¡j-tl-r" eorlsíder¿bl-e

certai.m!,y* AÈ e-tsCIs"phcyÈc ïressrlre calciur¡ s'gr-¡.ld. he 2i4

i-onised rjyhen a tenperatu::c of SOOOo:li r,¡ag reac.ned", i:Ì:et:eo-s
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tr;rclr+gen :¡rs]ç-.ld ':it*'¡t y\* "it-#z:.* i-ç:'Li,i ah*'nt ?û{Jt* wag a"btained."

Thr¡ tlref"iuai ågr:.isat!:-*n z:í{¡1}"ic be gtea.te:. s-1; 3*o¡,sr riressr-¡ffÉs,

T.ii.¡: i:hcor:ii Lr.as ?:eei.r eäten*Êú tc co::sider doie?:io :icnå*a.tíonu

i ,ö, -Lcse nf i"¡',;* eJ-ee'Lr:a.+s ; i:*tnuZa"r,g içrilse'i: j"on. of tirls t;ri"re

selrld, be cbtaåned ai: lrJroûûo6 Í*r' l:iiçet elori:entso if r¿:.:d.€r

suÍ'f å*åen'i;}y -Lovi i:r'es:å iårÐ "

S 1nge tlie e1eetl'Õns liherinaf l;r¡ renior¡cd fror¡ 'LlLe

g't¿J¡gtavree are nct ai:g¡r¡1*, th.e eneSgy rcqr'r:i:"çd to rsrüÕì"¡e i:h.ent

h.a.s nrr rÐl-ati*n to uçhø far*.i.}ia:: Ttionisa'ç3*nr? enÊra:-t rf ei'crjits;

it is r.r-sr:.a1i.-.f nf a mu-el: "I*'ler *rð-*y 1pu'ç ti:e d.il.'"iieul-tj.es

aitend-in$ expe::irt:ental ve::if'íca'bio¡: ar* ** greet tl::.aï 1ittle
c*nf:ierua1,'3.o":::. r:f t?re bn*çr-:i ?i:¡a l:ser: ç:þtainÈd."

Reear¿so ûf' ti:.r¡ T*Ty il-'Lgh ienpr;.;=¿fiureÊ *btaånai:.1-e 'in

h.i.gir and. 1+w tensÍon arcs, ::arti+l-ilarly çn tfie etset::r:de

surfaçes o theri:riorrie e¿::is sLon r:ust plåy an irupor.l,an.t ptr,1: in
gss içnÌeat.ionp ov at leasÈ in î;he prcdert:ëion of Èl:e electror:s.

Ti: add:î.tio:r ts thls eff ect, ther:aaL *n*yg.:l r:a¡r IuÊ:Çeftçtt the

auo'::iie eSeetrons, i,tr înÕve ti:ern to cz'bíts fÉàntiier ï,ot:ioved. fron
tire nucler¡s tnat tHe sta'b3ç orbii;s oï. enrrg;î ]e '¡e1s u r.;ithou.b

aci';.a11-y i*aåzi.i:g i,he atoL:r" ,3oläe *.uth-orities to]?si-t:er. a;T:*"þ

ttz*?t ex+ita,tk:n n:e1¡ -}re eaaal¡lç of' 1:r.eclu,eing el'rer:ical *ff e*ts,
i:ut the id-ea ås ffiuçh. disputed. B_t pr*sçnt-

Eleøtrcns Tua;:¡

a.plli,cation cf *lec*rj.e

i:* !"*-i!tûved frsili *o-llric s

f 1eld-s, s*Ç},i electi¡nnp

in:pÏ;rr 1: "T 1r,Y¡.e

]raì¡ry *'h*vv ¿::;a urrv
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f¿+.:nålåar" r¡eath.od-e t'a;rË{? " 'Í'fte rnec}:.anisvi '*y t;¡yzLeh *.t'ts:ie

sle*trcns :a?"€ e:::ii;'ced- fr:ç¡il s suils*¿lnce b;y ti-:-e anpiic*-i,i.cn e¡f

Ðst'enf iele is enti::e-!-;¡ r.:-nkncl.iït ancl tlre qunn'i:r-i:: tncor:;' hc"s not
'b}:.r"ûsm mu-clr iiEl:rL on this s,¿bjeet.

$ane eor:fueicn exists in refrär..d io tl:c elesfricæ.L

Ðr::.ìss jcn o{' elsctrcrrs due 'l,r: tjre faet t;ìlat *et.i.i.acî.e {e:í* al:e l

usli.all-y stud.:'LeC in rel-at;:o¿ tç cL:ìschlr.r-,lo -uube ï:henor::ena. fn
ti::+se **.$es thç çt::eam *f par*.,tic1e"q pz,cceecling in th* Eeneraf

cli:r**lio::l rrçatlicde t* ans*.eti co r:c¡t b5 an;i ffe¿¿::s a¿I- &öme f¡:r¡rn

the es-ih{icle l*seif', 'i:3:e::lajo::'ify ?ieir.is. ei-eetrons pr:*du*ed in
n f: j,ic,r-, ì:;É1 rFcr - J " J. Tl:ioi.is on26 r.¿rneiiÈ, j -.r e(w Lrr!cr- r;f,4Jàr " ,J " .J " 'ii:i.Oj.iSOJl' r.,JUüijr,j j (.rüligiflgf eC. ti:iS pf.Oblefit

and- *o-¡¿gl-ud.*d- that r"¡ost ai 'çLze *aÈ.i:ods ray pari,icies .,i.ere

*Leet¡:on.s emåå;àed frora thç eatlrode ib;1r ¿1t* actiçn of ttre rad.iant

çne3'5îY (photoelectr*i-e effeeèi arod.r.r.eed. r,d:on "bhe ¡:ositive ione

reac?.l-i-ng 'uhis eleet::ode rreTe neuÈna3Ísed- there "

YJirile eLect::1ce'l elnJ-ssion oJ- er,ectron.s pla;re aTt

lä:l:cri;ani part in ioni*atíon tn eiler:t d.is*T:.arg;er,, i"t ie probable
'bhai 'b.Ì:er.nionic $l-¡-rigsiçn 1s of rnusÌ.1 Tnôre ,s1_g-nifi_eÍ¿nse wh_en arrs
are c*Tl.s jdered" In al-1 €aßÊ* the seecnds:¡'y and tertlany
j-onlsatiÐn.:rûfirLrtinr3 fro:r i;he çv"îginal eleetrons j"* of equal

i"mÞ*rt,gnee fr*z:: th.e îloi,nt sl vL*v¡ *Í chei:tåea1 eì:ran,ge, Eleetr{fn*
*n:it"t:es by a*tion çf eiestr;le fieLd-s â.t:+ cf ne@essf.*y aei:,*d 1}7)on

by 'bhose f1e3ds, t¡Ltii :'ee$-]ta¡r'L 1ns:"çase ån tlzei:' veLccj.t;r,' ¿rnd.

ieini:t1e rn,.ìr'fl)rt theì* s'Lud;,r is t3ru"s ecrnpricaiecl, J-n contrast
ts thermal electrons wirich possess fler¿ißslor: enepgyl? o:rl;f,
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ELeet:¡.on* &r:e eirj.ti+c1 s-*onianeor-rs'1 l,í b;¡ suåsis-nües

r:-ad-ergoi-n,g ra.d-i.*acii r¿e åj"s i.nteg:-a Lic'i, s.nfi tlcse rr i¡e'i;aru ra;',is

{iÐ.vø lr,a*n er-;:pL*yed by raarz=g':;c¡"i.:e:L-s !r:. stud-;¡Í.n¡l iir¡ ei'fects of

ele*tron irn'Ðac'L lsnisa'¿i*nË as wi.L.l: i:?ierr¡ü.J" elecir'*ns tþ*re i-s

Tlr eleetri* fj-eld Èa eorxplieate ille Êner:rïy ealculation"

?he i:Srotcelest::i* +f.Iect ås f?.lg ç'r"*-rtr:nen*:r of the

releas+ ,ri *J-e*tpt-í1s f:isn: gtl:st*¿neäs ì:;.r tÌ:e ac,t'L*n of raii:ialit

entrg:f, Tlti-s effeçt i,.¿ls es.¡'l-Ler' oonside:"çC tc i:e oo::í:'.nert

*oiely Ì;o eertain soLid- r*u.bste-nees, ì::.rt j-* is nür,,',¡ definii;el;v

i{rrti.i1 "i:l'rat gatres and- våll}Õlår's r:o.;l e:ri:lirit iI " ï'ßr "çl.r.i-s ï€a$û¿1

ç!ttí**ir*€tv,r::g al:* a'LÈras:tå:r'I cçìrsiiler':,1b1,3 :i*'L.er:"Li*n ån t};e

f-1.,e1d ¡¡f the ehenJ-str.1,' of ele*Èr"ie di-sci:.ei.rge reactìo¡:e; 'fliere

is nc çviclen*e of a::y r¡a"iue å1îailn-þ1e aI, 'ûh,c] prese¡rt tirue*

ElecÈen:-¡g g'?"e aiv.¡¿z:,;x Itr¡rsdut*dtt g3: ernínr*#" ç¡iren

-nnc -1 .r" -T c¡a 'î ¡^.n< 4Få Fn-a'n¡c,c1 Ci:r.Ì ih.g "\ A-ç'f ey ,*.1re CûnS åd_+:.gd- ini/\/u u -:. vv .!LÀru

the ::e;çt *eetion.,

{Ë} Poeitivc Tone r

??:e*¡e long åre now bel-Ls.¡ed t+ b-
t}:e ¡ncst ireportari.t, if nat tire sole ånstíg*tors o: *ircr¡rical

*-*'hiçr¿ ån ç1 esär'J-e d.isehae¡;*s g Etae'ir rr"çc¡.i,r-ci;ion rind proi:eri;le*

a"Tê th.srefolc &tlytsiaere#. å:: detaiL lrek:w.

Psefti-,/e ions x#eyç crigiral-]..i¡ obseri¡ed as the
rrlranaSetraþIe:trr rf ïi":.{:r¿lrn d-isei:"r*::ge j;r¡bes, i:u{; Èi'rei¡ d.c not

eoxre fþcin tire änûdel the::e ie rro evid,enee v;'hat.ever indicat;ing

that pçsit i-.'e isns :ne;: he produ-ced. b,'¡ rrrere *.pp1i"cation of an
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eletz:j,* f "îe1r1. "i'oeitive ions wxy **t:s*.,¡er, ile e,lij-t'i;e,L Ì;hez'nali;¡

j',.;rst â.s eleCt:rcr-if; e?ç, tìris i:Cir:-¡5 a þlnenc,-:euc::; I'are1.;r f'oi.¡-nd-

c1åseusse* iir {,e:tts" ÛnL;5' {rf:**sh,l* siirfa-cÈ* *xiribj.i 1:j:re effect,

the er;:i.'¿ted- ion bein¡1 i}:e c}:r*.rged. atcm of "bhe cr¿J:si;*.::ce :;.ee.ted,"

Thç faets indi-oe-ie lhat th.æn+ i:]ôsi-tiye tirern:i.ons are sii;:ilar'

ån p:"orhee*ion tç ttrre theri:¡:ionie eleetrçns u and tl:ii.s l-e¿¿ds to

Eçr"eat diffleir-l'by i-n tiee Ì:ï,reory slnse ÈÏre exåstCInee cf an

rtaèmospherë{Ê øf a-iør:*s can i:arrlly be eredited" it j-s not knc',çn

{:ç ";r,hat effect tåre errisË*,cíl is drieg tior tr: ç'irat e:q,ten'c lt takes

pTaa* in d"i-sohd.Fpì*s a

!+ *uui'l;ir* åoa ü:a'¡ "*e 'í:a?"r;:r:C wåic.-r s.TlJl -r,:.r'ti-c1e

eÐl"l"J-des rqiti:. ¿rn ai;gm *r flnleeule inçIa*'cicali;,r, p:'oiiid--'r-ng 'chat

bïle ar¡ailai:lc Ênergy ::csu-1.Èi.lrg fr.oru the eoilåçJ-on is suffieien*

iÐ S"ernove Ð-:B ôT" ìi?Çrc e]"egt::ong f:'+m the neu'byal rat:'bi-cl-o"

Hågn rreJ.eeity elects"*¡:s åre ths *:ost frnpori;a"nt lonirin¡i ap;en.eies

of tkii-n type, and the veloeitlf rcquired tc calise exeJ.teition

oï reriìÐ?-al cf ator,rfL eleetrons 1s ver1 exactl;; knewn, lJre

energåes of ele*trüps &"*È exr:rensed. ín lltrol'hsTr, *c.r-nin¡¡ j:he
i

pctent:ia.l reüili'reú.,'tn give a rræl-scity correst*nrling; to a-

defi.nj.Èe *LøryErøn.í* ener6q;r.; a-srrl- etar:s Ð"rÊ Eaid- tû pûEsess
j

icnise'bi-ør: and resçT"raneÐ *otent j-aie u Ln tY¡a-z eJ-ectrons !ïith
ñ3-.a-rt*ta /¡.a_å.:l -l r. 

^'uv.L¿v,i.vvr.¿ur;¿i. poieni:ials (ercr¿,;¡; cs.n ioti'i-ze oi: e:lcitg -cilc

atcils 
"

:

The rsechanig¡n nnd" quar:tåtatiç'e :lellliionships of

ioniea'blon anrl positilre io;:l ftrr*:a'bår:-¡:c Eo impøvte,n'b iri *'ræyaLtcal"

v*aeþisns, ¡ti'e best s*uclied. fror* ¿r spestroseopic stnndpoå:*t"
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3t ís i'rel1 kn*¡¡,+:. th.at ihe relur¡: of a ttd-isnla**trï

oloc'brc:: tç åts norinal pos:iti-an resuli;s in trie enj_-qsio::r of,

radlant *l1ergJrr re6arrlles:: of,' 'she t:.atur"Õ of t.he ëneri,;J' :;¿i:.icÏ:.

disturþecl ttre eJ-e*trcn" Ë'Ïis *rar-cn spcctï,,.n:: is e;'¡ii-'bt*cl- ¡ah.en

the e3eetroms of ä grrup of, a'l:cr:s retlrrn ì:o their stabl,e crbits
by aLL pÐssi-"b1e patb*, f,t"crä all pçËsible arbits å:: tri*se åto::iÊ,

inelud,i-ag tï:e orbjÈ j-nfi::ttelli" dietent -frcn: the l:ue]-eus, Lf
t}3is ei:*n6:;e t¿iìres plaee r¡;lth a e,eccv:d e3.ec'Lroiz Eøri¡r,sletei_y

r+¡¡ioved fnom hhe ø"tam, tkren tl:e e::h.anged. o3., tts¡:arilTt *peetn*.nt

l-s ohser.r¡ed., al 1 oi' tLie ]ines bi;-=1n1,; nres e¡r'1, ûr-r1;,' ';fire n J-l-:i,,qe

i;u:-::her.q *f, atçms åre *.:¡¿ilab]-; *

*Spark spectra ïricï.* *.t fi::*i, .i:h*c-...$.t to 'l:e procluced.

*nly b1r ei-pplication çf very hi.gi: pcteatÍs.ls; hut aeaorcì.ing

ba'bhe Boh:'th.eo:::r ¿;ilc notenÈfals fr:v.'Lhc: ;r:rodu,c'ci.on of the

eo¡¡pl"eÈe si:s.ri{ spectna o.f all e}en:ents lie i:etr¡een 1û ancl

öo ¡¡o3tso Tn pnactice it ls i'ound neregsary to iake int+
gtnr"¡id.erati*n the tri:iea.n free eleeèronie pathtt, rlrirçn ea3.eulating

*he leånetåe enevgy of eleeÈr"ons, Th.e i-r-*portaRt f¿ctoe ås

i:h.ercísre tl"ie poten*ial ¡çrarT.ie'ili, pfir îfiËftn .t'reç pa.*h ci' ì;he

eleetg"on, a.nd 'bh.is inva1o¡es iuany fa*tcrs besíCes ti:e po1:e:rtial"

SCIr' exar¡pl-e '¿he 1üô)trtl free ¡:atlt ai y,g alnpôv,:r a.t 4ü0öt. a::-1d,

'r'gi::csnh¿eråç pt:efiÊu:e ig e-nnut i'l*4 cï:joe fl{} ti::¡.t a ¡r:otei:tåa_L

sf 1t0 vol""Ëe serueci:snd,e t* cr:]y S"ût} -r¡n1b r;otentlel ller
a]Êån fveç path of,' the efç*trcns" Tirle is îar la+J ai!,. 4,g voltsu
the potential required i;c excite .l,he si-ripleet iíg speetrl1ïi3*
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Ti:ese id.ea* h*ve }:eea tnareu¡ih}¡r v*rl-i'ir:d- in careful

stuoi.es af Les¡ valiage å.ïeË islrch as usecl in tl:le ex?:¡:rir:lei:,taL

w*yk dexer"íhecl in i;iris thesis ) *nð- cthet' dlseÌ:al'¡5es * f t j-s

found- that the ear*p3-eta en.ha.neeå *pectra of n';;a-rl;r ai-1- eleffients

ean -be cb'bs.ine';'" eesi.ly in the ],ov¿ voltage'aro, Í.nrJ.ic+ti;:g

a }:í,gli d-egree of íonisatLsi:" The expla::atioj'r Lies ír: 'bhe f's.*t

tirat ïhe partial presgrxre cf ih.e n:etal *s' oti?er s-i¿beta:-rce.l"tt

the ax.e Etrr?årii çr plasma n*.1¡ be e;ltreffiel"y 1öu,', ¿ncl thíe ief

eo::Cuclve ts tile phenonteaa *f, ísnisr:i,:.a* b:¡ suss€ssi.-¡e c.oll-ision
-bhe ole ctrons gain ti:.e jrillilrËy ín mul i;iple ccL.;.1sioirs, :- innlly

attainilig sr:"íi"ielent to iosine an;r a'r,c* in thei;, î¡ath" Ft¿'b

ti-.ier"e are oti:.er rÊå-söns cf' *q.aal impo::'e+in{ie: t}ie hi¡;h tenT:er*

atl¡"r'es of ¿tros prarn*tes lliernrû*e::1"ì-cF-jr-ün of el-ectl'otfs otL å

large sealçe sÕrte of t;:rexe i:el;;g ejected. fro¡:: 'c?re ele**c'cä*s

r*i*?, epaaþ .,*]6gifiiçs, Fåna}lys tlle sIJeße ¡:otei:tÍ"el ¿ir"adienttu ¿ ur¿ ;:¡ vc

*:u-st -be- *oitsåderedg s.s stefed previoresly in certeån åv&s the

pctent:i.al drap zaay balr,e ,Ëlace praciicall;r entireSy near the

eleetrodes glrrlng åi]" ênûTrirs'Ìås spaoe no'beetiaJ-, in eoffie ga,Êe$

r:il-lions af volts per cerràJ.r¡:eter Ð.s cla.imed 1>7¡ liLason?å"

Re*entl;r the thecry- of ct-r.t::u-I-atii¡e :ionisat.i.on of L]l.e

phcto*i-;::7ln-*t i¡rpe Ïlae reeei-t¡ed n¡u-rh. ati:en'ç!*n; tni* coTlciders

i:hat arc:r *:ey $,Þe3:ate bela'¡ t|t* 1*-L*;. f ci:is¡itisn r;CIt,einti¿¿l-

d.i;-e to the fact i:hat ti:"ere ria;r b* ebsorptÍ-ari cf r.adiani enÐT'g;rr

prodr"eced. in the are ltself, a rcr.b çt rs"n*tç-eleetr,ic effeet

self indreeed" I ith irigh vapol.¡"r pressiJre ånci- elests"anis

Ðr:lssion b;¡ th.et:rjial- aetir:au ås in ar*s, ihls fector" ïlÈ¿],' be
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of fucld.aií*-cÌtai årapo:"tar:*e , -1" i; is e as il;r s eÊ¡i ho'r,;'e ¡/eir r 'cTz+b

'rlre exp.':rimenfu:rl- Ëeets 'lrf' are op*ra'iían s-t f-#iï ;¡o}'bE;iÐs &Te

sa*iiefa,;to::iJ-y explrrir:ed 1n *everal -rråJrs, ii.o-rtJ *rf '¡hien ¿s'o

in an;y ',,r'ny c*;*.f1lating; aLL å¡:dieete a high degrce rsi ionisatåcn,

v¡h.åch is af iru,':orÈaizçc r:¡lie e çirernleal rec,l.ftlorrs ras-Ê tgnÐerned.

The posåti.vely eharged. hel.fuam aton'is ertittecl by

ees"teira ::ad.ioastíve srrbstan*es L:"*ve lleen *tucli er'¡:l-oyed i.:r.

i;hc s'L'-rrl-]f of th.e ç}renica.l eff,ecl,s cf posS"t,iire ions in ,¡ie::*ralu

slnce 1n th"q *ås-q of t;iose tralÐh¿r ra:rst? 'cÏ:ere j"e 31Ð ecxplleaÈång

eL'+ct::j-c ïíæL"3-g i:o* J"ti"øe ions pr,r'Lieuler'}y e*contu-a-be e?:ai-n

rsa*t iÐi:s "

{ffi Segaûåve trçnss

ilegative io:rs e:re forr**d. only

by eåe*ä::on sddåtiono aracì" t?ris ueua3"ly oceu.ps t:¡ltert e 3üs¡

siaÈTr€çy eleetroi:r collåcies iritir ai: eif,oi::i" Tl:re eilcrË;-y of þ*Èj:r

pe:-ttr-e3-es being insu.ffÍeierz'ç Èo åonlse tbe atÐm" 'bhe la-tÈsr

is broup:ht into iir:. tïe:ccltedr? conditi-on, ihe exacÈ naçu::e *f
'ç';h"rf¿:Ïr is a-t px'esent vaguely kiloi;¡,n, }.iegativei"¡ ch.argod a'tamø

atr"*rt, a sfr"on¿¿ *'Ltr*.*tÍ"ve fpr*e Ðfi þúrii'btr¡e å*n"5 a::* ealLi*l-*::e

betlr:¡een the 'c,¡o uslr.ail;,. in,r*}",¡Ê 3liglì¡lr {lrd.çrs of ,.rn+r'gy transfe*rs,

sucl: as Ð.ye, ,çr¿itfi.bl"e for. enrloi;he::;-¡:*l ekler::ieai reaeèio¡:is *

Ther:efcr:"e neEeii.ve lon .f$:r:'i'cr,¡tlon *ro":¡r nla:¡ a irar-b in discharge

r+eef i*ns u althougli ihec.e is li-'L'f:le evidence 'çc su.ppoet tj:e

theo::'y"



-ZAe

ütanil ð"iss*ei*-t',&rt T:'tÐÛÊs::Ô* -i-*r'$1r¡â n€íqiåtå1'rg lcn

f'or.r:at Lonu tay exar*ple tl"le dieg Ð)tLbiç::' *f 'Na"t*r vg'*tu:r is

bci j r:ve&- t* tai.re place ali:osl ei:itj"-r*1.1,i tnr-ough. ti:e prelit::ina::y

sÈep t ffig$ = ßÍ { ü-H-" Y,ç-re a* æLe*Li:on 1s tralsf,el":"eß fror:

rnê i2yd.ï,aäen ator: t* Èhe üIi partåcll"eu ï3iri, sueh prfli]ÐÊses e1]e

rlxu.*i3-;y ,çeenrzdar:l tT even tertåar;r pÏteno;i:ena in electri*

dåscha:"gøe T.ie*ause *f tl:e Large aruçi;.:rts otr energy xlcc*ssarlí

tCI T:r*-r:p; ttten abç*tg stlïe str* of, pï'eLåHiúa-r"y åon fcr"¡:¿iÈio¡:¡

is rrsual3.lr fortnrl-"

1',¡hil-e ti:.e tr*vLaus ph-ïs L*a'} th.*oe j-ee s'i e}+r;tric

d-1Se3:-ayges kn'ç+ pt'oven eí*+:;f'tJ,3 in '*}le s{,Ucì.y* of åon i'or=ia1:ÍOn,

the Ë'åd-e då*e.greemenÈ in ttre presonÈ 'ci:eo::ies sf' el æetri*

d,ischa:.ge* fi.s a wh*1ç liave u¿:Ce it imporslb:.r¿'ç*'üake then:

lnto eonsid-erati*n r.¡i:e¡: sti;Ld.;ri,::g ehenåcel effe*tso ïË faet

studi-oe of tl:e glov; disehar"ge reactlons have aesisted ir.l

f,ormula*i-ng ph3"sl-*ø.1 t]:eorl,es rrloj:e år¿ acÊÐT'dance il-j-th exp-

erir*ents-l faels than the eal'l-ir-er :aeth.e:eaNicaL h¡rp*'eheses,

o*o t. Lind?? h¿ìe Ëi:r€:: a rel/i*i¡í *f'tÞ,e pres*n:b kno.Eleilge

íir tliåg conne*ti*n"
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ï " TT{Ei}"fiïnË i{ú'I Iü VüLV-IIÍ# t*i{l.Si.'3Iü1''í :

ûa-vend-ien

nnlt F,reic.af i-ú. ra^ã"ì".- .".{'rrv;r.{¿ri1 t,l:e forr:la,ci.æn and d_e**rn;:gsilågl ofsrrç- a ! aüÐ urJ \.7d¿--,-J J uuu¿çu

l:.itr"Jgen o?rid-es T:y tha a*tåon *f, the spaljl{ diseir.a-r'ge; after

Èi:e acsep'Uãn#e cf ãi'ataday?s elestt"olyris lav'¡ th,*ruÈ 1i,i€r€ ai"L*::lnts

rcad-e i;o ap::ly trt Io dischårg.ì r-ea¿tåtnË, witir in:r:cd1at.¡ faåh::r'e "

Fcl"Sorvillg thlÊ the ÎÎtherff¡¡}tt theory invoSvår:6 tile il;ãrss Å.ction

îeri¡ çua* ¡¡¡i-del;tr a*cept*d, b'*.t finalf ":¡ d-ise¡:.::ded i-n f"aqrçr úf

vat'isr¿s els*tr'r-cal theorie e, Presen'þ o;:i;,'råcn r-'***gnlzes tile

fr-'.'l:i3åi*'of es'babll*nLn{¿ åTL}r single 'c}:*ory t* atpl":'l l* aLå :hl:e

d.iseh.a::ges å t]:e inost Ír*!,ûr-tui1::It ¿Ìre ol-rtJåz:ec- ?:*1Q10; "

i.q) ?he Therr.ral Th.eorY;

,{ccçrd.in$ to tirls res"etir;ns

pro*eed i.i:. tho elecbv|e dl*charge b*carrse tf, 'çh.e higi: terup-

e::gtiure,$ availabl-e, and- tl:.e *'abnç::nalrr ea,r-r.i1jbv'iu;n -,',:tlues

ob'rained arc h.eld to 1:+ *.u-ç to t}:e ver':/ &Yllal teinp*ra'ì:æ-re

g:'aClentu ioe" the sr;.dd.en *ooli:r¡¡ eff,ecfs, llre illass .4ction

leiv'r peovicled a* explanatíon f,or th"* feeb trrat ni-:bric oæid.e

rra-y i:* fo::rued and cleeon¡pcsed in spark discharges, depe*dlng

up*::. tlre aoncentra'¿ j-on; th* the or,y CIriahleil 'che ::-T:p:-o;.ti"::r:aLê

tenpi:latr¿ï'es o.f, ars disclret¿5es ro h;: **,Lculateci, but Èhis

:lnvsl-v*d- questie¡nai:I-e extrapoLatian fr*ru k:rsyrn <lelta fa::

lcr,r ter*peråtu3"gs "
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3{ernst2û *a¿ç'¿-LatÊd #q1ååLi-hriun sûns \J::.ï'?'s for t3;e

ni.t3?eg,Ðfi*s"iygç11 rea€t:ion 'i:T the ¿r,nå-l-lirf;is of :'apidt1,' cn*led"

*.Í"selr.r-r.g* ptarAuøt:* I l:.j-s vel-'i.r,*=Ë ïrel:e in aÊcüvd.F-ïles q¡å*h 'bi:.e

tire:.nal ther:r';t, But il, rra.s sûoîl for:.nd- th¡;* i;he -vÐ?-:î gr*ttt

v*I*+try of tÏ:ie ree.ctåon at hå.qh tenper"a-Ðjáx"eË åndiceted" that

n',: gcoJ.i:rg uictirsd **1,:.ir1 þe s=-rf'fi*ieni i:I rerpid i;c rtfrÐûøe?t

'blre eqri$,1íþråu:n e::is'bin¡i Ln hlrre ú.lnnÎtargø" ïlelieves", zLta

faets 'çJ"tat 'bin* reåctipne üel:e independe::'i, of' pres*riir€ &.s

rr:quired i:y th+ j;lass lal'ru a:rú Ì:haù tir+ *q:;il-ii.¡rår.æil tn¡¿ås

faås,]y co¡rçÈant regardless ûf' 'b1:+ ÈûTt!pt*åti"*:r *f the reaç'rång

sr;bstanre€s s l"ent gr"ea* supi:o::'e Èo t?z* tlnçr'r*a1 üÍi*cr';11.

i:i:ts*x *t *T:* e*.s'L:-ev' *t¿'*iii-irr-i-¡;:¡¡ *tzT*v-La'r:åçli$ 1TËrç

baseC oir. the tlierr,':al tltccrT ir; beg,-ii, '"'.it,n.t îrst inst.a;ice -bi:.e

'Le:n'Ðe:r'atu"rç af 'bhe r1åsehe:'ges y\iss Êstii-¡i¿rted- b¡i e;',i:g's.Èûl-¿;.Èi"on

fr.om }çrr,*ï¡n tl::.ermal claÈa- fs:: L*v¡ n*nÐersfr:-:r"e earrd.l-Èicr:s fr'ee

from *}ee&rie*l influeng*s" The *elei:rated 'r.¿o:'it c¡5' Ea?¡e:.

"acs'nd. Koenifioo g3:cEtecJ. tLr*t r+?:il-,; tar*peratr:.-r"e u-ndcru'bted-1-rr

aJ'ecte cbemteal neaet-L*ns in *.ros, Èkieee sffects are noÈ

the vesÊlt +f' an;; sin;rla ti:er¡ri*.1 *qu11å.bri¡ri'¡:*

In g,.:ner*i, tne ÏrighebÌte be*r¡:era:Lure €f,iÆting :-:n.

any d.ieeherge "'çne rnç're L1''r-eLy are nurely Èhe:"¡ial, effe+Ès;' irr¿t

r¡sd.*rrr tir+ory i-s intl-Llned ùe conslder Fril:r:-ril:/ tire ext+nt

of tLre:'mi.*z:i.* eleetron eurj.s*i** at hågh terrrperatìr-rçs, railier than

the equ-flibrla to i:e expectecl from the sJ.nlpLe Íí&.ss aeÈion 1ås,¡*
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tfrl #ri".!:å*41 í¿r:tivtit:cn lile ol';,r:

?iiÍs lïå.s fi"i"st def'-

:!n:r'beJ-;,' *..d--y*nc*ri i):i' Fìliiott, ãoskrJ. a"nri. l,u-nt## *:zÕ. ås z'+al-J-¡r

a 'brcad. gener"a.31,E,*.'bi.sn oll ti:,e 11a.e'*i-viz*i*n b.g cçilis i.*vttt L{*es."

T-b Ïreid-* tT].s'ñ *}:er¡lj-+al ¡rc'l:j-*rr in d-i*eherg*m is ¿,r res.ilÈ *f

el 3isi*ns rri.th. par:* j *1eF pûii sess:i-nË *uf'f ici,ent, kånetåc ene"El

È* eup;:]"y tl:-e T)€ûesfiar"y rrlree-'L cf' rea*ticilrt , -v;nå.ie're:i: ti:is rr1å.y

h*" I* fp lni::ate¡"is-1 v"rlls:Èi.ie3 'h.be parbi*le:s Tlø iavrs r:rcvångll

u-nd-*r, åÌ-:.e Lrtf11çøs.r:æ of an e]**i;riçaj- flel"d¡ ûii *.-Lrnn1"t{ aÌ;cins

tznð- y*r:\çsi:lÇs aj-Eh. hå.g;h ,.tr:L*r"l+,;ts,q du.e tr; tl:rsrna-i eg:i'*af-i-*n"

-t'ü s'ufi*fs *i:,4'î; tl:ie s¡:;:r ç:i' 'i;::c at'ail able +tz*rg.!ex oî tlie

oÌ-iådir:E T:art:i*-!ç.* exeeed- '*l:e *rii;åce-1 ac'hi:¡s.ti,i]r::. {inerË;ie

:ff}:-l-1e ihis tireor:y .i::red.icbF a. defin:il,e i:ei-äpei.a'ftre

caef,f Leienb {r:os ii;:îr,'e ) f o:r d-i**Iler'¡4e r-*actiolts } s:l-¡.cl:i a

wr*ôiohi*n l-* fcunci 'ho folls,¡: fy#ra rsosl" the¿:råes, and sirould.

åt b* *xperS.men*a11y veråfied ft car: h"ardly poåni t': any

definj-le ce¡rslusÍûn* Fu"rther"sor.e tl:ås tireon;¡ is rii.F:z* ln
appli.*ation 4c r*a*tion* ånvolving ä coizlrinai:lsn of r:hemieal

entitiesp Ê"p-," the t{ü synÈhesis, sinc,å tnere is n* påetu:"e

*î tÏ:e transfer ct kin*tíc a'rrergy ir*n a single ,a,e.r'tj-cle t*

aRctlte;r '¡ith resuJ"ting unl*n Ef tTie tryü" LinC {}ee" elt,i
gSaiins t"in*"þ '*i:is thr:ary i.s entireiy ÐJ1s1å;rlIror.E+ð- hi¡ fe*J:"
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{ ç } Fhûtaùherr:i.ss} Tireo¡"ies :

Tn i,$l-rJ î,i.nc-u ii.u.r'}:trrg

and ath+rs helåer¡ed ti:.a'b *err*'å"ln ciiselle:rge deecnp*si-'bi"*r¡sir€re

th* resul-t af photochei::ieal p-roceq-e€si for exannfe, h.;."d-rr:gen

per*r,id.e 'v;as obsern¡ed. lrlr *rtrn* to be *. pr*Cu-ct cf vrstes

dee*rup**i.t"r,on in the gioer Cie charge and in u.3tra violei lf.girt,
li¡:l'th the ad.r,'ance sÍ' *he ionåeati$n -bitesries tj:is hyn*tlreeia

was abandcnerl.

fn mæefu ctiseharges fhe 3;ercent+ap,le of i::pr-ri: cner'{ì3r

t:çnv*tted inün li¡4ht'i s vç:r:.'l si:lrall" e Çc¡us crlu.entLSr ph.o'Loche¡nical

efl-ects cannst þe prorninentg v¿ifh eer"t¿?.j-n âi.ßs ktaç;evçT, 'bh3.s

ås not the cê,se" The -{.i.:¡rie:: v.;ater *par\r. ¿:ild. ar=c halzÐ ?:een

f,ouncl to ir<r ext::engl-y 5-nf*nse sou-::ces of' lorq wåvelength

rel-r,::a vi.çLet :'acllatJ"ons* ,I, J. Tkl*l;scn2Õ coîj,çicl.ers '6harc

thç lti.ch f,requ-enc;rr rarlåaÈLçns ån diseÌ:arges plaîi a J-:Lrå'e

pari ån åonís,atiûn -pltenox:eniì, br:.t eì; nr'ßss¡:rt, bh-<;::+ asÈ ïr.ß

ati;ei¡i:tç rnaÕ-* tc ån*lude phctncl:eä:ical- rifactj-+n,* år; E*r:eral

dis eharge th.eovl *s "
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3l ' 'tTlElüP'l$S lLi''ltlL'f'I'ú$ IÕI',íI-cåTlÐlil s

.¿"t t!:e pz'esent

ti1l.s onLy eleeÈrieal theo¡'j-es invol-r¡inß ionisaLiÐrL 8.t2 a"p-olied-

ta då*eYtnrge r"eactione stu-r3.ied in the iabt:'ator':/î ln the

gloir d-ischai:ge anci gener*.l eil"ent J"ûr',i preÊÊLLre discÌ::a:'¿es there

is -littte '{:}rerr:e1 or radiant eni;r'g;t to ct3:Ëider *.nd t}re se are

d-isregarC-ed" fh.* questíon *f "çlte exteni cf, elestrj.eal infl-uensee

1n any *nn'ipLex dås*harge eush as the å:*e can hest be seti;1ed

by c*nsíderaÈj,on af tine &greerisílt beåweei: the czperineni;a}

f,eets and the varl*us el-e*È::åcal thr:çri.esu

{A} Ëh"e 'static Ion T}re*ryr

fhis TYas first

advaneed Ëo explain 'bhe Lae"s af å.ny cÐnßectian betr,,,¡een t3:e

Cíecharge Ëurren'c and the anpçni, af eh.ernieal ctrang;e 'caking

place {Faradayes law}* Tt assuli?eÊ tl:ra.l, th"e eher-lical aetions

are the direc,t r*sult of the reeo¡:rbirratåon of positive and"

n*7atLve ion,s ¡:,riii.*h il"Ði¡Êr ::e¿eh *h.e eleeirod.en, anrl ther*fore

sueh e.etl-cne have nc r.ela'b|an tç the current fJ"oøi.ng iretween

the elee'brcdes" fn el-eetrclysis j.j, is knor¡;n. thet on3.¡¡ Èhe

i*ns r'¡frj"çh reaeh tile elee'creûes are *her:ies,l-1y ae-bive . If
i* ad-i::iLtied- tlna.t" d"leeharse i**.s e*nducti,';g the e-,-r-r:i,iìít and"

::ea&üng the electr*des rfle-i u-nd-erqo e?ieny.e* *n ?:eeotrÍ-::g

diseha-rget, br:"-b ttthe nrnpnrtíon is ncgli-gi'bi;¡ s;:ta31 rel¡rtive
"r"8 the tçta1 isnisatlon untter* u.s-u-al" sçncli-Èionstt {LLtzð-?Y3 "



-Êg-

This theoL:;r is verl,r inclef inits in :regarrc"L to

deeoi'il1:osiä1cn reacÈi.cns and, h*.s received. ]åttl-e e-ti;er:ti*il;

*lre dífficulty of estiilati::.;:. tTrc exnç#nt; of io:nís¿rticr: ån

d-1e eÏ:arse.F rende::s ver*if jryat)-on C.ifí'1cult "

{B} 'lhe {'fr1ust*vJ,ng*' îT.=ípoihçsis r

Tonisa'bion is *.

¿?eteËss"y'y plrelåilinary clrange ån *irls tireor"yn i,.r11icir coÏ:sid-ere

tliai; the k1äeÈ-ìe energy a"ieilable in eo11åsi"çns *s tr¡tnsfcrred

al:*çe'ì: entirel;y No tire posítå'ie ici:.; tliis resi¿lts izr a ?:"i-gh

*onçen'å;z'atåo"¡r oí' pof;eili:-al Ðn*3"ä jt { ätû t,ç 5üü tals * IrÕï rnr¡i . }

i:-:. ti:.e dåsc-frarge gasesq 'fite' posiÈive f,ielcl atf:r'acts neutral

parÌ;ieles ai:d posiiivel;y *helrged t¡J-on clueÈersur Ð-ï"e f'o:.raæd.u

Ti:e fr:¡.¡:¡atJ.on af the cl-u.s'eÐr daee nct expend. ffir¿sil

of tli.e po'i;ential ÊnergSi *f i.onisatis-::, ltence r:rhen an eLectz"on

eoLLlclee wl.tti the eSuster ti:¿re is ar¡allab]* tlte e*mþin*d

energ¡¡ of the tr,'ro lrodies; the reeult is i:l:ie fsr"uiation of

hig,hl-."¡ end.otÏ:ers:41 e orapound-s, bu-t the raeeh*ntsr¡ a' t?rc *nerg¡r

excìranqe is as usu-al en.ti:e-l7 u¡rl{nor.':l.

The e l-i¿store riray be iir d-;¡nar:iic equilibriunr i* -ç;?'¿Lcn

'bi:.e i::'::n'þev r:':a[Lng u-ir tl're .qror¿p is eoT?s'banLly fiuctr-zating, hi.¿t

È}:j-s d*es aot ¿lfi,'ect ti:e prånciple, fn il:le fic¡1r1 ef sp*the*iç
rea*fions th.çr'e h.as ?ree:-r clrte.ined- nusþ. expe:'1-ri:eatal vç¡:åf,åc*tian

but il:e uÌ]-!,ious lirnii:atia;: is titat c1çcomposiÈisr.rs arç not

ineluded" The thieory is re8nrcled b}. man;';. a.s d-ef'lnitely
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e s';ahiishecj. ånsofar as 5ç'l ¡xr*::ise.'úio;r reacl,ions å.ue cÐscerncdn

{ ff } I'v;o-Stap;e S;ru:tire s is Theory:

?3rls rJas ¿trlva::eed

b;r Lli:d to overcoffe d.ifficultles in H. Jl" t¡;1]st-r¡?s tÏ:.er-nod¡¡:.anåc

tlne*'ry of polyneri;sation fr*in a å1-^'i:rr*41 t'iet,;unints sinee the

latter daes n*t explaín èl:* .foru:atìnn of trinle and, irÍ.,,3Ì:.er.

o::d.ers cf ixsJ-eculaz' r:reighte eCInrîrsnly found' in el-ectrie d-ischarges

TVe ma3-*cu"1e is be1åevçd. tc spll-È un -"1-r"tto i"ts eÐíiitionelrt paris

an,i, si.rþEequentiy the ::ar-'rç grou-ll to¿ether to f'orrn a. hlgi:er

ræ*,æ c*Ëdensaåion ¡:nç*act" LjtÈl"e ver-if ication h;ae been

obtaåar:d"

{Ð} Internediate fiamp}e:l Th.e*z'ya

?l:.ie eh.aln meeit*

a¡risn: i#-ea v;¿r-e aar¡anced, by Bcd"er:s's*i.rrã1 ar:d" flr.l3y d.isc-*-¡sed

b.y Lind"er32 " fh.ç auf;hor elaifüs h?"a.t râth.ere ís f'orm*d a::

u;:sÈaþ3e intermed.iato pradi-ac-b, rich in energyu -øhi*lr. an f-il1#ther

reactiçn glves zri-se nçt *:tly to the final- produ-et bu"t e}*o to
anather interncd-iate procLuct whl-eh regenerates tl:re sårÍe pz"oceüs

aEain and- age-inrt. Thls åd-ea trs ¡:, fa¡iri.l-iar one ån trrç i'iald

cf lhoto¡:hemåstry arid- is gainår:g u:uei: su-pnortå it ie t*o ear_l_y

,f;p d.::eitt ãn;f gçnûluSiOnS f3.ûr,r .RxÌstìncr ântî1-"
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{:äi} HxcåÈstisn Ëhete}¡r

.,, Ii: has been ad.vaneed í:r

photocheü:i-sipy thai atcrls iytileh h-al'e hrrd nrt crhitel elæc'tra:r

dåsi*la*eú-.8* aR ou-t*r o::?:it nali be jn a.n excj-tec1 eanclitißr',

çh-er*ica1ly sf,eø--lngZ thal åsu ** *o:t't,a.ci uiii, anct::*:: *tçn:

t.heir r¡;oç--lci tenrL to t:ranSfe3' tireir iroteni;j,al enslrgfr ini* a

rÐat'riÕl1 i:leat *f eOme sor?" jlt present *:}zrrç is nú ei¡j-åen0e

to shol,,J thai aÌ;or¡s berÕl':le ehemicä..11:T actlve u-nÈil- An eleetron

is eon:'plotely remcved."

a TT ií:,i it 1ï -\r
u I :t! !! ã ri !

iriany 'blieo:'ies lnave Ï:een s"dr¡ar:ced

to explain the çhenical c"eaeÈio:es in dischargesu l'-ui, thes"e ås

no çåde-L;¡ prover: riçF aeeepted hyi:o'bl:esis *.vailabJe, ilnly

reeen'cl'y he.s it þeen :r'eaii.sed 'i.hat i?,J i*.y;L+ t3:eory can be

appT.åed 'i;s a13 reactiens, and tliat ffi{à}?y cLiscÞerges å3Ê 1¡Ð3"y

&cmï;)la:s in tleeiv t}:c::r,:a1 a::d. e]-eetråsel na,tu"re " ?hçr€ is a

n*tícea?rle ar¿*trr of +xperåi::ental eviCence, ?:'*È mu-*h va.T r:"able

ínovr*atl*n ]:,ee heen puþ1åËhed. in ti:e La*"ç Í'ive ;rÊ8.3's"
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Ao fi1':.arae-ter*i:s*1ss o'l Llrc Oise}Lar,fres Êtudried"
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L" Tire essen'biai- featu::e of bne'¿:'c úischarge i¡'l

tråàseË is t?te ,t-¡'crluctiOn Cf heat u Lí&ht ancl çiret'::iÐaL citange"r) -- "

and in thj-s respect 'r:i:e az'e ìrurrring in liquicls dlffers b'r:-t

littl-e, Tcr the eye hev¡ever, the tti's tynes of disgharqes ars

qi:ite diesirnilan" The eha:'aeterisi;]ss of lav¡ vcltage arts

iri yr,sfier }:ar¡e Treen ineor¡rnle te1y d-escribed by Konen? 1n pepers

lleal-fng wlth the speet:.oseopie problenr¡ *h.is t¡¡orker" clces not

c?.i-xtingujsh lreti',¡een ãn a:r* ',¡'¡itir 'poth eleet::c'des deepl1¡ su?:r:renged

j'n r¡ateru arid ån ä"T'S'¡¡i-i,h sne ele*trOd-e i.n aJ."r and tlio oti:er

j,;lst at the su.rfase o.f the l1qu-id. Shiple;y ancl Goode,t*19 d.ld

¡tr¡.eil r,ço::k l*1.i:]:L liigh tension fr,C" ai^efi fn electrolytes, 'Llre

d-isei:a-e"ges 'f,aiørnç; ¡r3-ace be t"",ecn v;idely separateÕ. æAe:cvroci-es,

nnd {,ire eondueiåv|li'y of 'bir* liqi-tid r:ted,l-;ilÌi bein¿¡ il:c::eased.

u:rtil tire are pítssed, fron: çite electrorie 'Lo ti:e scLt¡,tiûr:,

Th.e arcp I Srave employed åi: ti¿e r¡ork d-ee*rÍbeeï h.ere

Srave several' very cþ.ar*ete'¡:istie feat¡:res" Thei' s¡ç prodr¿ced

by STli.IKIi\ã$, a raet"\toú" te '¡iï::ieli nc y'efergnoe hås ireen. foz¿nd-

Lx nh* l-iÈeretp;r"ei of goi:lrse 1çr.r 'censio::. air ares &rê alua;lrs

f-*rn:ed by st:"åkí-n&" ljuihen ea::ban aleetr"od,es are hroi;gh"t

t*ga'bher in disti.lled r*atcr ã ä'lûre c,t' Sess vi*3ent aeiL*n

.$Èarts å-F seo:? aË ã. poteni;La1 J.n exccss of 1ü volts is apptr-f-ed,
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iln a-Lld.i.bJ.e vÍl:r¿r'bicn is p:'c'-Luced-, rlf' v¡,.:'å¿lþl-e -påtci:i and

ånter:sLby, and tiis"t Ínct frr:¡¡ tì:.e s+i,ind *:f i:i-:-e e*ee.p'i::r¡1 gas

?r:rìr'i¡-l ,+< " ¡¡r'i*h A*t" the i:O1SO iS nOfe p1"tnrlllnúCd. g.*d_ Uii;if" hlglf, rrJe:! r¡Ðvo

rìrt;.petr{:s r"'ra:r þg¿ç¡;16 .JÐT"y }çf¿d-" É, bfill-j-A13t bli1e .,rirfte J-14;iftvv, J

is ç*:ít'¡--cd. fro-ø Èhel arß r?ßr':itel'r¡e ¡,iirieh apperrl3s tr¡ be å rrËry

sn:al"J- regior?i {,i:e 11.¡¡h'c is viah i:r æltra vÍo1et s.nd- hea:iï

gûäËtleË must be wovn by t,tle *l:ere.tor, ctherr;;1.se oe:rjr-:netivitis

simct*ms {soa"gu1a-'blon of a}bumins 1n the eTeJ a¡lpeår, i¡t a fey¡

Kl.ni"?.tes, #onsid-ers-hle hea,t ie ¡:r.ori-uced a¡.ci. *he wnter rrrr¿st

Tre eoole*. 'Ls pl'errent, b*i1åi:.;3

'i,hi-]e il:e ei-ect:"ci-ìçe *¡usi: 1** tr,t:zzeYted. t* sÈarb zlr*in,¡;,

it ås na-i; neee*san;i to sei:e"ï'ä.'t;e ti]en: et ali ii.# ís tire cåË€ v';åth

il:-s ar* in ai::* lndeed-, vigcro't"s lrrein¡; iaay be :"raåntainecl ryi;Lle

prles,gur"e ie e"p1:lieC +"o 1:,be -¡oirlte, a:zdu r,'ith l"ol.,' cr-rr:,ents tite

action Ls nöst stahl* u¡iren su*h trlressu-z*e ås rnainiained, Ti:e

år*Êi âr;pearÌ therefare Èc i:e lreonbact åregtu and theÍT" åppear"ånee

exnlal-ne why r,ån$ i:eli"eved. thcn t¡: T:e sirnply ssurßÊs of high

temp*r,atu::e prod"r,reed by tl:.e i:ågFr :"eeistanee ecntast, and. not

true ares at al-L. #a-eefu1 sxani.n¿:.'bian reveals that th.ís ås

noÈ the ease, s.{nce t}:e el-ee'Ð::.cd.es can be separ".ated. as ¡:ru.eh,

î'j"E 4 mms " v+ilh. heavy curre;:.ts u an.d rre lther tkie arc Êippeaî,s.¡;ce

noù t}:.e gaseou.s prod.ue ts åy* Ð.ppreel*-bly *ltr-;-red. by. tiiås ehange *

It is p::*bable that û. lalrer of gan at \reT.:! irigl:. pressu-::.e ås

alrays sepa:'ating the e'iectrcCes¡ eïet1 uhe¡i l:ressLr-rc is a:rp1ied..
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2" IJnd"CIn vrÐ-ter årcs cåi1 orlS;i- be star"teû errs y-a.l:n'cained.

1v: rryater sf ver::l lott sCInduct:ivit:r" The ad.ditjçn of ernal-1

Er:¡*r¡.zrÌ;s a.f, eÌi.lrhïr.rf-e, hyärccirlorie or nitric acid resul'lf in

eoïipl-etç ssssÊ.tiÕ.n o"î *:rcíng and coi::¡reneerae;rl, of eSectrolysisu

larty *f 4r,h.e el-es'brolyÈa'* -i;ested, Ê,9. sår-*ple salts , ÇTçia&'t-&

aeid.s e'i;c., 3:ad sinlla:r eff,eets$ ii: tîre casÊ of er¿hstanc**

onl-v sl-ir¡htlv dåssocåated i¡:. lqater ûûnsidey*i:le a.nçr'unÈe ial¡.st
-.--"¿-4FCì+..t+J

be ¡rå*Led"

ÐuginÊ i:t'cittg r:¡ith eitner A"ü, or S"t. a strong

fl"eJ-d wirieh may be detected b;r i:ho f i¡r.qe:rs, e;if sts in tTre

surr*r;adinÊi 11qr:-id.s, sån':i3er is bha1, obs*rved. by Pfanh*,r**"õ5

d:r:'ing electraplatj.ng'u::d.er *Fe*lal elond-åÈi,$-n$,

5" Th.e steadiness t1. stal¡il"lty ofl the æc.lng 1nçrçases

r¡¡ith the eurrent, bu,t elren r'¡åth õü årnÐe:'es åt 1s iinpossåbLe to

se*ure eteady **tLom fo.¡: nr:::e tl:an e f ev¡ seeo::'ds " ivlany i:;.rpes

of attaetrzft*nts r¡ere eNtrlenÌri:e'fçeú" v¡Ltln íri atteupts te s:ake the

aY&fr Íi:.tr-ly ar s*ni*e.utcuatie u intsf none iïere foi¿ird. suitabl-e " i.:J.t3t

e:.rei'i. a siæpJ"e sctreï,¡ f'eed r¡iecitaizLsm þlle a,::c,íng; cg-nnot 'ï¡e ear+fu-l}y

e *n*:'*11ed, so tå:a'* a hand .fçed i¿ras f inn-ll}r adopted " Tï:.* end-s

*t 'çT:..e eleíjtt"od.üs åre ccnÈi-::r¿alJ"y u:ea::irir¿ atray', arad. ar:l-g by

h.avìng one e1eçt::ode quite f'r"eç 'Lo nove in a1.1 d-i.::ec"ai*ne caÍr

t3:.e d-åsel':.arge be kepÈ oper.atíng; Èhi-e 1s eeloecial-l;¡ true for

very lor¡ ei:-rrents 
"
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Tf a neei:ianieal vålbraÌ;*:r 'Ðe e*i:aayed ih+ ci*:thars.e

ÊFprjij-ys i;a rese¿nþle l?ye a:¡.ç" bu.'í; actua]-l;;r Nþ6 tåY* is 'broken

fr*A.uenå1;¡ and t¡hËi1 in i.liis ttOptli?Î' esncl-itj-On e3-e*'rre3"ysås

+;"skûø i:laceu 6iv-ì.ng p:'odir*ts net ass*tå¿ri:-'ri .';1"t1: the t'eu'e ã-rß

3"íi&t"bionË "

4u fuleta3 ole¿-brsder 91"i,æ lr*r"Y iof*rå*r r:::d.er r'*af+r

å1r€s l:*eeuse o.f, th+it' tendeircy to -,;eid- togt:tb*r r:i: tcu*iting"

l,ljtt-n Sü v*lts a"nú *.s.:.ren1,,ç \Ç\p 'bn õü ¿¿n]peres írit*i:¡,:-itiel-l'c *.;reÍ-ng

**r: lrc 13eü€rçdå exÉ¿råL;ëats tcr:c1ir-ci;ai- ç'j-hl:i slie.r, r¿etal &T*# wi-13

be ouÈlins*. 3a'cer* üar"hon cl*strodes v'jÐa'e e:ri.*1 syed in r:-e*:'l¡r

all" *f t}:e qu.antitatåt'e rtûl'k"
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l" üaseou-¡: i?:'cd.ucts t'r*n #e.rbcn 3l-ealr=**.ee I

t {a,\ Íw:Paæatw* z

t 
'Th* Bilpår¿ìtus ei::1r1o;¡ed.

iir Ccte:'rn'$* ih* naj,ure of Ì;ire gas*ülls 7:rodu"ei:* fz:<su tii* are

¡.¡¡åj;ï: car-þ*¡:i çlestr.sd.es ås LLlu,s'r;z"a'bed Cíagrainn:atå*411?¡ in

F"'ågt:,r.e 3-e ln i,,¡iLåeh'bhe Êrü'ing Char,rbex'ås dra'r;i: t'íL a-{i enlarged

sg8.1e" The *Lir.rËnt t¡r,as *l:taåned. f::'<lr¿ a -Li,¡:le su-l:plieCr bl a

stei:"agge ba'Ltery of 1?0 r¡o1tg, and reaË passed 'ci::'c-u,gh tlie licrv;'

?r?s-i.ct;An e* ?,i A *efl-çs g,eçåstnnCe :'nïrst a.lt'.,a;rs be e;:;,r1'l;reCl SluCe

u::*f.gr r,i&i€i3 â"t'e;e are slr::i],ar h* aiv aï'çs ir¿ th.at i:l:ieir chan-

ates*istie ix negatir¡e. Also o t-,1:.e resi,sLsne* c't tlie ¡rre Orl

etri"lring ìs vevT'srnal\, ?:encÇ a nroteeiive series reeisfance

is eesenlia-l" Tlle a*i:¡eter þ, er'd- t'tLç 'r¡*L"i::::eter. V r¡eírgured" 'bh.e

eurr.çnt 'Í;}:r"ougiz ar:d potentåal ¿à*rüsË i;h.e ac'c el egtrod"eg T*f ,

onneç-h.1on beíng nade -n-y tlee nøavy e1lpe t*^ü"

fh+ at"* ¡j,/¿lg gcnt;il;:ed- ån :blre ûöt)Ëte? clia:r¿'r:e:' I of,

*.grproa:ir*etel;¡ 5üt toË " *ai:*cityg Èiiís elianbelr r'"i¡a$ alwa¡rs keirt

iËl::ier.sed. ån a La-rge vesseL pf rsater r:o'Í; e3:ovr-rz im'çhe f'tl.ureu

in s?clec" E* i:ø:eep tlnt: aîe 1åquid l:l:las'¡ tåte bcåling pcin's tr. at

€à tcnsLa::l t+mpez'*.t1.¿r'ee TTre eh.a-i:rbeï Érã.s equ-ipped- uitlr a grï*-ll

¡s:i.se vrind.c-r¡r ïi a.1C en l-n'he3:na1 haff]e pla'be Bu tÏ:.e l-a"'b'Tror pre*

';enÈ-îr18 expu-isi,cn çf large ar;itan*s of .¡gater i;h:'ol;-,qi: th,e elråÈ

tube L" The le.ft eleetr*úe passeci. into tlte *k"ant*ser f;,þi.nr:øh
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å, gÊ,Ë tLg:r'b *ic2p+re 1.j:ij-le ii:* :"igrlt *¡: fecci- sleeÈT'ocl-e slipped

,*irr"oup:hr a f]-exihie se¡']irrg; d.evi** $P af L,sh:r.^l*a:'*d. ¡:l-¡,j:hex" tuÞin.q"

Tire .i:f-q*.!ei. aird- sO1åås å"tï¿:.åii:iång eftcr a:i:*!ng i,:,Çr* 'år'eine<L Off
'by n*a** of 'r}-ic pipe *"

fhe gas 'br*ån is sh$r','n to {}onsi'st cf *' z¿#n* cf giacs

vrscl åE:ncrsecl år: a i':reeøing nlxl:ut* T, a pu:niee*Éi;Lj.lJhL1Pi* aeid

'!:reb* *, ûn0 Or, É?oi.e Kfill 'þ¡¿3ï:x Í.î and. a eoda*lime ir¿'i:rl J^ Tlre

¿:.sÈis* gf thås trs,in r¡as 'ç.c si-3-ß*Êssìl¡elï Terû*vÐ wai+y drop)-ets,

v¿aj;e:" Våtrgt?.jl , üarì:Çi:. d.l"*:.,åCe and. feStdU.a.l w'a-'r,et -1¡e"pour f¡:cn? file

#a*, i:eforc paesing åt ic the gtrÉ bclder= i(" T}le P;ä.8:*el:lain.iti.g

frç¡yv earbs13 åioxlde a'b*-er¡:tåûn tvË-s e*11-eci,ecl, ån K bf d1sÞSssenient

r:¡f yra'c,tr åntc &în ai atn*si;i:re::i,* ¡):'æËsuren #arbcn dio;ri.cå* 'Ìt'&s

r.e-*i*ved h;:¡ ?:ulb s-bscrp'ç:î^#n s+ tlia'i; {:l:c üaE *cu.lC be colLected

ÐV&r '!ra:"yf:a ri&ter, and subsequently transf erred to the Eas

anal..Ts is apparatu.s "

-{ cl-iff+v'*-¡lt ¡¡:et.ltoci" of d"eai-ir.li iri-î;h' s¡¡al-l- *;::toi¡:tLs of

àå:e ga* Ls d.eee:rl.bsd i-::r Sactici-:. 1'Ç*uu ínçi¿ú"!nl6 *n*-i-;¡sis f*T"1*v;lng

*sitreì]f '¡'s.n rJ1¡*r É*rüury*

{b} ilie*tr*des:

sÐ."oer'a-l t "1i'es cf iro-r'd. anci tcf'L *aphone

werç tee'bed, l:ut aftw: a::ral;isås a Ïrarcl u,neçr.ed *tpr*jectorrt -'tdpe

nîås seJ.eg'bed- for 'r;Ïre gas "$ests" f.liis Êaii:Ë}e epn&aj-ned 9ef,

ea:*t,ç:l.y 
"he 

3.iepr-ar=Lties ìre ing slllea tZ%j " rrom ta"+i11, a3-'..mina

lç"frflJ aitcl t,::aee,s of l1¡re" l:-s tzil.l- b* shcl'¿n 1a1,'¡::: bhal th.es*
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åtapuritiesn i¡oeause tirey a:'e present in f,-r113' oxidiged_ formu

can h.ave lítl]-s efi=eci ilj::on i;l:e gåìsÊiy"is produets; catal;¡t,ic

efJ'+e'fs ar"e }:.i¡gi:3-y improbal:lle, since ::esults ro'j_'fri:. c;;r'bonç

Cii'fering t'ridely ån conp*sition sh.r';..Éd tittle .J¿äriatåûít* The

cÕrrlpúsitiørrs *f tire øa:rlhçr- saï:.,tes '.Jerae d.e1,e::çlii:.ectr b¡¡ tlre

so¡:i]:rlstio:r rnethod-¡ f,*]J6y¡eC. i:y anal;"sis of bhe residues; a

spociaS- s*ffibçetit¡n ¡rzbe was devele-grerl, *onsi,rtÍng of a eteetr-

si':.es.thet3- pI¡.r*x tuþe to wåti:sta¡rd fhe higtr ter;perature neceËsåry

tc effee''o co::rpletc eoruIlrrs'çicr;, {i:'ai-rìij-te :.od-s Hej:e l.¿aít.ad iri*h
gneaÈ a-Í-fflculty, cven i;:. f'lnely r:or";r:e.red f*i-r¡:, n::d.'bhe silur,¿e

cf ilee'L (Tl1e.r'i, 1e;:;1r) hr.': io be reruor',3d. instentl.¡ tli.e co¡;lbrisi,icn

sfart*dn ot}:e:rwlse -the l'+¡ir.J.'ris lr'ictre uselegs d-ue -i;* repid bui.:rLng

anc. ca"rbcn u:onoxide fçr¡uatic,:. o.:lygen l;as use,L i* z.7i tests,

( c ) Gs,s /ui.aiys is :

'f'iï:.en eol3ee1:i.$n cr¿+s made over

ir¡e,ter the çav*on dåçxíde wes an. soïbed l-n weigtlecl K{iT{ bi-r}bs,

åneLuäed i:e t}:.e tre-ir: såsrr¡n in Figr-:.rç 1; tliis nethçr?. ças

fr-.u::rl- tc aþso::b sÏl bui; mii:ute traeee of carbon d.i-c;cíce, T1:.çro

wsË usually 2OÐ Ê*Ê, af rça'ber fn th.e dåsehar¿çe char¡T:er, iiowever,

a:ed tï.ie earb*r: d"1o:¿ide dissalr¡ed in tirie v¿¡ã.s t*ter¿ì?lned b;¡

the eiieeÊË b*ryÈa-sueeinie aeld- ¡ret3rc*.å the corre*tíofi. -ri¡e.s

found to l¡e very sÊ:aJ-l" The ain in the ai:paratu-ù* îì.¡eÊ eiirh+-j.*

estilüatçd anc ¿r eovræçh,¡CIr: aF'lrllec-, ol3 't'¡z+ "e:'a1n wa-s fålLed
ririth the gas before r..reighingc
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Tl¿e gaa aa*"1yxeË r;er'': ci*ne ín a B-u-r::e]} åppé13"¿tl1s, ;'u11;r

d,esci"ilied- ån a ij" S" An Bua"ea* çf jilj"neË gu1l*1.ånñ4; eârbÕn

irono:'-ide a:icL h.;¡cì-roflen l;er.o *st:nai¡:cr b;r tiic ccpûer o:Lid,e üe-r,iLod

wÌt}: electricaJ. hreating" îj, igas fcç-nd tne,'ç'the elos*s'L tontrol

of tlae teraperatll-r€ rf th.€ er¡.lpÊr Õxid,€ Èu-be uas :lecess¿lr;y, since

bel CIr¡ "5tttC, rons ideraþIe arccrurts af h';¡c1rogÊn reí:siz:ed 'inrì.runned.;

t h-1s r*ey lnave been d.ue t,o zha txe,t tl:"at the gas rvse r'ie?: 1T1

ea::1¡on ï?:ünÐr{ide, Tn ïlre Buil'¡tLn ref,errçC tc f';:rlieg *ri1n}t*rÍc

af;:id o:: e&'burs¿i;ed. bro*ii-r:* lrra'¡er is rÉgtir:ïfiÊnclecl for ''¿h.t: a'ì;sor"ÐtÍon

çf u:rsetur"aÈecl iryd.rocarbr:r*e 'i;i:e residrie,l gas be ing ',¡+aslted rEith

KÕî{ beforÕ ffieå$urenent " I f*and ih.e* the ad.d-il;i.on of f,-tsr" a-q

l:ÊgüriirilÊllded ìiy gç{13y¡ Ê.a* anú T,iirecier$Sr 'i,:r;.s ap¡:e.r'cr:tl1r r:eeesFar,r/

in n:"råer to çþ'.cs¿ågr toilsåsteni i'es;-lts ¡;.,iLh. ti:e brax:iåi.i.e r*eÈil-g{î"

nfire guprûiå;J tTrir:3'icle r*eiiiod fo-¿- ß*T'k,on i*ú¡r*:liúc ïJas i'c.¡:;nr1 tc

Tr* quiÐe unr+åiairie, I* a**ord:lnse -cith Èhc resi;,i** r;f tnariy

I¡i'C33ilê-j. S ,

1ïÏ:.i1e *he ane-l:rses rif at'iy one ?,as s¿r.ninLe F,zve ¡:c-;$ultg

rheckång; "na to2,4o, s1åro€ssive gas *âr¡:i:les sl:o:recL a r¿ici.e våriailon,

e-s Hl-L1 be seen ån Tabi-es l" and ã i,? 36] " Table 3 ;:r¡::å*-i.ris

r"esul.ts oiråaåned, rvå'ch nc TiB:: i-n i;l-re bromii:c rvater (i-"eo T'rÕ

u.::*atrrrnted Ïi¡¡Crocs.r:bc;is lndÍ.cater;) and--l..'itii lire 'úe;,ìr]Êr:fj;',,l'e

*'i 1"il* üaü'*uþø ngl, åbilvÐ ;iüç*#, fhe tnresåduetr is 'fio a greåt

çxtent u¿rburned liyd-rogen and" n.itrCIgen fncm tJ:c con.ta-lned &íve

and j-s fulL:¡ díeeussed laier'"
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T:ire hjghe:+ lt*rcents..:ies of hyd"roqen äld 1o'.'.'ü1" rosidLle

'lrË,iï.eË Ê]nrt¡¡¡z -Í-n Tabl* 2 ãre n.í) ú*l;i:t ths r'esu.lt t! eTlÌ11CI:¡i119

leæ,p::rt"Lu-r:çs in E'** nÊûgh-norhr:od *f ,3?Ð&* " in th.+ tu-tl i:ube I

*raçes *f i¡.nsatil.p*,t*d ir.;-'¡cl;:o*p"r'*ene ïtç:lfr oi:tai"ned" ï;i'Ëh the ÏlBr

bror*.ii:e s<r1ut1tl:l,
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T:+psius$ elai¡*ed the fo::ruation of equal rrol"u.¿æes of

ea:"b,gn r¡onç:cid-ç and byti-r.ogen 1n hie und.e:: -t¡ater çarbon az'cs, bu-T

l"åg cculd nct eonf i.r.r* titie ã l-s: one ,,tupuê tbis 'r asÈ wøyxø. Íj¿ìve

tlte followlng anal;;r*å"s: ïr¡rcrcgen irûfr, ea-r"bsn r*en+xic1e A{}f,

and sa¡'bcn d.loxide ?i/"; tra*ee sf catus'ated. and u"nsatraratçd. Srydro*

cff:bans wÊre noÈed, BeÈir tl'¡.ese resçarchçe 1¡:.r¡olved iir.e usö

cf cetprcus ehlsriCe sc}utions in e¡¿rbon n:onoxide cieterininaticn

arrd iausÈ Èherefo¿'e be c.ritíc*.l].y e.æamtrned, Í h..ave Re-ye:?

obta"i.necl ðs,-rbç$ ieenoxlde i-n e;taese af zöß rega.rd-less of the
"hr¡n¡:. r.. 1t cr-1 ar,*-¿nrf ¡: ,*rr',-,J ntr'aÆ -' tf -uJF,,r u'¿ iråçr, þJ- vv-v vr:jrr¿vJv+o LA|S g,j-Ve¡j Pe}.Cen.S¿¿í,¿eS t¡ifiCh add

rJp tû gþ"Ë',1È e:lgiusive sf, any niirc.Eenous ::esicl^ueo u.,11*Li indicatee
tlraÈ he ma¡¡ 3r.ave ff{-pr"essed. i:is eeer.xlts ín rcund figu-ree, lit1-t:¡.

"s¡&.t'+T and carbpr: eJ-ee*::arles u :ritroEen a;-r* üxy.lteïi *.re ger"bain

tc ï:e ån the soLLeci:ed $Bsr unf-ess gre*t p::eeau-'Låo;rs åre t,aken,

'giih resulte-n'b n*n-conbustible res id.u-e * Konen? h*n" clia eu-s*ed.

å.jfg ä:Attef Of TICeCJ.Uded.t? Ajr. rrêïar¡ frrJ'1 ¡i_

{d} Fpee ûxy,gen;

Tl-re quegtierr as ts r,,¡hethsr or not
f¡'+e oliygen ås prod-ueeci j"n ihe CÍ s ch.ar. .e is of åxBor=Èr:nce

tireore'Lj-ea-13.y" and- *;*ee ial *est,s vierË nsee t* elear this u"Þ"

Ës{cåmatfon cf Èi:.e +åx'ec¡nient of the appa:.ai:uts shotïn in Figi:-r:e }
i-s subjeet ta er.s,oru and t}:evefare ru-rj.g ïyere maûe in r¡¡i:iclr

Èh.e gae ryaÉ calleetod ?.r:¡ dlsolaeement of 'raþçr fron a eylÌ_izd.er

held. dJ-:"ectly over the û.rr,
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:i

Ð;-rrin,t tÌ:e rui?s 'r;he tgab*T', previ*usilr' disi;i}lad anei hciled.

Èç ex¡:e} all a-j,r, ï'ras tcep1: boi11n4: vl:jr:rousl;y ån' a p;i-r*t¡c

Vegegl iç .-:revciit an),. dissol¡"rir'-,,3 Of aif " tll.i* '*1e*t'r'O*,es ï,'ert

oJr.ni'r"-ì¿el l-ir n:re?re;,1'bed. to ';rhi*e h:¿ai: i:l ei-z:, Lntl- tl¡en i-:oil-ed.!+uv9:.rv**-rJ

in d.istilled -¡¡ates', tl-r-',-s 'i;3eatru*n'i; h.avi-i:.95 'beO¡: fr.ttsttrt b;r Konen

{lcs.eÍ*"} frrs he s*-f,fisieni j:* reç:ovs e,-ì.3 fr**l 51,¿*h c;,irb,ln i:çCE"

f"h.e ges n:roúirr:ecT- v¡as l*d r¡"i;"ec'bly tÏ;r'ou-flir v:at,.ør-tL}1ed

t:*'t-y:,i¿ i*"'L* 'blie buret*e *t !)i:ia y,az *na].;;r*i* ¿aTrT::*.rat'Lrx" .åþs*rp-

Eí*r:- aith frçsii ailraline ::y:ro¿1aJ--l-+1. .soLr:.tioi: s-llowed, o::r1"¿i -ì:t.a(;gs

nf' nv:r¡;.n-,¡ -loçÊi lhøn |-Tw 1im5-t pf Ð-*ø&r¿gli C:Í' tl:e A-pp*,reÌ:Ur*v¿ u.¡"rj i:ru¿a g rv,

1*"';:7í'), vr.hen earÐ l,ras i;al';cn i;o ]seso iilei, i'trC iir cËeratiori d;iring

ihe e:ri;-rmç pe::loe of. $as eol-l"e*tíçn, S!:-:** !t1' í¡ ",rirt*a.aj-:f

iup.oss:ì-bL$ 'ì;o pt'evet:t 'i";hc ¿rlc i:t'c4..<ir-tg -'t o" i'- sect)rtú .;l' sû

c1'ci::i..ri6 su-gli *- tes'ù, ther ;,¡'lç29'i,i"¿:13-sis whi gll ¡akes place ¿ì-u:"j.t:g

sueh per.Íocls probahiî¡' explaiils tirs Tlresencs oÍ' cz:ii¿-{trr fn the

gas i::i:rbure, anci i'b illây be s¡¿id. t1:.a'i; iro J':'ee oxsi,lrlr-r is pr*d.u-ced

b-v t3:e d.isei:arge l'b,ee1f " ?Tre {;xyge$ p*:*aen"te¡;es i-n Tal¡}ea I and

2 a"to *$::rcÊted for a 3.argc part of '*h* ¿riv preseiit' í:'r l-,h.e

aÐpa::a'hu-s, a:rd- ere n* d.*u.Þ,¡'L 'bÌ:e x"e*rtl| of' e-l-ect::c1;.isis'

ie ) #ase*u* ?.e,2í(iu-s,'"

ïrr i;:os f c¿Lg {}s tÌ:icre

ie the *.ne!l-;r;.sís buv"çt'i;ç €ì- Í tci 3.ûl ir*r¡*ec:lbustiblrr

E*i a*çç'¡r,,tçr¡. tot' by ttie nj tz'ocen in tlie contp-ine*.

a -F"&n ''na* rsa&e f*r' free axy{:er\, a8 åbove, and. tl,:a

z"erä*-ineå

'¿,\,as res ltåree,

air " ¡'¿jhen

tS and Hg
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an*i- ì:yd-ra-.täybûn* r€litved-"" tirJ-s :.esJ,drí* 'i,,,as ::edv.*ed. \* 4'í;

Fir:te ths::e "',¡,;*s s,plar',)nt!':i'i:.tt ã-L'r i't tiie g+s i'b";;as n+t thought

-iç*'tr irfiæ"?:1e 'bç disrr3.,ga :i'i: as n-"',-i;:'c¿e::' A s'peciar- ai:lare-tus

"!t&s +'c;ployed. tc¡ :i:ernç'¡¡e a13. Êìas#s e:çceiri i:itrogen, ti:e S+s

sanpJ-e boi".i-Lg pz'cdugecl i.i: ti;.e a-l:l*f':**a ccnÚ,iiio:is ou-'bi.i-::.ed ln

ti'ie p::eeeeii:;; se*tíorii ti:ie appat'atufi i"s å1iusíl:atoci dåa¡3ritìnr-

ati*a}ly ín S'lgure å" 'Ihe a¡:ç ?iås ci:erate4 in nrzelressel å,

Ín iroi"ling r¡ate:'e rincì- i;i:.c grr*: coJ--lecteci ir: 'blie t+".'.'er $ l:'ev-
iûi;*11. f i11cd. .riÈli riat*r ?:;r e u-ctitîi tkLï'i)1;-gh. i;h* ciel-i1îÐ?;'':i 'rl-t-l¡e

ü, :Ilie th¡'*e-ça;r stapc+*I; l' ad:-'¡ti'bl,ed *i1,h*r tlrc #ìes ûtr carþon

cicxi.ae fy:*r;' Llne ge-i:e::ai;cr" Il tr: the çÐï:bus i'i.*"* tulre ii" Tl-'"e

La.**er *cntained å5 *Í;s " cf #ûp-ll€:i' tlrl-.*.* a-$ü lû tûï*. *oî):Ðer

turi:-i-r:.cis, the',;i:.ole i:ei-ng Ì<cirt aÈ l'+cL ìrcat hii ,îiìs *r.u-;''r:er-q*

åny r.esldual gas li{ås co3.leri'cooi- i:y*l eone*n"L-i.:lted lii}T{e wiiie}i

abssrbed t?r+ carhcn di'oxide, in .Lhe nitrçn:icte, ü" îi'Lil.

j;he except1on of subÌ:er jc¡J-::ts at ii:e ende of ti:* oúiïbustion

tr¿þe Èïie t::aÍn y¿e.* eni;ir"e1:; gl-ass ånc3 ffias 1.,;elL teet+{t for

leake; bef*re *a-ø?t ru:: the *ysteä: r.',ias er,¡e:ot er¡t and f il-led" E¡ith

*arbon di.sxide "

Zt ås eviclei:È '¿i:at i,ì-Jr-11'ûljcn ¡'.r:.d- giÈã"ilon :rçn*:çid-e

1,::lìf'ë ::*r-lCVeiL i:y 'b3:.e hCl e,Ji',,Ðe3' Oxii-eu ÕË,r,rr{CÏi i:;; 'l;1're .3iOuÍ-:ig

çrtptrer {reduceoì. þçforc eaeh. ru:r.} and *a:."?":*n Cics.åd-* a?:scrb,+rl

'ir;r¡ ¡ire iitfí; âì ver:ir s1ÐT,'r'a'be 'tt t\ç,¿¡ vas ,;seri, Tl.sïL'i"exceerliirg

l"t ges, -i?ez' u:j-nute lnpr¿t" F.ega:'d-less of, the ra-te å1. ges r¡esJd.ue

caJ.lectstl j-n tÏre nltrometer, amou:rting to fr:ol;: 7,A71' t:* L"3fr

*f 'rl*e or"igi"nal vol'ur::e" 5üCI tc lttOecs" lirerÐ ¡¡assed- iatc ähe
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t:r¿:,it:l ea*}: 'i;ir:*¡ ** u.JtL?..4Ç il;-,ü t"âsåúi¿e aLvt-Ts år:ou,Ìttí)c1 iû rver

ã û&s"

tubes sori;e-j-rii:;¡1 f .ì-r-s'L iiiatS:resir."n enii th.ex- f':"es1:1;1r

Fc.J.-i.särsd. csSeir:''i3 riteta2 1í,¡el:s ån*1i;.d-ecr år tl:e irain, ¿rnd- i:.e¿¿i;ed.

l;r: :¿ dull" red- h'*a'bu 'bi;t e 1,íi,l-l residr:.e stå11 pr¿sseC 'i;lrr-r.;r.16l:"

fhe gas in the -ní1rver'*"tet. r;Ð*2 þ'ryen bz'aztxfwy?ed tü tï--re py:"ex

tuJe¡ç ïl sh*tnr in Figur& 2 u at th+ uppe-;: enri cf ".,,¡ili-eh was bla,"vn

a çn:al-1. oç¡ii.*þ;*wa11ed *'L?.lb $" lh.ås i:r¿3.b vrae :liili+d" ui'cÏ:. c¿al*i¡-r:x

cl'r'i..1¡ ¡til.i {ll'le r.r¡q ir:ttn"l rinq n:rs:.¡er] 4r'rl¡ -ìt ìr'i¡ ì1iêrì-¡^:c ¡J-' rz,:¡1ar¡r¡}a-rsr¿r...i..,v I (-rir* L'!r\/ ¿ çL,+\r-us¿ 1-.L1ç) Fû,+Èf L.u ":¿tuu J-u V.) L:t\)C4! !ù i./-.. lrlilf L,u.¿ J

fJ.31ed tuhl"nr,;" tl:*. h.*:l'bÍ-r:.c; tile c&.L*':t.i:Íß i* s Te'L]-çt¡ ner"i i,!:.ç

gas 'e'{i1s finalJ.y T?ehscrbsli*i, i;hç l*r,¡e}J- *fl *.1:-e i"¡;rer.er-rr..;¡ rj-s5.ng

¡:.r:.-l .Í¿11-Ì-ng våc1e:r-ï;-1.-l 5r::' rr?"¡e r¿r-l- vNi.nt:-!q:*" 'lÌ.:e an¡.r.ün.iÊ, -Laxt,

f+r cal-cåurn niirid* tût-i¿ n*:; "ti* #.tii:l--i*d l;*,i:*a*ss *f 'hl:ic ßt'it€,.An

m*o',;tl\ *f Ê;åì$ p1.+sent'

h'ï'"frií resådi¿e was obtained by t::r:ati-*5i i:"he í{åse,s

erî+1ve$. f::on an a:¡e -xftb *Õf,i; Itg:-s.¡ri:iteil eieeirode*r Fï.û.Jucçd.

'¡-rnd-e:r exa*tly si-îí'3.14r eend.-itians íÌ,s þha gas f:'cr l:e-¡rd ear't¡sn

¡'ad.s di-saua,ãçd- aì:or¡e" ,rçvåder:åly 'i;l:e pli;r.*lcal natç-::e nf *lls

eJ.ec,'b::*d-e h.p.e }i.t*1c effecl, u;ron 'uire p::situcticn nf this nçft-

e osbusÈibl-e Ð:å* "

dri-eeL

t¡-rhe "

Å sar*ple *f, *hç.: gås in *.he ni.tr*mei;eÏ ïr:¿ås seLS

çvrd-.r nh*sph*::r:rzs irenfio:tld-e e.nd- Ða.üs+ri ånto a #eisslar
TfxaninafLon ln tj:e speçtrsn¡e'rçr r*eyealed an ån,bense



-41-

hyd"t'ogei: BîretllnrÌ,"l, seve::ai l-i-r:es of, t'!re seccndarl; s..lccfr'¿x

being presen"i;" 1::nÐ:n tlre aiscÌ:r:.rge iube rcae *ï,rel:t r¡uf içi-th

i'lr.rr n i -¡ nn q,iclì s pect:l:::i f eanne.areri , trylii ch siir:'';ieii- tì¡-r.: tube

Èr: bç free of, ir_r'az'c¿en anc]- .r,,e.t':3= vs.pçLirs

., Xe::nþartm fç'-lnd only i:¡tcirogeir ilrodu.ceri- ts.h.er: r,'!iå'Ler

$ås Cecorrlpased by lire åçtiiln ':f i-åghb, :"acfi.iuir etrd. '¡ieets'ie

rliscirarges; Ls a Tialier: r:n Èhe brush cte*charp;e16 ire clalne

å:hat .bhe oxygen vrå,! 4.1"3 in ea:rbi:r*lior: irviti:. hyr-irog*il 1n

hyclrop;en pe:,*xlcle, wlii.cl:. sirbstn¡iee }r.e ,J&'cerji;û¿1 qr-i;Lj.Ì-tatål¡+.3.y

zvl tli'* d3.eeh:rl'¡.qe pz'ocli.r-cr*, Iii s+vera.i- päp*:rs d-**J-in¡¡" ,.':itli

tli* decoapcsii,-]cn of w*i;i;r b¡¡ ciiff*:re::L t-¡¡:ti.r*de tl:e"se 3:.a-s

been r:,sr:.'ü,l':nçd. s.n *bsence of e**1ehåçrn'etrica] r.*l-a'Li*ns i.r

ì:lre qriai::bi''ty eif h.ydrof,eir o.nd- Çr+;,rÐeli trcti¡¿ced", Li;:i,er?6

ot¡slrt'ved- i,'ì:Ís uri'bh tlie.p.:lci'; dis:c?rerge íc. ç,reie-'' '."zìix:ú-rr, attC

could not-traee th.e çx1fg,Ðß ';* hy3ra{ien Ðeroxlde +r o¿Õne.

'{Jrey a*C La=¡iæõ? and ËenftSe?:en and. fi.eh..**S6 faål*d. tc

f:i.nd any eruor ån eå.rilar r*sui-te sith. a. #-Lsclnarge 'Y,l;:ne"s

Ða'ces s.nt Ya:glarl58 r:epogi:e{ ti:e. #&r'xe 'i:ïrår:.¡g in tlie r:ïtçE*-

clrerilica] de*:onr¡-rosib:içn *f'n'va¡e::* Iä sol*ç *f Èhis ursyk a

gag reïi:äånii:g aÍ'xer ariui;ri* r.¡fâs as:i,;:::gd tç bc nitrc;1en,

Ëhe rçsídr¿a} gaË sþtainçd in "cj:.e abcve v¡orir '*as no

dou"ï:t alcicst en-bireLy nftr+gen althoi.r.,gh L+.n sri.lrce is b;r

Ì?û r.reânE CLea3r" KcnenT fo11.ncl þis t:'eatnen'Ð, r,;hlgh T eiaT:]syed.,

st:-ffielecit to reffiôve even Êpeetroseopi.c ùraces of nitrogen

frr¡l:r canbr:n:rodså i:ut íi:l ÈÌris caËe it r:as the tteyånoger:to l:apcå
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fiT;eetrur as obtained l-n unde::*v¿stee eres ta rr¡hichL -l:eferenee

lrås ma-r3-*, Ccnsidì.erinq the adsarhl.*.g llÐËer of carb+n i'ì: is

irc'h unlil<el-.¡ th.at the n:i.t:'Ðr¡en r:ia$ obùained- fvoi:t ti:.is stl.;lrse '

Å tes'b ',','a,$ ir¡ade ta deternirle -!./T¡etller or not ilre

6Ð.soÊ f:'on i;h.e disci:^i.r.;rg* 1;r*ræ iot:isea; å Lztrge lanisat,i.on

elrar¡:ber sr":.ch ¿.s r:.*ed- in refli.gr;.e,tj^tre gas sxpÕrl-r*en'þg rvag

c*rit.+c.i;.çd" ta fl ûlr.çî.:"f¿e r+iect;i:.asenpÈ, bu'L no Soss Ín chiir¿4e

-.r¡as o?:ser:¡ed sïer a -1.cng ile:'iod. of tir:e,

!t, ltley 11* eon.c-l-:-liieC thç::e:{'CI::e ti:s--i; th,r;=c j.e nû

uausrral f;s.s*+1x,ç *::*d-u*t *',.r:J"ved* âi:ir1 ti:Lo-i; tïre *'ï.esåduefl is

lr iÌ.r'o¡3;6¡ r.:ixi;d u'Ì'bh. euffie j.ent h3-d.roeen 't,o gi-ve a'û j.ntense

s re clrlãn,

.Atter¡pts t+ fínd a trr:ta$s ba"Lanc*rt in tyie ar:r:u-nts

cf h.¡¡drogen and a;cygen prorì.r,¿cer] in tire ere p:?'\""re no çonclu-s.i.ve

:.eeulÈs , bÏze d-iscnepançi'*s being fa.r tteyond tlLe l-litj.'L <lf

er.'.:ol: çi"' ùhe rlrlgthod$ e::Lpioyed" Tn i¡qrsi gåÍês ii:+re 'i*¿¡s

af:ouÈ lOS iì:-¿. ';;ç.t¡*1 e-y-ee.sr cf i:.yci:'ogen öi"¡€r 'b]..Ìe ii-ic;oretLeal

ai'¡lcunt soJ'r.gspond-Íng 'ho 'l;ne iobai öKy¿,ten, 'ir'*Ê ar:¡..l ìn go*:bii.r-

aticn; 'bhls poiniect Èo i;ire çxiste¡r+e s]í' nr"cd'r,Lcts sLh.*:" E*an

tire gasee aLresd.y d.isc1¿ß-seci.o
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Ê, SolJ.d. Prod.acts f'rcn t*.rbon Ë1e*trodes:

{ a i Lne c}u-'b1e suT;s tane + r

'l?r**ticaSl-y

elrery påpsl' ÕÍ.1 srcs under llquid-s n:tntlons i;h* fori:rai;ilún of
rl*-lcuc;r dåsËErssioi:stu Õ1' tîlrrucd¡ÍIå liquíds tli;:'i::rp: the oÌr+ration

of '¿ire ßi-echr.lrgç t¡1'¡1"¡ caz'bcr: çr ;n*i;s} eJe st::ceìes, ilefo:re 'rbe

lu¡ç::k of $v"ed-J-g1ü su.ei:r efíecte ro;ere not fr-rrtiier s*riciíciin bLrt

i-n ie*tcr pírÐcas th# ç9-isriû*r;ic:¡s l;€il€ dii-crîi-sriecl- as beir E: r:u.rol:,,r

gr:.1 1*åd-a-l sL1ËpênË-iÕi:i:l *f ì,l.ie ele*t-¡:cile n:i¿ete::l*.1 "

'!'..rhên Êet'bÕT-r cil,ectr"nd.* :.?t:LìË l:,¡.'t_t ít ¡r:.hcui; iI i,in¡:l:rts at
;5t ';olt* 1"fi" h-rive l;rlt::¡ operltÊ¿:t ifi. *t.¿.rr? ir¡at,jr -lçr a. cotl.s jilerabie
'ì:iru* {1"5 r-r:i.nçtes l¡.'i ll:,*ii *rs, tf :ry¡L1:e,r-. , ez\:*,r";iír-l-1t. cccled} trre

':late;i' b€go¡"'¡c:s ce;:lçe blael<, ai:c. if pollo..¡erf i;c s l,a;id fay half an

l-r'--',r-r-i å 1¿i{y *}iaraetre:.i st ic sui:s þ+nge s *ùi:1es o¡_j-t, îi i:ir scft
ts;-'bon elca'broass tltç su-Ì:si.r.ncef is ï,lj:y fl+eriu._Le.r,r; end ligh1:,
*lose-ly r"*sen:Ï:l.1n9 lä*ta11i-c i:;icrc--iicles ir: ehsr"a*'Lç::- +xc*7:È ti:at
j-t u.si:a1.};g ilr*s onlg the fai::.i:çrsà i;ånEe of greei: o;: lyeJ_lo,,.+

*clor" îlnder th.e raiertssope tilis substanc* j-s q.u.i.te d"istinctiïre,
altkrtru.gh. gvs^nteles of sul-i¡i. ear"bc¡r 'fi{},:! 'tla ,}*eTl ltixed. li.ít3L z-tl
f.t talr*s ti:s fc,-'i:i of a-lrnoat t:"a::sparent y+rì-civ n1,c.1:esu jciped.

*n,q+th"er ln L*nEe ch.ain-li"lce :strings* Jï; so-ixe *irses tï:e i;]*tes
ar-.e faintl;' gr:erÍr by t:'ansi:lj_ltetL ¿lq.irt.
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By car"efully *hal<1ng a freshl;5' ::roduceiL dispersian

rf tiiis so:rt tire fl-occulent substance 'u';as o}:'ba.ineC ah:ost free

ûf earl¡ç¡r. perticLeÊe the Sattilr" sinliing to the bcttor¡ rel-at-

lvely easi15r" The 13-ght su-bstance ccuiC" th,rn ìne f,il-ie¡'ec- off

and. dried, Tt v'ras fo-r;::Ld to ]ose cûnsideral:Ie water r¡,'hen

dessiae,tod ç\ïer sulphurie aeid¡" a'u r.sç¡r: teri¡:ereture arid. t-,r'essrlîe;

after t*ur hours drying th.e loss v¿aÊ u:uch. s¡:ral-lel'"

tor¿i:us'cio-trrs of thås substance rrë3"e ¡i:ade ån the sû.1:iÌ€

tu.be u.sed- fûr annl;reii:,g t.hc e3-ectrodes, 1n -*;hiei: Èhe sa:nnle

could. l¡e he¡;.'ced ts a whlte lteat çlhlLe visuall-y obser"ved" '-fhe

fu-11- Ïreat of i;he bLas'f; trarnp uas requir'ed to eoi'*'p3-etel*i'burn

th.q s,¿i:stan*e ln ox;r.ten, irie e*iuhv-sticn i:ein"g even slcwe:: tl:an

tha-t øt the ::oço'dered- eLes'¿rod-çs " Th.e sa;:i:ples y.;Õr:Ð f i.rst air
d-r¡l.ed ancl then d.essicated as a;¡ove for 48 hours " $n. heatii::.g

to a hriglrt r"ed heat a ]rartía] eou:busj:l"sn took Fjace¡ tire loss

in weiglit being 24il t,o 25frE very l1ttle aar]r,an diorice ar:d- sorne

,.r-ater ygas procluced., ïJhen earried ta eçm,nLei:io¡: the etdråedo*

cer*bu.s'birn garre the follo,¡ring results:

Hyd-rogen È 2ø "Lç &i¡í

#;ç:rge$ x ?frt'i, to 3}fr

Carbon t fizft t* Yofo"

Tarta'çicns ln 'Lhe -results ïrere i::rababtr;1r Sçç ts t.ïìe

va,ryi-ng anor.:.nts *f ,soLl-d- ga:"iron *ontaìned- íxr tiie sllbst,ar,eÊ,

i"c b*ing inposslbl-e to e"liærnate this i.rnpurity eirt'lr"e};y"
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?i:"e üûË3Tlos íti.on i'r"ae praei;3ea.1- i;r" tlte sã.llle v;l:eth*:: the i:trd

Õr sofi; eari:a¡l +leetrod.es .î¡Jer"e used in 'b!ie p::,*paration sf,

tlre sample, anC- exi:ended úr;;iing Ìrad, no effect.

IÈ is evi.denÈ tr:ai the h;rdroäetÌ and oxy¿1en ån t,i:is

*ï¡.bstançe is n*t all present in tlle fort'i: *f waterr"bire ÐeTiler1

peraentages being aïrou-t Èr¡1ee the theoreti.c¿l" Thë i:ereeni;a¡4e

c'ûï*T]ositipn ågrÐes .,¿e11 r,¿ith that nf the eo*ea}led Trgrapirf-t'åc

o.:rådeiu ö:" r.lra-nliitie ¿ei-d :¡¡h,tel: v¡ae tjrsb stu-died. by ßrodåe"

ifuleit anci T'{elsonõ9 h.a-ve fliçen a, eornp}ete }:ås"ce:råce.l ::.'e-rij,,Jr¡,:

t:'i' qz"apnitic oxj.de f,oll-o-":;ed b;r" a cri-tical str:"d-;r çg its

i-ir.okrable natu:'e" ?hey ?rave shown tl:¿it tire eornbustlon methcd

+f anal;gsis ôf th.is subsr,avv*e gir.es onl¡¡ a"pproximate re*ults

clue to the large asiount of aCsorbed ïtster al-va;,rs ,o::eeê:it"

Á.s'bypjcal -oercentage sÐËiposítians sbta.lned froin eoärbusticln

cbey gi -,re tha f ollonlng f iquves I

Sample ¡14?t 
"

Sareple TTSTI q

tarþon"

5t,vfí

el ry <,'
ÐJ o Ðr:;

H¡rCrogen,

2 "7,ií

2 "6?í

tNygen" Ash,

^,-t t .,¡!¿*4 oY /c L 
" 
}'jt

4â "4:i 'å *ts/o

?bese v'¡elrkers a*ter:ir:ted. to finci the fcsrn,¡.La nf

{rø.7:lzi"tie o.'cia-e by cl-eter'.oiìffg its v¿tpour ïrressu?:e und.ër

d.ir:inislrlng nressir-re$g rnater' oûï-resnonc3.iag j;a }Ai:í cf th.e

hyil.t'cgen 1n ti:e suTrstance rsas reinoved. r¡,,1th no indicatåon of,

a rtbrga]<tt in tiie val:oÐ,r pl:eÊsu.T"e tu-r\ro, thçì,¡ çoi:ch:.Co t]:¡ai:
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all cf tl:,a 3ryc1":"o4qen present is in adsorïserT ,;t¿tíer t ¿rncl Ì;hat tire

ÊXcess ü;{Ífren Ls Ln. cnez::ica-!- co'rcb-ination l'¿ith th.e carbon as

r, ?r'i r:1¿¡c'-¡ nwirìg¡ Ì;he efObAhle fO¡:nUl-a *f thj.S t5fûe iS slatedu ! j.J t_ì¡¿v ¡ vr!r v-v I v.!rv

tc be tt:.û¿. tlraphi t j c o:ciCe is , ¡tc.cording to tiri s viel'rpoii-tt,

sjinni-:r a hinn]g rui?y,iratedtt sûlid triide of earhon.; there ås

'nuch s Lrpport inE e vi oence .

f'b i-s prolrable 'çnat suc,i: a l:igirr:r o;rid'e o.f cær'i:on

i.e prûduced in the dlseì:+rge; I,re11or40 states tirat earbçn.

sr¿bsxidex ha¡¡. þeen f,requ-entTy observed in electríe ú-isctia.rges

t¡L't?t ceybon a}ectc"od-çs* 'rith the ü-ï:d.cr" ï.'ater dischLrge i;ire

eond.ition* are fa.¿arable for exter:sj"'i¡g hyci.r"atitß o31 adsorntS.on,

l-ê* ìi,r J: -i n¡: i n'bhe prod.uctior: oi' the tri¡1hly fl-aeci.¿lenf su-l:,stå;ice *---_at ---:J---

ft ås lff¿orz.æ, ti:.¿lt grernlii-Èie o:ei.de eh.anEes at red. ireår.t *-{t â. stft

blaek su-bs'raneer t*pyrûËlåp.'tiitieri æ-cid, ûf approxitnate fcvnula

*Z,yHZ{,+; Èi:.ris enan6;e in wei-gnt l-s repprcxina'beiy a 23ii lûsË,

yrhj-eh ilgr?eås iaith the loss aþserved :*h.en 'bhe floeei-l1ent

substance rr¡as heated 1,o z'ed. heat ån ti:.e eombustÍoa tu.l:eô

#ra-;ohitie aeid. is u,suall;¿ e:iplo*ive, but the na-teria.l

produeed Ín the are bu-rnx cuietl;y in tiir: bunsen flaere" Ðj-lute

ac1d.s i*:r,iiediately floesula*e *he *usp+nded. eulstaïlc€e bu.t åt

Ís peptiseC- Try repea'b.;d i:aslting i;ith -;.,atsï'; iirì-s trop+rt.'r is

se.id tc I¡c ÐüsseÉsÐd by gra-.p!-:1tic aeltl"

å deterri:iseatisn of tlte heet r:f combusii-sn of the

ch"ied material l';as s:ad.c in ¿r. borub r,al-ori"neter, givi,*r5r ¿t rssult
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ûf 8"4 ta-J-s. pei: grû-$. î1; 1e f*u.ncf i;l:¿:.t 'çki* ìt]:ee.t af fcr¡:i*-tionTl

of the eubets.nee, asetrrning iÈ to l:e pur-e and ¡:f the airproxiita.Le

fcr.mitl.a ü11ïf+ûp, :!s abr:*.t ItJûü #als" frÊï. grar".t r'aaA {pc::lÈive ) "

Th.i e calcr¿lation ¡ras l"it'bLe s i gn1f,icåTlce hcwe¡.r*r, eÕnslderlng

ree*nt eoneïr¿si-ons regarding: g.r.'anhitic oxi-de, iio *aia cculd

be tø'erzÕ. on the Tßr*t of f'or::;atlr:n cf eer}:cn si;rb*aides, altÌ:.ough"

il, 1s ilnproba'l:]c th.at the values san l:e in erece#s of, the heats

cf fsrn:aÈLcn o.f the f{åsÊÐ1¿s garbari c:eic-es "

{þ} "$olubLo ß-i¡.T:si;¡:nuç :

F'r.,csl-.1 gc l *-'b:ior:s

froia ar*ï-ng ga:'ban eie*ir"sdee ir: .l1çi1sd dís'c,i-rled- r'¡ate3' gave

?:Ð lroef.tiu¡e tests f,*r" hyd:"ÐSeÌl ¡:er.oxirlee úzûï:e, ald.ehyd,e ûr

]<ctone, and no definåte jr:d-sfor.l:: ::eaeÍion"

lrfter" sever:al minu.tes areing in pu.re dist.Llled- ç,;ater

vitrc:lous eleetroLysÌs a1:ra¡ls occeæv,erl r.Jh.sa tl:.e electrocleg i?ere

se'pa::ated., i.eo the gonducti vi-by oi' the l'Jat€r t,;as greatl;r
inc:reased" The hydr.osen 1*a co:':-eentretlon of sahii:lons 1rt

r,¡irí.cil variçus elect::fidec l:.ad. been n-rrcing ues tn*ytçyø taken;

fire *aloz*åmeh:ri-o r.;:eÈirçd. was u-sed- and. atl- sr:1ut_i-çns 11'sr.Ð

origirralJ-y i:eu.t::al -,"";åtir pll ?"C" In Èhe fol]oi¡r.'lnë{ feblc tne
rtçûrer$ relates Èo t]:ie ieetals presenÈ ån a serj-ee at sa'lt earbon

elec'i,rod.es ernplcyecl J"¡: r;tltra*violeÈ tìrerapy liorii.



*48*

?i::e vaJues aive::l il*\*vt ';{eTe yeaeired e-Í'ter tl-;-::+e

n:'nu-tes are"ir.q in ZOC ccs, of '¡¡ater, tlte ';'c¡lta:ie bejirq alrnu-t

7:t ""Í. *nd bl:e ci.rrren'c 15 a:i:pcreså the rvæ-fer l.iras l';ept bolling

ta ¡..T'svent d-:!-ssoåvi.ng oi- ça:rbo:r di.axide,

So¡re $ubet,an*e þ1í Val*e i$aturated")

l.Incored hsrd ear**::**

Tjn*ored sof* çarJ:cn*-

t+rír:¡l--

Te u ;11, Jtil-, Si**

j-- i.ì

.:, u

tlae resul ts i.nd.ieaÈed t:tat ti,e so}1r.tior:s 1'1repe i¡er;}i'

slígÌ:'i;1;r acfcll ti:e pfJ value d-id not eì:^a:rge after 6 r,¡eeks

ei:anrli;:6 in a ecv'ked quartz flesk, üil evaporation +f a

fvesh fj-1te::ed a:¡s liquid a rvlritc suostance l:ras obtained,

obvi-ously not 'ç'ne Fãi?r@ ås tltø fl.oecr:l+nt compound-, Tlris

rriateråal T¡as lnsoluble in athe:r, strcerrhgt solui)le ån v.¡å.'L.or

arrd d.j"ssolved. ireadil-y in ethyl ¿¡.-Leohcl* Jt :z,reJt*d above 550tt"

br¿t 'belc,;z red heatu the vÐr:í dilute r.+*.tel: soSl¿È1on g{::"v& å

pÏi vaïue of 3"#,9ke substan*e is proT:abl*v an ¿rcid srrsSi. as

n:el]1-Ì;i-c çr plrrrrsel1åtie pr"*rJ.uced by the scLutien o! jrríg]ner

oxådes of tarbone sÐrïe of r.','hich. are ai:ÏryCi:"ides cf th,ese aÐide *

'5r¿eh" cxj¡-Ces å?e 3:r"odueed in eLectríc d-iscirarges, as rnentåoned

b.y i\iell-ûo4A "
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Ðistil}e*ion of tilc; clear fllt.*reaL liquic- feor: ti"t-e

ga,:-b*:: elesf.rode tLl*cha:rp;e fail-eå ia Eh*rrr tire preseäte c"f any

r¡c1atåle su.bstances; slrr:1-lar re*u-]*s l?ere oh'bained i:y Forvler

at'ld ,,,avd-les21, uiilh srparl<æ Í-:r c:'¿at:"ic liqu-icl"s , a.nd. ihese ,;.'orkerg

also obtai::ed a sçlid subÉ'båneë af, hi.gh mel-ting pol-ai buÈ

u-nd.e t':rm ined. f *rm:.'J-1 ae

ö" $o1ld Frod-ucts fra;n l{oia} E}eetrod-es:

J-ectncd-es

+f alsr¡;ån'L"r;rn, coll.oer, zÍ,nÇ a:rd ilcn yieS-d. sr¡L9.d $ubstÉlr:.ee*

c*}}såclai in el:.aracter ,buø no,* eol$ " and *iose3-y resemhllng

th.at í'l"*rrt i;he eavbon e3ecÐc'*des 
" 
g.cei:t in *clo:"u

Ylr"e ssppçr aorn'¡ro'*.nd ås s- blue*green suþstarite,

eornpletely soSuble in affiiionårm i:ydro:sååe and Ï:.;¡drschlorle

acåd, tÏru-s reseshri j^ng **errXrrå* h7tlr*:{iclc:rt " Prolorrged bc$-ling

hÊv¡e.,¡ero has 'Litl;}* effe**u and thi* t::eatq:eir* i.s said. to

'rurn *upríc hyaroaide bl-aeÞ:" The s*l"t-ttion is rlistine'bJ-.y a-lkatine

rvitÌ: pTI 3"ã wh.en saturated, an.C Sives 'hest:; f,n:r dissol¡¡ed

€ûppçr" Çolorå'rneÈrie d*ter;rinet,Iç-a liiiv{i i6 niil:1.?'z:e.rne of

*Õpper p.er 1:Í.'cre a*. the saLui¡llf-i;¡ru bui no <rate *ould be

fou-no- on the soLrr.Érilitl¡ *f cul?r1t htrra-rr:xice" fhe *omp*u.nd-

frrra: the Ci.seha:"ge i"s pro"*eir3.y a ltydna*æd- hyd:"oxideo mixsd.

,¡ri+*TL treydraterl o:cid.es "
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The eompou-:zd. fro¡:: z,Lnç cleetr*d.es !ç parti*-Llg

*eluble in arnnûniu;a h-1rd-rcxådc a.raci acåd.*, but is f]-oecu-1;:-hed.

bg tl:.ese reagents; "rt is scLuble in aruroni*s chlo::ir3-e anc is
pr:olrably a hyd-rated h-:rdroxirle o: sliåde simil-a:: ta t€.¿inc lry'i"roxid.e!¡

wntcn ¡¡e13.s::4ü ÊhÐi¡,rfi js nst definl*e1y a compou.nd, ln ea-turated

solu-tion of ëhe sullsljsnce is aLkal-åne r.rÍ-ti'r pTi ?,6 anÐ:.oxir::abeJ-¡,r;

f;erþtzerwûree areing ivi-th øi.ne e1e**::nel"es in a boz-ic æ.ei"t ,s*lutiæn

of plI 5,ü yenders tlie *çlutictr liasie {nî.I ?"5i in få¡¡e lìi:"-yi$.teso
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Ct ¡T lii nî 
^ 

il 'tf e!.) U li Lt: + ri & .

ti:e f+lÏeryiilq ociltlu.fiions Y{1û-:{ b{å *.rawn

r€gaîciing ii:e prûCü-otfr ûf tkre lcr'¡ tens ion s.re d-is charge in
liJa*ÊT" 

"

1" i:tå¿h Ð&Tlna:r: eleeÐrodes i;ïre gasÐous prûdïlctÉ â,!'ç

lï¡åiiily TiSrdvot*t, calrbon HoylÕxj-d.e and easbcn di.r:xld-e, tvith

sn:al-l arnou¡rre of satuvaie'vl ¿tnd" imsåiçr¡¿'bed. lrydr*ear'bçng. The

p::op*r&ions of these gãses are n*t tirtise forlnd .T:;¡ ea::lier

t¡O3'kärs ,

2u Ti:er"e åe ns apprg*iable Ð"mcunÈ of fþce üs.y**n

evol-vecl trow tbs rtischarqe,

5" 1r¡lt3Ì es.rkon eleçtnodes ther=e ie al"v+ays at Least

lr4, nitva€le-n tn *h* gssoous Þroåil.ctsu and traces of'Èhe Srydrogea

resåst oxåda,i:ion by sed. h.a'b crpÞer o:(åd€"

4," Tire proportions af lryd::ogen and. oxygen i-n the

gâ.seouË prod"ucfs are not sfr:iehioeiets,åsu |Tiene being eonsid-

êLåble figjicessrr cf 3:.¡rar"ogen"

5" ii;¡i.fh. carbcn electrodes s.r: ii'rsoluÌ:le i'i-cccuLent

si:.i)sÈance is -fcrrued, r.¡e?li¡ !r'oî:*bl-;r graphitic oxicie, üi:iic3:

receni, tr',rrfi'k $llc'øs is rea-Lly a l:ydrabaú" cayþa:r oxåd.e,

6" l¡.iåth øar.]nan. eiectg'odes e scl$ble sui¡stanee {or

sul:stanaes) ts forned-, defi"nli;ely lle:idä-c a¡:d. oî hrí¿ql: Heltj.ng
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point. This material 1s pnobably one or nore of the organic

acids of vrhich the carbon suboxldes are anhydr-ìdes,

'7 u'f¡¡lth nietal electrodes hydro:<ide-like sul¡stances

are forined the nature of r¡hich is indef inite; authorlties
disagree as to the exlstence of hydroxides of the metal_s

omnl nrrorl

8. There is no hydrogen peroxid.e or ozone formed

as a final prod.uct of the dÍ scharge¡ no tl'aces of theee

substances being obser.ved_ in the liquids and. gases.

9" The o)cygen found to be rrmissingtf in the gases

is probably aceounted for by the solubl-e and 1nsoluble

substances forrned in the discharge; due to the inclefinfte
natur"e of these substances a'rmass barancert can hard.ly be

obtained, but they definitely contain oxygen,





n_. * *nU_"*¡L åg'LgLå. "q]}Eåj=pË. -.;
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üur::ent 1s lr-su"û.1L:,r neasu:.ed dj-reetåg b]¡ çal-i.bra'ced ar:ri:ôti:rs,

nnri r¡c}'ilapte 1:;r 'Llie votr-ti::e'bcr; i:is'¿i'u¡:or.'Í;s a're *.¡¡ai-i.e-b1e ,.e*ding;

li i pr. o j:'l =.; -"t -¡ t-t¡ -l- 4- ^ ^ .ô *]t n.-- 'lr..r j i.r ¡,. rz:qr¡v\rrtJ r-¿.r r(d,tJLrÈi9 ijJi.:ç LJ! -*Ctild.i.l$r"

T* ¡,vaE soo:? fç;und. tli¿lt thc å¡::ìrle¿er a3?d volt¡re*es' Gûi:.}d.

nrt ile usÊd-"bo ¡reg.sure tl:e Ëriçer sîlÊpl1rd i;û tire dissh.år"ge

.f'or any leng;Èir r:! time du.e tc the eåtreire rapicli'by' ni*lt çrhtsh

the Ëì*rfz"¿rnÈ and. arc -t:atenti-a1" ehanges, 'These o.l"tÐ-nges ean be

dj.vi.ded J-nto tv¿o "cypee: tl::e:Jse in volt*ge and d:.op i¡: eur.::ont

fcllcwi.nflj Õn an J.ncr"ease ill 'c,,':e a.rc J-en¡4tÏ:., .suci: i:rtrease$

rrsr-r-all;r hein65 very rlinu-te, and the exts.eîr'e Õfit:-dåtlon* sg Itr)¡¡entt

&nd 1'lghorted,ff gr'ðu TrrÌiÊn. è1:-e -cu::rei':i: j-s ver'-¡.¡ -.!.ou anC. -rsî,lr }ri6i:

rËFpeetively" Even rritl1 SO an:pereË and 5û i¡*lts the und-er

water d"i*ch.a::'ge l"s ,so fluetuatång that the -lueterc ca::n*È bc

kept stee-dy fpr periods longer than 1O seeonds ; r¡¿j.th I orer

eu::::ents the staï::ility ls evi)$ FoÐper,

Tnstrffiüents ear:. be obtaitzed. which reçord. vol,ca4e

and- eirrrent fiuetualisi:e sn resordi;:g Í]aper passed. uncler t"ne

pen by sûisÐ iegsiianiË41 iTlçans; lnvesti-gaiion $hoE¿efl h.oi.¡e=,i,,g3:s t¡at
th"e tr:ast:ructi-on of sueh derricesr siåj!¿þ]s for me;¿srrring th.e

€:Ê*essive fluetuatåons d.lseussed. abavç, v'rorald 1.:e proi:ibiiii¡etry
e$.p€nså-''¡e" Ti:e ËaÍx€ a,üplied Èe recç::c3.ng r¡rat'L::i:etere: ¡¡yr.iåe}:L

pür3s*Ës a furëheÍ dLsaCvantage d.is c'Lrssed. l-a.ter., Ï'urti;*:r.i¡ û3:f e

aftes' øaçLz pÐ,Tle it 'dor¿J-d i:e neeesfià?T to labor1ausl3- t'average

rr.plt {rby' means cf a Fou::j.er ilccr;:-i-ire, far 1l;s'Lancc) t}re values

::egoz,d.ed by t?:e ånstyustei.l'Lr "
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llhe h<:atång effe*þ oÉ' tlie elect:'is s'¿rcen'å: pr*r;i-des

â i/erãr *r:nv-enienÈ mefrhcd for Tl¡e¿?s11r'i,ng electrieal eneråiî)¡

uùten å?ie ra'he ås fluot:uatil:ig raoidl;i', sincç 'Lhe èaÈa3 kieat

r3.eve3-eped. in a g;iuen '6iyile ås equal to tk:e totsã erLÐTßT eûn*

eï¡3ì1çd ín the heating eiyeult" The appll-cetlon of ti:ls pc"j-neiple

tc measuy"e tire ireat devçlcËeC, or tire energlr .eir-pplíed u Lw

a. see*nd. eire;.1it, ?/a$'bl:e baÉis cf tl:.e de¡;åees cleseribed"'belcl'¿"

{a} The heat ci"evel*ped. l-n an elee'r,ri-ca1 corrdu-*tnr

ean 1tç *onvenien'bly ¡:1ea{ir-¡.1'ed lil¡ fitrzersin¡-;: t'lLe ccnCu-ctor 1n

weteï i-n a eal*rime'bçr, ëlti.s being ii:re r",e11 knotvn el*st¡:ical-

catrori-metev, In Figurq õ two eimpJ-e s:l-r*:-ritæ arç girron,

of "u¡¡his}: ri"Alt will }:e d1*e essecl hr$re "

T}:e 1fnç js pessecl th:.ongir tlre heavy resl-r¡"cance E.

Ëo the ar* dj-seharge represented by tti+ gåp Ð on to trre ¡¡aria-ble

reelÉta.nce B, ttie ehange ireing i:nad-e by the sr¡itcÏ: $" The

cær¡:enÈ'florEs f:ror¡: lhç smÍÈc}l throu.gli f!1 {*. }o"r resis'bance

lreati-ng ccil" eonta.lne& Ln a *peoiatr eå3*rimeter) ana the

arnme'be:: t1 a:rd th-as ir.ar'ic. 'úo th.e l-in.e, The e'aítr ß.g ie shu-ni;ed.

a€:'gsÊ the srç t and ';h.e &tz'rren.t th.roragÌ:r È.leis shu-n.t l-s ueasuned

by i;ïie e-:::¡"¡re'bev, #g. T?le volt;¡lete:r E indi-eates 'çhe r,'o1Èage

åer?s$s the erg Èe:::ti-nele "

t1:e eÏ:aræ.e'Le::iEtiss çf tl:e eis'e $-:i.t &it* as fcllo¡¡¡s :

î{tr and H2 *re çoneÈant reeis*ancesp a.nd ä l-s *CInstant du.r'l"ng

anlr runi 'blle are Ð hor"rever has s,ï1 ltapparent?t rÊsÍstane* -rlvh1eþ¿
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r¡43.åeË .f,rero øn- Tvtfi.ntteJ"y greaÈ -.¡*.\zt-ø t+ praetJ-*azLg ø&yt.

tlhevefore H eannot b"* made }a::ge encu.¡çh i;c pre vslrr* tlre Låne
.lroå'!:ap;e f¡:cxr elranging v+åth tleç troac through Ð; in pr:aei:ice

th.e rrç¡'r*e1 L?û v¡t]t,p wæ,s €ú:îietl;*es g,edl¿eç*. to leks "*nr,n att

:j:Ï" heaqy e¡::renis rter€ d:na'irr¡¡ T:fcnce nct only ßoee the

^claan&Ì.ng reeieÈs.¡reû, of * affe€ii tb,e notentJ.al di.ffærenses
q'*rûs$ aLl tlre:"esistaneee Ln th.e cåyeu.Ltu btr^b åÈ alsq a3Èesre

tl:e 1j-ns vc 1Èa.ge, irith resultant ehange trn pctential_s all
thrcu-glr "bh.e e ír,eu{b" ?hjs rnrattipligit3r ¡1f vapåables,,r¡akes
-Ë)Ð11í #T :rea#u"?eËient nathe:r eoæp1ieatec *

sinae lTrc resåatanc* *f rå1 ås *onsta;:t t t¡,.* treat
d.ev*Leped fu:. thç eal-o3.r"j:iete:" nepencl-s rrpon *lee sqäsre *f tlre
*ur"yent flci.øÍ-ng;,åg Ë åe t3ae.::içe åzr Èe:lperaÈ:çrs erehiblüed. J-n

the sale¡::imeÈee ån tår*e, t titen v¿e have;

A aaLåbpatloa tue've r;ra;r be dranq¡r neåatång lte airrrenË
t* t?ie faetc:¡ Vffi ; å¡r pra*tice T u¡as rneasuxred. by heving Èhe.

heatlng eoål, of. appr*xlwe{ç*71.g o.l-¡:n,s xe*tetanee, åæmersed, 1n.
vraÈer tn a r'¡e1l-*Legged eal*.1ir::e,cer, e.ffåeientåy står:,ed.*, Th.e

*r.aec"çnt vr&fr $:easu;f.ed. øith #tr and rs.e kept stead3r dr.rrl:-:g üå,1*

i-bratåcn b;y substituti.n[l rhe c'eeietançe B for th.e ar* Ð, în
tlii"Ê eray the er¿:'rent fSov;rlng tirrough. the eire¿i.t eould be :

d.eter"*:ined.d.j.re*Èiyfa'on:the*u.rv€ubyobservång..bhets}taj-

rise in ies;Ëeruatu'e du-rång.a gi.ve* rueaeured ài¡ne, iate.rvaf."
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1lï:eí€ *fe #evçrai- ¡¡s::1aiiçns rs{ *12* *ai*uiai;i-n6

m*¡¡¡,r1. ìlûsÊibi-e" iitith e. stoall-rl A*aü- a::lcl 1í::e '¡oåt*¡ie fh"c

ser"içs *&Tûr*trneter. nay i:* diapen*ed- rr¡ifhp ,tinge "i''¡J::en ';h*

&r,# :"ÊËistane ås gcnsts.m4 '*h.* hea* d-e-'rel-c;:ed in the Shr¿n*

c ls:rl¡:reter i$ a fuaetiÐi1 ûi' thÊ çurrent lhrc'u.E;h tlr+ 'tlrr¡.n'c and

a]-s+ *iffo";gh ET,* y*eím e ig-eu1t, fia}åþrail+zr *lj-r\rtg u:a.y i>e

åre"ç+$. t &:tl(t bg tÌ:+ çse cf a single *xLøwLr*s:tr>r Ë?re rnçaa 3lt',¡,rev

flcwing 'chror;"61t tlre e.onetsnt 7'¿a.ð- raar¡ Tsæ easí}y eb'cåån€du

-jf Èhe caï*rinete::s ac'e ï¡el1 cûÊstnrsted a::C 1:4.-ve

vei:3f tolç rad.J.ai:i*n and s*ndltetisn losses "chc h*at deureloped

raay ?:e niÊåsu:'tcl rl3-recf,}y irr calpi-f Ês, kn*v+fu:.g ti,lc ne¿i'i; cquiv-

alent* Ftrrm tire rel-ertlcnsh.3.ps E,Ç"t, an&' ü4*33.t* the asvven*

and" volta¡ie may be :xeasu.recl. d"Ì.re*Èi;,r lvå'bhout i;he r¿sç of' airy

galibvatlo:r gu:"vesr efu:ce the z"æei.süatr*eË may be d-eterni,red

Ð.ßour&ts1.:¡" ?ltås :neÈl:od wae fou¡t.d to i:e eatisfactcry, st":-"!:jee*

to tire d -jrs cu-s s içn belo-ç "

{b) In tåvcnì-t *¡Bffo Figu:e 3e ie shorqon a i¡*.rå*.tion

*.f, the *aLtt=irncte:: prånelnLe 1n,n;,-ïrich the tr,"¡o coiL-qo se-ries and

s?iun*'. ä.r:e ir:i*er,*ed in a *1ngle ea-lcriar*te:" Liquid an#. th.e

t*Èal" h.eat measu*ed" Thå ås sclrrewhat ihe ßa.HÊ as 'sh"e weJ.1

knsi¡,'rr $iemcnç* 3Þ;n::.ar*oæçËer ,f'or r::easus'j.ttg væ.i;ie di:'eetl;'r, iLs ¡rvåti:

*he ab*¡rç eirsu.åÈe th* hee'b l,ra¡r be neasured" CirecÍ;iy ii: *al*rice

cy the ånst,rurlent nay be caLiiri:s.ted a.nú. thø *ieån v¡aits driri-i:g

a 3'ï13-i deterr:ri"necl frai:: a sal-åbg'atiçn c,u::ve.
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ic) A1l" *f ttrrese devi-ces 1,r.il:e fou-:nd tc girze l¡er-'li

satisfactory zesr¿lts rryhen neasurinlï tl:e 'lftrfi:rr eonsvr.i::en by

vs-?i-Ðlr.s ecnstant leaCeg wþen eirl+liecå ta Lhe arc d.iseh.a-r'ge

howver, v,¡id-e diserepaneieç w&Te found" The t]:rerrr:al aÐergll

evCIl¡¡ed" by Èí:e alfse!:.rrr,qe vrå.s i::easured by ruetlicds c¡-fscr¿ssed

i.n Èhe nexb seetlonn and J-r: evÊl"y ßese '{:}ri-s evol.veil evies:Sy

was faund to be Ërueh sTnål'ler tnavt tlre j-n;rr¿¡ ensT'€iy evÊn ef'ter

çornee'cing for ti:e cherr¡ical ene:r¡;ies involved." F'Õr er-anrple

several ru.i'rs qave the fr:11o'":lii:g ¡:esults:

}ìnengy In¡rut tonverted
tc #alæleg "

ffu,i':i ru-årT *** S5r'¿çP ts--l s "

Run urBlr --* g , g5o le

Ër:-n 'r ttt--- \L "4.4t 
ri

Ei:iergy {¡r;-'i: pl¡-t
11 r \

t fìeaî J "

l?e 6üO cals 
".

lì r-.Ð ä 11
rJ t ùu\)

t7 E"i:,{\ lf
' t t (rV-V

lhe €nçïSy u$¿rec*unted. far usuall¡,r araou.nted 'to fnom

3,Ð'S ta 50jrl of th.e tot.al lnput r¿nerËT i;.s æeåreilred bg the r¡arisus

Çåltrirrieter nie'Lhçris. Fts a prüeeÊ$ cf el-i¡¡iinati"*n t}:e er:-or

T,¡âs f,ou-nd. Ng Låe in 'bire r:ûtr{er m€asr"l.reríÌ€nt,

$irnple *al-trela'clon sh+rvs th¿¿b when ti:e 'DÐ1Í'tÐ:r oit vrattage

suppl{ea to any d.evice Yar-1es e.Ði-isid-enabÏy, the tL:ue $eån îiol,.,rêr

cbtained Ïc"i¡ avævaging the åncliviri-ual- r'a*es '¡;-l'r:h. r':gard t¡: the

tíme af flon, of eaen, 1s iestly di-fferen* from àhe v€,Iue

obtai-r:eü by ruultlplying to¿letlrer tTre rueå31 eurrent and. j;he rfeån
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.;rl-+-a.lie 3'(sf4istered Õn slTlll 3'etcrclir:.p; i-::strÐlíle¡rt* " li'?,re 'foLl av¡*

ing caLei;}a"ciün i$akee ti:is *learg
ü*nsider the :'lolïÉl-e ri--l:i-ided.

int,o four ra.tes , el"clt rate f louinq fo:: lOO eeeoad-s, tire toi;al

ru.n being 4ût eeeondsu The 3-oado as in tþe ease cf tl:e âTtp

ig nçþ s. t,$rìËtailt S"egig'nuan*ø¡ Sû thAt træf* ig nC:"el;rt:'-onship

"tretv¡een the c'¡rrrent' l\ottiir¡S;: and- t.l're ap'irlied- rreltap;e ä this is

tl:.e ke-:r rc the Frhole Éif.1lir:ti1ty" f,et ti:e rates be t

Voltc:

;imperes ;

lïaÈts c

õ580
2t152
6CI 9û i6û

OU

4

gß"{} '

Fiean voli;s i 3T "

*iean eurv*mt: 11.

Mean vtat"tage t L37 "5

ïfere the mea'¡'r Ty*.ttåg€ is cbEa-Lnr*C 
.trr;'r arteragì.ng the inclividue.l

va.lues Õf tl:e ;+olïer g5.ven. above $ b''a-,,, tite nrad.uet of li:.e Tiiean

cu::renÈ by the niea,]l liolÈage gives 4t? rvat.ts, a 5t?{fi e::ro:r I

fkri.* l,ras tlie ßou.ree rf Êrr'o? in all deterr:iínations

¡nede ,¡¡rLlt xht¿ nan:*Êrç*vslte! çalcri*:e ters. Tt $r¿st T:e notecl

h.gi¡.¡t-,'-r,t" t?:'at the err:+r 1s ind-ey"rendent of the netllocl u*ed, ¿rnd

would be evi,den'b r¡J-j:3r *l:e lrest rcccrrj.jllÊ m€t*j'*<" The only

soluticn ç¡sr:.1-å þe to ranltipl;=¡ eacl"i indii¡id.ual val_ue nf 'bh.e

cur::ent art& voltage, r,*sarîiårÊ ti:e tlme i'or rsl:ic|t e,acTs ¡¡s.l-ue

fi3"oii;ed"" and. average tire results; perfe*t.accuracl¡ i-s af coui:se

fitr f eara ËÕ,$-qi.bre aaci. the ne"l;hr:d lcfiuld 'lle extreu:elv lel:c::ißrls,



*61-
;

It is ther'efg:'e rj-erirabl-e l,o ei:l¡r]¿y ¿r, instn¡¡:ext

reading di.:ieet3-¡¡ ti:.e a.v*î'â-qe ,¡,¡attg d"uz"Í-ng; a ru-ïjÞ anii- such. a

d-evi,ce r'¡as c¡u-i:ii"ned aþor,'e" Ti:e errrrs fcr;n¿l, r¡ith tclis Êa.l-û3'in:e'ser

:iiat*neter i4rep.€ sf, *. mue.lr .Ernalle:" otcd-ez,iJr¡in those ptev:iously

rì i n n-r'¡ e .: er.J Ì,re -î'n + {r"ê ?'ìê'r,¡rå 't I -,;" 3þçU-'b :j-Ofh " Tif iS ,.T¿l.S be ¡,tn"¿ *ta"uruv4sruú, vvLt:!'. ¿1v¿¿v: lau\iv-i.LvlÇ

lirnit of e::i'or ¿:f ihe irietiioits o insûf¿:' as ti:e ectu,al I jersure,lcnts

ì'',3j.e CÕilGCJ"ned.

In g"1'$ernatång ç,¿rrent Ëi:ae ù{ ce it is Le1l. k¡:*wn Èhat

É"ren '¡:Lt,n a pswer lìaetor of unity *1:.e cri.3"f i=:rt í:e1i,lter+d. lrpon

a :ueter. is Jlût t?ie tr'-,¡-e tr:¡frê¡:r'ç" Tlre aniÍit'her" :.ep;is'Ler,ï èhe

sqlå*.re roct cf, the üxe&n $qLå¿u:e çsJue of iirc cu"r.r.ent, anC t!:le

J-e ccnslclgnahly d,iff,ez,ent frcri tJ:.e ;i:æan *izærenþ. T?:is eri?or

ås inhercnt in 'eb* ca-icrJ"'rel,er nethsd s.s well, sinee ¡rol-*at¿e

and aiaperege are- l:ctlt deterli'ii.ned fr+r¡l olthe-c" CIf, Èlie 'bv,'Ë equa.tlon.s
fiTi"t"Ío ör üt"-r.'!.i r:.etr-rally both €cr:ta{n i?ie ter.¡i #2, so t}rat

the ealorin:eÈer nees'LtrË$ the squä.i-.e *f the gurs.enÈ" Õver an¡r

lei:ig.;tÏi *f rinç þ'n* \tea-ç iE & t;leå-sï-?,ilc sf the trque.T'e r:f ti::.e Çurrent,

sç tiraÈ f,inal};r tire sqü-åre r$üt of the i:l,Ìan s,o.¿Llerae val-ue ls
dei:crinfned." ilhviouel;ru this ås naÐ tirç me¿n cu:rrent *

Phç eFror lga.s f'cu.ncr to ì:e approxirriatel;¡ equ.a1 Èo the
??e:{Éessr? cur"renë ånd.icated ån the poi¡eî ïies-Él-1r:rlac::'i: , *çsyrecÈion

eantrct be m*.de, Êiftce it i¡c irnpossil¡le to e:e.plc3r a fficlts'i;riTrr¡tionrt

forrnrela, noihing beíng knorsn regarding the ¡xoba'biiiiie:rì êöi?It*

otirg tho raeaa current and- the tl"ne d.'uri .4 r,rliich -bh.¿-L u.lean

value aetu-al1y f lorvs 
"
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rt a'ilpears 1;hat 'cl1e:"e ås nt inst?'urílent a-v*iLe'ble

'Li:*-t 1:,rs¡11S *$nverr-:errt11;" ileåg'(-?"rt the ue"i;'Laee uncie.r iire eancl-i-tlons

sf ti:*se expe:.j.ffients; çúnst::¡--.eticn is by no Heans r:lpos,tible,

but c(,ìnsid.ering tile flexi'l:iliiy and rÐ.cidii;y cf resl-'oTl.so

rec¿uíredu vrci;.icì. preseat diff1eulty,

fu *-{gæsrs.pçff.*pF-t:*Ê*1€e5---än*sg--*ssåss#
llånce

the rye diseharge oíre:ates 1n l-iqirid" l¡¡åi'üetr J-t rva-;¡ rec€srii"::¡,' to

*,wpïay th.is 3-åqui-r3. in s.11 hcai; nreesurreri:entgu cLireett¡¡ ûr j.ndårectl;y.

Til È}ri-e secti"*n '¡:1se neti:r[id l¿serI, toge'l,i:rer r¡-iÈir ihe fJ.r:a]. ancL

aecr.rrate device develoFed, i* .qi ven -or'Íef 1;¡"

ta-ï The siir;plest calo::i-metev enpler3¡s *he d-iseTro,rge

11.qr.;.:ld as the ealori¡:retc?::.c liquid, the rise {n &;emperati*e

be inS rea& grt å. Èherr¡onretÊ¡r. Thls is i-n:lrractiÈa1 iror'¡e lrel.e

beeause tbe ecllection of the gÐ.secus prcctu-cts is essential

Ln ealsulatiCIn of the eheml-ea] energies lnvo].vedi the stirrers,
thernorrlcter etc, n-oi-rld. have to bc introclu-ced" iirto Èire discharge

3-1qi-rid. thzrough gas t-"tghÊ joints, T.ne }a::ge bul]< af water r:lalce's

lon¡i; elcçtrccles necessÈfr.;'e and ùl:.ere arç ttller lie1-'r.cr clif'í'åcr¿i'üieË.

{h} É. çui.table devise enp}*ys Èio,.o ehar¡:bers.. *n&

fonruångç the dåse-tta:=ge slna*r'lrqr ancl tl:* ottrer the calorimetÐr"

The for:te¡'1s as srrall ås ppsslbtre and. ie irnr:iersed ån iÌ:e lar¿:er

vessel-. 0n1y the d.lscharge vesseL need. be gas tight and- i:he
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eå1Ð3"iil1sie:r Cayi be *f' eonyenienti-.¡ ûTJen Us"*stru.etåcn,

{e} :\s vril-L be sncv+n lat*g', nìån;¡ e.:arat'c€:"J-stics of
'i;he disehar"ge ilepend u-'¡:*n. 'blte ierpe-::a'¡v.-:.e *f) Èlre i¡¡eter¡ st

1:hat 1j: i.s deeirnSrle t* leeeç th.e liqu"åd ¿at a eonstant temp*

er¿:¡"tur.e du-r"ing ä"n önerg¡r y?Ð, tlrer:-latiçn of the cal,crir:eter

v*ater is a rough ilethod-, ¿rnd it ,.as fcr:.nd tløt: cpera'blng the

sr*ç at tlre bcilìn¡ç pr::lnt çf aatev wa-s Èhç r*ost sa.tlsfactn:ry,

The h.eaÈ d-eveloped can eanii.y i:* neåE!¿¿'ec1 by.bl:e ïrea'b evelved-

c:: *ond.snsing tire s'teg*i,

fhie laet *:etl:çC ¡,vas erriplo¡iBd in eLl accur¿ri:e ru.¡:Ìs q

Tïre arc s+as ope::atec1 :in a sr;ral] inetal or. glass ehanber, h.eat

insi¿ls-terl as pÊr.fec,tLy aß pÐssi-bl"e lvit,h asbestas and catton

v'¡ool u atú, blte stea¡n led. 'bo soTre f*rm of caharineter uirÐre it

1¡Jss sondensed by ecal" crater" Se-veral- Ðreeau-bionË wel.e observed,

Th,e metncd. depends upon 'bhe aaeu:apïion that all th.e iaeat evolved.

is s-ûent in vapor:sing wåtery ,38 trþat-i;ire disaharge $iust be

s'ba::ted 3.n "r¡vater just at tirc boill¡ig çoiiet" ??rås vras agsured

i:y'che :u'xe of an electrlcal }:ext3-n,g ecil;l-*'hh.* åleaharge

ehai:lber u -gT fieans çf i¡*hicl: tlie l'¡å"te i' r,;i:r-Ë b::ri-i;'þtr 'Lo i:oÍ.ling;

LTle *oÌl- rvas sirut cff *. ees*nei *r tv¡a before t.iie 'Lre s"rarted.,

anú- Ïref,oi*e cûnnectia:n ws.s ri:s"cie 'bc the eoi:cl-e:rs1.¡:g calr;rineter"
ålsa , '3-t- v;*a ne*ecss.r'y- tÇ eo:"re*t for tl:le h*at, girrer: l;-p in the

ç41*::':n's'bør by t}:e *çnder:sec r¡eterrlli ;oolÌ-ng frnr:i lotûÇ" dovû?

fo t-i:re temperatr:,r'e t:t 1-]rr* celorl;uçter rsatel. "
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äçrne of -bher r!l-Õs j: i:.*âtt* -rr;;:s braceú- t* ::egåetence
Ì'^'-+- j'-^ 's '^ ''^'; eic*tr.*¿1* -ï:e:,rail:a-l- ecnil:ect,iÕïì,*e e a:,b*n-r:eÈa1irç.rr- ¡J Jl¿t! JJi L:..:ç .-i Ltiri LJ"LriLç ¿-.úJ'l:: j-IlilJ U(j.tIr j.L;U t, ¿Çji'J I Lt¿¡1.'¡iUIl,

*onçacts being of hir,h ¡:e sistanc.*. ?l:e ::*rtE ,,;\:*:í:e ti:+reÍcre

cÇllper ;:ieted." e* 'bhat el-1 e''l-:::'ezit a.¡s.g *c;tduct,:tÌ- :"i;;irt t* '¿he

a:"c region, ,¡,íåthi31 a *en',Ii¡ri'**e:: új: st ûf tne Cischrrge, TTr.e

he*t eqt-L:ir.'¿1el.i;s ;.]f '¿h.{; caLc:i.r:ietr:r's fJ#rfi det*:,:r¡ånûd uiÈ}r $i}rt
r-ccti:lfi.c;:¡ t]:r-a ti:e ¿rti:e-r î;rÐÐ-#u,r*r.l,{Ìlrî;fi g s û thaÈ al l û3:îür,s ïiere

f i i:a1J-;¡ '¿r¿:.cecl 1,o ti:e ï)o',..cr. t:i:a,si-if j:'i¿l d.e vi teË ,

{C} T}re fneùabi1Í.*,.;, r:f t}ie iì.ye s_$ :'*ga;'ds tii* llolrer

år:put h.e,ø i:eçn repe*tedl}' r¿:enti#y¡ed^" SIle fa.at *h-at r¡¡åth cur::ents

*vÊr" 1O aaperee ti:.e çurr*:¡lt and vclt*ge rnay b* irept pr"ectåca,L1;,r

*ci:st*:?"{: for lCI'Lo 15 eee*n{.1s led to *l:e rlevelcprient *f ¿. se}*
r:ri:¡eIri* ¡neth.od p¡hie.i: çeu.]ä. €:lr¡ê &cer,m€ite ::e *¿tlis in ,ciiis ver,y

short time ir:.t.era¡-l" The lia",gås cf 'bhe :;:ethocl wB"s tÏ.:.e novel

#*nnt*nt Í1çw fin1ç"¡:i-rneter cf, #atj"nnd-ar +-nC Barnes4l or'lginaily
ercnlcyed 1n d.etern:in.år:g èi:e di,nranì,eaL *qli"ival-cn'b *f h.eat ?:¡¡

'hl:.e eler:t::J.cs-1- h.+**"cinq rce'bhorl, TJ:-ç ¡rodifiçd ap.qara,cusu a.s

:-t*ed. V'¿j.th tir+ .l ì <;..1r,,:v¡r:rr: .Ì q gii01'-,n ån Fågime 4" u

Tlhe åre opÊråt*d- !n. v¡ater Ln the *hamber :1,u th* ¡,1.?r.a1e

b*ing raiEec tn the bci-l.-q.l:.i: {}t}i-rlr befçre the ru-r: ir¡¡ n+*.1rÊ cf
*hø il"fi, el"ect::ìcal ]:eatf.ng cail K, ,r!rc *t+a*.i Bsssed ttri:cugh B

'sa 'çlre i:eat eaehançger and gonrlenser Ði tl":,e lnr.er tr¿b* was of
Èhin i:.:etal t*-x ra'pid heat cond-uetíonu whi-Le .L;:ç o.'*ter ...vas of
glass, '.
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Á. epiraL cÍ hecq¡ ecpî"'Ë):: '¡..J3'e ff.'ctÌ.ng ]-*csel;¡ betr¡¿een

tlne *1"¡* *l"rbes *erved. f:o gr:.ir:e *he crates' i.n e spi::al- :¡nt r-on*

tt!:"e coall:rs çe'*er- $¡¡-¿s -t¡taLned f::c:x th* 1?eo:lst*at head.rr rle¡¡ige

Fe whieh rïâå,n¿airred- an erbcä.l-u'Le}ï cÐns'c¡:.ni ,flol,T pf ï:etes, as

-lon¡; as ãn €r"cess tïâ.s suppl_i+d t,: it; the specin.t elj_p G was

of fine constru-ctioxt, eneh1i-ng e3,ose c*n*:rol to be i.iæut oa

the wator fl"çw rate, ?he li:'bake ç**\-i¡:.F" t¡ai;çy cj-renlaÈed.

aror¿i:.d t}:e Beel<,tann thgrm+'r;re-t,¡r" hr.¿Llt T3, Fr&ssgc1 het,,r-een F and. L,

and t.iir*ugh. T{g to ,ï, ãr ffeå.$ìr-ï'ir.g c3åindee-, fiaç 'br¡r,o #hal¿Jrers

if1 å::d. T{g nr*rs designed e* that t he r'¡atss. *ireur at.i*n" ï¡as

effåcientu ane] tite tw* Becknanrt th+r.rncv'¡eters T¡ and, n.f2 ir€ro
-,rÊry 3ei:Ìsitive to 'beiäperav,.:trs *}:a::.E*, Ti:e v.olum* t:f r¡¡a,ue::

ån th+ È'Libe L d.id noè excee d" 2O c.*s o Eû tþlat lvith p- f 1ori. ra'Le

of 6üË ess " ;:er ninuèe tÌ:e tube '¡¡as eo:::pletely enptÍed e \7er7í

3 seeond.s, th.e:'e.ças Ð, s3-i,giit fag in ti:e re.srronsÊ of the

output thernt:neter ?gr bu-t tiris register"ecl any cleange in heat

inpu,t 1n abaut S sesonds, tr*a.eirin¡4 a steatþ state Ín F.i;o 1û

seccr¡ds depend-ing on ti:e ar¡ount *f' heat " the wa-ter f j-ow z"ate

ìvå,s ïreíisured i:3r uieans ef J and. a stop v,iai.cl:. , l,¡híi.e tlle aqpelied

ol'or:ndensçc water fr.oe: å t¡ras e+l1e*t*d. gnd. n¡eas'¡-r:."*d irr E"

fi:.e ad.vairtages t:f i3lis net;iod år nu"¡rtôrous g aLL t}:e

scnaitio:is å.rË per,fec*;ly eÈeady so tbaÈ tlie obsorva.i,io:rs oån

l:e mad-ç wi-'hll a1rnoet r:o eo::rectiÊìì$ " üf eci.rse *1:.e entlre
appara{:'iafi yias r€ry rryell- Ír:sula'bed {not xi.:ov¿n in ,c}re df a¡:iranr}
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fl1x¿ Bjnee åhe rise in -i;ercpere-i;ure J.::- 'bire '?sal.orir,ete::f1 tube

i!n1s.ç *ni;r 4 C3" 5 d.egye*s, tlre yadiat,å*¡: l*ss u{a* t:::actieal-1y 3€roe

,llre v¡ater engerec at a tei*pera-ture s}íghtiy bclo.l; ti're.b +f the

el:":lrs'u-nilin.gr, and l"ef'å; a l,iti""Le a]iove; tiie calealati tne do not

i;:r¡<)l¡¡* Èlie meaeuren:çnt, sf *lre s,;sÈer equivalon-t" Ä ft¿}l

d.lssr¿*sl"*n af t}:e ltígh aßcuraÐy oË tlre px"inciple J"s givetr by

#a1Aen&ar and. Fa::nes {l-oe, eit,}, hr¡-t the Eri.z"la*ion int¡'oduce*.

fuera, nane}-;r th.e $steaï: *alO:'iyrreterfe prl-nciplen of nç:tesSity

1*:,r¡*r*c1 the accltT'åç;r" Ti:e *ne cor::eeti-On intrÕdr:cecl l..'as Èl:e

&*n#üB-rtfu ::adiai;j-on loss of 'c}re eÏ.La;::l:s:r t'A'1; tnls \i:afr en'birely

j-nrr¡-råi+ble si.riee tlrç ¡:lra;it?:eï'r,iiåF a.I-'aa;1re a'r l"*üoç, r*6al'rilese

t:f *l:e ratg ef enelgy 3n;:u.tu anci r,';r1: crei;sri*åned by'bi-*.nk

oæp*rimo::'cs ï-einlj tlie hei',{;,pr li-. l-'}ij-c cú}rec"çi*:t ";;&x -fou::rd.

ço be apprcxir:ate iy 50 " 
Ü eål orl-es prì1' l,tì n".:-ì;Ð , :rro iritling 'urr.a.t

tf:ç i,.çabcr flgl'¡ g:¿+eedeçå 5üú c+s " p#T ¡nÈnuiei b+].ol.+ 'h,liis f.'lorry

raÌ;e tSTe C¡1}*rinet€]t' sgstel* di.d. nc¡'i: fr¿ncti-c:"1 ¡rrCgrerly, si'-rce

È1:.c *:ì.re;llatlsn sf ws.tr.:r i:.*'i:r'¡een if a:ad L wa$ i::'::'sstllar'

Th,* gr"ea'test aßvanbr.E: of the :r:+j:1:*i1 i"ti,'i"¡ei¡-â¿" is i*s

**::Íen-'r-en*'Êr, r¡.nd 'hhç ra¡::i,di'blr ¡¡¡i"'Lh. v{}:i*n Ti:*iàß11:rgffç¡it.r :r:a;,r be

ziad-ç, Tl:rÈ t1:ie¡t'*c¡:eter Ti s*on ¡:eacl:+s 's- *x**x:d:": .s'ú¿ ûo and

Tg if+3ci.-jgS stCitd.;r ftr :-'l:ct:.t 5 reCen:is f;.f';3r ¿ C:-L¿inre irl steam

inr:ri'T, ûer¿lri-ß" Th* 'ap,'';et :iic'* rät* ?:eíi':.¡q ttnsÈl;11'¡ t ii is onl¡l

l:'r.er*fisâ?)¡ to k*ep th* ¿ri:'e o¡*::afi.i;g st'eadi,ly f*:: lÛ t* -Ì-5

sççond.s, reaß-{ng tTi"e cu-r:re¡l'b ar.ld, ."¡o3'ba.ç1e on 'Lhe ç,cnzrenJ-ent}y

nlacçå r¡eÈe::s t and. V; ihe tilerrnonetr:r Eg is ttr'ien read and.



'í:he oxpr:rLzize:zï ås c*rng:lete,

/rÞ*Ð'y' d

'i;,r-. 1/! -l .. ',.,¡:,: i t n r.i1'r..- ¡a',: s¡'a'-- ."ntg (}ft vt ¿r.r J_.¡-u rJ u e v u v-, qt u,J

'!L*w *í à1rg tÐnii.ünsëd lvai¿c. is ïr&:å:Jr¿rt,:i åtr ëe siTr-*e t*'¿ ÈúoLing

t'i ti:is 'Í,tû.'t#v fr*i.l hci-Lå;iíl ficlnt io ctiiiT'j...i1,3'i,*;' ?¿:¡.::Ësï'r{iLÌr#

"r.ipresen'i;s 1:.r: aÌ; ::.*'b su:upl-le*. 'i;.": *he ,ua*cr b7 tl,+ å-itsc+ S-iuïxtë

çTii.,f *ti.* diffe::cn*e Ì-'lr *eii:perlåtili'e *î ti¡l.: 'Í-r¿t*-ire¡ *.ird, e;<l:år-¡.$f

c.ryr:I'j.nË, y¡*¡'**r ts r'Èq-*.-ì-i*etiu th.e 1,çg ñs*.lt¡gan::s 3,r* ni3'b t*;:iliâpÊd.

tn s üenÈlgre$-ü tl¿erïcþm*t::tv: s ^pl¿'c cilI;¡ fhe j,¡- d.j-ff.'*ve:rces i;e-ken

I¡,rhen ì:cth are 1r¿r*ersç* in a ü*net*,nt teepe;:a-L:-;"::e bai-,h" B:¡

*#"]t;n"r,:rrt*nz r;¡f 'birås ttãerä rï.jÍ'fr--::cnccri är1y- r'{":t?i-{e i:f 1;i;i;,Fe::ature

ú.jf f-c¡-i'*-rL*e lg *btainabLo * i-n lrr*ect-i.ee h'Jï:::ergr-,e :it ie Ðûre

*r:n.,¿'ç:tlient t* r¡¡:.;.-"f thn r,*.nå* *î'Lnry d.eiric.<.: hy alier.Íng: the fLcw

rat* Ï¡::¡ ¿:Ìea¡r.$ of {i; *?"lun bi. Ci:ubi:ì.ng'bl:e Í1*r.; r"ate ti:e e¿Lari.r¡eter

s¡ll-i" riessuï'* t.,¡.¿i*e ti.ie inpui; e:n.:::"ç:':;' E¡i.*h ijre t]:ernrJr*etçys i"n

.Lh* i¡ ¿¿rile 1:os i f ion "

ltn e-ç5uaJ- criici-¿1*t:-cn l'¡il-"T fr&T,v* 'brs lllu.ri'br.ete ti:e

r¡e tl:cd clenr"l-;r" Ir. a s'u.n t.l"Lc ay'ç :;¡an i:eiri- stead-y for= 15

gçcçnc-s r",¡ith Í.ú sr¡r-Í;s'r'es a'* ?,ß.r*1'hs; ti"rås r,;'as irtûï',J tiran eirff,*

:l-*Lenl; ti.r:e 9Ê enahLe t¡l'+: cu*put È.1:er.r*ç::iÐr;*r TE ** ::ea*ir e

s-r,rJÐ"cï;r *.rntiËi.on beceuÍe ;ju*1" Ï:gfc:,e i;ïr* ::u"¡r tile h.eå'6,;:' K h.ad

heen ope::afed et ä. va.f;ta.,ge *.bcu* *quêl tç Ehe eã'û*rlsterr:jned.

ayc i¡e.ttage, Tl.re 'j-:'Ltai;e Lir+ri:olr;ei,:r Ìl'1 read L.25r , ,e1te outpu-t
.- .. -nr{jã':.ìTìg b"Uij", *hr€ d_iffsr*n*e beinF,; 4"***; t* th:i.* \lt&s add.ed

&,4Q#¡ ío#- Èh{; utãË::s tli-f'Ìe:-rr¿'rzretl bet';r.re9¡:r the fv;c the?Í?ÕinÕtei:e,

r:aking a Eab*.7 tenrj:o'-a'Lu::e cl1ff¿rence rf ?*40ü, The r3-** Ðf

flow CIf r,ry-ater ÈÏlrough *he ealori::leter* l¡.as fçuncl to þe yBO çcs,
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pÐil i:i1l?urÐe coï]s't'¿tit; Õver ¿ Ìre::,iod. of' t';,

heai: d.e-v"eJ.oped en 'çi'rt= crtiÕî'imeter *.y coad-ensa'Licr:. *f *he s'beapr

r'z:ûBi å çuae *'7'lü galol:å*s i1+: inin'tåle, 3';.o:ti tjlås ¡:¡usi be gub*

i;:.aciea- tr:e rreat fr.cø ti¿e eoo.l-ing .*i.;;toenged" wu'beyu e:.:iormting
.f c apprcxåi::ateJ-;,r â5ü calories 3 Ðd calor"ies i:e;' i:ria,;'be are iost
i:y raclìai;ign, ËÈ t.tmL 1;irc n*r; t*at dev+Lope<i in the e¿¿lor1ruetçr

nay '*e 'c+rken.as gT'lt ea1eries ¡:er minutr:" Tl:e lnpi-:,è e¿)çjrgy
9rlo

',,çaÈtg t ßT 5æcalories peÏ, ffini,tt*, go t?:at .q.tr. a¡iou:at
veof ene::g;1r eqrri va Lçn'r xø & *¿}*rie* -ç+e rlånure ri¡ås ttïesed ,¡put

ir:r Èlr ¡. r'l il c "-.-¡ ¡ t*=.,.,*..*-ãlïi-i 4

ïv'..

1;hj.s ssÊti.*n an atter,:irt r';iLl î'¡e r¿ade Èo aecçun'c far 'ch.e Ênergy

used u.p by tii* Ciechaege" cn'biie hasis *f the cSie-r-¡li*,a1 chanp;es

'sakång nla¿e in it. A eonsJ-derei:1* a-riÐuitt of date i"s a'Ð l:and

r'É6a3"ding the speei,få* lreats, reactl-an ?'leå,tsu *-h*. of ]:ycr"*fi€n.,

çãy#en9 g{:eatt¡} i¡raïçtr, teriron d.icxj.råe atza çsrbon :,i:,3::ls;çi<l-e* Thege

å.i'e i;he ¡:ri.ncåpaJ" $r¿bstanrÐs Ír:vol=¡ed, ?:ut blie *olid sub*tance

dí.seuessd prc.r=ioälry -ffffi*ä*cs,sn*r.j"l-1./ 
enËÊr ¿r"nJi ensr,g;g eatrcu.l"-

ati*ri; beyonc.i. a aræy'y questi.anahle Ce'1"*:n:nii.rai:ion of lts heai: *f
f*:'u:*'bi"*r:. Èi:c::e is no therncd.SmâT:lig date arrriil"aT;le :"e¡.iar"d1::;5q it.
TÌ¿çreJ*rç è}re çnlcr:-le{,iCIns ç*r: *-t þeeä bs +ni;¡ €}ï:. sìÐ-ür*xirasiiåon"

!!6ãB

Ði * si:a¿"

;i:1
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{n} lh+ iieat cf fnr.:--ia'ü.årilì, 5f l,'¿:--bt:f lTr:n ii'ç elerl¡ents

l:r*s b*ez: i.nvestigsted. by 'r:ran1r g tln* ?"å-r*åå.tiln cf Ì;i:ås fae'b*::

.¡;itji 'cen:perature lia;r be ssl *'r-.i. sL+ú- àIrer'::icC¡nra-:;,i-*t.3"!X:, liut ti:,e

avaLlable 'l-a'b* ís l;eÐ-F,i,e. l,cuens'Lein43e .*iìl'ì.,3rflLr-Ly¿i1 artr)- B3*"r,*44

s¡in:.l'l r,:ri'.'çr differeni i:ei;lod-s ?rai¡e Caieyr:i::ec1 th* d.egree of

t,lre:,na1 d-iss*cåA*j-*n tf ïf*"'bçT' ï¡S-ïrûlÅt* a'C l:"i.¡:ir teri;pe:i,atU-rü$ u and

trie síleeific heats cf itater, }:.yc::agen arld. onygen" ÂÈ SOtOtt"

i+a'i;cr ie less 'çÏian "*Zß ri-istlcciaË'ed-* ì:ilt *:L ãÜ{iü*t. -tite *egree

¿rÍ. d-1*sreÍatj-on is 7Lfi apprc*xímaj;ely3 "h?.:e fiT.]Êëåfåc hoe* aE

osns*,e'xt v*J.urne cï¡ärigÊF from Ë.'ï a-b ä]ÜtÚt.'hç ai:oi¿t ].i-ü at

'óSb*a ü. ?trr**:'e ig lt*:;irerev? a n+ta]:ie t3-ivcre¡i*n*;r *be çtv*d. j.n.

'Yhe l":l-*¿¿r*.tur'*, Tlii;i* fay'-Ls1'45 gi'r¿ws "çlza| tkie hr:aL of f c::i:iaticn

of .,:;ø-};t:: ì3iËes ':;i'th .rÍ-:e ii: tt¡'¿ f;empernir;r'e at v¡iriel:, *cne r"eaetion

t¡;lree pl-aee $ b')åt HaberlS$ sirtsrrs i:i'r*.'¡: da.t* f rom cthe:' Bou-roes

resi-¿J?,É i* *p.+*sit* e*i.!131il.sioi'ls. being &avrno

{lTrte: at *?:,ç iime r:f ivr:t:l::g ivc:'ic ås p;'oce*di;ig

v¡':,t"'-i-oin. it i.: ncpeil ïJiii 'nall* pcsså?:¡1"+ e.:: e*rï1r.*.1,* caiçai.¿tion

r:Íi 'h.l'ie :¡*.::i+rås il*.r.às cf 3"r;r,,# üion,: ånr¡+lvr+cl in i;ils d-ia cller¿ie ;

tire f:l¡ji13".3;; gitr, n 1:¿1r¡ï¿ lilts't ?:rÊ ri*í:sid-ereil ac apprcxírr;ai;ioas

Ðr.^:.lJ .

$ånae the naÈero *arhsn and- gaeeou* nrodi¿cts all

ente:r anci leavc the v*acl-Lou:'egi-on at a ti:rupe:ratur.e -qf 3OO##"

Èhåe .fi-gu::e may be Ta.ken as r-]:e ?¡asfs cf '¿þe ca1*iel-atiú;:s"
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Ta;flsr {i*c" *it") å:ive.s .lire b.e*,z of fos"r¡ati-oa {av'de+c¡::;-:*sition)

of i'*a{:sr v*"pcl;ï' as 58uû5? cal.sriec î)er ¿rer* uaL at 3üüeS. The

w*tøT de*onpoxecl T:y 'r3ra arü ås n*r¡ever '.rapo;.1-aed b'*f'ore d.eeç¡::*

pcs j.'Li-on ss Èhat tire lt*at of H¿T-..i1"isÊt:ion rnr¿st be adrLed.; tlte

valr.e of t;:ii"s J.s apnnoaåri:atel-y gTZû eal-ories irer gi:Ð-til llisl at

tåzis¡ È+mperatu.lse, flençe tli* hea'b ø! lrsrrnæÐion of tr-ic,r:11-d" :;¡ater

f,ræri g*ts€Õu-s Ïrycir"oSlen entL o:ty,gen åg $?e?$ü calpriee Ðer r;:o1*

{b} $inii-a.r heais *i' fcr-¡::aLiç:: c,f' *ac'}.rçn diç:rj-cîe snú

c¡.::.bor: lirnoxi.dç s-l"Ð :.cspe *1:ive;1y 4âeOO r*d- Z8pi,lli calc-¡:.ie s per

¿*,wt ¡nG1. t'}¿gge lrea'Le a3lç Èú*ï.€ ¡}r]¿iiy.,atsl-]. i<lr;::1,:: Èi:¡¡n j-¡l 'clie

ahcve *F.Ë*, b** *.¿t1:.'¡r'S.tåe* n'i p:r+sent d-1*ag;e.**"

{e) Tn.-bhe eilci'.{:ïy tes* er¿t}ined on Fase #i} Èh.e fi-gu-::es

gj--rr#n t{e\,& tjr.* nca:: of *. åe::j,,.ls of cLpse.ì-;,¡ ag-*eeÍ.n,g i:*?LÐ, *lsc
tlle f1.p;t¿::çç for onç cf f.irese ri¿i,r.s" fi:e flsse;:i-ir rt::od-'uc'f:,.* lv*re

e-¡oi.-r¡c11" ¡r.t 'rthê rat.e of Íif;:)rÐri::ra.ts.l-_"': ?O,3 ccs " fe:: li:i.n¡;te , -bi:e

crnalysiLs be i:rg 6Ðl i:.:'¡c.roßeri, 7-5fi ea.r*cir rååcxid-e €:yzù z'âif. **.rbcn

rurlnc:ti-d* .f*:. t.!:*¡* p¿,=,t"tieu-l-sz, a\**t::cd.çs i j.t j.s fiÊÈi,l .L¡at th*r'e

i.s aT: åpprecíal,;1+ anounb *f ox;rgcn 1?rnj-s;:ln.qrt her:e, 'br.c ¿:.i.io:.?::t

ln Èile sCIl"åd. ç:lide ecm.**v-n{i cl..3.Ec'';rseil ei;.rlåe::* 'fh.ese ¿:e:,centages

reFt:€s$n$ "36* *eË" -ff¡rlrag,en, 1ûÐ flr,?* t*.-r.i:c,l: Cåc;ii.rie, end 1õ? #e$"

s¿rbcn rnonex{"d.c iall- r;:easuilsd a"ü $"T"F"} ev*J-r¡e*. per rulnr;teu

To cleeo¡:iÏr,;.sç l:La.nid- watcr an i0tot " 'tç prad.i¡.se ñ6ü ees "

of hydntlgt:t urot:lld- neq.i;lre 3ü98 ealarlese êçrlsirlering llte abcve
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hea'h nf tl-*:i:*tåo"¡i 'b': b+ e¡;¿r*'b " #.iniii*r]-:,' ì;-l'ie -¡-'x'oui.:,ctl*n *f

1-i;{: **,ç. rif 4.'j*:.r.i** ¿rnd. li.? **:r" *f rn*n*;tÍii-* B{i",i^Lü- ¡'+sui,i; åç

'i:i:rç: s,'81ç+*e *s' 451- **.ic'::'iÊs anrj- '1'77 *ç1t:.'ir:""; .res"pcci:-ive13r*

-t-'l;:.e r,:t'f* T¿ç:*t; l;-s+C r;p i-t t,';- r**u1 ù¿n'g r"ea+ti-cn 1s j"iíër¡r;f cr'8

+itli **.-l-çr;i+*;, È-t:.å-< i"s 'uhi; .gírei'åjy ¿'+qì-1-ir'er* È* .ia*.1"i:.¿ain '*}trå

;:'*:*+j;ìçnx îoy -*- 7t*2":t*4- t;L *;ri.) H'ï-¿?-:"tji$e y¡åtir 'c::.* ia1-:u-i; *:torrer

;:'.L i; C Í:'.f: g i 'v'+;: Ab r: Ue "

*r: pap;o 6Ð å'ç ç¡as gçu-nd that $Õirjç YLìü eala;r:ieiã ïirâse

e*':par"cz:ïLy }*et ea*þ. ryå*it'he Èhe diseherge ni¡e.r:aÈed.å $f tlii-E

anioirnt cf he¡¿-b 4fi* *a.Lcr.ies TÉt"'te 1*øøn L,¿çnLøú- in Èi.ie eh.eru:ieg.l

r"Èa&"blc¡::s dis¿ussild. &çve" ì-eavinç f;ht ealor.ie¡: unexî;l-ai¡ied."

*1.t tlte prosen.b t:i"Í:is j-'b 
'.'";*,;1,d. be of 3Ìr¡ adrrant*.9+ t*

d.íe eu*s t}:iese r'+suiÍg trqrn çne *tan:rlpaí*t oi' e:ip*r':i:::*::'ba1 errors;
äiül'Ê €.pÐ3*lË1i:i¡tt,içr-:.* 7T8"=¡t¿ been $sdg l-n thc ealculatio::s ,i:h*-lt å:r

tho r;cï.l*.41 :i*åêiå-r,s1¡i*nte Ceseribsd" irereo llr1.rû-øeru -iri í* :ia* at

ai-1 =:.r"z.pt*øa"l*l.:ø t]:la'fi b.he rî,:r:i:isiltg;'i enel'gi' å,Ë ånv,:lr¡eci l::. *he

f,+r;:t*,bi*n *f' 'i.;;re ¡oiiri. pra*,iuctx ç 'b::titt ener.6y i-* ¡:.Jrr:ut a.,,Ã *'f

tii.e tat¿1} åap-t;I" 1tîtis n;-lbjçç"[ 1i,ri"ìf þs: Íçrtiier rliseu'ceçrå ån

t1:iis theei.s "
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C ïT 1_{ :,i ,, l? \T4L:t (, !: l-;¿ l-; .i I J- e

3'Ïre foi.-i.+çi.ni:, {3üi?+-i åÊ -l üij5 irt'ii ,Ê ii-r=a:.'';.i:.

t"Èg.tl't;'iz\rr1, 'ùil* täe3.'€:¡- i:'ê liit:üîrsilipsi å-rr ihe içr,'.,' r',*',:nicli a:"e

ø-'1* *,?tt*ge in çateï' g

1o The at.Èe¡npt T$e-dle here *o s.çlat€ *?r* +nerglr inî)ut

e,ncl çH'LlpuÈp qfinsictre:iíng tÏre eh.er¡:åca} r'Êåìc.ti#Tls €t$ v¡el"]"u i,s

apparently tl,e fårst ursrk af this nat¡"rre done uåth:ånd"er ilguíc.

C-is ci:.*r.gos ,

fr, lÞt,.sev' :¡***a:'1n.q.; iil*'hgo:-rit*lras ¿:rv.åi3&llLe å?:ü 1i-¡ible

-ilr; g*r'ir:;¿s *i:¿1ürs r"¡j::-*ri" ei::3:3-c;;'e ú. t';:iiit. bite 11-:l¡ o?:arge sf u.t3.i**,;

1;1:i* *r::o¿rg íni:.ei'eitir þç ,;ræver'¿L nor,rr:i cl*vi*es h¿vc l;*+il. stud-ied."

3* Ti:e i'le¿rt eneï{jt¡ e va}veci b,y 'Lho Cise}ia;:ç3e t::a:¡ Tre

¡i:eesured, l.n seve;'a1 råî¡su *f ,l''¡iligh l"he ttstef"r¡ cü.:-Ði*f.ilÊte:¡li

r¡etiroçi. fe ,lr*'bai:3.y t.he :-rost ccnvenåenÈ ei¡d, accuret,e "

tto /i n:o.d.ifi*.C forgl *f '\.le teller¡C.ar" *,nC Ba::nss

*ün*ta;.rt fiot¡ gå"L*T'L'r;itJb*:t Ït*-rt þeea f*u::.tl irl-r:':'l sati-sfa*tc:*;g

j-ri ;.ie¿isr"t:'i.il6 eEcJ.yr¿ü. lie*.t r*ner€lyi b;¡ trr;j.irË ,sf iLtL* clcvj-ge .h::iie

Lati;e:. quair*i-ty *,åä bt r+l;¡"1;i;d- t* tT",.e ån¡;i,,h ene.'í.ì;¡ vcr.;r easily,

¿ltt.d. i;','ij;:: **;:så*.erei:ie e4*.\r!'&.uy * ,å *ni,npi+ ir+ Ðnlr,1':i rirí,*.fii¿gir*rse¡?È

sa:: be '*t¡.de in 15 Ëec';i.¡d"*"

ä" teleu,åa'ciçns inetÍeal* *;l:at Èi:e ú.Lxcl;*rge reac'Lion*

ü.3Ê irl thelr net eff*gt s-l-1¡4h'cly end.otlierir:a!., bu'b gcmi:;&nt 1E

t¡riitheld l.¿ntif. ll:e rçacti*ns har¡e 1:een $ore fr¡.1f.r siud-ied"



å'* --Þ** Lqp::srq e¿lie* . sf,"*_å,p*q*;[ig-qq*rssp*
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1, :.ic¿;hoil ûf :,.eåsl-1i'eìr:elf.:

1* r?EfrTst' T"es*â,.îöhes l*'ne

*-*tíeal lllr'*n:e'Le:= ¡r¿rs bee-r:. shcv'¿n t* gl-,'e vÊTï satåsf¿r-ct*v1r

res,r¡-l.ts ¡chen ei-rnlo¡¡ec1 tc' r:e¿sr,r-v'e hå.qii f,en:ne::at,rmes. -l"n tiiis
¡¡,fo:r*li & tTHûlbo:::yr and .iurr""1î:s-i;:rou tyne rr.,a,u use d" i 1.l-lr.s j:.ro.'tred.

cLi,:l,g¡:axnn*tÍ-e*-11y å:r Flgu:"e 5" Th* J-nst:":;:::ent vres i:rrr:,sed in
*hcase f -i-n whi elt Èire 1.a:np i-, was ::igidl;y iracu.r:tçn; b;f rûsans

nf n -1 ,¡nr ç--rc È =r¡ 'l-hn 'i å ¡r-trr.++ rr'J'Þu$,! u¡!ìJ &+{3.LAe *û:tlìi!1.$ fhrorign K passe= fl:r,cugi:. M

-. fr .' .t- 'l- 1¡,r -t .a -... -^p;Ès{, üfl$ :u*:p Lu l\rrrsuçtt Íií¿ t* ti"ie eyepie*e 'c*le,geane gu $;

anÔ î,ìå s.re illoî1Õ*1,rr'or:¡etic 9ilt*r,s Ernd- -l-ir¡:i,'i; t:h,æ iå6ht r'eceivçd.

on i:he eye tû å ver3r nerro-'¡j rånåTÊ c.tr r.ralrel-engtlls " TJie hot

soir-rpß ui31 å).pÍleer Es a brtght dlss of, red. 1f-6ht to tî:e Êlës

end fr:r the instrunenÈ Èc f,uncti-o;r properll.' tile sûu-ree shar-llú

lie large enoupSh to fiii fhe "objecÈiver¡" Ei¡- rÍeân,* of tt.,e

f-f.ne¡s"ssistÉ.nce P *h.e cury+n{-, f}olríng 'i:o the }al:"rp from t}re

d::'y cei.ls {å gan be aúj*sÈ<lciu -r:eLn. , nbserv+d by r?reans of the

niil-ia¡flèteir f-i,Å, In 'ehJ.s r,o¡¿r:i t?Le terup*r"at.u:re cf tlie lar;:p

f rL¿,rmer-¿t *:Ð.S IiÐ J-zrgt'easçci untii \1. .qilnw* 5 it &ppe¿lï,É in thç

eyepiece as a. rêd. npi-r-a3-, ,Íhe ånetn:"ri:enÈ is frz*t,ayi¡ eaiibr.ate¿l-

ss tha'L u,?;.en the eûl&T ûT åntei:sit;; cÍ th* fil*r:*nt j-s tl:.e

sp,;t:e Ë.s th.* unif'c'rr: baai';gr,ou::..1 due to th.* firur*û the he¡l;¡:-

eratui"e I &he jatte:" iij¡ry lte z"ead <1J-r,e*j;l*¡* i¡Ìe¿¿f;Ltr"*;ä*nÈ.g

mai'' be i:rade ::apldiy and acr:irate1y".



*Y5*

$lnce tlie så.1-ihration nuplri-ieri råid n'rt exì;enrl- intc:

-tYt* te:::T:era'b..¿r,e pe¿ÌiûüsÌ r,lt:ls",.l:cefle it i'tas ilgce¡ï-c¡ti:lr in:i¡rc-rease

tlfre î&nils, ii7,';.1 ti;Ìs tyÞe of insÌ::ri;*ien-L * ne.ii:r.g.i ;:¿i;cûl"'ption

rtf ,Ì'-1f,errt :aay be e:i'*1o.-;¡ed an¡ e.xi,r'i,.¡..;,:lrb-:cn. fr*m i,iie ki'}+wn

ea.i i Ï::a ''i; i r:n cLi.ri¡r c¡rrrl-ed. cu'i errnlc;y-h.n[i ,, i err 3 ¡ iei¡; ín ..:cCif ied

fc:i:'lri, üari'n;:at.i,cn .qf *t:.ç-n :i neu.i::'åi r;v.'::íÐe glass 'j.. ili*: was

cè.:i'i.*rl u;c tc 2üü{iÐç., a smor:ù,ll sryTvÐ ireing oþta:ilrerl.x i;}re i:1*te
\tilzq +.¡in"i rl-lrr lr-l¿6ped. in Ëy:*tt[,Sí'i;iL_e i¡stg,-r.ïmer:.t A;rff åg ShOe¡n in¿ r-çi¿*¿ùr

Èhe dÌa"gran: aa tiF". Tire cal:.hi:ri ä.13r in s;.ji-' ii,res i;iieir il#asu-ï.'sd.,

a::'J iÈi '[er:iri:c:tilbrme 'ì;ak*n as ,55CIrjot " , tir-'is 'i:e ínit -Li:r; a*ce+rted

'rala* fcz' tl¿e e:t¿ier'" Tae gl13'1,'* ccuid. 'tirel: 'i¡s g*::tÍr:r-¿ed. 'so

"r-r''-?^ v'A{B+ *nci. *s l¡eï'i-"fg 'LÍlt sc*nd-ness *i' ti;.is :¡e'bl:"oC thelr!.1-l- ¡ ùV J.rlç 9 d,

-fcrrriula cf Fj-:'ai:i. and i:e1,,er, å,* cited'b¡'Br-l.rge,s* ar¡.d. i.,etha*e-1l"ier4?

1¡iås a;.rn}.:i+C" Tt was fo¡:.nd t* agr+e tr;u ¡,''rå'¿hÍ.*. l0üt {maxÌ-r*wn

Êrrol.) and. 'Lh.is ;JcÕil-lå.tì¡ iï¿$ g.lf,fieicnt sf¡:c''¡ ecupat:*ttve

'beilperaÌ;ìf,T"Ê-q r*atirerbhan- ¿{:ls*.ï"ute v¿l"ues iiïere dgs ired."

fl;:i* díe *irø::ç4+s i,i?*13# +p'*r*T'að-'îln ih+ yesÊr;1. H, and

Ín tlr¡-* d-:,a¡,;ram 'b"r¡ü e.7yçk'xcdes åÏ:Ê -perpe::dÌ-çi¿iar 'br; ii:* plane

cf ljtç .ûåpeii" The '"¡Êfisç} ,'¡¿rs 'f tnbçrT wi'bir a r¡rli',\' alú"n. i¡i-ea

*inCcr¡ '-i 'fui:::oagii i';i-iich ,ciie *i-tc?:*rge -{Íås t:l:s+r'"'eil" *rä;ut cne

ii.te::' *f t¡aLer lras ett:pl*yed- ar:.rJ..ia ceriå-L': c¿is.es ci:'crr-l]-*.tiçn

"!,,,'¿¿É ü**r'je ¿r.s *.irci'¿?r íiz 1;i¡e i'i6qur:"=; ln ertll*-.¿' i;e,sts år i;uyner was

i:.silr3. tc le*ep the ',:'¡¿¡,te t, ni * i:Í¿:;ii t*ri:¡:*.c'*ì:i:.Tç* t'irc p+-r';st:

e +1:¡rly vas ad.ji-rei:eC- b¡' ii.t; r"eslsèan+e Ti a¡iu- ,¿iircen'b ai'id. r.iel"bage

ç?¡serv*cl *n the ::,:ete::s ¡1 and rF"
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T,':e Ð,".{:t, w&fr .aa.:ni}- *-#*-t':;.-bec- v¡ii:l: ho=.izoi:t's.1}1,' opl:oeed-

e ?ect:'c*es h.c.Ld. cLÛse tc 1.hÊ r.'ind-or.¡y and. ¿r11 n:eã.stlretrie::it,s "!¡.rer€

yn¿2"Õ-ø r'¡-i'i:h tlie pyrûr**'cÞr *l:e #eri& disiance f;'c:t tl:re ar:e aÊ

fr"o¡'i: the ealli:rati*n snt;r'csff o Hec*u-se sr-' the sìital l- *tze cf

th-e arc re ztÐr j-t ',,vas vL*I: îüsßJble ic çli-sgrj'Ëåna'be lrat.!"¡een

*ath.cdg and ;lncde t*mÐçra'curl€s * Tlhe år rc e.Jf;.s vJ"e',n;eü ,+t -l'ågÌ:Ë

an.qf ,,e ta t?rc e-le*tr"cdes and nc d.iffere:-rce in 't.ite ier:ipe::atu.re

'b1'rrougi:.ci"rt tj:e brållian'* soi-Lr:** spct e.rluld i:e de"bected. -ny

*li.e :inçi;trr.çnei:t" Lt Lr.1 thereftre e',n"id.e:i* that i¡h.ateir'e¿: tei'ip*

råÏiTture $rãclien'fi Hay çrt1*t å¡-*r "i.i:e¡se al:i]$, 'bll* i'î::Ð:íi-i:erli;:er''aturg

1i.Jå,ï th¡¡ ".¡alue füeaeUfe{l"

-8"",F-+-æt-il:+en! *i. åe s-llile i

'fir¡'ee Ëjrüutts cf t**ts l:rer'€

e*::;.-i-çd *;:t, stifË.I,¿ì.Ì,+ 1_;i iiis i:;;is g*É1 belglV"

{g} T"{; v:'as ',/ç-l::¡ Ë0ÐTi chserved L}rat the

temper"a-ture af t,he clieehn:-'te rias Ce¡rei:d-ent u-l-ìoï1 t,lee teri:perature

of 'bhe r¡o"ater rrediu¡tt the ::ei-a.'¡;i-çn*1e1p rva,e tLlçn stiitj.:'-+d., r,'¡i.th

¡¡ari-ci¿s r¿Te*,ty*ry-e ::la"teriå.-J-s* 3n bhe Íoilc¡¡,¡il,¿¡ iaoi*s s.:rd ei,,r-¡"ves

'ç!te eapf-'i:atr" l.stter* åndica1:e tlre ty¡re tf çayþ*i? ûilÌplr;'ede ås

bek:v,':
Tt¿.fr*_-*

Tlnri
T)

lî nl!
L/

1l nll

lln If
lfr

S*fj-:u #er"ir-rrn *Õre "

iíard, nr Õore "

Softp Ätr, ì1fi, ïr*o $l tav# {oxÌ"des).

#ofts ilö eore"

Soft, stror:.Lilan coîe "
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TABT]I {e;}.

il, e-ter Ter¡:i:eratl¿J"c u

!tgtt

Ett.

6û0

1"00Û

11ü

ã54

r nn0

l4Ð

25(j

1ûû$

gt

n54

Lüte

fr¡lS&

Arc Ter:ipers.ture,

1525#*"

2û85ç

?5û0t

2S008

q*ÐÐ5û

a7'¿Ðt

2:&üüo

?5üü0

29g#t

2',?'ût)ç

2'l5i)*

362öo

Tf 
Ð?3

{? nfë

trn Fíp;ure iÕ) t}:e above data a:"e e_-:ltressed gr.*phieålly;
Èi¿ese eurves aÐë net inÈencled. to represent exact älathei::ati-ea1

releii+ns?rj-Ðs o Ttw"n rnerely t* s€rvê ås convenleTlt z=Ðprösez:tatlong

of the *fte*þ ef water tÊíÍ-Ëel'Ê.iilre 1a{}tfr- th.e die eh.ai'ge 'cen:p*

er:ature" Tt l-e sÊen tllat a l-5Õüo rise fs the generai eff,eet

içh-ee È1:.e tenrperatir:,e of tl:e ",..æ-ter iÊ yaåsed_ from 50 ,ec lttûÇ"
Ttre hard type sf eleetr.cde Ê;a.ve eoneJ.cles"aÌr1;r lor",;er texlpe:rat-Ll:,ËÉ

t?:.an tl:c sof'b -ra:.iety"
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{b} In ihe a'l:':v# tests i:hle ÐfiTJere tr-ie:'*-r1t' a.nå.

voltnge supplled- ts the ãrtc rí,ra,s a-ppr*xit'¡aiel¡t tûi1tl'baat. 'iL

rrs.s f*und tlzat lhe voS"tage affectad. the a-re tem-pe*atr¿re a s€

that eâîe nat- Èffi,a.rei: to keop tilis stead";r for' *or:paratlve

resu-lts" Lat&u' ws.{:k h.as ehcçvrt i:i:a'c 'L?re stlrrenÈ, a}:cl nof th.e

øcltage cia;¡ i}re tt:.e slgnifiean* faeto::g Ïrorvever, Èìre ::e*ç.lt,s

sl:tained. iry varyi"ng tite volÈage w1ài: s*nstan'c i,r¡ater temp-

eratäT,e â"T& gi.1r6n l:e1o'¡¿, The interestÍ";:g que*'6ion as t'*

','rir.eth.er *i:e are tempera'-çiç"e {gove::ned 1¡y eur-l'ent, vo}tage *T

wattage) affecte 'bi:e ehemJ-ca1 neac'tlone u c:" w}:.e'ci:er t'}:e ::everme

j.* trueu r,ri31 þe d,l-seuesed la'ce::*

The -'roltages gir."en ån tÌ:e fo]]ç,;ilrg; Tablo {?l and

çlotted. again*t teii:T:era'ruz'e in Fígure {7) lve:'e ntt aeerrra';el;¡

r$oasured,, due t* arc fLuetuationã tkt*y are l:or.'eyero rraLe&Í"ttæ1y

*i.g;nifieant taken as å glâÕu.p. Tn øac,þ. cÐ:ìe the series F€Ë-

lstanee r';as Ð-ïtered. to ctrreaptncl 'co th+ voltage ræa.ð. on th.E

¡*eters v¡j"il,r a çgnstant reEistanee fn pJ-ace af th'*e;"cu tll:ze'lr.aeL;

E"ii{"F, bcing ellsv¡ed .for, and i.n tirls wåJt i;i.:e irclia¡res rrsed

in the T+1:}e and curv€Ê Ì?er* ob'bainecl"
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T ri B :r S___{åL-*

tlælîÐ

Tî ¡1 ïå

rrplr

lrçft

Âr'ç 1¡sl,àage "

3.3 vrlt$.

2g 1â'

õt {?

,,tr, r¡

&7 f'

û^ tl.Jö

26 tl

ry.Y? ll

/'! rl

E4 t?

õg 11

42 1r

Jr!-i*e T*rgneYa-ït?-re "

16Ut0 #*

2ú950

3,6Ë'5{]

l-#0tt

2,{i2Ðt

frç25{}

2t2',õa

zY'f õÛ

535tÜ

l"6tûÕ

2',125{J

ezz,*

{tlieter ferilperature ßçnstsnl at about 35ot.}

Figu-ee {e), frsm the da'i;a 1n *he following ?abi-+ {3}

i.s simlla:" ta t.ne lasÈ 8-ul:1r,3 dl-seus$eår but in thås üase the

ïrr¿ãier tem;**raÈu-re l'¡aË ieept rrt 3ütç#, b:y' *a:n&'üB-rlt bi:iJ-ingg the

l:eat v;as su-pp}åed hy tl:.e ar"û åts*1f and tn *er'¿ain *aËÕs hy

ân Õ'uis fd-e huener u F<¡s" sÐrresïrÐnd:ing electz'odes the rLse

Ln atc temperatu;"e 1s abou-b tne såfiiô É.s that exhibited ån

F3"gr:-r.e { ?} r,/hel"e t}re water riíåc sþout ?öÉ &*tLe? e alfihorigLr

t1:e a*lu.al. årû tempera'Lures are in ¿5eneral n:r¿*Ï: *igÏ:er,





-.aii*

{r _.t Li "[ Ti /çì1*-t:í¿*i- --,

Tl r-:, tt

ii¡rl

rÌ i;fl

ïl r,l?

rzy,Tt

Ar+ i-1,*i'h;igtt 
"

rrùl-ts

t'r

It

t1

f1

{1

1ì

il

II

TÍ

¡¡

'zl

t3

i1

.ô,r* Te:ili ¡ir-*.::a'Li-t-ite,

"t gütOü"

a5ú*t

.32áÐ*

1ü#ût

"Å'{¿5.*

lEü0{i

,ûD i;J

s5ütÕ

2ú3,Ð"')

r,â?.fiÐ

fifr?*5Q

Ëü.JüÔ

33ü'3Û

s$5**

'¿4

2,ã

ÚLJ

/L'¿

38

ù¿i

>'I-.

()!)-

'z,n

ze

;)Ð

¿*L¡

il,ileÌ;ei: teixpera"brr,::e ccitÊ-r1åirÈ a.i l-ü#tü, 
,}

'liz* I û.:¡es'i; teiri.;e;"ra'i:i:Lf't lneâs'ritre,i- ',jjfi.Ë 3;5.ç*üffe -.!rj tl:
a l¿å::el ï?neÕï'ecl ÕÐ:,b*n eïe eL *n ïüli$¡ tìre ,¡;a"rey. teir:iterå,'i,urû

bel-ng ãoG" Ëoft rTgr*aph.L'Le¡T et*etrod.es wåth a str,o¡:tiuin cos-e

g¿ivö the !rig}:.est 'ber:nperatü-Tç j ,.tízu öüt$Ût. rìrciirg at
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4Ð -úslts vrith the r¡¡af,e:: ball-3-ng" $&me 'ihir"t;,r l1lÊa$1x.?3Ê1?1ents were

¡ne.de be.tween these tvtø *xLyeIBçs, in **eps *f ?5"" fhe *Or8

sulstaaces h.ave srme efisøt upon 'Li'ie &rc, tel:per::*iLlt'Ðe bui the

l att*r 1"e greatJ-y af f ea'r-,*ri by the q.rzllÌ"i:y c'f tlle *ãY-û*r\" iJndtr

ti:e såÍie ecl1j{iiÈi.CIns of v*}l,sge anú r¡late:: Èemi:+ra"i;i¡-re t}re hard.

ûr oujl*cjrå&ÈoyTr earbnns gs.if€ 'çhe lowesb, and the ecft cêt"boilÊ

'bire hlgheet Èempe-¿"s.tu.re ::eadi::rgs s

{*} 81n*e tl:,e se¡:rs{tilirby oî r.hø iaEtr"txienf 'uis*d

vras lessefi.ed. 'b3. èhe additisn *f i;he nentral filier, tl:.e i;em¡r*

eræ-tures z'ead l:¿rvç probai-.l-¡¡ å r¡axJ-¡cr::t es'ror of 1t0o#' î'* åe

nr*t "*nLLkeJ-y thet 'i:L:-e hig-tr 'bemperel"u-rrdn neasured $iere actuaì-ly

somew?rp-t 1o¡,'¡er tiran the t:lue a-r* ternper*rtiÂres y gine* tï\e 'uo¡&\Êv

d-iffused the ligÏ:.t somelr¡leat, ead no çor::esÈion ïïas nad-e for

this, Tl:e terr:iperairere of 55*ûÛ#. u.se{å in eali-þnatíng the

instrwsent w¡¿* *bÈained wi'{:h. pure un*o:"ed. çe-rhon ev'e and a

lov Ð,f " voltage, The facË 'ct:.at ø tenp*ra'hure .¡f 360ût#"

1¡,ÍË.s observed rvitS-¿ ccred. gnapii1te rod.s uncer r¡¡ateru niith e

"êy'higlì-voliage than irt åtre a'í:rove, d-o*ru'nçt, *ltaw fl¿a* the und-er

vvatec" Ë3Êäsîãre-fients are fn erno:r u far cored rod.s of' tirle sort

are knol.,rn to give a h.o'bter a::* than unco::ed- tyËes, .&t present

-Lf aeemÉ noÈ i::tlåkely th.at ntush higher tenperatu-Fes &TÐ cb'bainarole

t¡¡åÈ1r *he '¿nde:: v¡at,er are th-an r¡rith- the alr' are u f ev ï"eås*nfi

:,rh.1ch vr1l1 l:e suhsequ"ently given,



Sfffll;iiiiiYs

{})

iï:raied f,rr" meaeu-Fe¡aên"b e5'

liis-ß Ð-þTrá?arLEiS *recu:rate 
"

:In Opti-cai Fl',r::.'cirett ::

}:.i{ih 1,eropere"tal"as by

-&*-

1¡íåc eaL-

a. r,ietlicd- ',rhich¿

i?,1 Tl:* t;.¡iil+r.' v;rl*ei' *re disci:.arge

'he"::î)*rn+;iïpe vÌÐ.fr f*und, t* våll:-y ,3rr:a.Li;¡ ¡;iÌ;ii 'i,iie v¡af,eri:rlnp*

e:'ff.tl.r.l"û1 *lrÊ frr13"ürCIg.i,ïlaÈÈ 1¿:1p'l.rlo:rsi:ip i,i+";: ùcj:å:--'l'¡i:zea fo*

s*veraî t:¡i:¡¿* czl *arVr:* *l-i:nN;'ûd*s"

i"3j ïr:l,i:rzi;;e e-l-s* affects iile tetlTr*

'zyn-tu-y*; i.',to #çi,c r;f d*b+::li;,,rr*.t'i*;'iig l¡i*:Ít'* *ate, ûl1e r'¡'lii¡ the

ir¡eier t"t, :r*Õ?i t*t+,r:e-lr::-hilve a.i:.ci 'bir-* 
":-b.i:¡";*i' '¡1.'ii::" Ticilir:.$ iilråte3'"

Th.e reer:il-*s ¿ais Õi{'pl"es,ssd- í::rt.tli:1+s.lli-rr s<-rl-c1;,' íor cl¡r"..ÉìnÍ*tt*e

ând. ',;h.* û1-'":'-1res ä.t'û n*'b iiele'"1. L+ ìte ti;ii::;ifi.&¿¿nt"

{4} Tl-r.ç inax.Í:¡rr*:: eap*r'åruenf;a1 erilor

i.ir.vbl-v** r,,aÊ p:'*l:ah.3.y less tîis¡-n l,$üåç*p but tk"is **cs nci;

*a-|*e ítf',a agçûr-:ir't tliç ¡ne'Li:*d- sf **.1iþr'etiet'. itl'i*1.r, ]ïjjilht

g,r+Ì:f'gg*f.t &. **n*t¡¡.n* p-lr,:.*'r *;" :,':å:::,",¿x +sfï:*? *



fl " Effeet ût T.i¿tter Terripenai;iir"e.
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Perhaps tl:le rrrcst etriktrng chac'a.cteristie of tlie

dlseharge outLLned- Ïre:'e is tlle seríes o.f citanges vrhich take

-pl ae+ ,L'rþ.en t?Le teii:.¡rOratt¿re of tlie v¡eÈer i.e raised f:'CIm YÛç!:?

'oempe::at*z'e to boliíng i:oånt' Ti:ese c?:.angee are not abr';pÈ

but graduaåu and ase paråiçr¿Larl-y notåeeaT:le past 6OÜf " .4.È

f trst 1t &npea3"s. ås t,hough Lhe yea.øtlcn* beeone nuel: mcl"e

extenslve at hå.gher t'ør*peratures, ueh.&% iE tn eay musi: ït)ÐTe

gas i.s ev*3veråå the s3"* ,gt¿¿l;i-1it;¡ dces r-l+f'i-nåte11,. åntreasÊ

w'i*3r :ris i. n-g te:rpe:ca-tw-r& "

ft:. €tnside:rsblon.çÍ' å.ny *ütrpreltenslve theory *f
the are rseeÏranie:* the plrrel-¡r ï¡h;'sical as,oee*s of the effecè

of the surrou^nd.å::g r,rate:: clrast þc taken ånta accni¡-nb; ti:.åe

effect mlåst be practåcaJ-3-y i:,:rclepenie:rt of tiie cÌ:errrl-cal r"eactlonff

åf ¡rot entirely eoo 0n thc other hend. 1-h is of greabest

åmneräa;eçe *o Cetei'rcl-ne i.,'heÈher Õr r:oå tSre variolrs pi1"TËåee1

fseåars affeet tl;;e reactåons ð the experirnents outli::ed 1n

ttrls segtitrn :,;¡,úy&'*,*.n* 'ç¡i-\h 'i:nç +iieet of set'tling thls

graes t ion "



*84*

fu- éæ*ss"Sscå

Tire aopa::a*us f¡-:.s'L used r,'ras extreicely

sår*pi* and. åe noc l-1h¿strated.. The elec¿r<¡des ï,ie.re clarliped.

ån a 3-arge vessel of v¡ater", L?re t*r*peratare r:f uiits]-z ¡,r¡as

r"eg;utrai;ed. to r¡¡i*i:rår: iÐü. ?:y in*ans *f e larg;* s:åec*ric Sr.eating

eoåL* ÐnÊ cf tiii: eleetrode€ sres f,3exålr1y ¡nounted sc 'ch.e,t

}:and rrranåirulatJ.on €aÊ ptssibli* ," 'fi:e g,e.se$ evsSvedr yrrgte

eol-"leeted b¡¡ ûå*qpLeserïenti ûf ',mter in ¿r ;pü:r*r¿ri.n¿{ *-1'i-ln.des

heLc] dfu*ect-i3r abcve tiie sff"#i thj-e c,¡r3í*der *r:u!ð- b* ::ef1lLec1 '

t'¡1th w&'r;ey after egch luyl b¡r îTreÈi1g of iì s¡n431 ,han<l îiïlÌipþ 'Jlhe

ïjleasuri-ng error" lrÐ-s iess tiran 2;l anð. 'tt; o-ver*.,qe iire erros"s

drae Èo l:'r*t{ul-a::åi:åes 1n -Lne arc cpe3s.'úi-fljr. {t}re lar.gesi sourse

of ee::sg-) Aen $r ftoïe *eÉ?;s rrïei:e run et each. teruper.atì.:re"

ä" E:çnerirnenbal- ¡iesults s

As flhe ternpe:raÈure cf tÌ:e

r,¡atcr a=çnnoacÏres *3re boåling paint èhe 'rapoif,r tires,sll,r€ rl-see

rauid-ly ane tlre e volved. gas rnixtu::e î:eooffieg riclrer år:.:,r¡ater

Ilåi3Õ1t-1'g *ånce 'b:ns p91v€1Þ supp3.åed Èc Èhe arc lEa-s *snetan'b the

ra** çf. eveSç.bløn sf v¡ater råirürÂ,:3 v¿orrl"ú be .d.epend.en* solely
î?poa È1.1e vå.--tut lrï,essu-re" Tlterefor,ç, åf Èirere tr¿rå.s tì.o c]:ånge

l-n fh.e ¡rate of the cheisieal ::ea*tlons ririti¡ rc¡ater temperatur.e

rlss, the t¡oluraes cf {?gas*wäter=va:';our$ nrlxture evsl"¿ed shoul*.

h&l¡6 beæn dire*tly propo::tienal- fre the vsrlrou-x' pl-ëssure,
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Få¿çure {S} glves t}:e ri.a*a in åïr¿¡.phi,t$-l f'cr¡¡. 1t is

SeÐn tY¡-At, "çhø tìt-f\ïÐ is n*'b pe:fe*tì-3r r*g"r-la-rs 'ÐLri: e:ci;ihi'tg

a æarlred lnsree.eâd ga**vapû'rlr f'lcrr¡ nÉår i:h.e boilf-ng pr:i,tlt" T3?

the sar{:ê Flgu-re Ls drAt¡n tbe VâpûLill pressçrt ÊüJïe f.t.r: water'

tl:e i;v,¡c (Ì11rvçÉ. lf¿avLtl& eûlffi1tn a".þøeixr*ae u '1,\e ånc:¡:e;¿*"rÊ in the

€,Ð-g flOr¡E j-e nea enlirel3- P-*gçLl.nted fcr" b;r' tÌie iner¿ase å:: tl:.e

r:a:'tia-L pressilre i:t. ti:e uate:: ån ttrrç m1-=rtures e*L1*eted*

år ryrå}eq,Ë-åËr: al¡.

Irr 'shJ-s se¡"ies

of È**te thç di-e*harge rxas o¡:er"sÍjed- in a eïseed -¿esselu al

a eovrÈro}1ed teärperaÌ;'tlr# e en<l ihe Ë;åse*ç.s prcd"uets 1ed- to a

eepara'be cotle*tåE:l: vessel '¡lhe terilp*ratu-r'e r:f ',.vhj-git t',rås xept

*ûílsÈen| aur:lng {t flroiåp of, lests" ?einperaT'Ll-ras up io L?tÇ"

ïiÊrÊ sbtalned by appJ-ic*tåon ef pres*ure 1n an :*.þparatu.s v¡h.J"eh

a¡113 l:e de,gcri-1rec1. later. The rceults are gj-ven in Table {1Oi

and are plot'ced f-n Figru:e i1O)" There is a eonsJclerable

lne:'ease tn tlre ::e.te of 'cki+ :ea*tion as i'i-ie r,';at*r 'ber:peralure

a.ÐÐ::oaciles ui:e Ì:oiJ.i n¿ 'r.'o:int e aE e vicleneecL l:;r t)-re i.nes'easin8

6;as fl-ovr we"t,ço ?l+rfr åÌ:1e eu?*.¡e indåsates t.li¿{: pest 1OÜsS, ti:ere

i* rJ.ttie f'urther ¡'ise.
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of these r.eeì.llts i* r+*çrved. for
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SUi,tl,i¡rRY:
fi*udy of- ti:e eff,ect of 'bhe

'i:emperaÈure af tli.e surroundirrg water 1"ãÞ011 the dis *\ta:t,ge

action has ylelded the folSowing resuli;s:

{1} the eon"$icleg"able enange j.n t}te ri.tr)Êeara31ee

sf the Steeharge ir¡i-th ti:e app::*acÌ: af t}:e bailing pcint of

*he r¡¡ater is 1arge3-..¡ rlu.e t"ø àÌ.le evol-utiorL of large quanti-tiee

of ça"i;er vÊ,pru.r ¡:rixed wli:h the gaseou-s produets.

t21 The fRcveaee in vapolir pressï¿re with

rise in tei'*peråtu.re of the wåuües' rvas found. to þe ånsrlf.ffe ien{:

'bo explatn the increase 1n rate sf e¡¡olution of tire gâ,s-vapoir.r

rul.xtråre.

t,¡3') . t reraoving the rvater vapeur Ëhe Ë:åseûl:.s

pr.ed.u-ets were nçasäred free fror* v¿ater ïallÉïir ei.feets; flrere

rrâs fou:rd. a consJ-deu'ai:1e lng:"e*eæ in ti:e ra.te of p:"od.u*iJ-o¡:

*f tl:e f,æ.ses up to }tûsç,u but tite ftosr raies past th.is p*ånt,

oi:Èa1nc$ blr add-itievt of :ûressl;re, s1:or,red li*tle inere¿¿se,
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Tn åhe teets çutl-ined- e-ilo'./e e prs#srTe cf about tne

atmospltçre i¡ras appj-ied. ltr or"de:' that ti.r.e rvater te:lpernirrre

eould b* raåsed a?:ove :i;ire boíling poånt" The ef,feci sf, t}:e

p?ÉssTÅFe îi'aË apparentÌ.y nåå* lt sçe¡ïed- ad.visable äs co:r"binue

at Srigh,er prÐssuffes, si-n.e* tl:Ls fastcr ie of great tlreo::eti.ca1

åatereeÍ ln a13. gas ::eactlçns. Frcn a praeÈåúål s'ü¿rndpoi.nt

åt lvse iTiore feaafþle to i.eeresse f.lre pressll$e, ratlrer than

decrease i* beLoi,r' atr::osplreråe"ô fusèhermüve' &n i¡tfi-rråte pre€sure

iizæ::ease is t.heereÈi*a11;r pt$rib1e, gi"ring â. gt'cl'ter r"ange far

åhe observatlon cf, an¡r ehanf4es s rÅIhereae äire lower limit sf

B3'essu-r.e Wi.th åhie d.iseharge lg fi"ie vå:ÕOUr pÉ"essu.l:e of wa-r"er"

Fressu,rç efíect is intåi¡ateI-y eonr':ected. io¡itn th-e

Ëhysieal eool3.ng ef,f'eet of the trater, ei.nee pr€ssure naisee

tire þoiLlragg point gr"eatly. Tlhe i.mportance of thris v¡111 be

d.iseËssed. later"
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1"APPara'fiLtrs 3

Itl"l exire:råinents sc far deeer'lbe{; ltore

elsne ',;ritl: 1:aird. itranìprele-t'ecL arseu ti:is tyl:e lravin¡t ;:3:oir*n ncst

etAhSe a:rd eaeily eontr*lledu Õperatici: at Ïrj.gh ilrefiFü1'&

'natus'aLiy preeåi*d*d. any sç¡1h. arl'engeïü*nt s* tþat a self

acLjgstf ngs OF çxte::nall;r. Acljuøtæd arc rr,¡as nû*efiearïo ft }:&'s

b*e¡: n*ter:. pr"evj-ü'u"s1;f tha* tite f'j-s*ha:ige eilployed. rra.s i¡e:":I

*enÉirÈ1ve and. *arefu-3 nianiprrlatíen rva* essentlaj. if Èi:.e çusrent

aire voltage T¡,¡ere tc be kep* e*eady; he¡roe t]:* e#-Ilståt1¡.t:*n '*f

m*elran:Le¡:r} c.*nt:'s} fo:: r\fuamú- an<L oyer{ ape::aticrl present*rï s,

pr"ablelr å

- 5$ro gene3"al t;;nes af, eontrçl w6YB d'eveloped.; Ln E}rø

firet t}re trivs øleetrCId-e,s ri,rerÊ fixed. ta s*:411 earcàages elidlng

on raå}e o and heLß separaÈed by *i:raLl språngs o å ehaj"n a$ð

rLrurc d-evice broaght 'i:h.e e¡rd.s together and tl:e a.d.junâ;::eat ri¡se

itÕ:3:¡ fJ.::.es ß0 that th.e length lf tire arß cor¿id" be eerefraSly

eon-'cr*ï1ed.g Ft:€sÊi.r-re on èh.e end.s, vrhS-ch ås ecr:eti.rüeÊ i:equired.,

eçz.t-Lð- aïsc ire *þ*ai.nerl easil-:'/. ti:.c d,ru:n ¡¡¿as ecrzneeåçd ts tlie

autside con'l;rcl- hs:adle by mea::e of a spe*åal.L.y ma*hined, d.rl-rrç

sþaft, ru,rhtßh gav@ *asy cçntrçï and at t]:.e sieïïe tii-*e effoctualJ-¡r

seë.tred" È'he pr6ssllrg È
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The d.11¿;-te a*J-d.¡: f*rmr:ß iia 'ç?re dis*ha::ge, 'sageLhet witS:.

æ3,es,hvo1ytit effects, 3rÊ 1¡Ér,1r tÕrrtslveu s* tliat the apna.ratus

"jrast dçeeribed had- TCI 'be frequ.enti-;f ree:or¡ed and" Êlca.nccL* tltpar"a

r.cm i;irie, LL {jÐ.\îe sati,efaetory eervice. It s¡ae f ound i}ossible

hcr.'setrlere b;' en:pioirång heavíer çr¿rre::ten Èo uatntaln an an."& wiråeh

li",ås less erreeep?ibl e tCI *he effectç of elee ?rod* ç'¡çar ar:d-

e"rns€qr¿ent.!-y nrugh ffÊræ s'i,able* In Flgure 13 ís slx.*v/n 'the eüæ-

;:lete appana'bus t-',sed J.n tÏ.le Ðr€ssu-"e lests¿ Ìneluding .b?"r+ e3#

ad.jusÈ.in.g #evi*e f'ov r:se v,¡i'bli i:eavicz' cÐ.rront$,

The elect::gdes Ä-h $rere elarnped Ln tv'¡* lr.olciers B*E

'i;i:re lefÈ rne beång Lmrnovably se* 1n a bloek of cast *eii¡e¿t fru

The yigleÈ eLeetr*de hclden f*r¡¡ed tlre ruovable :rr:cL D ro¡1iich. passed

È-hrouglt a ¡nsehined gland E; at al"l Ðressu'r,e €ïrplûl¡ed ',.lie joint

ï!¡as kept gam t1ghf by serewing in the pre$su.Fe nr¿å Fo whi..ch

fo::ced tlrc as?:esto**graphlËe eealing ne-'beri.al aga.insÈ Ð" One

sid-e of Èhe er¿rs"enÈ Ë'as con::*eted. di.reeÈ}:,. to öire end trf S,

Èhe o*het belng senÈ ihr+upçh the cond.uetor #, Tl¡l-s vras ¡uade

Sc.erá a heari-y duty aviation typç r?eper.k*plugt*u such a devåee

formÈng a very sonvgnien'i; rieans of condu-cting h.eavy c*.r,rente

Shrougl: a wal1 in any appax"atu-s å;: whåeh irigi: ll3'*$su.r*s :cliåsÈ

þe nafntained. rvii;Ïiout leakage" lngide tl:e a?:par*tr¡.a a wåre

*Eruåçd 'çl¿e cu-rrent fror:l the plug to EYte ola;ep B"

Tl:e icraJ"n æasång sf the epaaratu.s was made of h*-gh

1:i3rÊsÊu-3'e stgarn piptng {r.+'rough.t iron} vrith asbestss graptrlte
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påskång t?:.iou-gh.ou*" The jcint af IT vt¡as elre*iâl-:y fltte€ Ès

inakç freqt:,*n'b ûFÐninË cf tire fra;*-L'n.fi pçsÊ,1h1Ê Ë *rdin*-r;¡ plpe

threa$s ïfer€ fou¡:C to br*ak d.ovin on repss.ted usfafi" The to''¡,¡er

e&tend.ång tr*r* fl to "l' fnrmed the gas'eha:nberur tì:e ¡¡s1u:ae cf

r¡1tå*11 e*u.ld be **r:¡¡erzíentl;¡ alterecl- by *diustsenÈ cf *h.e le¡re1

of t?re wete:.u Th+ pre.ser-l:'ê Ellr,ff# K a¡:r1 higlt Fressus'e vslve t
1,liere of ordinaiy constructicnþ

rt',jíÈi.r titis a.pparatus pres$IÆ3es up to 4t# i:i:u-ndæ per

sqLr.sre inelr l¡,re1'0 et:ipJ-o;rsi-u *'.1'chi;i:-3h tiili-s TIas s1i,Ïht1-;:' cve:: tli+

saf*ty* 3j"r*il, åbave õrJ0 .pou*rls åt *.¡es ne*çE*âr;r lo ercploy a

str.et? d.evåee tç f+ed ån åh.s eSeetz=cde hcl.dee* l) agaånst tSre

prÐsff l¿r* ånsåd.*Ë otli.err¡.¿ise" n* di"ffåcul'Ðies vrer:e u**o*n'fFd

oTlrs th.ls *íuip33.fied. fsrri rn¡as ß*nstc"iåct*d"" A-pparently an-¡r

pi:æsÉirr"Ê :r¡haÈer¡,€r ffiaår b€ devel*ped., as v,¡r1È3r ç.Lectr*l;¡tie gas

ËroducÈtan" sånræ wå'bh tlue Èsr¡¡er J f,åIled aLmc-qt øompleiely

r'¡åti:. sraåer 4Ot r:or.¡:rri-e ïrressx¡rË ecrel"c be attained. in çn* mimrte

er 1&ss "

Ëhe ce¡sent b}+ck $ req'eri::ed. f'::equent rene'wal, heing

reduaed nüe & eoft iäe-Ë,s b.r¡ tire e.arn*sive ac.tio¡r cf ï1:ç liquid.

and. *'f;ray çurr*nte " ü&tl¡.*rvü proved tg be n- aonvenient r¡ieans

sf lneulåting the oanneeÈo:: B from the ee-*ång metaSu tlte latt*r
being 1n el-eçÈyiça3- estntaet lEl-bh the rocl D"
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Ê*-$;qË,,,,,,,,,,,,,,,,¡p-e1gle.qËe1.-.Fs"+rä1$--s,"q-.

:it nrÊ,ssur*Ê ßver "flve

atroa*ph.eres the ehaya*'tet'isi;j"+s cf hh* ay'e "çttteTv!Êfif" soiïe

a}:^anp;est Èree esfi.:id. ei:r1'bted end *ire raeelra::i*nf vil¡v¿¿ti-cn of the

T:.t'ã.tÍi{ apparaÈus {wei"gi:t aj:out 'I5 po-',;-nds ) i¡:.creased ¿Zs=e¡¿t1Tl"

Thle offeet leesenad aT:û finalJ-y dieappeareti wh*¡: fhe presË113'e

två,Ë lnere$eed to eigirt atu:oepherd" Yisual observrÀ't.i"*n sf. the

&'r& v,t&& at.t*ranÈed- þy *leans *f hearry lense* set iia'¡o ïile e:i-de

+f tl:.e *aËiÊËij þuÈ nç *snslil.så-re cþserva'bå*n* vtetre nade because

of, t?re lntense i.ili¡:tinaltçn"

Te lneure pe:"f**t ea::.e"i;an*;r ån eil olrer¡rtinr fa**qrvs

It ç¡ae ti:*u.ght ad-visable Èo rçx T):y*#Êll-re, teci:* frc:l }*-rer" È*

l:igher l1r¡lLt at a *ingle experårrrentaJ. p*"¿'i-ndg â ç*;.:l"r¡e¡r1en.t

rryE;1r ç5 doing thle v¡*s tç obseì"ve 'che -*Lae in pre*sirre ï¡en unlt

Èi¡neu cf-nce a ",tnifçr'a ri*e inciigetee ä toüÊt;in'c r:1û"Ês nf gae

produ.***, aesv:ning tire #a.* La'îr¡s t+ ]:.ald* Thc crestzlt abf;ained

ås sh.çr¡ãl g:*ap3r1ea13y in Fågure lâ, r¡¿h.*re 'ür€fisllËrç rJ.sç ås

pLotÈ*ß against tix¡e s.f arc cpe::rition" A1l rea.aån¡is rirÕre

þaÌr.a:: "tw a eingle ::un wåthnut ¿llÈering ai:.e lnpu-f poir,Je:"e rvateg"

'eornp*rat.tåre ûr ati:gr ecnditiorre* Ti:e e:¿Tve is q.lite lirrear,

ilrd.lcaèing 'clr.at tire erncu.::t of, g*s prodercec vra* independen* tf

tlie i:ressri"¡'s ¡¡rlthin th.e limlts t:sed" lhe ds"ta useC l"n thås

ç3å:r1r& ås gårren ín 'i;he fo13or¡'ing Tablæ,
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é.e a *l:e*k *n tïÌesÐ re*qìåitg'i;ests n,*îe r?Jn a"h pg'e&su.r€s

t3i::or:.p;lricv-t th* r*.r;.ge oÍ' Tal:le {Z*1 , in wTzi-e'i: the äas erz*Lr¡eú

T!.Ð-s øzpanú"+t*- tc at¡*cs:;iie:']e p3-essLir'Ê ¿L;rd j;lre l¡çTur::# ilee*sü-:red.

at ëörlËtant å*tnporatl?-re. FFo;:': at:i:cs¡:Ïre:'L* presfiir-re 1;* E&

atl;iosi:?r+rçg ihc vçl-u'ine *f g.::-g e'¡oi"'re'i. pr:r' u.n-L'c 'Lite d'id nct

1¡f¡s';i ïirÕ?re tliar: #fo Êr*n tÏt. :¡í.t;n-rs"* a*d- thçre -r'.;ar: 'i'lù 3'*i.¡;iliarity

in th.* f-]-rrefr¡.af J.0I:l "

Tt, is el¡ider:t th.z;,I ilressul'c i':.as -Llttle if any *.ffeç'r,

ul.:ü:i tJ'ie pr',:,;il.ciion of t*cGtu-s p:'ccl-;cis ! ,r,i:,ie j-s si¡1i-'if ica-t

i:+i;ir in regar*- Lç *hq *3':*ri¡ieaL r*¡;+tl*crs e¡r*. '¿lie pi:';¡:åcal"

fast*t-e affe*r:::i"ilË *he ar* ope::a'bí*ir 1n l3.quici va*Cic"r. *

*i.seraseJ-cn sf i:hæse îesu-l'bs ås reser-vçú fcr" a

later Seeticn"



-sâ*

å_lr ë_Is j" 4 g:.

teàerm:ina*:ìç31 of i;h.e effe*t of

p;,*sg'r¡Jre 1å'i]01? f;he d.lselr.arge StaS been dåscussed as follorvst

{1} Ån apparatus eapable of standlng pressures

up to Sû atnissplreres, provlding for ðisehar¡;e tperation êt

aLL tr?essrrres rø1th a minir¿i¡.m of internaptåon, was dçve1oped.

{*} Th.+ ri"$ç in 'Press'd-re per unit äirse .,";it3i

Êhe c1åsçhalrËçe opereti.ng 'ri.l'ì. å sealed s-9*ter* e'as detonrni'ned'n'

the relationshåp belng ;rerfeeÈ1y linear up Èo Êü atr:tosph'ereeo

{öi Þírect c'sl}çe'bion ex,p*3'i.mente ehorved. Ènat

tiie ¿¡laû?€ t,est'e L:*ði*aaee e. eons'r"an:"* mãss of* gas evolveå per

r¿nii timçr l?egerdless of pr'eserår€s '¡¡å'bhlrl the lfualt cf ercor

of ine rriça$ur"efi€frtË c
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Ån attem-i:t wes tilade bo ob'hajn speetroscapi* eo¡id-ençe

whi*ir mfght giva s{}ríe 1i-rfcrr¡ation *s Èo i}re ¡::+s}ranisr¿ of thc

r"eaçtisns taking pl-ace in t.I:e c3--r-*c]iarge; ti:is izae u-Tlsi¿eee$s.fti.].

f!:e:r.esulte, wl:ich et preseni d.o n*t ap¡lear þ* Vs* af partíeirl-as'

signi-flåcånser Ë,3'e bt'åefly *irt1fu¿ed^ beJ.sl'¿"

standard glanæ'p::i-ssl 3å:".1ge:" spe*'hr:*net*r v';as

eru*3-*yerlp Bsl.i],1 ex'5:'a tast, {.*&a\t ,1laieæ" Tl-"ie d.åseii*".r::{es lrrer*

*pe:"at+d ån a r¿etal- vgsse3 w:i.ti:- a- *:;tin *:i*¿l r-¡i-nd-cr'; ancÌ ex¡r*s?.,?*1eË

*f frsrn 1û seei]?:ds *ç Êt nån-u"ta* i¡rere mad"e; .s*aartarcl. he}1,lxn,

k:"yd-rrcge-r: And. ií:ercu.r-g *uir** li'iTer* used. fA'* *çnral*j-sçri P'¿Æ:pcseÊt

¿¡n,l- th.e Lines lTÐre measu::,:;d -Lrl'-o rneans Of a t:-"¿¿ïellinr" in-r',c:'OSOope'

.Livcinçi and Ðeris:'6 f*v-nd- the h¡¡r1r+g#n e"ii-d so*called
stl,,"åtÊyît gpeetni¡r¡r Ffcrnågrent lie sparii dls*hargee in $ra-'ce:r and.

i'rater vaîrori,r'¡ ti:*y aJ"ugay* sb'hained b::í}i.:îant 1:',ydroger:. Sines

url.ien lvate:: wag ?tdr*pped, intc vhe eLçe'bc'ie årc'u. Tire disc?:aarge

apera*ed. ån weter howe¡¡er¡ ¡¡ielcls ir* ,sucli spectra tvhen earbcn

e1eafi¡'cdes erc el:lpl*yed" 8 rzç i-r:.diea'cå*¡r of h;'ia-::cgel: l.ånes r"sas

Êver çbse::r¡ed. cn t,h* ple.l;*p ä* t,n,*I: {+ire d.is*irarge nueå be af

differ*nt na'çurÊ 'liCI tlie åål: er& a5 et:plo;'ed blr tire a..l:cv*e ucrkÊs's "

Ir1 ågre$ment wittr Konen? tr¡¡o ealei-uni llnes &9&4 and

3¡969 g xÊiere sbserved ån all und.er water carbon åi?os îexe*pl

tlrsse t*Lttr purç ïúerau.Fl,¡ elee 'brOrles, liiçÌ;al åìrç.s F,a\.t# f¿int l-ines
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Ð"t Èlraso ¡:os J tions "

toppe:: electrûiåe* Ì,tr ¡:nre water íjare 'ir::iliiant hyd.:.o6en

s'ed ans. blr;e iinos {rvavele::gii:rs 4i36i- ¿rr:d. 65ô,3 R}, bi-r-'h lTrie tr",zas

tire cnly d.i.r'ect indi"*ation r:f i;Ìr.e sffect cf '*1i* yr*tey,"

t¿rbon eLect::adÕs gâ'Lîs e' HuËl? neaker g*ntíni¡.oue

epectr.u,:n çrhen operated ín viaþer ti¿an t;hen 1n a1r, .f y a gíven

i¡rfier:eiÈy {:}f the pr*i':i1n*nt }ines; reve::"sals nel.e freqi:-*nt e Ð&

hae'þe*n. chserved. bl¿ nrlruer,*ris in.;,'3sstl,gatcr,* o

rc def -ii:.åt,e e'pn.ç1.üs j.onx i:.av* a+n, *þi;s'i;--;"eC i'rn:-r: th.ls



H" turrent " ]ot;eri'i;íal anc- FiiìÉrTgl." Re 1 a.tionshi Ðs "æ
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Trz *1:c ia*t tlrrec yrars i:..eÍ'* ha,s l¡e*n a '¡¡icl,espreed-

e.ffsrt tc¡ r'el"a*e tl.e *urr:ent fa.*t*-t in slrm* trlay t* tÏ:,e exi;e¡:t

of, *l:e *l:*rnj-c¿.} ¡¡eaçJ;åsns trri<åirg pi-a*e i.n .rarj"*'¿e d.içcirayges.

T'fu-ff¡e::ous iit'r'l'¡rers e.3-Ai*r rrsri" clefinj*e relatåonsi'ii.î:s h¿:.ve þeen

estai:låsheå f-n thås +*nnec'aion; ã:::ûng t3:.ese rrrn¡r be :non'l"i*ned

tinc-er52, Bod.ensteinsl and. Brewer" an.c. i eethaverõou r,;*r:,hing

:nL.th l;ery d.i^ffcr*nt rea*tiÐïis a ?l:e s'e,Ëal-ts of 'çi:ese investÉ-*

gatoes a-{}þçß-T f,ne r¡.cre inÈerestl.ng v}:en" it is ræsa}led- thaÈ

werkers aù the þeg:in+rång r:f *hi.e centi:,ry ïrere unanj-¡nou* Ín

Èhei:: dseisi+n *hat tlre eur::ent pla:yed. }:ittl-e if eny pa:l'È 1n

Cåe ebarge rçaøt jlÕns 
"

Tfi-l:ïr the denelop:i:ient af Èhe tlr*ary af ionås(ìtion

poteni;:l e1s there g-selr np the c¡:lni.o:r tl::at ,val t*.Se r¡¡a:r l:rn

e*nlir,rlli-;ng fa*tor 1g: d,isch::.;:ge r.*e.+tj-ons3 1r;'-ansbr*u-gl:r*Jor:eæ48

and Lçaåur.4g ry*;td.i¿sted rese*"rc.1es a},*ng Èl:J.s. l-1ne, tr1i3:ri3e th.ç

irup*rtan** *-f '{+Lt¿¡-fie ås no'í'r ful};r ye*låsed, it rnust be yei,uembered

tirat i::ost diseirarges operate wå*l: sps.ee potentials fa:: above

Èhe v's]tage:'ec1u-ired. to p:od.uee *i:.e Lonæ of ahi:osÈ any su.bs.bsnce

rqirici: :l:ay be p::eeenË.u äecent l'¡ork' hes b*en dåroeted" theref o?ee

Èoï,'ar.d.s chtai¡:.ing sÐrle explana.cåon fçr èhe p::*nor¿need effects
oau-reång wåth poten*1als hLgïzeyLhan the irnåsång vaLuæs r:citl.rout

in a::y vray clisered.lting tlre es&a-bJ-åehed tlneovy that ähe prsd-

i¿eÈion of åone is it.re prla:ary esssirtJ-al"
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: Ji,s 3î?enti.6ned preví-ou-c1.tl räþ, clal.;:red. x,nnb tlrç 's*ti.r:n

of the *årþcn arc in v¡ab*r'rqge cf a'pur*X:l'"ç}:Ðrti]a1 na'Lu::e, wit'hout

øú=ranein& e,ny ç;Ëpçlrj.meritai p?eof , Ps'e3j.Tïlnrtry 'i**-tk sl1ol''{ed- that

a îllvater gas equ-iLlÍ-brii;ïú11 " s¿h.igh, mfg;irt be su.speci;eel fv"cr¡: the

pr"eserlte o5' ças']:cn dicxj,d-eo ri:on*xíd-e and. i-l;ycrogell l"n tiie gä$€slfs

prcdu*t*e ïifi.Ê harAly pr'üþablee ãt: *hat å seË.rqh for poselble

eleetr.åpai effeets see¡:ied ånrlì eated-.

- é. n'Ènd-y *f ti:e 'Lhg'ee fa*'csr* si¿Ì:l'e'¡lt e r'rÛibggo and'

wa.t,Eeg,eg å::sofa:. as .tney aflegb Erte -sat;ø *f f?ie *tve.*:Lce'L

rç.actj-i:zrs 'b*irlng plaCe iri fþe u-n{er l',afer dt*ehar.ge, il'ae msde

and the evldence sht*-lne$- 1s sutlåneú belÕ¡'v"

1o .Ap-r:aratue:--*--'-æ
Tt rvas deci-cled 'bo e:r:Ploy tÏre taethod

cf frrvextågatiOn eç-"Llínsd -1n $ect j.tw rÈ \2 , Fart d?,1 u i;ira'b 1s to

say ÈÏr* pr'ír:c1p}e *f neesu-::i:ag 41tr Èhe façtr¡r"* si-t:ulÈ¿rnecusly'

r{i,rxj.ng a ]ierj.od .;f eleac¡r ar'g ¿a+*ion" iI" *arlrye¡l:ien.t :i]etkod,

of *ieasur^ir:g å}re reac'll-{rn rs'riç r'atlid-i-y lnv*3r,r*s È3re ::rße cf a

sÈrìsi'bår¡e fJ.orlan*ter; *i'ij-s prer:ed.rer"s :ø*ås f,ound- '¿o i-re aai;i*îac,tary"

fiie È]rpe or. fl-oçrmeter: enrplo¡¡ec1 vras esseatl"al,;r *ire

sasne as ti:.at dlscussed. very ful-ly by Benton SlË !t rvas of lrery

sirrii:le eçnstî'låctlon, belng mad.e u-p *f a +apållary tu-be anð-

long r¡:anc¡neter ðubee. B,T th.e use of fleæiblc er:nr-reeti*ns
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ÊevevåJ, es.Êi. 1-l-s-ri-e*'¡¡çr+ j"nter¡*i:.angea-bIe, gröaÌ'.Iy e.:ltend.ing

fi?r¡' qêir sr Ì f,i r¡'ï *rr -¿*n rr¡.r ô f' rlig dg'rri*g o '',r¿.a.îef- t:/¿i$ -A*ed. j.n th.Cu-r:ú !rrÁ.1+ j u_.. | ¿L,r' .L f/.¿jÊr! u&

niaï-lflne'åìÊr fr¡;:j:ï:e *rÍ,ål-J'ês'É flçp¡ Tetûfl? Nt¡.-jci or si:eii¿.:l ç1i f.s

rÊ*'¿rffi'.r*el-r.d"*d" ïr1,r st:FJ-Ë" b*'r; ni l.s ]-r.åvê a hi;ih r¡iss$sity *-nd Sive

s,Luqçij,sh ?ðsr3,çJlsÐ j.r. *he 'trcn*ïü+ter, I'r:r the h.ip;ir.eçÈ fias t"¿lËËe

sr sÏ.rort çåTli.l}e3ryr {and ni*.ïåt-J'ry írt*nçr:iÐj:cr} ï{Ð.å fo'u:rd. bçet*

flalJ-i:retJ"sn rra* Ðæ-1".3?ied cr:l* '¡rÍt3:. an åj-:: ri*r*'ai*u vclu.tr+e b*j"ng

*e¿,r-su-rerj by water dåsçla**neRt snd. "birne .¡jr,i;lr a s'c*p watch;

ï-?ïf**-b1T lin*az" *ì.lrveg'r'i*ïJe o?:ì:*,:ì-i:ed- er:d iu ns *acë vtås *Ï:e

It tl*E hr¿len&çlTr e*l:rLl*'Í n¡r ::cacliecl "

?trc eu::¡e::'h anrå yr;å-r,*::,e i'$r:iùtsr* ltrelÊ oì:*ervç"t çii

oï"fl1,Ïr.äry ffiet*r'# Ër plaeed flrai ain¡çst sài¡u"l-t'aneoi¿E cb*e¡'vatåc,n

of s:Ë'Lers *rrrd- flc-r,l¡¡,'reters 'Éra,s Ë*såii¡Lei n# Li.rrie cr rri;ke::'

tT.@$.s1ç'¿33ents litÕr& r#qu.if.Ðd.*

s¿*Hnerî,*#åtrå**$,;
{ s-} 'l'he eff+ct of, $uy"'i,sïrti u.riÐri ùh* :,eactisn*

1¡,¡åå ã*ei¿:ra'bej-:r dete::riÍr:r*d :rlier¡ åt t¡.;*r¡ f*u-:::r1 tyig* th¿ vc].tage

ä$:iÕs,î ti:.e ;,:-i:Ce:r lu**îer cãg.bo]l å::È *l:çj"c1 'ii* i*ept i":ûnsi'i;irn.i: È*

.-:i.-bi:::: I v,rlt, '*:.! p3?tlve? ::rp*r::-pi¿"La'bí*n al':d. g{-ir:rL}-*l- *'f i;h,* 3*ngft}:

gf,' the discl:.ar¿4el tg l-r:*ure u¡riÍ',-r¡'rnl-r;.¡ ,,t{ **ni:;iif;-i,t::¡ns ;Li} 'bes'he

\rízTe rrad.e',¡,ri.i:}r the r,.dater ba'*u-gh-t tg ïigÐpüìas boåi"irig by an

srrxiliavy healtng Êr11.
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fhe 't ixe res-ì eta:lûe lras a3ter*d ba g3-',r* *uz:renie fr*rt

{p*uf i åfipê1*t tO 52- ari:pe:"e.t u ';he 'f*1'üE¿í:c 
'l:e ir:.qq *Ût". ¿*r,nv a!

æÐ v*lÈs a,¡:p:+xi:reí+1'li !t a*p*ar*od. rlnav thj-S l.:eåer:.tåal- v,¡as

.reer:li*r3-;¡ s:,rftable fc:r soiistant l.::eàs"úFeli:ents" The el-ccÌ;:'*r1çs

er:l-pl*yed rreye ssSlt carbç:l eüpner'*'p1aied 'i;o ¡si{:hin Õ11+ centirus*er

*f t1":e årgi ån {:nf* H¿r.1?ãle-f,'thg el-ectfåea} Ði?ergy 1?a$ e*r:"du.etçd.

ç;i-th negliglb3e lL$ss::j.Ë$t "¿i: to ttie z"egion sf ålschargep sÐ

that poÈenbial falis along èhe ele*'blcdee r,''.'(ìFÊ e--tii:lir:.a'i:çd'

ïn I"ffiure {15} È3re ;:*s-;lif;ì a.x'e reP-resenÈed fireli:faaL}yu

thç e'i.erc'ent bein¡1 çloited *.¡,r:air:st t.:.e rate cf f,'lor;¡ cÍ'ti:e

gsseo'ü..e ;:r*duci;*" Tl*is -*i:l?'l¡€ nctåeeably s'loree tcwas'ds *l:.e

Veå-ti*a.f a:rie,,br,rt û.poeåFs'ba hç Ç.i¡,1'ce *ruco'î,hu anC a. r*ar:l¿gd

relatÍcnsl:ip ïrc'he'een Èhe gae f1*w and. i:urrevrt ås apnaren-t'.

$i::ce the '¡oJta$:e r-iae *onstent ån theee tests any *otentåa}

effec'bs ia, þe assinnad È* ire çonstant þ

Th.e rlaÈa r;sed. in this *ì:r-i/ê 'wj"Ll b* f+r-rnd- ån tSre

bable on ti-re Í,cllai'ria.E î-]etge ø
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Ey keeping the Líne :'eslsÈaace sonetant ancL u¿eri*ing

tne leng'bn cf the d.ísch.a,rge lt v*as fcund .ÐÐsËiT¡1e tç v*.ry the

Boten'bial åct:Ões ti:.e ai:Õ Õ:rer a eonsider¡¡b]e range; the eur:"ÊnÈ

howev*r., alss ø?ranged -¿;iïir the v*3-*ageu and ç,ould not be kept

eonstas¡È* lg ll'as b*lieved that a series rf reaúingis cf Èhis

sort vsau-}d give cl-efinJ-te icidåaation af {:he effect ' It eflTc qî

valtage u.pon the diseir*:rgeu provicled tfia.Ì; ti:e prevlousl;y

determlned effeçt of e:-r::rent etere ke.r:t ån mJ.nd.* Ln diserin:1na'e ing

betr+¡een 'ühe tîÈireræalîr and flçleeirícalru Cj"sch¿rr,,ie tnecrieg 1t

1e *î Lm,;*vte=n.ge al-so to cÕn*i-¡J-er the poi.ier or r'¡atta¿ge fa<]'cor,

sinee ti:is rer¡¡:esen'Ls ener€çîr ci.eveloped in tl:e di.s&he"r¡;;e"

Experirnents of thLs so:rt iiere careied ov.t i,,¡itlr the

sarne appara{:us ciee*ribçd ån the sv.¡:rent tests sectlon¡ the

gas 'f,lgr¿ Tias Ì$Êaeured. Ïry r*eans of tire fSorvrneter aircl the euvrení

ancl *¿çltage dlresttfon 'rneters " 3t ås 1*ipçrtant to record th.at

na troltagen Ínterniedj.ate bett¡¡een 4 vcSts {apÏ:rox,} an¡3 ?Ð va1ts

{acpr"ox"} esulcl be cbtai.ned v¡l-th, tkre caz"bon årei it is bellci¡ecl"

tirat -the lotrer i:otential- ie çbtained only rEiÈh e- T?sharted-Îs ãl"ß

rvi:i-eh l.s enÈLre1y dlfferent 1n physical and eher¡iisal- nat'u"re t*

the {ieor:tagtw fr.rÐe altlrcu.g}:. br:th årÐ Fe*i:red r.¡-"î-t?r thre çleetrocles

in alrpa::ent eçn'Laet * !,. d3..s*ueså*n of ti:J-s pognt r.¡ill 1:e ,given

later.
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Tn tire fÐ11.{*rvvJ"ng 'Ia*}e are p.;Íven 'i}ie da'La used åi:

*:*av+lng F'i.grares -14Â and l-49" 'The;'¡ srs tpåaa} of sev*rai diff'erenÈ

rìåns rn;fÈlt vac'åeus line x,*s:i*stangesg aJ.l reeiafngs tiiËre ol:tai.ned.

by -øarlatlon of *^ae a::e ler::.gg'clr sn}:fu and ihe tenperai;urÊe

1:fêssureu elee*:rod<¡su et** sere the $Ëårse in eacl¿ oåse"
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ït is evLslel:t thaÈ n* çurvfi coulil. "ne dravrn fr::: the

psj-nte gå-'æn in'Fig;izr+ 1"44.Þ J.n s;i:irh tl:e {ias Fl"oE' Ê-ate i"s

p1*Èteei a¡4ainst bcth vo3"tapçe and yrat-uage; a *lear relatj.onslt.ip

i.s hoï:e-v-erå evådent i:*tv;een *he r¡*l:hnå;e and i¡raitåÊler Thie

i shotrs:n gre.1:3rf call;r in Figl.:i-re 148" '',iTåihi-n clae exper'Í-ruenÈa1

Õ:3rû3r -biee equa'çia* of li"ie Ðl.l.rvç is sinpl-gr

lij ; k"ve

r¡,¡l:.sre iii is tite inpuå "r,rattage s"nd- V tirç voltage aerosg the avc*

f t åe *bvåeus Èh.** 'l-¡íthin th* rsngÕ 2ü tø 4ü ycl'cs

*h"e peten*fal- rac.ztÕäs j:h.e d"fseharge þra*s iao effest up+n th* raÈe

of, eheruieal Eeactio:r Èakíng plaee in i-t; he:.,urever åt ås füosÈ

pre-bable Èhat' a n'¡ånis:un val l,age ie reqr?-årâd b* r:alnt*-in a '¿r'ue

rander v':st*r, äT3Êo Tl:.is ncritieal poÈenTi-aL?T is nerheps tÏ:c

vaiu.e i'leoesËary tÐ glire a spåeÉ potæn'båal" suffieiently ¡1r**at,

Èo peod,uee the. ions a,?iåeh p}å;r a fundainen-bal part in the Ð,:"Ç.

A general trj-scuçeion of all th.e ev,tr*rj.meat,al worå.i

preseater3- ?s**e foliorçs ín Èh.æ nest fleetåon"
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q! lT ¡rí ¡f ,C Ð 1¡srJ u lil ¿il ia ál J- o

Expari*:e:its Ðn th€ effect oS *u::rent,

vÕ3tâgç and rryattäEe iåliûT: tlle elisshãr'g€ rÕecti.tns håve Elaáç

poss:lb1e the fo1l.or,'Iing etnei Llsions 3

}-, ån *.-ï.ruo'st rlire*'b ::el.¿ltiansT:-ip e-";ist*

betrreen th.e cris frina"r#e fiÐ#r:*:"ìt and- ål:e "ra"r,ç¡t *f eh.er:iåeel-

reae *,i"*ns *akl:r.g r,Jleee in t":.t: åi.l:t.

?-* þ- +erlain erlÈieel vcJ"t:i¿e i:¡ i.*qrzii"ed"

tc pr"ociuee urw"e *.rðirlg under ïáå.Èep; above ti:is pot+niial- the

eirer¡-¡isal reacij.ons ar€ el-:tirety inrlependent cf ¡;cLtaËie ir¿ Èhe

3"å,r?g* stu-d.ied."

S" The elren:lcal rreac*J.or:s are qu.åtÐ indep*

endsriÈ of 'bl:e f-npuÈ vu'attag* p;r+rrårl:*g .Lhås be s'ujficåent to
iïâJ-n*a.ii1 itre &Tû ç
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Þían;r¡ earefrrl etr¿dåes ha';e bee:'r nade of siæple z=+ac'llions

s-ur*h ¿"ls '1,'*e dLessciat:ion cf rçater rrä.pr:Jï ancl tiie sir:thesls of
aätTri,3il.l-a 8âs, t*icå,ri-i p7"n*+ in eaxii;r c,tnti.al-ied ti',r1l>1ï?â d--lscþa_r.geso

e:rd. yet it rna;r he sfl,i-cl +.y:*h at pr.es*nt there 1e no eo:rp]sNç1y

sp-tl.sfastary theory to acecunt for all of ,¿;h.ç sbserved facts;
ncr is it ;¡raba'ble that all tire imporbeni faetcrs h.a-r,'e been

investigated." ïSearin-g ëhås Ì-n niiitd., nç at'LempI; i'.ri"ll be n:ad.e

i':,er"3 "bo acvar:ee å $*r:ipriÊhe¡:.sLve th.eor.y of Èj:e operat;i*n *f. th.e

Lni4¡ tcns'¿E¡n ar+ dåeeha.rge ln l'¡åÈerl iþ i-e fully realieeqj. t?rat

the experi:een'Ëal wsriË 1n thls *onneeticn 1s far fr*:n e ompl-e.be.

The Lew tens{on are e etr€ru r¡,'hen opereting å¡i a vÐ.euuJire

st11l pr"esent* a serlsus ps.çblom fcr the ptrysieistí an iaveg-
tågetion of sh,eæical effct:ts vrhiel:. :;:ay taire jrl ase in suei¿ e.

discherge i-s tlrerefore harupered by the laslç af knowle4ge ag' the
purelp electrÍßal aspe*t cf I'cs cperatlon* Furt3:es'mçre çrç mi¡st

çÕftsltl'er that t'¡l:en tlte e}*ctr'ocles al:ç involved l:: ,rhe reactions
Ylre are faøed. r,'l"ith *- d.ou'bì-e ccmpS-1+ationc fJ.rstn t1:e elee*riga'1,

sharaet+rås'biee way be eoæpletelJr el:gnf¡eil, parti*ular3_y a*

regards tile slffeet of tirer:naL electc"on e¡çJ-.csicng *nd" seeond,

alay eherai.aal- ch.ange* nriråeh take ptr-ace ä.s a result of äl:e eleet-
rieaL effeets çf tl:e d,ischarge rnay b* Ttniasked.fi or alj;cr,æc by
sabsequ'enÈ reaetiong of tlee 1:rirnery products r,r¡ir';h th.e eleetr,éde
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B?a-terial$.

Bu& iheee ar"+ ;:+i thç +r¿15' diffl*':iitiec; ïcJ-Èh *hs

ï¿ndeï r¡ater 9ls*?ea:"ge å'L ''sae Ëûon fer:-nd tha'b the liqnid m*d'iwn

ha.s å çÊr¡r great effec'h 'LTtrit-{t t}re rliseha"rge aeÈien and. u-i:oi|b}:e

-¡es*tiçns takíng pJ-a*e ån iÌ;, ?he cl:enrl"*a} eaergies 1¡rvslrred.

are s:rs.l-l eompai:ed. i;o tl:e lre.*"'c gtven'rr: È}:e wa'ber. The arc

{:erlp*::¿tu-re ÍÐ u/e:"y i:i,gh rJ¡¡ë1" ¿1 t$Tlgideg'¡.bLe :"eü!*n, y*t 'b}:.e::e

Ès e i:elat,ivel;" va.'y colci negíon ån elose proxlii::ity t0'*h.e

*le*'ht'oúes "

Bhç studl¡ of tlie die*hargç mechanåerâ þeøai¡:e natltrally

dir¡ided. åp.to 1,ur* þr+.n*hes : the pl:.y# Lç*.L +ff ect of ti:e lÍ.quid

ritedl-l.ra, ei:.d- the chenå*a]. reeotloas; tl.lis cLåviæ:-cn i"e ^foLlo'-ved

i-n *he foLlovv1r¡Ê d.is+l;ssio:t,
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.1., Fþ n¿ç-+å F4E,ç#9" qå*ås s-u¿:qq'jpsåås-Æ.egåæ.å

rÍti.th

the are 3.n liqufd water a h.igh tcæper*.Èr-r.r'o Ia pz'*ciuced. ç,rhen the

cle*ç-r.ocl*ç a-re brouglw ts{EeÈ}rel:, dus.Èç ti:e í4ve** v'çsi.sï*nee of

ti:ç i.:rreguJ-a:' enC"s " end tiie f*rruati*n- r:f ,*Èean f*li-cr,çs imr*edl-s*e1y'

?lie ar*ing no d.oult takes place ån sàeaal ¡rnd *ther gases, hrat

ceparatío:: *f 'î:h.e el-eatrodes ås ¡rot ileÕessery ån crctrer tç -fi14ån*

taLn Èhe c3-i"c*1'rar*ge, ss discuesed previousi"y, ?he Ë;sst -r:rcnou:nced.

ef.fegt i.* 'bl:.e üOnve:"sion of ]-a::Ee aaiou¡:zts sf elec'i,c'j.ce-l enirrËiir

ints 'h*aþ, æ.nd. tile znechsni.si;r i:.r- *'tLi.el: i;iiås ci:ange È¿i¡es pSaPç

r-,¡itl be *oT?sidenrEd fir"s'b" TlTre ihe*::y ou-tllnçd. hev"e Ï¡as iieen

su-esefisful in ex:plaining aJ.l tire f.acts ÐÐrir a-sailable.

{a) Teuperatl¡.pe #racÍients and. ilest Exch.angee

From

the ïery high tenpera'i,u::e ån Èhe arc regionu ivliicn the p;rssmeter

shotred eXisted Ðvey a consíderabl"e fiÐace, to the surrcundlng

r¡;ater È}rc::e iïu.Ê" exÍst a i,ve1l cref,ined temgreralr:.re p.tradåenÌ:" ï¡or

eonvenience âBsu.Ele 
"he 

rnea:-r. diselrax'ge temrrerature is SQCIOoC. ancl

the e¡ate-e te:nperature 0Ðt, Heiq ås the transiti*n r:ade betr,¡çen

tirese tv¡c extre¡iles?
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1n jllguu"e 35 is shorin a iri¿;Li-ly diagrari::rii¿:.tlc and

rtideaLrï'bheoreÈicel rlischarge region" tlcsi:ly surrcund"î ng the

eLe*Èredes å* the regioniEfott&sËu-ç¡€d tCI be a'L.3tttÐt,r in'''¡hish

ar:CIba?:1y cnly gaseË exis'L, Gxe1uuirre of, -water vapsurl Adjolning

birås::cgi*n, anrS 3{etrrç$eriterl" b:-r tTr* s.rea ?:e'bween the fis'st and

seeond cl"rcles ås lhe ::*giorlrtBtt ecntaining water vepû-'Jr and gases

at'f:e:npe::etãveg raagì-i:g frcr: thst *f t14.zr ta lotoç"u the boi.ling

po11t of r.raie¡. Tt is å.T1 e:lneri¡:len-tal f*.ct tha'r; large ar*ounts

*f heat Are 'bransrrtt'hed, frün trÅ.r{ tq: \hæ cold- sr¿rroundf.ng r,'rater

{assu.med. Lc be at *ßç,}, fhis'Lransfer $us* tai.ce pl-iece vLa tSre

regi.cn tn r*reeh enlargd,-1n ti:.e sketshg ån tl:is heat eneråy is

transfe*i'ed fvsæ çte*.m at l"ttt #r & li.Ðtle ?.righ-::: o t,Ð';yator at

lGüo" *r:.at ís j¿c eay ihe latent Ïiest af vsnovie*tåcn ås supnlied

ts an infån1-tely ttå.n lay+r'sf vra'beæ here" This l,;ater r¿alr Gr

may noÈ l¡spûråËt" I* tïâîf': :t-* hït*ory, abs*rh an åfittunt af heat

lnsuffícient ta vapcrise åt' and. l"ese tk:ís egain ha tine nearby

eclcl rn{ater; hut tiris ie impr*ìra-nì-e , and tTie true çønð-:"'tion Ls

arcba'hly an alteruaïåon'bçÈ"';i,*en vs.;:*t¡isati-cn sr¡d cor:densation

*ahång çlase a.1: lO#t,

Th+ ira*e'r at LtüÐ *irj"i.sirlered ahrsve J-s tn ecntact v¡iÈlt

a laye:: LnflniÍe3.y nea-:: ttti-s ëe*:Ëeratu-ïee lrirt sli,gntl-;.7 eoolerg

*trus the eha:nge from r¡satev at 1ûûÜ to vater a-t tÕ ì;*kee place

in a eov:tinu-or¿s gnadl-ent, rÊjrre.Êented. bl, the ragi.on llplru



-33Ê*

It 1s .r;s-û,¡;s tTtaz iarge a::tçr¿ní;s *fl stean ål:e p:'cr1lieed

-near the Ci.e*herr4e en*- ç**åpe f::on it¡ if "bhe ïsei:er is ccl-C- it

*.e:r4.en:¡e* abcve the arc a but if ti:e teii:i:erat'.r.i:e is near the

Ì:a-i1ÌnE' noìnt j"t enúapes witi:. t-tre gesee. 'åhevefose tiee t¡statåcft
Ð--- -- -

?re*-t æc*ha::6e d.i.agc'âfi oí' Fågure 15 fs ilü't esirplete t rr* can;rÐt

crnflider l,hs-t ùhe regicntrBrr Ls of eol:elant sJ-øeu rxad.e ìåp

ahrays at tire *¡¡,lrrg våpoi¿r4 wlrieia meretr-y transfers tl:.e ireat f,tt

tt:c r+gíozt Ì1ç?'+, $te¿¡.'n f s hcing rçingvçd. f::om rtgrÌ ir-:¡ cheni*al-

Ceeomi:cså'cion and i:y physåca3- agitatton arid the s$reetritrg effeei

of tlic es*a;:Í-ng gå.se,t, Thåe. ef*affi ie su7)plied T:y 'i;l*e r',¡atær ån

rrpÌî, vapo::ised in *be region tt#Ët* tf tor¿rs* all these graclie*È*

niaïf exis'b Ín a 1/erF s¡nall volur;le úç"e to tl:e vit:] ence of the 8â.#

and stearn remo'ra)., and. tiie rel-a'i;i:¡e sises j-ndisa"hed i.n tlrle Få¡gure

h*r'¿e no sågni"fÍ.c&nc& ÐtË.tspÈ foc' di*t',Js*iüt'i."

',le rnay il.sn'/ eúns íiler the rates of he*t exclrançie in 'bïre

va¡'ious gçradien'bs. tond-ire*i"c'n cf liea'b frci:r weler at looo to

thet at C)o invslves a eonslderable tinre i-ntet=val f*r th.e ireat

iuust ttÈravel a distan*Çr?" Fut ecndu*Èionu o:: r"a.th.er transfepenee

of, Ïreat from st*e.m at, 10üo iicept at *riat ten:per*"tu::e by å: sÕnÊ Earrb

sûrår4û,ë of h.eat) Ès r.raÈer aÈ lûûs ç¡rn take q)lace r¡¡fth*ut any

suclr Èime int+z'vaL; Èhe exehange oan t*i<e place 1n an infinitel;y
siralL -*egion wlth Large €.r:rülr::.ts ef heat t::¿ì.nsferred l'¡åthou.t any

r.ieç in ternpe:"ature,.
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It 1j:uet 1¡e ren*::nbv::.+'1d that ã. 1/#l'.y ::apic- h.eei; exchange

yate rvil-1 be Ëai.i:tained ån the g::adi-ent ilBNî be*a.uss of tne largÊ

d.1ffererrge in ter*p*l'atcl'e {Ì:e:re aseuï:sc1 ts b* ÊçtÛ*tl' } ; 'Li:ås

fCI13ç',¡¡s d.inectiir frou-l iîel'¡ton'* lau 'lf e**ling " '!!zar*far* Ètre

regio:r trttr t,ås a',.e.i,iaþie heet whiei: lt;lay ir¡.:rsir':i'1" ça the'øa'bep

irr sonleei viith iËu *hus vapor'isÍi':g tile lettez", at a ra'Le rnueh

greates, tl:.an t?rç r¡Jater åg th|t tran¡*r::its hea-t io 'çhe neighiroring

lagere ami fina].l¡l t* the i'egi oîl t*$*y at ** ' flij-s is &ite inaS'n

a*sr:rnpti ûit tf tire äheery prÊsented¿ ireFÔ'

Tt has been shpTrn tirat anly a snall part of' the energ;'f

abssrlled. -ny the riisCharge åS r¿ged in chei:¡ical- *?ranges, t"YTe

¿gneaten part being ey"Fend.ed Ln heatång; Èir* l'¡â'ter c:: foriring

stea:i¡, -*tt h.aç also beon o1¡served t]:*-t apparently tbe sine ot

*;lte vc:"y h.ot reg101: ttilt* depends unsn'blr.e enerãy lnpnt to tlre

8sêø A loglcal extension of the gradient theory ås tha-i for

a glven input ënergy threne is a gj-ven Area o.f the spherical

{tT¡eoreti.eø.3.1y} exehange regitn t'Ü*' This area l-s jusÈ large

enougla ts transfer: the energy arraj.l-aþie conttnucr.l'sly 'co tlze

eu.rrou-cdíng eraterE tnç ¿Ei:eaÈer part of Èi:re eneTSY ${ûÊs into

vapçrising låquiü, anú a s¡:nä.i} paz't 1s d-ireettr;r eanclç-cted íaY{&ï

i.nte "Ðhe ecltì i¡¡ater" If the input en'.:rgy ås ine*e*eed Èire

¡,ad.ius, and aloeä o5' trçtt incs'eases untii å. nelry ttequiJ-ib¡'iu:¡:r3

co-¡td1Èion ?ras been reacherl'
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Sever'al ded-*ctio::s fo-t lcu irnrne.åå*toly f:"*t* Èi:e

th**x';1 au.tlinecl e.bi;ve i

tlte are rÊ€ticn and tlie

of tire surrou:rding

exchanp;e bet'*¡een

gcLd- uater,

'¿, fhe s¡est ir*pox"tnnt' qr;-antity of,

energli ínv*3,ved 1s ti:e 1¿tenl -tte¡¡-t o.f '¡ancrisstia¡r of v;aløx t

b+çar.lee ï-arge ¿:.rar]ü.nis o'f sÈsam ac'e f'orì,,ied i.n tite -trt:'egÍ.cn.

5, il facÈoe" of se*and"erry fr,:portaneç ig

the specåfic hçat c'f v;&tern si-:"r.ce sLL stça'¡c ís fcnrred .from

lvater y;liich is i:eated f::o¡n th.e tesiireratsre ':.f the bu.}}i cf,' 'i:ire

Licr¿id up to ilze bûilLng p*:int; åf the rr¡e.tçr:ls al"1 at 1t0s

this factor eonipletely dåsappeåvs ê

tb) ?hermal and. thenrlea.l EnengLee:

ft v¡es sholîn ån

$cetisn tutru t'h.mt piraetJ"callf all ct tl:e ån,,:ut çnerr.!3r yras

aeeounted for as heat supi:3"ied. to Èhe t'¿'ater ancl as çhe¡::ical

Ènergy, the fcyË:sr far exøeed-ing t}-le 3a-tter" The ey;te;r'i,y ar

rat,e, *f 'çhe chemåea} '*ep"cticns 1s t]:*z'efsr* a. mea.Euc'e nf ttre

ireat en€irgly gåven tt: *?re '¡tater.

1" lire te¡:'Ðeretui"e

u-Ðrr thç rate sf heat¡,vater" hr*s no effçc'¿

+-he iro-btest perÈ sf
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, rflhe r ate af eirernieal rea.*ti.an is eonvenieri.t-i-,'¡' r:reasul:ed.

by the z'a'Le of gax fl-or,''¡, 8-b l-east ln the ex'r:eri-ne¡rtal r8'Ë[rÊ a's

îiet lnsesÈ1gefed" In t?re .fo1}or¡j,n4 *.LÉtLx$#å*n tl::ie r"ela*i.onship

r'silL be ma-cl-e use t:f, lns*fr¿'r" aË' the e"'cper-?ä:ente ac"e related. to

the thernal- energy e:¡*l.ved..

{*i lra ËecÈis* rrpr? it r¡;ae shoo¡sn *hat pr*Ëñuses u"p to

2ü att;iosp'be::es have tLÕ e.f,fee* upnn tlte 3'Ê.t€ cf citeu"iiçeil reactíon

::egarclle*s o.f ti:.e s ignåf icaTice w¡råoh thls may have in r"egarcr

l* *Ï:e pu:re3y che::ri*al c'cactions , th"ø facls are dj.ff j.eu-lt of

explana*i-on eaeepb +n i:Tie ï¡eræ1s af the irg::adi*nt 'i:he+r'yr!.

¡-li th+ håg;Ì:eer pl'eËs-r-æ.e enpioir*d i;hc bc::r-rï:êråtu:'ë at

'¿ile r¡¡eÌ:er in€ús i,cept +ûTrfrtar:.t {nool'i tr:npcna'Lui:e} bui: tire 'boili,ng

poizrt ¡¡as ¿oaised to apprr*xåi*eb*iìr Ëä5ûi;, Co¡:siri*rÍ-n,E tiraÌ; 'r:he

rcraterJ.,"as ahvairs at ttql, {fcr *o:rveni€rlee }, ÈJ::i.s *Õï'j:çËponds Lo

a :rå:¡e iit t}:ç differr,*c.ce :lretr¡een ti:.e t'*r¡te.¿"P*-¡,i:.re o,f tlrc scld.

y,¡st€r åTrC its boål.ing 1:c:i.nt of sÐiñe lâãs{-j" But ns rl."iffelâence

vri:¡eteïrÊ:il î3'ås gbserçrlC iz: !,?t+ ra¡;e ûf ¡:L:emlr¿el: we¿'-*t|-srt, v;ÏrJ-eXr

ånilj.*eteg n+ *i.t'ï<¿re'ii,sg ',îhats-./er ln tii+ taze, g.f ireal J.çss to

th* enld watev¡ *cnsi"d*n1ng tire -3n1:ut +n=,ríIT Ê.1.'.'ts-;ie cçnË'Ð.ant.

Tl::.i-s Ls predi*teri cleíj.nitei¡¡ b;i 'c1t* ¡4t"adient Èliearyo

r¡¡h.ieh *çr-L#Jd.ers Èhe ter::i;:era.tr*r.e cliff,er'çnc.e 1¡: 'che regicn ttç*p*r

in FÈgu::e l-5 to have neg-lig1þle c$fcet upsn the r aÈe af heat

exchange.
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Thls ref ers only ts rateË " r#i'rat of the aetual energles

inr¡o1r,'od? V¡:e* t?:.e hcilÍng ¡:nii:'L i.* l:ai*Ëtl L?**Û tï¡1s r'tl(lnrr ti:.ast

dor,:bl-es Èhe amaan.fu *.f i:ea'b :eqi:ír'ed. tc :"aåse å ei'Fiìffi of "'¡;ater ts

tiie bcrii::ri çoinl, '1,i:e il'i-'l,r-,Í beí-r:p; çr-s'i-¡';1nai1;: a'L Üo. i=î ê]iarîr-

Ln¿ltjsn ail r.eÍierenee tai:l-es wili r+rreai h¡l+*ïer, ti:.et as the

t,;npen::.ture sf the lioål-l.ng oc:nt ¡:i.ses, tfre latevit h.cat of r¡&ì:*

orisation rleçreases" 0n 1>age 114 i-t uas pcånted out tl:rat botl:

specjf'1s h.eaå and. J,at*nt neat cf ï'aþcrj-sation nu.st þe çÕnsider"ed,

To heat t:Ì3Ð t-í{'a# *f ,¡;a'br*r' f'roi:: tL- *;e Lüût and rrai:oc'lse L't ¿l* thj"s

te;xrpçr*-trÂr.Ð Ïiiqu.årec fïi* expenc{:iiu,r* sf }ü0 / n+C : *4# e a}erj-es "

Ta h*a'n the sa¡Íe arn*'urtt frç:l û# ts 8?,ba s.i:cf. va-¡:orise req.u-ires

?.2õ f 4&6 # Ë?# caSerå*so Th*se *v¿ç *ota], e.r:rçu.rl.ts Ðf en*rg3r

ere aï:::ost 3-denåieal-, Treçau.se of tl::.e rnaairr*d ilrcp ln *1i+ latent

?rçat of, vapcrisetiçm t fne f ig,.i:"os åre appr.oxi-rla.tç. *::3y"

The th*cry is th::rß in Õxsollent agneemont w;åth Èhc

exËes"irne::taL facts eçn*erning tl're efi'eot +f preøs-i:'€¡ F'u.:"Ðher

ai:;rl"3.cr':tisns a.re glve:l þel"or;¡*

{d} Tr'a.te:' Tei:peraf,u::e *lnd- üas 1¡}orlrr

Tn fiection t?g$ Iþ

iras $h*virn that as the water tcn:peraud.rÊ yiü.s re-ieed to 1üüÛ the

g¿rg flow i¡:s::eaeed app::nxi";na'l;.;i;r &*fi, þuÈ d.td r:.ot rlse pasÈ

tÌ:ip groåri'c as pressï.l*e ïraÉ a¡:pl.led. anC- tite tei;:¡:eï.atu-re ralsed.

over :LÛto" Eefcrenoe Èo Figure 15 agaín showe that es the
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b*å}ång point is rcaclied 'i;he graÕå*r:.t {êWtî 
=¡anåstrÊs * o*trís

gra&Lertt, d"ces n*i; affeci Èhe r"e.i;e of he¿lt iass bu-t it' d.oes

af:íect the er*ount of, energj' r"erlu:i.red. ta vancri.se a gil.en ailou:tf

of vt&t,rlri h.e31üe v'¡h"en the gred-ient is eliTriineted- cnLy t,he latent

heat of ræ.pcri-s.ç.'c.ion *'1.* re..:3lrirÊd* Âppl;ltng bhæ åcl-ea expreeeed

on Ëaf;# 7-13þ if less *n*r'gy ås reqrr-lred to peoduee a gÍ.ven

q.uanti"ty of stearc the spherfcal årêå of tire g::adient uhtomust

J..n*rea-se to keep the hea-t lçes eonstant " Ak nresent l.t is

beli-eved that tl:e î¡voiumeïlci't.i:e ri.is*harge:negion iras a d.lrecÈ

infh¿enee upril th"e :ra*e af ei'Ier¡ieal r*eei;iong *s t'hr.t tTre

åriç?ease íri vçiume Just æentj c¡'red. riiglit a**cun'b fc:: tl:ie

årrereased gas f -lo'','+ cbser''¡ed." f.i:ie ,r-l*int v¡i-i--l ?:* f'-';::íi:er

di.sçti.ss*d. í*. tïre next Sestia¡:"

{e} lIater Teirii:eraiu-re and. Àr.+ Te:i:peratu-re;

fn Section
rrpïr iÌ; ï¡as shov¿n tha* rais i-irg thç n'ai;*r ieia'¡:e::etu.ne fro¡:: ös

to r-ÛCI" ::esuits i.n a rise of about 15tÛt J^n tlr:e Rre ten-perat tLTe ê

tire grad-i-ent tl:rear:¡ ri:a:{ be air.olied s¿rtf efactoril;¡ tc e:li:l_a.in

thi-s fact "

Here y¡a t*tisþ sorisi.der tÏle reg3.o:'r irBli in Fi.gu:.e 15r

obiri.çusly the larger* tJ:e ã.reâ sfrþls'bhe la-rger t?¡-e aree of r{A$,

anü- the sauie applies to the voll¡tree" ?he lieatl disch.ar"ge ter:iir*

erature as nÐasurod by tl:-e p¡æoneter depenCs upon ttre extent of
fhe region ån whioh the teniperature ap;:::ûacires tYLat of tl:e verlJ.

h*t e]ectrodÊs* Ás rîgr{ åncreases {wii;h inereage in àlne r¡¡ater
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iern"per:rture) fr"n J-;*er:*aee in -bi:s ïol-'r-rrire ûf tt.å{r v¡:il} fcSior'¡¡ st

'{:i:ro-t 'bire mean terü's#;'stu;r"e sf Tl./-lît r¡i-1'1 r"i-sÊ"

Tli1-s expJ.a.*eì::i.on :l*y l:or:¡eve:: " þe lneo::::eei,; evidence

no1r at hand- ind'icajie"* t'i:al' ti:i+ *i-seh.¿lrË:e '*enpe:ra'Lu::e' ãt leasÈ

j_-n_ the reg;i*n îtåtî, depends *l:*yl the rat* of, tL:e shçnii sål reaetiu¡ns

cnlrlro anrl- -net vige 'rrêF$& âs ,Jne riligirt expect"

It ås 1¡*iåev*d- bi:-at t';ê È:1âo3":r {::{ProËse$ irere gÍves

ÊTl Ë.?:ii:rüxiruatç picä'¡ire of ttt* **nd.-1'ri*n+ e"xisti:::g i,-n the lov¡

tcnsisn s"r* di*.*harge ín w.t-teru a*d i'b l:as l;een sne*essful in

ev,ÐI¿ining qr.lalit¿:.ilr¡'ely th.e experÍ:nentai faeÈm ev¡rålable "
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Ii;:hii-+ !"ü in

realised that tire evj.rle:rce ås f.accnple*e :it is irel"åeved advan*

i:ageoirs tç tltcorize reËardir:g tlz.e natu::e of' hhe o¿r.rllïiraï ehanges

taking pi.,a*ø í::. 'çh.e disci:.arge, r';itl.r Ðarticu.l-ar a'ilt.e:ruion to the

prod-oc"Le Cjeeu*sed l-n Èh-ås'cþ*;¡i;a' a¡rd *c the exísting clischarge

Èheorieg " Tïre e;encr*:1 r:tililr:i':¿l-iit tt-r:{L leel-ect:'1calt? ¿;heories wi.l1

b*'b:"c¿ted senrra.'i;ely"

{a} f}re Ttrenäal T?ioory:

r/ïe t*ust disi;i.n¿:iuås3:

hçt* be*'¡¡.¡sn tire $Tror:n:a} di*sr:ç:i-aþiûn cf tra'csÏ3 a*ri- i;l:.e 'hherr¡al

re¿¡.ction i:etv'¡eert wate:: end. f,he +leetï"oc1e rriliteï"ia1ç - ()ri page 69

the present lrnoç.r]-eclfie regrrTlcli*g tlrc r1åesociet. jon af r¡¡ater *.t

hlgrn tenÐeratuÌ{ìs 11råÍ¡ re-r¡íeir¡edî it Ís cbyio'r.;is f;ir*,t aE tl:.e terip*

eratures çbtalning in the u-ncler -,;¡ater di-schange *he:re '1",¡culd be

*onslderaþ1ç d.iss+*letion of rr;¿¿tcr '.rå"ï$Õu.r lnto iÈs ele¡r¡e¡rÈs"

Eeconbina.tion çn esolin¿i r,'culd be ç,r'evented by u,r:icn cf .bÏle

cxyg.en v¡:i,i51:. tire sarbon of ille el-eetradeao 'üiie hyCroger es*apj"ng

fr"ee; e. t*st cf ei¿ci:. *. th*+::;rr:r*u.3ri. be the re1,atic¡:s?rj,p between

the :=*-te of l:he rescti.onc at e*-r.rstant ecndi*isns r:f cleetrlcal
tnpqt enepgyl p*:nt1, t:12.e ter:ri-rer*-'l;lire- ç^f tlie d.i.scharge,

i. erif ieal Êx&r¡ine-tÍon of F5-guree {6} and {r-ü} w1l_1

shor,.r the.& a rise of 15t0o in ttj.sChar6e ter:peratrire results 1n
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an inçyease o.f, abcu.'b 5{S'f, in tk.re ::ste of *!:e r+acti.*nsl, tl:iese

þeinß ap$Ï.rlsiíii¡rte fåguvËs onï-y. ßjerruri4tl a.nù *therç irarve sh.own

tli*t in tïre rogion 2ü0ü'] t+ EûütÚ a r1se of, 5ûüÛ wcu"}d. inerease

ti:e di"Eso6iåtj.on sf lratçy vs.jf,cr-;r mürÐ ,bh.an 4AAí!," Í-!, doeg nOt

seeïxi po$ãib3e th+:'efr:s'e tl'"a"t, 'bhe t3:.ers:41 d"l.ssc*1atår;,t: fheory

expla:|ns thç reactione o*ur-rln6 i-n t,h.e d,iseÌ*a-rge setlsfasÈcv.ily;

ner,"erÈ?ieigeg x'a*,12 Ceçcm'posi.tion ;.:a-y iie ;: trr'+1i*iåna.t5 t;* cther yrl¡;;vû

lmpo::tanÈ a,nd. exte:-: s :1 ve cha::¡{e s ,

Tlre gas rsel-ls pr.t:Cucts *.re *! su.41i r:*.'i:,;r'e 'Lhret *.'b f,å:'gt
-bhe a.c"h1o:n. of Lh* aî5e 1ss-q ûü:::fiåd-c::*+L t,r: h,: Fù:"Êl.ir t;he.ciiaL; that

i¡l *o say Ëhe **:rTron *l-e*îs,r-¡clË* ïrere lleated t* e Ttigl' Leupera*i.æe

ar:d rçacÈçC ¡;:¡È"bj:'bil& t;at+r dír'e*à-ty ¡;ir,."i.;:ig r1se !"o a '*'r*¡,çy-6åsrT

oquilÍbni-r:¡:. ?}:is ec¿uiIi"-nriurú Ïras r*e€i.¡ed rss.*î:" atientisn for

ïs*,ny ;rears and. v¡es fou;rd to l:e co::rveni.entJ-y êxïrlaossÇd- by ti:e

foL].awing equatåon:
tüo n t¡neo

r{1 \t ta-Ì12 * "öoz

izz ',:¡iileTi f- is ti;* +q',-l:1.1i'nr'Í ii;r: +*riÊÈenÈ ¡-ivicl- tlr-* otTrer

tr:rrns are thç çoncçn.ïra-hå*ns rf cir* var3.cns ecrnp*nents, The

1trajue oi" K hs-* -beoîì tne *rabjeet oi';:iu*h,lirpr.r-i,e bilt i;'çe r¡ariation

b*t:¡'e+n :-ûçß and. about }üü'*çfi J.s fei::J.;r n:*il }<n*ti"¡.rg at irigher

t,aieperaturçs thc u-neertairr =¡81-ues of the spe*ifie hes"ts of the

fla$es lnvol-ved make tire ther.mod¡mami.cal caÏ*ulation ef i;he

eonstent sf lii;tle u-se" fteeent r¡r¡ork inclícatcs that tiie teactione

vr
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¿rr* î]út a"Ë *in:nLe â.s pz'*visaely he1íevefr" La:rgntri.lr'52 naånted-

au.t t!¡at e sr:¡.rf'ace reacùisn i;vas inti.¡ril+te:l-y :iilvoiveo aact ithead.

anri i.lr¡heel-er$E f+und tlrat er: unst*"blç **mp]"en sa:.hon +xid.e u¡aç

<ine r:f t]:e i"ntertnçdinÈe px'ôd.ugtgE tl:.e iatter" l'-ier,¡ sia:.s l:eid b3"

ï-.ûr;,:*ii *ncl- lîul.ettl'+ and- seelrs t* be ger:*rail;¡ açce'i:i;ed lJott&n:*

gs.hev46 a&vg,ïrses the vs.r'iç,uçr a:::gument* iahi"eh ten{i te, th* 'l¡el1ef

tha.t th* r¡sriue ^f t?K?î c.krãj.n{le* sf¡ïn at about ãSüûÙÜ' &t i'úiiçh

',jer¡rrrj::e'ei--*"e tj:.e ?¿ee* oi t'r* {net} reect:ion þec*i:es a*ùua}åy

i¡çs;.ì-t;Ìr¡e, ånstcaf} nf negative &s it ís at *rrliri*rî;r tet:,.lei:a-tuîes"

llir::el-e and. Ee.$î:-**SÞ S.aveet:.lga.'r.ed tiie stlean*cas,þ*n r"ea*tion s*

ti-:lrin*¡'ati:-res or.,"er Lû#üüt , v¡i-th f*ur *:tîaven* 'r;¡rr:* o.f c.åFbÐne

and. found soneid.e;:aþ}e ct!¡'fet'ence j-n i;ir..r equåLj-bri.t:i: r¡s-J.'¿es l-n

eaoLl sase; tirie J"s cf #órJ.ps+ ctru.'i{:e *t;ntra::y to co:'rvel:*:i.onal

Èhorm}d-p:raniie the+ry. FurLr:er;¡tsr"e .i;i:.'*s* r¡¡trok€rs f'cutrcl tlre

:,eaatj-on r¡ii}:. reto¡..È g¡¿rh** to bç af * rlriegat,3../ert orrleru sinte

th.e ¡:nount of ste¡¡s¡ *,eecmi:r:sed. ånoreåssd as t?:ie pressli-r,+ ïias

Cecr'*¿r-sed; a3.eo" tire rea+fl1on *xt*- d.cr,iïrl,*d fo;" a 3üÐrise in

teniîteraturg wl:en abo-'¡e 1ÇLÎ,3Û

Tll'rsre ls defåniÈe e,¡iô.an*+ chnr tl:.e reac.!¿ions trt þ]r,e

a3"s a11ç nçh yela'\*ú t* iiiç -,,"¡e-be7*f)ã.fr equi_ïibriv¡n; ino.sri: Cotl*

vj.nci.rg j-s tiie fac{: tl.rat +¿!.ts rç+etian razr: ås not gre.atly

sÍ'f'e*ted by Í:he dise3'rarge Èenp*ra'La¡e, ldp:: 'å* the toircevrtrati-çns

of th.e vanious gases *cryesprrrd 'r;rl î;3rose 1n ti:.e tlrer:nal"
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g'øitßiåsn* lEi:.e e.*tiLå3 cale*"1¿l,tiori of ''çhe' *cnetani 1ty|1 fr**: tlre

e.*ålysåF ol èire *-!xcii*r,gÈ Frodlicts han. ::*i; ;r'e'L ÌreÉri i':å{ie rrit}1

an'# í¿c{r"ur,ãG¡rs ire*ause t-{- t*e ir:sef iniïi}íí*fiF ef Liie ¡raluç ,tf

"So^,-,*' ; 'Ln,-s *urce*¡rcnds tc tÌ:e **neeni:vs'Zr{}T! t:f ti:e r:a{'er
Ètz"

1iåïrü1j3 *eatraaLl¡r t*k9.ng nJ.ac* in fhe r*at:.þi*nc *l:å ttris q.îl-åniitp

1s :rlût easiSy detlrlrrni.'ûed*

tït.o re*ent 'pgrËsl3* deg*c've cormren'{: he::e" Feters and.

KueeterSÕ ån"¡eEf,:i gaÈed. the re+-Ctínn irstr;øeen e¡.rbon dÍ.oxideu

iïjûn6¡{ic¿e¡ -:.drð-t*r ari.ti- rryd.rogÉn in tb.* el-eCt::iç Cjse':r*t:g,e; h:i.git

Vo-lta,ge* ¿a.nd- l-a'* 'ï;e¡t¡Ë*-r¡a'r'u:r'e* ï,ieïe ci::pl.Cyçdu '-i'he r--u3*sÈl¿T"çG

Þ*:.ng ie*s tl:ar: *.tin*sã!:.eric, A 4.eflnj.te eurrent veL¿'LiOnghj-t

i."jë-tï +bsez""¡ed. a;rd. 'Lh.e r;rotl-uc-Ls 1'ri3T.* fcçnd. tc -i:e ver;¡ cliffe:lenf

f::o;s tirç¡se çal*.¿latçd Õn tlre þasis of the 'bhçr'n:a} th*ory' On

the otj*.+r hand tefl¡?re anrl iiäcni*g,.*õ? {wiro*e r}r5flins.1 paper has

not bsen exar¡råned) fcu-nd the equiilbriurs -Ðets¡eeÐ earbsn dioxideo

tnçnaxide anú. oy,yp;*Ðu iÏ1 bite dåeel-:ravgøo tç ftgrse ,ûerf*€tly i;,'3.th

*lie tl'rervnsl dete' rt in d-i¿"lfi+r¿l"t tc x+e h'ou t:t:"ey arÌ'J'v* a'b

Jih,i..S +oyr*l:.¡-sÍ-Or-:., fii-nee f,Yre expeT*i:'::eni;.9i m+t.r:ads e;::l3oyed. h.ave

lcr:g b+en y;:nlr¡v,!ïî t* gi.rre erslonç*u-ß resr¿1Ès u Kncx$Ë re vier¡e -ïì':.e

exÐe's:ir::ønt*.L .;¡rteþ; d-cne Cn tl:C riitr*gen*cx;/-,Sen r:e*çti.+:¡i i.vr

¡¡er*j.oü.s c1f.*eha.Togesu ã.ird- slilirr¡,is that tÌ"ig og*;ir**-*i*n cf opark

'Le¡¡per:atllt'eso asËLilnp,bi-on tirat ti:ie prod.ucts åre i.ns.bantl;r rsehåJ.1eclT1

.and- cther earLy sri,staker, lecl to fatee col:elusi-tlr.s"
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.t-n viau¡ of ti:,r va;*!' i$ttrytjïL+& *f e ¡¡l-den':e *l: th's non'tz:*'t'':'i, -=l-t åg

h.a::ú 'rr; "ÐûLl..rve t1:.4-t ån;f .äå$ r'**'*tion j.s v-r:aff*t"ted -rr;ìr -ihi¡

+ 7e r:'l,v: i * d" 5-s eh.arge' "

S*-iu.::¡;t*tJ. is.3ld- Ldti**-êr,u¡:¡--Lgd i:Í'l¡:t:r:a'r"'*r:73P l:nvi: b*e:ir iir:';::d
tr{)

:1.n. 'h!r* Ðro$--'r-¿*'Ë$ üf E'::te ,,;;rtð-ñr :+ei*r d.ís*herg*" Pr"ï"ng, ¡:'nd- IÌutton-*

a¡i:t*.j..ned- ff1r-e.ï1 p::oc1-ricÌ:s þ;;r ]rr*atir:g SÐ-rbc:i *:d. ?ryri::Ogcì] io a hi-gh

't;+i,ipe:'*:tur.e T;u'b scni€ cüîisj.'å+r t:!:e lt7ilrccv'rlicn$ 'Ðry eÐi-'je f,lc"arìl

J.r:rpr:,r'j.t j"es i¡r tl:r: r:Arhon nnd-'nci; f?:nrl: ;'Nil.:f rí:jå1*ti"rlrt* l-'tieir

fcr;'laf inn j.::i -i;;i.r¡¡ rl-L**nayy;e fi*:y p*es':.7:3-g 71,+ *ac È+ e jl-fl-r+:' or

b$tÍ¿ ¿:f' '*Ïre*e f.astors, *iutt '[¡rere :* t.a çVirj-c;:l:e ån ti:ip *ÛTirl*

eoticn irt lrresent,

tüïi$LüËïiil{ å

Þeycnd. assu;ttår¡1 tl:e-t Èhe the:';na} dicc*

çeíati.ait Cf t-r€ì.1,er Vå:ilaur |n'¿he i:i6h t+r:lpe:'atu.r'e::egiai:. cf i;?re

c1.íseharge J.s a probabl}ityu snd nay þ6 tl:e pretrinÍí1Í¿;i:;1tr :'eacti'c'n,

S'til: Cannot be elail?ted- that thei*mal- r"eaetlo:rs ere t::re vricst

preoon'ii-nant;ptssibS.yt'h+;rs'r*4'r;"'açpre*iabl-*eo:cnare'J'ta'bhe
Ir *treetnj,çã1ît ef'fecis o
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{b} fhe EïeeÈrical 'lhe*rY

ßhiple;¡ anú íioodeveåg iasve

reported- voLu:nee oÉ hydrogen evolved ln extess of AWÛfr çf

tlr.e ar:or;nt predicted by Faradayls law for the cu-rrents enulcyeclS

brrt r¡'itL: the low tension ar* vtiþTt sarbcrr electrod-es t.r:e exsess

mair rsa*h ten ti-s'les ti:is f igüre " It is evl-denÈ tl,ereft¡r*e *hre-þ

t:ne electg'ol-ïrsi-s l"a¡¡{ doee naÉ apply *o discitarge rlhensmËnã"

Eerly wçrkÐrs aJ:andançd" the attenpt lo sbtai-n å or-lvl'ent*gåe1d

s"e1ãtisnsh3p but recentl jf, the::e ls ¿4I g:*uing bel-ief tÏ:a'b t?ic

eu.:¡:rent 1s a fu-rrÕ-arnentaL fac*or, Tt ie l¿nov¡n that 'tile ç'¿vtønfr

is a Eeås-{:ffe of ttre ipng reac}rii;¡-; L..e i:iectr*d.ee u r','h.åg;: ii:

eertaisl d.i.ec3ia.r"ge* e,re rela'bed io the tstal ionisatioa, Brat at

þes"ü the ::e3a'bl-ansh:'Lp ås "rariar:læ anð, i-þ' can onl;y be said ùlzaÈ

ln ssr*e Gåses the eho¡:rl.sai t"eaction rates e lnscfar ås 'b1re;u s1'u

dependon't up*n the extent of ionisatlon e ave fu:rcÈions of the

ç'a:rrenë ín the dåseharg€.

.:::. IÈ was slio-tryr: ln èlie lrreaed3.ng seet-îon {a} E]na* tl:#r¡n¿cl-

rlissoeiaåJ-on of 'n';atgr r/apûut? probably takes p'L*.ee 'Ë# a .eonsi-d*

erab-Le sx{:ent ln the dåse}zarge. ßut the åniense i-únisatå*n

i.n 3"or¡¿ tensåsn avcs woi¿-Ld be far¡oraþi-e ts? the elecàrl.saL

Ciseoeiation of r,"¡ater \rË.-ljútxt*, lu;í'bh i:*s"¿ltant pr*od.u*llcn of

& rra:"iety cf iongo Evon if t¡e túnsider tire d-roi: in irc'r,*n'cial

ho 1ze unifsrrn tkrrou-p;hcut the are lengtl:., tlna gradåe¡rt r:uet he
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j.n eJiresß *f i1üt ircl-'lrs per" centiraeteru sil:ce tlr.e l-ength. of li1e

&Ye r&Y'e3y ej|eeeds J" nl-Ilåeletezi* fiuch a graclielt is suff'1ei-enÈ

*o prccluce many 1o:rs fr*r* tile sr¿bstsnces avaj-la'ble i¡i ti:e ä.Yse

as sl:o$¡n 'tty Senf,Tlebe|tr and. Felar**56 and" Bl-eat<ney41, Å"l"scu 'olte

¡yd.rogen and- oxygÊ-ß Tlrûci.uced ìry tire::mal cleeornposit'ion i:*ight

]:eesa:+ å*niesd bjr t?:e eleetran sÈreåffie thesç ions s'':'i:eequen-L1y

atia$.nJ-ng suff5.+J.en'ï; vetroeåty ln the ¡¡.rc. fJ-eld 'çs brf,ng ai;cut

fi:.rih*r te'esrnpos i'!:isn þr co111si'o^*"

Tþe plose d-epeneency of' tlie ::e.te cf ii:* cËaetionn

ç-pûn tirç cuc'rent {seeÈion i¡Fïrt} is ver}r indiea-tive çf 'çbe

çleeÌ:r'i-ca1 natuire *f, the pni-niary r+aeti-r:i:s ¡ Lånder'5Ê poinÈs

çu'c th.e faeÈ t'hat eareful luiof"l¿ done wi-tJ: ne*rly everg t.y-pe of

dLs*?rarge and gåÊesu.s react1on h.as gilorryn suçh a r"eLsit-it:nsliip"

3hç neactf.*n of tlre CIxyf;en uith the cac'þûn of the

electrcdeÊ ruay ef coil.rse ?re a purell¡ rçthermall? ::eaetion; ?:uÈ

evidenre which 1s npt y€t coinplete tends to sirorq al I the olrygen

or ti:e #årbonu û13 both.u is ionised t¡eíor+ tTie r"eae'cions take

place o h*ü any rate th.e fact Èhat a}] 'che oxyten }s for;rrrd in

eçrxhi;:a"Lisn r,tit]:i çanbsn å* €tn indies.iíon tiiaÈ the reacti-ons

take plaee st or near the elee'ciod"ee {wl-iere the r:otentåaL

gr.adf.ent l-s greatest); sû:me f:ree CI"?Ç;rfle:r r,vould alnsst carte:in1y

be given off, i.f åhe waller lrere sii:ipllf tnçrnall;¡ dissoeis.&ed-"
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å3x intereçÌ;:i:tg fs.st ås theit thç eieetric d1,*ciiarçie

t}:noirglt r.+ste:: 1rÉL1lÐllr h¿¿s been kncryn t* pr*Cu*e the so*ae]}ed
r.'tr,¡å1icã"rr band-g ernd- 1f-::es, antt ï{nnprr"l 1:r** obee:.?ed theee wtth

r.ancten wai-ç;z &î"ts. fiatsco6ï i=*.* ::ecentl:.r sl:.ioçn 
"i:eËe 

bancis t*

be C.u-ç ta Èhe oHy' ienu anc. l3a:,åon a-nd llartLettä? irave d.eaonsirated

itoe¡ ex'Lensíve the prochaeÈiori c.f these i-*ns i.s., Losier4Ë eonsåd.ere

*i:lat 'çhe fçr":r:"ttio¿: of Èl¿e üH parlicie ls æ ne*essar;,' s'beir 5-n

Èirç dis*ú#iåÈiùn çf ,x*"'ç*v vàÐtiål'e å.nd eonsideg'i,:.1.9 'çhesg f"acts

It is possåble Èhat tj:e L*nisatåon ån the under ua.hsr â.3'* råay

r*s'iål:L in Èhe producÈíon of 3{ szrd t"}l{ pax"ti.c}ese v¿ìr"j.Õ-Ti 7V *f'awgød"

îf*g+-'cive fiS i*srs mf.gÏ:t reaeï¡. titç anode an-ci 'bl'.iereì tseaê'h with. tl:e

el"satvod.e niateriaL$ si¿sh reactf"oit r*ight expla.in the .rroriuation

cf trhyrLr oxl,d-teTt *on:por.:.nde dis*ussed 1-n seeti-en tuBrÏ u pa::ts 3 a¡:d. S"

fiven gra.pÏ:.it1"e û:rå€e znay b* h:fd.roxåd.ie 1n nature s f.neç åts

cxid-e sËrueÈ-l¡.re is purel;r h.;¡poth.etisal- F,.t Fresent, an€ sorîre r:f

its lrycrogen 1s ïery tenaøl-ousL;r held"¡ iîulet'ø and $els*rrÐ$ d.j.d

not eÐnsicer thjs ÐossibÍ.lity, alti:ou"gh ihey eould not renove

a31 'che Sryrt::o4e:: from th.i.s €on:ncu-nrl witLi**t explesive rLe+ompos-

Iti-on, :,1*å"Ð evi-Cenee ån 'bhis ccnneetl"on r:alí be oþtalned- late:¡"

?here is also the jrûsslbi1it3i i:i:.a'b ri:io***Tieini-eeL

reactions ptay å Ðari in tli.ese arcs, sirice u-ncte¿^ i.'at.er d.iscir¿r-nes

'þtcz¡n 'ìn'¡¡r Ìrna-r¡ knO6n ,CO bg SO,i¿fgeS .Of intg:fSgE lOi.¡ WaVel"gngthúv¿¡¿:L tJ'¿vL! ¡r¡¿v rc¡, uu r./v

racliati*¡:.s" Ther-e åe trs evi'i.eneg fcr or a¡gains* tnis tlreory

at presen'r$ hov¿ever ns produets ialdehyciesu lretones e øfrenee

hydro,gei'i peraxíde, etc.) usually æ-sssci.ail*d i','-*r-ti: ph*to açticr:
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hsve been cJ-e'i;eeted, eltlrougl: ::*i:eaieC. teete i¿a-'¡e b++n !':2-âe u

c?ëËþ{Ë}gts;_

the evåden#e at ?rvesenë avaåieble åe

all j"n favor of tlre elestricai dissoeiation 'b]:eo:s¡r, aStirou-gi:

¡:* attempÈ h-ee been r¿ade to diserårn-'lnate het"'veen i:i:+ rr¿rri*:&$

i"'cnl-eation t?res¿^ies outlJ.nçd. o:'i .ü*ges Z5*g'/,
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