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IUTBODUCTIOH 

tn. 19045, ttuoen (1) aodif1e4 t1ppmannta J~~ethecl 

· to. •aeurh't8 the 8'\U'faee ten&J.oa ot pOlutted JaereuJ7,. 

by ut1b8 \be n1pt ot ,_.MU'J" 4l-OppSJts 1n a ·gS. ._. 

time trom a tw OQ1~ W1HJ. He ngpated. to 

J. fiel'rowtq the atudr ot the polu1•e.t1on ot dl'eppJ.ng 

MrOUJT• !he latte•e Haeuo'bee on e1ectro1p1a with 

• <b'Oppbg _,CUI'J eatbodo tm4 \he a1Sftit1CMmoe of 

t~te ~t-wl.uae eu~t••• •o obtabe4,. 1•4 to the 

.oou~cuoa b7 u.,.routtr -.4 Shlkata of a de'fioe tor 

the automatlo !Acresa~ et the potentla1 .- reata ... 

tratlon ot t1w CU"It• tie •• teaerlbe4 b 1981 C a}. 
A• ld.l~ be a.aoP1be4, ~ ana1J1;10tll 

oenolwd.O!Ul ear be c!Paw. trot& bN cuwee, ad the 

tollowiJ~S a4-.ni$agea are cla11rled tor thla •thod ot 

•al.-,.le ( z > ' 

c 11 In..,.,. caae•, abmaltaaeou "*'tltattw 

eat11at1cm •t ••fthl. coutttuenta 18 poaelblo. 

--



~5 -6 
(tv) cono..W..t10lil of 10 to 10 pg eq\llvaleau 

per 11tH -., h ••ttate4, .ut aa aoOUMq ot 

i: a.e~ 1• cl•J•4 tor ••~ cu••• 

( "', :ra a&tlts.Oil, ~ raMho4 h •ooaad.S. b the t2H 

ot =-s<*l•· 

h W.._At bu 1M«l -lOJ..t b ftMOUI 

1.-.Wtea tor arsal"toa1 )"U'POa .. , in tttoc-obeltJlasW7 

tos- tM ....SUttoa ot plu.' eatMet:•• to. b teatlrc 
ot l'Pgtntff, etc. 

· Ita Ult 1n tM roat!M aaalpb ot eoU 

...-o, ••• been nsa•aw4, u.4 the paaeat ••t• 
11 -. b't'Utlp.tl-. tato ou ot tb.t pre1..,_ .. ., 

d1tt1wltiu nl.tbl •••taUGD ot ao4l• ad potualta 

1n the P""n" ot •Oh other. 
AI fJl\11 lo th4t til'et tbt:IU 011 ~- ftbject 

pi'OC!u.eed 1n South Atrloa, an4. N the beat U twa tuN 

1• DO' genu.ll7 a'ft11a'b1•• a ~d.rlJ' OOIIPHbcma1 w 
treat:anent ot the. tbt0retlca1 pl'!ncS.pt.l bu b$e 

thOught 4eeiftb1e. 
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I. POL.yt9QBA~Q I @&~I§ 

A. ~1;1 .B&t~!ca), ,!!1Mbltl 

t.t'he ~t&al Pl'oco•• In Po~ 1• 

tbat- -Of EleOt.-olftla• A potential 41ttti'MOI applle4 

to the eleoVod4tt of u. tDPt,. •:S..otNl7ala cw.U oau.ea 

tbe Utte..- to act u • eleobteal condeu••• It u 
eleob017te 1a .,., . lnt:l'04uoe4 tnto the ctll1 eleoboa• 

tatlo -attnetf.on -.uda S.cu to 110ft ~ the 

~ltelr obarge4 •leo_.,. ana tmJ.••• • app11ett 

.pOtentW s. tuttlot•a• • oaun loal.o odd&Ue w 
"cluot!ots1 the acCUIIllla'icm ot t• ot OM tlsa arouM 

the oppoJlwl,- otw-set •1.ot.roaea wUl ••• \JP a counter 
e1eoti'CI'a0t!- to,..oe. It, h<Mever, the potent!~ 1a 

above a oel'tda lldu,_ ftlue• known •• tt. de0Qt!lp081tloc 

'101 tage, the etabU1t,. ot the lou 1d11 be OftltCCIIDI• and 

oleotroalc tnnatet-1 dl1 oeeur •' tM •l•oti'Odeet 1eatSSes 
~· tbe now ot u. e1eoblo current. 

!he c~t we o'baeJt• 1a achU.ttw. aot 1n the 

een.e tbat ._. 1• po•1tlft and 8<ee 11 Mgatlw, but 

1n the sen•• that a pari 1• d.VAt to tM Jd.gntlou ot 
anton. llh4 put to the tdgn.tlcm. ot C*tloruh Aa .n 

11lwttratlon, let u oonal4er a cue m.ft the oa•tons 



.. 2-

mo.o. q tbl'ee timet u ta•t u the anions. '1he 

posl ~lou •t t!Jae .. JI'O, aD4 atter unlt &e mar be 

Hpreaented ~1d.oa117 b7 (a) ad (b) rt•peo ... 

ti"N17, s.n the tollow1ng ~ent1 

(a) - - ... • • .... ~ ......... I++++ t++a+++ot-

('b) 

: : 
• s 

: 
• • If- t + + 
I 

: 
I 

' a+++++++ 
: 

• ~ • • • I • • I • • • 

e ba tbua a poleriu.tloa phenomenon at 

aoh electrode, tm4 becauae ot the t:aatunl ten<Sea-..,7 

to 1:1Qinta1ll eleotJ'1oa1 ne\lW 1tJ ln the ao1ut1on.t 

tour 1ona ..S.ll be dlaObarg 4 at •aeh 1 otro4e (to. 

a unl-uid.mont eteetrolJte) • 'l'he ez•• ~ too 1or.ut 

ta ~ to the 1118NUoal ot ~ cat1Ch1J anA ozw tDloa 

~- tbl'e.-t~ ot the ~»; ·PJWOduc!q e1eotl'048 

procee• te c!WS to the 1l1si' tloa ot the cauona., and 

the 1nln8 ca.e-fourth to that ot the utou. '1'1:lat 

· tetmln010S7 Which :retere to the ourrea' u MiD8 CQ'1'1e4 

p..U7..,. the at• an4 t1r b7 tho cation S.a liable 

to 1ta4 to contui • 

In the 1eotro1p1e, the cathode• 111 -.lnuo 



of 1ta ttmotlon u u eleotro:o c1or.toJt ,.._ve• M a 

Mduoba eseat, th6 power ot wbloh ~peftdl otl tM 

•»lied poteau..l.. ~. ~le reducbc ,_., wu 

ue4 Sa 18M (4) ftW quanU.taUw ae,.-a,s.oa ot -tala, 

alt.boush ao a.a..te ._.llu.tlO!l on th••• UN• wu 
ava11ablt• It " .haft Sa . •o1u\S.oa a ~ ot 
eleot:rolft•• contatn1b8 atrt.,.., catlou1 · an4 aa 

tnONatlas »>teati.al 41ttettlnoe le appUe4 aaoaa two 

~ ~•ctl'otte• atpp~ 1n tho •olu.tto.o, tba the 

••' ..,111 Jlt4Uolb1e oatloa td.~l bo $he fbetJ • 

~ ...Utstcm, lflth an aOCGtr.P...,sas_ bcreu Sa 

OUI'l'ent. 'llae otbW cat1ou will enter into J~NctloD 

u 0011 u tbt appUe4 po'*'Uel 1a suttic1entJ to 

owr the so--oalt.4 "Ro~CJtlloa Po,ent111 n 1 Whlch 

1a o. awre ot the teDdlnct o~ the ion to t.n 

that particular wla.a. state. 

NOW aln~ ~ fttlotloa 
~- (n • va1&nCJ 

( 11 = avoga&-o • Dumber 
(e o eleOVonlc obUts•· 

1t =at be aoeo~f.Ul!H 

by a ao le•• deftnlt Free EnerSJ Deore.a••• 

Further; etnoe tor- an eleotr1ca1 prooeaa 

••• (2) wher ~-~ P • ·n.e Enel'g 
DeeHNe 

P • Faraday 

J B • the elootro-
( mo~1 w toJ'ce 



B mwat alao 1>e 4et1n1te ( 6) • · 'ibla la not ln~S.da'-4 

bf tla.e t, " that evta1D lema ba'M cU.tte~ depoeltlcm . 

~lale at e1•etr0dea ot dltteftnt tettlal (the 

PDeftQDOllOD. ot Yft"fo.~tase. w!d.ch ua t»ea detbe4 b7 
the ret.t!oublpa Oftnoltage • depo•1Uoa potel.\t161 • 

the M~ble eleotroae.po•ttal (6)). In theae caeet, 

aMlpm t~tlon o .. aoluts.Ol'l, WS.tb lh own Cbdaotenatlo 

FHe Bul'gr DtON ee~ 

· 1'bl a.w-.uon or .._atel'lat1o Pote.tlal• 

ta b bulo ntnclpS.. 1ft ti qualltattw upeot ot 

. Po~Pbto A.Ul,-.b. 

(b) at .. ll!da!ll .~· 

!be nesatlft eleetrcc1e 1• toJ~J~~t4 'bJ' tbe 

11c~Mpplfta ••'*7 cathode", 1nVo4uot4 by He,~ .. kJ ('7). 

•~'~ 1a toa-oecl b)'1Qa&'o1tat1o Pftii\IN thJtOUgb. • 

~ t1fte17 -... caplU..,- tubt dipp!llg into tbe teat 

aolutle, ua u eaoh 4Hp bHaka .._,. o.-. -. en4 

ot the tube, • 1\'ell:t. oa\hocto IUI'fe.ee S.a eapoetct. A 

oompal'at1vel7 lQ'&e e\U'tace ot PU1'e aereul7' tene• u 

anode. A pa4ual17 1nereoe1ltg potentW ma7 be applied 

to the catho~. 1'be adwntasa ~ tbit ~t 

to.,. tbe •'W.dl' ot the •l•otrol,..ta are u tollowa & 

( 1) - !121!!&9& ..if A.H<11Jl .,~l!91e9 • The t1ow ot a 



-
~t ~ - aoltltt«m eooa 4ePlaMt * · 
,..,_ b ~- eoatao• 1r1• the eht11 •tbo&t 

a\UJtaoe• ot tu lii!OUcdea • lou 'trld.oh aN 'beb4 
H«uo.4 ·at taw appU.4 potea\la1. ra. ~t 
latenaS.t, ta be 1Wte4 -'t.NlJ 1lJ' the aw 
.. , *lob tM NC1uolb1e panicl .. ..n- ., the 

~ «ml'taot ~ the 4epl•'-O ~1,.., !ble · 

~._.., _,. be a. eo ~ atttwts.oa, .,. .... 

.tou. w ln. a441,le to e1eotHatatl., atttuttea. 

!ltd. lbsltl"' •ltect wt11- Cllaouaatl sa ~1 
uada:P tAle tMOMUoal -.beat. ~ meh wa­
:anode Ut !D. lta i=ae&te U1gbbovhoo4 & DOh 

s-eate IUPP11 ot 10M than liN ...W. tor tAte 

IIUPPl7 ot e1•~ to the tlet.~ , aD4 htaoe 

it ~ uapolas'beA ~t the lnCNU• 

ot po~nUat. If~ ~~ po1al'llat10ft s.e _,. 
ehanp PJ'I)4Uod at en tleoti'Ode b7 eleotrol.,.l• 

<W bf 1 oth.eJt .aa 'Wblch eaueee lta pokatJ.d. 

·to 41tre. troaa t.ta ftWJPsS.blt of. D.OWI81 m•• • (e). 

coaeequent17 the Whole- or the appUo4 •J.eo~t1w 

tO'lfOJt atteeta OD17 the eatbo4e pOtea\1.:1 Gt-ibe the 

et.eti'017al• ( 9). 

( 11) ggrrt;~m.&d .£H!!'d.M. or 9! P!'heOt ...mt:!<;e• fhie 

tta4• t~ RPM<blolbt.Ut7 ot ntulta, P the ee.~ 

11 "etorect to lta Wtlal oonditlon, end tNco• 



ot the NdUedon ·p~cte art l't:IIOYe4 .rrc. tba 

apheM WheN u..., ms1lf~ .. n a taMl.,tlo tatlunot• 
In a4d1ttoa, ta. WttJ411uw aNlPN t~ 

prod.de the ht~Met •ot!.S.tJ ot b dlaaol-..4 

aubatDoe Mdlble (1o). 

(111) gDm1ku tt Jm!I911A J.1tl ,uuwa;, 9.1~· tt ---­

lt art Ml tor tbla,. t11e b1sh wloot.i;J' ot tM 

H3 o+ 84 l\a M1at1Wl7 IU7 "4u.o1d.on would .­

tb£• t.oa P1a7 we • SJapoJ-1sant pan s.a the 

eleotMl,.ala ot artt ao14 eoluttflft that the etteot 

ot othea- lou would 'be loat. Pre. a neuRal oz; 

allcal t.M ao1ut101l, ewa e. a1lca1l •tala • .,.,.te 
· WS.ttboa' •lf01utl0il ot ~-· 

' . 

( 1•) StkfW£ tftttS• the dNpa Of IDII'WJT t.tllns 0J1 

the anode w.rtaoe tent\ M •tlr thlt. aolut;toa, -. 
Pf'eftatiDS ooncentntlcm polaJI1~atton. 



Let ua eoul&w ~ e1ootH17sle 1n the 

polaHgnph1o cell. ot .a q\MOU tolutt.oa ot a \lt4t ·• 

W'd.ftl.ent ·~ eleotN1Jt;e AB, wblch we ay np.H, 

r.. tho poltlt ot ~- of it!Odom thtolT1 N betn; 

~1etel7 aifeodat"e« Into tcm.e, A' and B • . 

c~otDa •t aero;t • ~17 b~•ubs potential 
le applle4 to tha cathode. Below the ct•poattl• potential . 

ot a • 1 ao appfto1ab1t .,...._t td11 be oba...,., but lou 

will 1Nt attncte« towucta tho oppoalte:t.v OheJtse4 electrode 

••U an el••••'*'to ettect 11 s.et up t.a the ceU 

ntt1oientl to Ot.o•• the -appUetl potttttial. 

Ia pn.oUoe, a DI'Y aul1 ~t ,.,. 'be o'baer-.e4 

M J.n ·• aaee Of !a • and X•, whlcb. hu been uer1'be4 

to a aon•F&Ni1a7 '*cC11'14euer" 0\Cftnt due to the o'bU8b8 
or the t101tcu:Lar 4CI:lltle laye at the eurtaeo of the 

mpptna mer0U17 ca'hede. ( 11). 

Aa IOOD U the dtocepoat~1011 po-.ttal Of tbe 

oatlott J.a H$ob.o4, th$N wUl be a M.aObe!• of B• at: 

b o.tbode ••raoe, ,S.4tldbs a O\lf'ftatl whleh wU1 

oauae a dUlecttoa ot a pl,..,...te 1D the elrod\• 

T b.lt ~nt Will lneNale untU. the cat10M Sa Oont&Ot 



-a• 
with the.,. ....... WPtaee aM CSaobNtgt4 wlWa the· 

~' .s.n be 1bd.te4 bf the .,. ....... ot Mtltu whlob 

pue tm-Otl(lb. tU 4tplete4 w1 to t1w eatb04o. see 
:Fis• 1. ta the .,. ot podttw S.ou, theNd.· 41ti:Uloa 

u4 e1eoi$.rlcll ~tioa both CCM.blbu.tt: to~~ •tteot, 
Wl1eHN 1r1th .U•.oelaM« •lt6\tltl or etou,. «ittwt10A 

altme .Ul app.l'f• Usia COIII,Pletctly btdl~ _..._., 

.,, ~« tao ··u.s.•taa Ot11'Nnt" .- •aatun,t~S.on ~nt•. 

Ill tho ON• ot tM e1eatHH&lotloa ot .-.s. 
1101ew1e1, the ••• or tU.ttueloa WUl • p~t1tft81 

t.o the ~ ot aoS.eu1•• ta tbe 2Dd.n bof!7 ot tbe 

aolut:10h, u1 • ~4 fAme ••••' t11t u.tUq ....,., 

tol'JD&4 bJ' dlttua1oa lD tb11 _,. to b& pJOp.OrtS.a.l to 

the ooaoentrattoa or tM elft.-...4\lol.,_le nbataee 
(uanad,ne couteat co.U.tlou of ~tun, \'tseoas.,,., 
~-rate, e'••>• lfttth paotd.oal e.tdence auppona 

tbia eoaeluaS.cm. (11). Wt u. tbU PH'f14M wltb a 

Mtb04 &'fellable fOJt CWQltlktiW ual7•t1 ~a • t4ae 

oeaparlsOJt ot the hetsht or 11M eo-oallfHI "po~ble 

waw" 1n t1w '"' aoluttoa with that ~u4 bt • 
aoluttoa ot bow. eonttnuatloa. 

sana (11) hai appUe4 to then~ e1oo'btd4t 

Pl'OOUI the •quatS.oa ew1..-.4 bf M•ttMot. ttad.bl tba.t 

the ~l- ot mo1H1l1U s..pa•• asunst the awtaoe we 
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PJ'(IPOI'U-.1.1 aot to o (the ooncen-.,loa 1n ~ .sa 
1N1k ot •ol:tltloa) -.. to .- d. _,.,. • t• tsht ....­

aone s.a ...,,..._ l mol· &oa t.bt bod7 or tM 

.ol'tlt10l\ to the .una • 
X. _, ou• ot catlc:me, A • 11 a E • "11 ..-.. 

B l• tbo Ml ot potett.a1• ao that tM nte ot tft't-..1 

at th. teoWodt l• p~ oa • • . no.evv, 

u opJ.t!lsw4 !a S.ottoft x. A• ( o), E 1•1 !a •tt•etJ 

... ~ to Ml'O, llO tbtlt tho euft'Gt 1a pJtOpoftl .... to 
oa .o, • w· c. lb1l ...,.., ot tt. -..., .,,. ... to 

haw been Oftlil~. -.t .,_~ !b1m (14) nrett• to 
. . 

b ~t1a1 faow k ••lhG• * alaatft._. ot 

N4U.clas I to _.. ... not .m.UOJW4. 

C 1l ~JAit .. 9!1!St.l!l!U¥Witd.tE.It~Au• 
LW.t!Jts ~t• dut to tba ~ttoa ot MG­

oloct.ol::rtN ~ ~tot tf.&et 4 b7 the pl'tlaenet or 
thOe eleo~• Wi:>H ~ttODS ure H4\toH a\ • 

& MSaU'Ie pot&n.ts.-1 (18) (~ •iadl~• 

$1 ~tea). Howeve•1 aa ntaldo atat•• S.teP b. 

the P*"~'• thte 1a qwal1t1•d lit the ••h111Jti.M tba' 

the ~c.mtn.ttoa or 1ndtffett6nt e16~lft• le 
lM\ltflolet to oaue WtiiPPMc1ab1• ~lab 

'daeoat_,. ot the •olu,lon, •• tn tbe latt,e~ 
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·-~ tittulta ··~· eN -~· 
Al~ tbt addltioa of eleotH1Jte oauaea 

• ..., ot J)Otlrlu.l a«l''aa • aoluts.on, tbla 

••• uo• atteot • mo...-t or the nw.\Nl . 

parttloh•• ShOtdd t.h«t ad614 •leotro17te be ...­

ctu014.,.. .... u,. tlUUl the Wl4Ut1001ate4 molecules 

• ~1; will now bet .. -. 4toet14'ot1tta 

potetlal ot t:.U latteJl la Ne.ohM• At thlt point. 

• fM«*t b.~ Of ~ laMM1\J will oecu-, 

DCl tbt ~ ~- w111 'be npeNaspoaM. oe the 

OUJ"Hbt a'lN-'r f1ow1ag. lt lbOu14 be nOW that 

• bl8h IIO'btUtr oa~on ab0\114 cbtlaottl'l" aa 
windltt6Hn\ 4tleo~• (1.1}. 

(11) lLb flft tt !Of9"99 o.f IIMeDf• 

'1"» aw'la ot b.CiltteHilt eleouol,te eau•• a 

4epNea1on ot \be· Usd.tibs cua-Nnt du to .. 

eleOUo-Md\lctloa ot ea"ou; whtch cwNnfJ tew 
w1 th w..,_•lns ooaoett.-a\J.cm ot the a4M4 •lee~ 

17te• 1io • couhbt ftlue1 whloh la t.JM4 the 

•cUttu.ton. 0\U'rfn'"• FOil~ ... ._, •ee 

l.mde• Uat'*-tloal Analfala. 

(111) ~ll ~ 9U! .ot "4u.Qt~s tt.M&oy. 

It mq be me.n14cme4 be..- tha~ a m=tbOl' ot ~o site 



• l:1 • 

anions -. Nttttoible at the &-opp1Jaa ~~er.,., 

~thode <hs• ao11~ ~o81 (ltl, B,o81 w xo,1 (1'7). 

· The Old·ou tend to Jdgwte awar tram tb& cathode, 

anct ON -.bt• to l'eaOb l t Olllf bJ' Utt;wJlolt• I' 

s.e touad -.t. P ••u ot •SncU.rt.._t el•otrf)1,_" 
oeusea a ltltMUe s.n the lWttna ~at ot tt. 

ard.G'Dlo Nd\lctt-. ot aboat 5~ ( 18). 

A• Salokell (19) bal &tr1~4 tb$ toUowbg ~ 

tor tho Ut11tiba ~nt, due to tbt aepoe1t10b ot • 
r»W ft'om lh pU~tt ealt aoluUon 'bue4 oa Untt• 1 

tU.tteeatt.1 ... ts.cae tOP tho dltruts.ou ot ~oVOl,.•• 

••• Us) 'lh$1'0 o • oaon.ot JUlie eaJ.t 
b-oa whleb the tal 
itt btin3 depoaltt4• 

v • mobil! ty ot the cation 
n • ou Coutant. 
f • A'baolute t.p. 
P• ,_....,.. 

• • _,.. ot cathode· 

4 • thS.ekuea ot t;be 
4ltt\ut1011 1.,.,.. • 

., • valeJl07 ot the cation. 

When anotatr e14totl-o1Jte ldtb. a hisbG' cteoompca• 



z:• te t. wt.U. the ~2-a.tJ.G.n 

1 ced b,- UUfu•ta lhto t oE ~ ~ 

cea: en. oec~ to Dlc • the 11mt 

~~:ut in thtlf \1111 '4 011 b1 

l:r l· .. ' i . -.. (4) 

• .f111SJ· l 
l,nd!tf; Mltt 

t'-. c4••, 

Ia 19$1 :t. (• ) W.ted. ., the W11cllt7 

ot ntokon' ~ m . ,. . ,...... 
bdJ.tt ~~ Wtbs Ube aopp . 

eat:~te tut"H.lllCC;;$\'ih Por S"•to• eoaoeDva•-. at 
1 t, ho fodBd eatbta~ t WS.th, the theorf 
!11 . latt,.,. w! t - Um1 tins Obl'NJlt 111 tJl u4 

3.04~,-t • 01- tho . poe1.1Qil t 
~ tont. hod• • he oltael'904, that the d1ttus1on 

~t tn JtMMn ot ~tter&JJ.t ~· ts-o~ 



pie 6t 

lJ.Jid.t$.t!t .ud ~ t 1 

b7 11lto9'i ( 

~~hlp,. .... 

"'~kJ (21) 

t fH17 in ----
·cCOJf4 w1 ~t r& · • bUt oxplalN tal 

apPfU:'etttl7 . ~ behavt,; ~ t ~- lou _... 

ro-.4 to .. O'ftl• M th8 $ournaltt 1h Whloh \Mft Pt.P•M 

am.eeJt*etl ~ not is~~ly · U&bU• • .......,. ot 
X11eoY1 f. ~~t &1 be !1. • 

conttw ~ euo~:r~u a .oluttaa · 

'Mk&Sag·OM .,_.oaot,-tt ~ •S• '1hall.ou Cb1etdet 

.. ---~ ~,... ' i;l!t$ ~ ...... OU? 
~. 'lbt ~ :t ~1tf le 1Wtt4 bJ tiM 

Mte a\ wblob t,_. ot. lo ~Ue4 with Ot.tiODit 

due to --~ 4ltt\ullont att ldgl'atiotl 4w to tbe 

ftal1 of peWn.f;~. ~ '-• tho 12-t:lUDs ,~, 

(1•~•) oeul . h ot • e.1 t•• •tttttutoa• 
~t (1•4•),. e« a~~ tiM.* 8\UPf:lent. (l••l• 

l ••• £1 • t 4.+ ~ ••• (I) 
:rcr,;, w 41Jt1rd.tiC\rl. ilO&t tn.oUOA ot .- total 0\U'Nrl' 
Whlch te au. to the dpaUoa ot * eaU . ta a 

aolutloa» t• tqul to the --.,ew~; ~ ot the 

J 



• 

- 14 .. . 

('ation. 

• •• (6) 

wne~e u and v ar• the veloc1t1e• ot cation an4 
anion reepectively, 

Henee t'h6 diffn:s-ion eurrent, 

1d - 11 • 1m 
( u ) 

* 11 (1 ~ u+v } 

i.e. 1d • 11 • u-f-v -·· ('7 ). 

~t no accumu1at1Qn 9f charge oceur• at the cathode 

appears fro~ the following eona1de~at1o~t 

v 
u+v oqu11'alenta ot 

eatloq/ aecontl, 

.J.l . v 
F • .. equ1 valent a Of 

u + .v entona/aeeond. 

ll : 

u+v 
•qtt1'ftlentll ot 
<*.t1oM/•econd 

11 v equivalent• ot 
F • u + • ~1ona/aecond 



•18• 

he· .the ocaoti(\V.'loa of dou -.s. -. .... ~ a4 

P. • W • .Jl· f#, 1 .•• ,.equl_,.,.ot o.uau 
aite 4Qoi1W ,_ ••00*1• 

.. dWo In ,oteattd --- .. lou ~ 
thtt .aluW.. le . ..-1 tie l 1 x ~ C~ • t.a tAut H•S.•• 
tt.not ot the· IOllttloa boWe<m. the ~•>· auppoee 

... a6S - .... ., IJIWt~t .,.. •• _... Alth~Nah 

l'h eatlcma WUl Mt ,.. ~ a'b the potoat&al eta 
.... CC>Ml4tdag ., the ....,.,, ..,. ... u., bJ' theb 

.._.t4on, W14 up tm .. ,.., ot ._.,_ UOUII4 b 

ea\bodo, which WU1 c..»>t• ttut !PPU.4 I'Ottm.w..l. lt te 
cu~ to ap1•Sa tb.e otroct ._,. ••"- that the 

bd!tteront ele~ Pl!'OV!&ta -. •eaoe•• ~~ ~• 

~•"• (alth<msb tbt oats.ou U'G aot rotSuoe4)1 

bence thel.'e ta a 1~ of tho Nalt.._ encl a ~-­
.-nt A\11 ot JtOtentla1 et..s.a tile t.ou ~uah the 

aoiutl«t. lbto ~· QPOU& a~\ loH84• .a l'b 

would Hem .ch II01't ~'ble \o reso« the t.o...,atle 

ot t1141.•~&ea'IJ1e taU.OM to ftUllltJ ~ e.tteo\ of tbe 

app1le4 e.a.r. oa utlou tl'l the aoluUcm, ad OUt ona• 

• tal.Util ott in the earMnt• 

Xu tbla p.,_ Wlde 4laOWJJlM, nkode •tat.a 

that em e.xceaa ot la41.tt•ren' •JAott'Olt'to •pa•U.W-lf . 
e1b1utt•• ~ .S.LtNtioa ~t, awt to tht Htl\\0\loa 



ot the tore. M~ ~ lou tbto\llh the .. 1uti«lf 

Bow, ao~ to •4W'tl• (') 

1.4 • ..X.. 
li u+ • 

Dr the· aboft. \b.eo~, the •dall,1J' ,.._4 ~' h:oo•• 
-.a1 to ~ 4!tfQho ..... , (•~• tM ....... _... taotor 

b ... vea). .,._ expld.nt tM purtd.al. up..,_ntal •• 

n...u.cm ot 1\tckea'• •.-•• toUDA bJ 1~, a • tor 
b -~Rl't7 of •al•• u appJtOxbta_,. ·~• · ., UA 

b.ace ...:t,. lt ot the ~ o.a 
u+• 

!be Mba't'1Mll' ot tht ~ 10n OIU6a to -. .... Joua 

. on aeeottltt ot th• Jd.sb yt1oo1tr ot thla lOJh FOJ:' B. Cl, 

• • *PP"*• ~ -, aM the ftt~o talll to •bout 1/1• 
• IIIla Sa b SOOd ~---' wt~ 116N1Jk•• •tlo ot ~ , 

. . wl 
tor th• aupp.-eaelon ot the CUJtNn\ Ia 10 I J! Cl bJ'" 
1o•1a Bac:~g··· 

Xlkodc (1oo-. olt.) atatt• tba'•b lbd.Uata 

~t date to the Aepoe!UOD ot bJ'di'ii.'Ons , ..,...,_., 1ft 

.ftbe »~nnot or ele~,_. ta1ltJ to ·aboUt 1/6, u tt~~t 

the HC1 • • 1/8 ll• Xt W0\\14 appeu that tither b 

· tlrat 1/8 1e ·a ld.aprld tor 1/e (the latter 'bdlll ooueo' 
•cCOl'd!DS tao tcu,atlOA ('), • nko'fJ.c a. uata .,._ ot 
81~'• reaulu ln Wh1eh tb6 OUI'l'fn\ wu aot; Mdmat:L7 

. ..au cod. 



•1'1. 

~ ooe•ra •ttm ot tbcNai1ftc the ld.patd.• 

~' _., 11e O'btlabed b7 ..S.ef.na b 4NP ot S>OtamtW 

•vo••· the aolu,ioah f"nla My w 4o• (a) br t.Mibs .a 
.. e ... u., ~ctble -....l•owo1"* Wh!Oh wll) th_..... 

11. at not .rt•n .... Bote the.' eot. OJl17 11 • total 

Um!t11as •"'* ~ b7 tbb »N~t lMt also 

that ~ ot the ~t ctu. to b HCltlo~oa of ihe 

oat1osua b&bs •~4 owS:Jg to the b.o:Nue b potentt.l 

8ft41en~ .. 
A ~Odc1 appUcattiOA ot Mtho4 (a) _, po1a- . 

sa»blo ab&lJt•i• ... ••n 4ee~4 uacter BltpeMJitnta1 

SeotS.oa.. 

(b) ~ addl tie ot u. euU:J- !'eCblolb1e eleot~-ol,U wl11 

.t• ~-- 1ibe ~t, bu.' tlaee tbit tiu1 ourHn' 
sac=reuea Ja•n•J.7 to », the 4r0p ot potAl\ttal b 
...,.,,. p!'eotl~, 1f constant. How•ve•• U • ._ •• 

·!n41tte.-tmt •UcboJ.Jte S.e Jtftt8o1\t# ~ S.a .n att•otet, 

ao ~- b 1t 1uCNaM41 ua. the --~- ot ~ 
· orlstul •tlon la hMtened.• tie ~ hu been 

4ucrlbe4 bJ lttuJ • .. .,..,_ attoa•. 



* 18 -

(11) J'A1DW.M .Fll!Bl! £a.itlt9ia:tt-U!u et,u!tu: 
1ft thla cue, _, tHtndfmct ot ulOM to .U:twtt- M 

the cathode ·u 41m1uabe4 llr ld.eih•ton, 
' ' 1. • .,. • 1~ • t.~ (8) 

a.ee th• •tten ot ln4tttes-entl$ elA.-olJ'• ot 

~••hs the potentia1 SNdl•nt wl~ reeul.t ln 

.. ~~ llal'ba ~-· 

cs.ttl J.t&dUIB ..... !i •• l:lflaP"lla.Rt 
tt 1• t.u ~1, that the 11o1uraa ~' 
b thit o••• Ia uaatteote4 ._.,.the PN••• ot in-· 
.UtteHftt tlcott.Hl,tu, M~t &t Wfl1 p-eat eoru~e., 

·•\1ou Of tilt Satte, •n ri.aGO•lt'J ett•ttt 

"*'ct ~ "'• ot dlftuaion. fld.a l• Sa ce.plete 

aeeoN w1 tb th• abo\te tl»OIT ~ u the 1&1.1 et pottatd.a1 

•h0Ul4 cot atftn the 4ttrutcm. or ttt. uutftl .ole-

out.• ••s• _,.sea • .nitJo~•· 

!'he etree• or elocttol.,_ adM. tlon thws 

enablta ws to 4ett~ wbethel' a waw • the 

~-..volt~ge OtUtVe f.e a. to t..~ e1eotro­

re4\letl1on ot oaU.cm.a, ~· Ol' un.dlaaoos.atect 

•leeult.•· 



- 19 .... 

. A ,owntlal 1 applto4 to the· oatho&t wm M 

opp08e4 1q' a OOUl\Ml'- •1e~t1V6 to~ ,._ wl fub the 

cell, 6q\l81 '-• '• · • 1'• • 

am Pa • the pot.ntbl ot the .._. 'Wlth Napeot to 
the IOlU'!On. 

... thode . ........ - ... 

. Xt ! 18 th4t_ ~nt pfti4Uoed, ecd • 1• the e1eot.o­

l.J't1o ...oatetanee ot tho eellt bft 

1. s- • :a ... (lla · • P0 ) 

Owbg to th• ftlat1'¥'61J largo a1 .. ot the .node ~ 

with .. ,. ot tlu) oatb.odo; Pa ._.s,u · eoae~' 4ul'lJJ8 tbe 

elAoti-ol,..s.a. IJ'eJ'r.avSlcy- PJIOCMdt" aWlfta 'ba' tor 
alnpU.ottr, the poi;en'lal ot tlW uapolulub1• ano4e 1117 

be P"tt •crul· to ·~· ~hie .M_,, hOWVel-1 P unrt"OHIQ7 . . 

atep, and Nthe.- t110&,lctll, •• Pl 11M SA rat!\ ., be detu-

a1aed apora.Dtall:r 1ft ordel* to tbd P0 t 

When b ~ aerlalt1vS.tr or the pl .... tv 
. - 9 . S.a llhd. the o-m-l'ltni _,. aot exceed 1~ .x I a 10 _. •• 

1. •· a x 10""7 ..,., bo.bs lind. ted 11r the dl216a•10u ot 

the Noord1J'll ~PIJaNtwt (100 •• t.e the w.S•• pesa1bt. 

detleotlon tor- reeoM). Jven at a HQitldtr ot 1/80, 

; 



.. ao. 

the ....._ pe)'ld.stlb1• ~t ta 24 .. tho 10• 5 

--·~ lhe ftt!fJta• ot tho Mll ta bp\ belOw 1000 

oblu..,. tbb p-..ce t,~t 1n4ttfe.rent el•oti'01,te, e.4 

!J&~ tlhe etten~ Pc ot l•i'· ta \bt._. 10 .Ull,-ol.h, 

eorrea~ to 1"• th• 1 ••• • -. th• tol_,.,.._. 
In tm 4ef*~t10n "t the lJot.nttal ,. (IUU ..... .u,-.;. 

. . 

.. , ... tbo pnetlttd m• ot tbla tao, ... ,.,b oeaenl, 

be •gl.eoiMtd. 

~17, t• tleotto2¥•1• In th• r>Hitmct 

ot •ce•• ta4ltt4Nnt eloett-o1,-h ..-.tlon (9) N«\loe• 
to 

Pe • ... B + . '• ••• (10) 

Xt 11 gene~l-7 aea:~lllM that whttft • -~ ia 

c!Qoatua, an .-lptn ot oonoentattoo o f.• to~ 

(U) (10) • b H1atloalb.lp 'be.__ P0 ... tt. OOD.OR• 

tftW.OA e le atwa bf .._,.a,..,.. 

a 

• 

(U) 

la OO.iu"Jet'ltftt10Jl 1a eoluttoa ot t~ 
~elbte t.oa, 
the .... taOJ ot the ._._ loa 

t.a a COUUDt ebaMotul•Uc ot th4J 

•tal, depeNltq en the eolu's...,..tenelon 

of tl:Je &Nlpm. 

) 



17 ~·· x.w, 0 • Jilt 
», n•wr1tb& ••"-• (11) u • eapoaentlal 1\mets.on, 

ln4 IJUbttd.tutdll6 ,.. t7.t •• --

1. tL:J .. :~ 
lc.~ 

••• (lt) 

. (12) H-.1.•. not. onl7. th• e .xpcmeatta1 t01'1n ot the eurNnt, 

but. Uao tbe .u...- re-latlo.nebt» between 1 fUld the ooa• 
oetttl'ttltia ot n4uotb1t lone, at the .... YalUa ot Po 

(1~ • in tlie p~ ot exce•• lndttte~~t Q.eets-o1Jte)• 
' 

~O'ft~ .. CJM) M.•cua'" the dOPCtaltton ot 

»MDlc at the a,opp~ns .-cur cathOde. • cut t.n •h1ch 

• Blm ~ 'b6 toftftl. ~ euddla u...... In CUft'ellt 

Uoul-4 tn."tore occur *- • ,...,.. or uNnS.c bec;Su to 
be 4epoe!W«• fbi ~ltd. potefttlbl d0e1 DOt appeu 

t» bt .-.pNCbl.S.laltt. ~(IS).,. a CNl'W te the 

ft41acticm. or uaoa iA ¥o,, ... •• • .... t,.obab1y 
b t;o t.lle Ncblots.ou AaaO$ ~ ..... ~AsS,) ue·Ddth'W 

~tmeatbl ill eppe..._.e boOr ~7 of ••~•'• 

(e) 

Con&l4e» tbe, el•ota-o1Jtl• of a aolutlea .oooa With 

N8p&ot to KC:t:. 

,.... Sc"'-111011 lltllltabt lf1.9!1JJ ~ '-/11-. 
. ........... hA . a al. . 

apP~----.• JJV 

. •_;B • 10 lou/11m . 



low S1 d1'opo ot •l'eUIT flieD b dN,ppJns ca,t.Nid.e (b. · 

4leW1•4 .. w, at a aMp rate ot • "~_,.,, 

•1Sbe4 o,eoae. B"• 
• • • l ·l ,tla!U I, r! 1,;1&1 • 9epl 

•• ._ 41•,...• 'ot 1• b ••eoua JIO\rl-. 1• ot thct o*• 
ot & 1 · (18), . 

Vol.W G'O\m4 b f)1:vlM to t he !1t. ... •• ot x- wtU M 

4 • e.1.a a •·• a •4 a 1 • 10*' •• • 
P4 

~o. t x•lll t:l'bS8 -~ •• 
ABO •f I a.l~,. I i a. I•W,I ,tf a tf.l I a~10". 

1o& 
• (_,PJiM,.) 1. s alf/J Jt• ta eoat&ot wlth the 

oa\b04e '~tf);N el•o~•h• 

. 
t a J.O~ sou • app.-. e.s • 1o19 E• 
90800 

l'be 1na1ttvtt;r ot t,t,. _,.,......._,. \Ule4 b upmment u 
a.v a 10~9 •• tOP 1 •~ a.nec,s.on •' a 4l•tect' ot 
1 ..... 

lle.VO]pl• or \hla tol.\i\t.oa (..,.,, b41fteMnt 

e1ec;b01Jte bcttns pre•ent) rte14td • .... ehnlq a 
St1~- 4efl.enl«t ot 80 ., tf8 •ec<*tU .rtel' the 



•II • 

OOO&n*Ml~l ot ·ttepoaS.tt.on. 

llmnte4 w 2/10 ot lta• ._.1Uv1tJ t• awrase flow ot coulann: 

OUPNnt pos- -~ WU 

• 
• • 

-e ( . -a Ia! .1.19 II • a. 12 11. );0 • appru) 1.1 • 10 

'e 

w111 be 4QOtS.t.cl Sn oae •eeon4. 

s..e. app.oa. e.a • 1r0 tou, a 4\lmtd.tr ,_ So • .,. 

ot the 1lUII'M1' ot potaa•luaa tema o~11 b t<mtl.o' wt~. 

tbe cathed .-. Aa tbe cw.-Mnt •••• gp011111tlall7• 

the lnJ.tbl tm\'Nat Snt<m.atft7 wUl be 1o•• ~ tbl•, wt 
.-. ldte. 1• i;!Wil ot tbe abort tiM •ee•aur toz. •••~ 
uusna dUNS.cc OOI\41U.oaa tllNUSb the dep1ete.4 'fOl\Dt. 

Aut nob a llb.ute t•ot4oc ~ the. C01loentN.Uoft Ja \lH4 Q 

· <iUPirts •JecWolpl$1 the ant eo1utltm at:r be anal,.e« 

~ repeat.dlJ• 

(t) lm!llt1Ral,l£v~J!IQ,6Jlllldla• 

PQI' tie eat. 01 oompl WMH1 thNe o\bo ,,._ 

t ~o ualf'.U WS.11 M _,u,ou4. 7or a 
detaile.~ .__., tbt 11teMtuft lbould M ~ted e. g. (ln) 



( f 1 YaRD~I!D f.al1r•ll, 
Jn ouet eeN the 8\llratana u eOlQloit la 

abad 1Uiou.e1Jt wtaolble an4 a\iJOJ'Uble, the · 

Cb.l-Mn' wt.n 1'1M abOve lt• exp•oted. ftlue Clue 

·to the ••fJOA.4 effect. .Aeeor«sac to Jfobn (18), 

~·- na•• that the daOJ'blna powell pa4wallf 

•~•"• w!:t;h iaoi'Gnetaa ;oten-.J.al, id\4 ooue­
tuat~ly •• the potentld. puae• tht cleoecQOaltlGft 

m•· the ~nt. ...... t;o • •td-=, and -­

ta111 to the bOI'al Utrisioa ftlut. xt • tltOM 

eu!J.,' adaorMb14t auct UOD-retuolble n.betanot 

e•-6• • ctre m- coll¢£4, pP&t•litt\tW atao.,ttoa 
w.lU ca.ue a dtn'ruat• ot thl• • .,.,.., uct at 

.suttlclen' oonoantra111ou w111 eaue ltt elbda• 

tton•· Prottt ·the «epresaton w can tta4 ~ eonoen­
tft.tloa ~ the eaa~'blns power or the .,.... eullJ' 

a\isorltl4 •••tane•• 

(11) f&WJJ&t AM&I:I&I• 

some au.battmoe• tn aolu.\t.on appeu to have 

• oa~o •tteet -I/fe)oel tf.oa ·or othel' 

nbatance• &•e• 'Pt Ia tu t'ec!b.u~tloa ot H+. It 
!a ttOte4 tbat the w.w hcllaht lt p~opet!.oul 

to the con.cenbat.lot\ ot bo~ n&tolbh nbstanot 

au oatdret, and. r-onaequonUr -r be uae4 tot~ 



• ea-

(111) ~~'!91 .. 1J4 tchf.Pl'BRW f4!2'!N£X StAt• 

(s) 

htO'd4e4 tbat b azd.on• ff'J !Moluble or 

eompl.x olte with •*'eul'J• theJ will pr-orida 

~' ""• whtoh -.-y be ued r. eat!mat1oat 1ft 

a -.,. eowetpondlas to tbe l"84neUon of eatS._,· &1: 

iJhe &-oppbs Mr0\l&'7 eattbode~ · 

iA!4!• gt .gPlJ,sat1fil• 

c.aJ.t catboaloa11v ret'!uotb1e netan•• con tn 
setWNl be 4•teftdae4, end theM _.t·bt t!ia&J up ill 

a aolutS.• which ~* •1eovt~tt· 
~ CDDcefttfttion ot ~ .aubattanoe to be 

eritdn&d ahtmld ·u.. be~ to-2 altd lo" IIOlo•/1~--. 
!hO optS•• ooncentntton ·~ to the badbook, 

beins 10*8 • 

~ a •tud:V ot tbe ~, one t!d.pt be le« 

to euppoae that atl'1 oo1ut1on b e16c t,.ae4, and. 

tbo Haultlb8 ~ sS.ap17 evslu te41 bat ia 

pncttoe lt la touad that unle•• th& red\lctloa 

poteatl.U ot t.o 1 dltter b1 .,,.. tb.a o•a 
.olte, tM c-..nt irlcreuta due to theta- clepoe1t1cm 

merge~ Ud OM •• ..ault• lnotee4 ot two. Ia 

tb1e caae, HI~ m:ust be ha4 to some aau ot 





• eo • 
. . 

NPUa'ba tht: •ubat.aoa v bu po*W.ala. 

c. ·&.R!!!!1PV.9A 9! .b·.MIIbDJ• 
I'M •eh!ae wee aupp1le4 'b1 Et Le)'bol<l•• 

naohtolso» At o. P4 le U1u•ted, w1th 1" 
ao~•••• in rts• lh '1be appuatu la mouat&4 
b. • dafc-JIOGII. tea o.ment da'b M" • 30•, ftPpOJtttcl 

bJ • · bl'J.ok atruotuN. 1'h6 sil tW- .a aooa111nla• · 
· ttWa Jteat oa e •«3obt.rJe br!Ok ptUu 1e• x 11".­

'h n.oo .. l• or conOJrete. It S.a ,...~ ~:t 
' );I 

the a~tua be wtallAJ4 so u to be unJttuW 

br vlbNt1ou• wt in tht low eltuatl<ll no 

tro\t'b1e ot tble k1D4 waa ta»•Jtl-.eet. Ptg. s lhOwa 

b app--.tM• ft'ca. another ahSle, Ud b the 16ft 

baclqptoun4 mar 'be aeea the aal.._.._tet- D:>untecl on 

.. slaa• lbe()t at sue .. helsht that its .,.,... u4 

the e11t at ~· bdk or the eu. ••ms AM 1ft tbe 

... hoJ'1mOllto1 p1ue. 

A •1mp1ltte4 ~ ot th.e ~·ph t.l1d 

ttl tnd.a ell-cult appoea 11t Pis• 4, One n7 JDC)ttt. 

acOUI!l\tlatOl"l A, aot •• • aovoe ot r>Otenthl wbloh 

la •ppUed. to tho A4t ot tweatt ~· or 

rea1ailanee •1n oa the drum D, wh1 eh 1• l'Otate4 

br u eltowlc moto» whOa• epee4 b ooatro11e4 by 





•2'1• 

• SO~• A w1 V te ecimoete4 &orooe 

the 4rUtt, and a !'&J1atenQe 8 le ••Uod ttll! 

•OOUH.te - tttus t tM ~ . teatlll at th• 4u1H4 

'Wdue. A.e•ll.J' n eonat.•w ot • a-heo•'• t lit 

the ~ cb-ou1t, 4rl4 fbe a43ue~t 1)dlt 

Into the l!laeb!ne, 

tnveU:tn g ~taot \!Mel _,. ott ~ 

the ~ • eortt!Uuo\td.,. !aoNUSDe 01' ~--·•ltl8 
potentW. aeeorltag to t~ ~ottcm ot aotloa. 

A ~ c SA tltted between the poalt1'fe 

erut ot th6 ..._ ~~ at1d the COfttaotl wue1 

to RtOOth out ~rent o•o111at10D.I oauaet el tbett 

- ~ ..... ••ttllttg lllOilefJWU7 - .. dna 

111Mift81t 0» llJ' tbe cathode pl'Ooeaa••• fJ!Je 

peuntlal 11 t!ftlll.l.J' appUe4 t6 tbl electrode• 

in tbe . l•otro17•1• Maeol E· 

a,. au ot a plus an4. a ee•1•• ot lt?Oketa 

vct.oua fftetlooa ot th4l CUl'Ntlt '1 be pu•ed 

~ tbt. sal~tR otreul'• '1.'M aal~tw 

light •ouroe t.e the lamp L • WhiCh Sa px-ofl.dt4 

with a culDg, e.M a aUt ad lene qattm which 

makea it pO••tb1e to )l'OdUee a ~harp 'rtl'tic.l. UM 

ot 1lgbth 1he ·lamp· to dlieh 6 'fOlta e.D4 4tH -~· 

... appUe4, MY be aocus-ate17 cent1'84 bJ ••• ot 
•oren. The p&no11 or light. tall• 01\ a po\lt4 sla•• 



. 
~ 

.?> _j 
0 

,' 
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•oa1e, UhdW which 11 a eU.t !A 'lw c.UJl8 -•~ 

a cb-wztt p, Oil wt.d.Clt the photo~e ,._. S.a 

Mld b1 • ep.OS lever. '1!111 n~ <1r1a s.. 
g....a to the re•Uteoe ~ b. auoh a war that 

tbe 1attelt d.Ofl• t'weatt" n..-olut!QU wb11e ~ to~ 

4oft OM. Eaoh tt.M the .-o _.lc Oft. th6 Ha1attn• 

a.um ;~)UHf • potAto oa the ,.Cb.S.rle, • coat~ 
s.e actuate4 tdlieh Ulum'•"' • ew1 1UIP tor a 
t:Net10ll ot • QOODA, t.trws at 'fl_oa rte• to a serlea 

of 1S.•· 01l the SJ'iPh·~1•1 to the ala ot 

I'Ott«tlon.- FOJt a COIIIPle- l"Uft. ov• . the pote~t's.c:a.te 

Wbe, th&M W1l1 thufJ b 21 aua 11M•, which rona 
the abaelsaae ot tb4t ~ 

~t ttW* the 1110-tol"• sal._..ter lamJ), and 

•eta•• ~:. 1a .uppU~ ~ tbe ·Mtu ~ 

• V&nafot'MJI attaOho« tc \be &PS*htkl•• 

Spoellll •tt•nticm. sberul.d be Bf.ven to the 

.PftP_..t!oa ot the e1oobodea. 

(a}~. 

Tb1a •lee~ to foaled fttOia a tiae1y ~ 

eapUlarJ ot b.u'417' fUsible epec1a1 «!a•• wb10li la 

~17 bld1tt6Hnt to the act1Cii o~ aotct. tm4 , 

.utell... ~e !s connected wS.th. a. sla•• reetrvoi r 

ot about 100 m1. oapac1't7 ~a length ot pNtture 

tubing. 11h1oh ebo\114 be atear.:sed ou' and al1owed to 



dJt't Pel't•etl'l be~ tte • CbatdiSall,- I*N 111UCUI7 

1• #OW S.abe4uce4 into tbe l'\t$1rfo!11-.,. which !• · 

retee4 ur.tU tb;topt~ ot ®l'~ AM n.~oe4 ~ 

tbt capll-111'1• ~ lengtb or the pilltd."f s.a 
~,. nt!tu~•• Urtt11 the 1Qt&~a1 betweea 

euoeead.,. d»>P& la u ~qu1t-e4., with~ ""~' 

about '10 • abO-. tha bOtt o-r tb& c•pl~· 

'1'be dl'Op bte I.e u$Ufl11,. 4~tta_ted. to fOUl' aeoonde, 

w1 th tsbe oaptU., dt.pplDC 1ft 41.U11ed :ter. 

A p1e of coptJ wtn 1 aoldoH4 to tbe 

Ma&tt l...S, .U 41ppe4 into mer~ 1ft a gl­

tu.be 1n which hu beec tuee4 • thort »leot ot 
p1a14nua -'"• Due to tile ~\lon t>t eoppe-. 

tdth the l'tul'J ln the tube, e&ceUellt Mtat•ot 

le made • !hit teMdrael pua•• tb.t-ouah the eot'k 

ot the Naeno1l'. 

It 11 ..-~n«e4 that the oaptllu7 be cuts 

'td th a c&M glaaa bitt ea u to st"' • aJDOOth 

ad ho1'110nta1 t.n.otun. 

(b) !!I A~Cl4!• 
A la,O Of pw:te lllOI'CUl-7 on tbb ·bOttoa Of. t1le 

e1tOti'Ol181t VfJII•l IGPV&e 8.$ _., .... 'beShg 

iake:b. to eMUH good eoutaot • '1'.be motte ot etmneotlon 

ltd th tht •ovoe ot potont1a1 <Jepta48 a t!ae tJJe of 



• 

eleo~711• wta.l ~. · N UlutMte4 1ft rts• ~· 
If tbt ~ ot 4l•ao11&4 oxygen lt . 

~1817• • glMa wet~ bottl 5 - blgh• 

-~ a.a om. cu.-.tet- hae bocm .tcunt oonw..S.en'• 
I 

lUl4 t~oal b the WJ• ot rOUJt,.. In thla 

ea.~•# eo•taot ta -.u .. tot- the oathoct•• ca. 
.u Ul11$Vat•4 hl· the t1rat cU.~ ot .F16• s. 

A •peoJ.al. w••l tor ea.tuhtlon nth en, 
caa is eupp11e4 b7 tbe t.:tlk re; .rut, u ahowh 1n 

the aeOODd ~. eoas1ats 0£ a eonted veu•1 

w1 th a &ide tube fo*' ·adm1 tttns tho sa~, ali4 a 

ltale4•1n Pleoo et p1a~ wiN tf'll! -.killS eoat.a.ol 

with lllVCUI'J 11'l the atde-etu OA b t-ight. 

F1.g . a shod .tho ou!bls ln 1fhleh ~a ~~ 

the motor ad tht IOhl.NUteb. dJIUit• l'ho YOltMtP 

1"a .S.alblt ~ • sld• ..-1 let b the top, 

0.t tho •ebSDe. ~ ooatrols on tb6 lett hand. 

penel are •• toUow.t! 

'!te ,,l!Qt. 

(a) 
(b ) 
( o} 

lqfi t! r,tsb'• 
!lbe a-.a1 tift VOltage Ngttl.•\01'• 
'lbe · aoeu:natlo. tor ew.t tcb. 
A ewiteh t(JJ' M•eoftQeCt1Dg the IIOtO~ 

atto%' an -.uto•tio cut--off hM 
open1;ed ( ••• 'below>.• 





•31• 

~.l?J!t. 1:~&1 lt! .. ~pt. 
(4) 'l'ht •~•o!na lep ~JV1te. 
(e) The •to• aw1tcb: rowvct. ott ol' Re,..... 
(f) The sd~te• ltiiQP M'fh• 

tn tbe lett btlnd 10WGt- co~ otm be Mtd.N4.a 

ieve to• ol..,bB the aaebtne bl poatUon, tuUl e. 

lmtd'lt~ wheol ror JnO'd.na the 1rlaVU.a' alq ttw 

hlle eo u to S6t tho liGht N"f 1n tbe con.ot 
poeit!oa on tbe ·Halt• 

Cb the 1'1sht ~a pael •e th• wMO'WI 

.-tt'1Yltf aooktt•, ~ ti'C* 1/101 000 up to 

1\\11 eeulti'fltr• Below tbeM mar 1>e eoea· a wheel 

to" ""tathg the Na1atcmee ~ b7 bend, tso that 

the tUow Qf tho galv.n~Mr 2na1 bt noted on the 

aoalo, .nd the cowco' ~tt1V!t7 tbOaen botCH 

~a!hs t;hopapep, 

Fig. s .~ the J'hQ~ eaallt8 in »>ti tS.cm• 

ant! the oeale above !t" At tho lett end ttt the ~ 

·1a a 1e'tV' tor ttpeniDg e.n4 o1o•tas the aUt 1n the 

cu!fts •• r-equlrecl. At tho othtl' end mq bo c.een 

the freel7 t'O~klng ~te4 r!llswh1cb ia ecmp1e4 

to the pbotod:rUJn bUt ttOt to tho co.eins• Bt •ana 
. . 

-<)'/ th1t a ~ ot cut-•• ~.ar 'be token em. &ne 

ebeet ct pap•:r- and .,. be aultabl.:y !'1&•4 dth 

retwenoe to tbe abaete• lt.nee. 



Above •• phototwa t1J.aY be Ma the bob to• etm~lbs 
the •••S..teee -- to the .-eoora.~a~ atcbdles. Br mau 
ot the wheel abOYI thl•, · the #contact poten~d." II "~ 

l·•·· the po'•tbl at which eloct10171la 1e lte'Pt«Kt• 

tie la V&I'Y ue•ful1 a a J.t la rMtu•tlJ" UMeo.••.., to. 
the appUtd ..ol ~ to begla a.t .UO• lueo170nte4 wltlh 

tbla Sa the 4e.S.oe whleh au.t»matio•UI' mtehes ott the 

11110tOJt .than • 4M1Hd potbtlal t• ~etche4• lbert. tbh u• 
opento4, the Hl~fta htten aet be px-••••• to ..,. ...... 

tbe oboult~ •• '*'"~ abo..-. 
Sbe paper which 1a _..4\W.ted h • M4 • •PM•, 

l• l"a01ftd .tTc:lelt tn. ~In N4 Ught, t!eftloped. ill lt& 

Jlltol·~ &l~ to b delf.N4 lllteul-(fol'· 

· ~t I lltnu*)• •1ated and t1xt4 in • •ottt t.rPodpb.!t;e 

bath. Atte• w.aabbs ..a ~. Ute poJ.aosre 11 "'*""4, 

preea.ltl od apt tt:tr M'aluatioth 

!~be tollowl»a a.etan• ~ recoMed at the \1me ot 

\he upeJ-blta' tor ~· e'Ml•tS.on. ~OM.•• 

~.8•.,1§& 

Soluttont 8 mt. lt/800 XoJ. + 1 lal.Q.ua~ :aue. 
Ats- ~.-41 110. 
AeCU'Jil\llatw Volt..-.a a. · · 
Seult1Yit,'t VtO. 
Pho~H&~I 0 
Oa1VDCJMUJt~tC 8 
Contaata potentbla 1.8 'f'Olte 
.Ano4e pote~aU.tt + .au '¥01ta 
Drop .... " "81• b 4!11111•4 -··· ~.-.pe .. ~t m..e · c. 



••• . 
ln all -~t;., ~ti'ri'br .... wu lo~ 

PHPu.d bJ' tM 4bt11lat4 ot Goa-"'* ate in a 
copper wsa•1 ad ~--~ eo ~ bt the t1r1t 

llJUl lalt ~-- IN N3eoted• 

belatd~S.!t W. lt!WU lll!da. 
h ac.aaity tflll the u.ee ot rou:17 or tbe blgbe•' 

»oaelble dtpeo ot JNKtr 1e • .., ... , b tho Utea~. 

eM all the ,_.__., emp10fe4 WU ~ $lO~WlJ 

\tJ tbe thOd Of • ....,. ud Kana. (80). Pie• t l11N• 

t.atea b tJ»• ot QPU.tue UMtl. the bo~ •~' • 

hrse slue bottle• of cU.tfe~t e!Ha ue ;t tt, an4 

i4l.e netk• Mflle4 togethw a• ahen.. ~ ~ tonu 

the Ul04e1 althoqb S.t 1a add•able to pudtJ tbl• aa 

aOh u I• ~ld1r poaalblf., to a~d ew3.7 ~ ot 

iiM eleOtrodM• U taO ~ l'out7 l• a.S.ta'b~ to ne.n 
· the oatb04t1 a •••~••• bOn tbMt • p1aidma ..., 'M 

Uled •t th• ~e••:rt- l!uJ tt1•ctrol.Jtt 11 prepu-e4 

b1 d1aao1T.laa 10 P• .-OUI'lo Old4e SA 80 Ill• o~ fl pe» 

oent perchlol'lo aot« MJ.ute4 w1tb 80 ml.. aw. A. 

d.t8ht exceae ot me aos.4 ts ~taaeoualt the ~o 

salt thUe ~08\t S.• CO!DPlmlt ..._. to tht <='ous 

~t1on bJ the ao~ ot the cu:rHl\' before~ Jlll'CNl'f 

la ~epo$1te4. h t!M'C\U'.ous- pelloblON.te •1•~ hM 

the 14vantase tbat e11 ~ tel.Uo perdalo8tta u. 



+ 



•M• 

IOlUb'lAt tn aw (po-..t · be1n6 .. ot ~ ·tan telv1• ). 

De! eonaocru-n- Jlftah 1••• DOb1e t1w11 JUGU7 will be 

a •• o1v.4 hOm tblt uoda. ud kept 1n aolutton. .,. 

tala .... ldJle tNn ~~ lt ~~ WS.U not be 

&.101 tt ~ 0\U'Nnt «<ae!tt 1e Jctpt tow, 
Stimbs ~~ pi'QYUN bf glata 104• bent u e.m., 

•tated 'b:r an ol•~o 110to~, w:l.tb the lll'ed .-uttabl:J 
~dueo4 bJ Qll Of PllUJe• A ~t et 1 • at 

o.a ~lta ,. Jadnk!Ud. Oocu1onal17 lt 1• •¥1•a'b1f, to 

tr1tbc1n:w tho e1eotl'o11"e -'1 ~tellS•• •t the ~us · 

»achl.~ te. Contac\ at both ole~• b · bJ P,la~ 

-~· tue4 ln gla••· 
Ut01' What ttPPGal'a to bo ~ exw:amlM.tlon, the 

-~• caaoludo tbt\t the aona1 pJI04Q.ot ot the »MMe•• 
1a apootJ.-osco»ica11l" pW.-e ~· 



.· 

• aa. 

»• .;&t• .. Ettttl.te.~.9&9:,1Wma ,sm b .. lt~YlU.• 
~· baalt ot ~t1tatl"¥ . " on t1w 

~ph t v t:.w acou.-rat at ot a 9017 

mna11 ~•t ~::.-o ... att t1cn, 'end :lt 1e undettltd-

abt. that 11 ~~ 1n .,..1, entd ODM.it!o.u 

ma7 11nv<' · Pftd.ablt etfeciw OD the Heu1t•• 
bse ta~ ldU now be 'bl'1etlr 41aouau4. 

(1) !:\tt.$1'~~--

nto 3-Wt!as ~ dJ:; 4 \Ylth· dlthNn\ 

. cepUt..ioti a1"' aot 1&.mt1ecl. dtio maln17 to a 

'fl\l'lat!on tn tho -~ eurfeoe. lrta!Mla. t-.4 u 
an •186 M81 tbat OClpUl.U'let1 Which ehft tM 

,.... rat. ot t1cw or. JMJt~, «~••· f.ll ttte .._ 

aolutkm Ualth$ ~t• ot tM ,._ M1Bh1J 

(CUOted ~ Hf• 11)• ·Ii; -~ ap~ tha\ tlbll 

ll.Olde When tblt t6 b. ~in ft1Sbi I*' 

udt t&Jne, f-. lf two. otJ>lllulea weH JQl'O"ftdbg 

~ aae ~ ot dlo»• b1 udt ts.. t!ie ~der 

oa. wou1a as.,. J.atts•*" clJropa w! th a ~·•• evft.oe 

. . 

of' .rrlftl ot eattou at tbO ca~ **he&, -

htnce- an s.acreau4 ctU'rtnt. 



• ee • 

~0 (10) ., .... t~t aull. ..S..t11ml b ~ 

aud>U ot 4rcpa MUDs po Wtit ~ cenot uw _, 
J~Utb4 •tte~ aa. the 1Wtbs ovnnt• .a ••n 1t t;wo 

~:u.ee GUteHd b1 10<>%• the OOI'l'ea»>*Uaa ett~ND" tn 
the Obi'~ wuUl W 11:', to .. capS.llU'S.e• ln ~ uae. 

h Pl'aOtic«tt a ~Pins N.t6 Clt tou.7 .. eoa4f ~ 

4'rOp baa "-• II!Oiie4la thle 1~~. u4 ~. l• 

l'eplated bJ' u:u.~ the belsht ot the •~'~ nurvoil' 
unt;t1 the nt» t• o~ orel' a peN.o« ot t~t,' aeeott41. 

a4o~ to a •tO»-cl.oek. tho •taii481'dl.ation 11 ~ed 

wt wt th ~ CQllla.T 4S.p'!ns ln aittllled •'-• -~' 

tt. appU.oatd.OA ot potcmtU1,. Xt b.a blon tOIUld ~' 

to eee tbat ~ CU.-'ll1o4 ftto,. to.• raot O()lleft ·e1eowo-

1J1Hte f'rorl the el•e~ C!ul'1aa •1ectrolf•1a ot ao11l"OU' 

u obh&N!H a qt)li;e ~oue G:foppfas H.te Mir 'b4t ,._ 

..-4e4. 

cts.l liUJH&a !S!emats~ 
.~o (lOOt ott.) Ml.wl. tel tbh bet~ the toNl1a 

» • I• ReT4 ••• (11) 
n pi ill 

tiOb 'beibs ..aooct 
a • the DUmber ot tleot;rio obal84t• b..olwcl 

R;t t,. eel P bave the uMIAl ~o 

dpS.tlouoe .. 



Bbougb baa beet\ •aid un~ tho theoret;toal. H01d. to 

lat'llcate tho etteot on tho ~tins ~' of the "'* 
ot d1~· i'r= t1ca.1 ooaeS deratlOM~ Zlkofto 

. i 
(loc. ct,.) m• 4ecluoe4 that tbo CII'HD~S.e Jl'OPOH4cmal 

to vl~ It ;'f be potntd Ol\t that tbe Y.tscotif;J ot the 

aM>lut!.on s.. S..olu&t4 b tho ab~ tx:PftH1cm lrJ Waldn • • 

ftla~P·· 

Bqul-..J.•nt OOl\C!tlOtlvl\y at lfttbiu 411u\l0b • 11...11.t ••• (14) .......... 
.,_.., e • "'scotttr ot tbe ao1Witt 

u • mol•o.uler maht ot the. •att .. 

%n &eottoa XI:t. the ettect ot a100b01 lll bONUhs 

'fi·scadt,' of the .Ol\IU.on, o4 ~ tbe u.tttaa 
~ s.a ft0te4• Alao, In the .. ..,. .. o\lon, ao.- dh• 

ONI*lCS..• b. J'$tu1'- 1M uoted e!Oh _, poaalbl)- be 

-.oea to the ·n acoal'-f etreofl ot tba !nditt•reu •1•o~ 

1Jte. 
(US.) laUA!Diea 

b J~Dv.tao.._ •• ~·l•t• S..twotlOJIII ao~ 

PNlflD8 tht _,pa,..tu •••• tha~ a VU'it.U.• ot ·• tew 

deS~M• Sa tt~aperaimN f.1 aot aerloua. wreu 1fobat (11) 

ob•I'W• that • ~ ot 1o eaue. _. ·me,,. or .. , 
a.s,C. a. • l'tlle, a -.vt.ats.o:n. ot " 1ahaft o.e or o.v 
detpteOI OWl' a IOiel 6t _..... WI Mt -......a,a1~ 



. • 18 .. 

a ·""""'"' of 1.1J0 'be.en ~~· In the ldW 

~nta tiea~4ln ·We t.'l ala .l',.. cia•__,. · 
" ·~• PGlaNsnm au. .~.,. a, Sncl:u4taa 

a atmad8M __,. ~ Ui1 ~ the ~~'" 

•• helgbte ..,... · lige!u thla ~~ ...... 

tuN! ttou thOul4 DOt en ~ or thlm. .. , . 
_...'*" eft'Ol', pu cetit, pw ~. an4 

'lib the •tase of Pl'eol• ~ ts • C!hed• 1hh 

ahculd bO can!. ·Ottt. 

· '' ..-1 ·l!U!ld at thE ,.,. 
h •tteet of othtl' lo1w tbe Uudtf.as OO...ftmia 

bu be dMlt w.t.th tho pc»!a1J or ..sa. ot eeaw4 
the01'7 un«cw 8eot1on x,a .. bu.t ~ remas.Aa a ~cd. 

oout.Mr-a~. !he coae&n.tt-atl ot ·~ lou -r: · 
ifttl<tteaoe the a~.tt,' ot the z-aatlclblAt Uou, e4 Jloba 

(1oo. c1 t.) NPot't• that the W.ft-belsbt acomea .. .,....,. 

pv cet eal1er· when the •tONl&l' ton• oonce:ntl'tlUoa la 

S'dn4 tJ'ODt lf/1ooo to J/1001 w JJ/100 to ll/10• A ~ 
from U to P~honvtr, laM a •carct17 appJ.'eolable ~t. 

Hoba .. ~ the e1tat•ttoo or thle poa.S.ble •l'l'OI' br 

ha'dbs at ba4 a Ba•lo &olutoo (~Wfta) fW •• 



(y) 

aut>* or the 'bdttte»tn' elect4-olne• • Dr •4dbtl· 
•qual Y01wrea of hat ad ~.nda»<t tolalUOM to detblte 

~· ot s.e 101;ud.On, the !Dt1\'t0rl~ or tht toNSP 
S.ou i.e pt GI)Qttl»b, c4 that 61SJdaehd. lte Mth.er . 

"- that. t;be CoueavatS.- o~ the J,tuU.ttettent 

ebo~ *ould be al 16 e\ tea tblea ., ,...._, u that 

o~ the 1cm 1JO 'be ~'*4• lie laelu«H a ~­

u.,, ot n1W111 Jule Boluti.ou tor 1US.oua c1tltemSu.• 

Uou (&a). 

. A tm4 oontaot Sn the a~ oi»oult ..,. , tbfOQih 

tile a44ed latacct, -.... u. meorreot ~-•• ot 
tu CIUJ'l'IDt• 'lhts _,. 1e&d to r.ult,. HDlta ud tn...,._. 
Nctuottoa poterddtll• lt$ ta hi'Otol't a49'1NbS. to ••· 

o._ tbt ~ OOMMf4ou 0\\tseU. the •eN:• Hrlo4- · 

l.oallf, u the -'"• PG Uable to bi'Oak oa aceouat or 
tlu!PS• the pktt.-= OOl'ltAct wlr.e a!loul.d 'be •• · aJUt 

dl7• !he le.- ~c.\ eoataot wl~ the platS..**'"'' 
t~ COPS*' wlN• 4tppJ.aa into --~· . to tUUH 

aeoa ceataot at idle •*• tho ._c., 1&7'1' bat beea ,_ 

b.to tn. •l•ctMl,..le •••~· tbe ~ te•Ml b cl.•.-4• 
· elM 84 !uerta4, end tbn. the te1t edl\ltd.tn l• 1n-.. 

·ct.oed into i:bl veeMl.. 



' 

8\ackc (Z3) M8 itGt torwQd \be •.-uoc 
l • k. 2, CA· • t(c.a. Cb·~•••) •• ,(16) 

wJMwo k • a PHPOI'U..S.l-. oout.at· ., . 
Cj, • OIQ!aen, of lon ~~- Wit• 

o • Mtbodt w..raoe. 
t(CJs •• ) • tunotl-. or ooccrut. of OthM' lOU• 

. . 
~ltent,.1 .- ~. CA· 

ntcoY.lo. (M) 12.aa *tb tlcai1y ctedaoe4 that 
s. • o.ea. n. P.c.Di" •9/J, , 1/e •• , (le) 

wt.N • ~of ol•ctJt,~ oha.rsaa !nvolftd· 

p " hNdaJ'• 
o • eona.ntl'ottcm. or lon uaa..~ teat. 
I> • 

• • 
cU.ft'UStm. ecna8tant• 

Gl!lO\Ult t · rcn17 ~ ott' ot ~ ... 
O&PUl*'t ln '\Dll t ta.Jae. 

t • the dl'OP ts.. 

.UthQUSh at -., .tag• in W.a oe.lcula tiou ·• ·M81tftl t» 
deoreue 1n the 41tf'Gs~on lqer 4b.e \o the ht.OMaM 1a 

11M ot the ~ droP, hla teaul'• agree well WS.th 

expes-lant.l data. 



•· Dl!lHt,DIStmlab 1£ ~ lf.tlUI&. 

(a) laalbllblt 
Xt auat be boftl• lli :d.n4 thO w ure ut 

--~ d.th the ... 8\JHmlht ot tbe •dual 

Uidtba ~t, ._, .Sth tM ....,..,on ot b 

I Mtsht• ot wo ••• etch .,. ftPNittataUw ot 

....,._, ·~· AtoOl'dtlia 'o ltoD. CN) tbtH u. 
thHe a.U.\)lf •thoae ot «•~• thb .. _. 

I the · 
'-t.ah'• .,_aua ~ot•• tora ot 1;hl .. ,... 

\'heN _,. l» ttti!Jt4 the lat.IHIOfd.OOt fal'!8tfttW. a4 

Coi,lne hte~t1oa •tb0411 U4 •• 111utntt4 

h · Pis· '· 
ID thCt ~t.e.-.eouoa Mthoel (fts, -v A), ·~' 

UMa an mwn tbl'ough th4t •tnlah' PDJ"lou or~ 
· ~ 'blttort .u att• th6 ueu.t, and. alto ibi'Wih 

the attep .. ~*'1118 PD' ot the Watt-. 1M 41atu.oe 

'Ntweea the two poiatl ot tnte~ouoa. la de"* 
u th& waw-helSht• 

the •w•Jl.etsht • ., .also be -~ •• the 

•nt.eal ••~ 'bttwMB the two polnu ·of oontaaot 

ot pa~-a11e1 ~'' at the \tesSmbc end u ot the 

••• ~ 8tt886Bte4 ~ate afJ tiP (U), tnt' 
1t ba . be-en abml ~t.leaU7 b\ the poblil d 

gl'et\, •• , a.fttuM ot the ~al ~ ... ct fM 





po!nC Of OO!WaM Of the 16' taaatat1 IQ that 

tbe us• ot the,. ._.,.. hat 'beta augseew« bf 

S..ruo (If), h •t:bod 1t Ulu•'"M41a 

fta• t B• 

!he 1\41 !»lgltt ot the C011pldel7 1N!lt-up 

ww .. ,. w a.wNbed u Jl!8 ' • _. ~ 
~1 u.. t~ the hWl .. w I'O_.laU or 
the .m.-.. belove aa4 aftetr the ""'• t04 4e~ 
the d!ltancel:lllt..n ~· Wh&re Pt*tlotlea'b1e, ~~ 

•thO« b •••U'f tbe ••• ••U.e~Oif', u '' b 
rapld, ~••at, Uld seneNU7 .-. accurate tbaa 

the ~n.~ aethol_}:m aoeounii ot ihe JIOIUl·lJ 

SI'N'-~' he1sht obtd.ne«, 4W~W~ Ia ..-.aas btoeM 

ot ellshtlJ ~t•• t.mpOI'ta~. 
h Method adOpted ,.,.., wu .,o Jl'iok ~ 

ontN ot b .... at S.t• htsbta\ .u J.ow•• pcdata, 

-~ a ialgn1frtft8 11M• to ualft b to•~ tbl 

poalts. N aOWNt4t17 M poed'bt.. b _..leal 

dtetan• \>ebweOA tfhe" wo pof.Aw _, ftf4 ott. a 

idle ~U.ou Ml'ke4 Ob the PQW, a4 DOWA .. the-- Wght ..... Sftdtat! .. aH bOt f~Ulte 

a.cO'Uftte. u the )lllo~o PJlper awe... ~ 

acaetd.at ~ ~•ebs• !he onOP, however, la 

GD17 ot the oJ'de o.~. and flnee we •• 4ea1lfts wltb 



••• 

al'oa:tflber. 
Xt tdl1 be noted that-. iib.ne aocSe• ot ._.,. 

dtttAti'Jdtlatto. fttlbe4 W111 alft dlttftea ha1gbts, 

lNt aa 1oq • tht a.s tho« 1• u sad 10'# eta1VIafd. 

an4 teat IOlUUou, the ~·~ abould 1et4 to 

.. tl•tt.oil017 "tulta. 
xu 11u &1~1 'bOc aote4 \tult the Cla'l'fnl' 

!ahultJ" deP..S. On the cathOdt _.tact ee•• an4 

we ahou14 Ul*O\ a .,.,b\111 ~' n.uotua.Ua 4Ue 

to the f_...U.~ and ~u.aa ot 8U.Oce•alw tNt•• 
~a 1a obaWMfl ln J*tt.etlce1 1N.t· U ~· pl .... tett 

la ,_,... to a periOd et abcm' ftw aeormda, ttw. 
,_.._.,., lt UMble iio Peep the ~ 

MOOUm Lel\41 the.\ tbe a1.ddle ot the OtOlllatiOU Dould 

be .,_ .. hpl'efttd~lftg the CSU"fh It J!Ut. be _. 

pbad.lt4 that .. .., ...s.-. "1atlw *-ctnWats.ou, 

a 4 be nee tho elctetfol,-eta we"U -.t be d1'f, aft4 

bown 101..,. ot s.Mt.tteNnt •leo~ atat .be added 

to ~ •11 .- ot 1101Utl<m· 

SuppOM tha' \Ulder abd.ltUt coa4lt1ou• the 

attandu-4 1oluU011, ot eo~centNtlca. c, ad the tet' 

ao1ut1on ot o:m.oentratlot\ c,. s1 wav. hel8hta ot B 



•' aeeiti.S.\7 1, Md h at: .. uttl•l'f ., H.,.ot• 

l•o17• · 
low lll'lOI the O\U'NJ1' 1• pro~ou.l to 

conotn ..... s.oa. 

ch •• t. 
~· 0 • lLs...l_ X 0 •• • (1'/) m 

fb) 9e~l!ttllls 

lhe ... ~ tol' the ~Uon 

•o • •llo + . J 1D C • • • (18) 

lft(lio-te• that tbe t.otual reducV.OA »>tendd., Be, 

~· <m the eon ntratS.on, aJtt1 be.-• *'" . 
po•A.tlv. w1 th t.nereutas con•ntr.tloot lol.UO-

paph1callf• tbia •tpStte• that the Jd.nk sn tbi 

...- wUl. &PIMJW ewU.er In 'bh• c•• or ~ 
fJIOQottlthliJS.IU• ao.v.r., •'-tt- b ~ ...... lbt. 

JI'OOM•1 tb• k1* after tbe ••e.eet wU1 1;)t .,.., a 
atldlu ~' tn tilt 0ppoatw cUJ-eotJl•, tbt ld&lle 

point ~ the ~- thould ...... 110 Oba'll8t b 

po~I,Utn. 1tltb. -.oe-..t4o.a ft.I'Sd!ON• h poten. 

ttel at tb!e lltiddl.• pos.at u• been '--4 'r ~ofttlr 
·.s XD:o.S.o the •JW.tnw fJOtatdA.l• (18), aa4 lt II 

tble PG'-'lal whleh ohafto\erlHa the ea\lbode Pft•••• . . 

l 



!hat tM JtaUftW potaid.al la at th• po'b' 

~t iDtl«d.• ot tn. CIJI'W1 e4 t. ~.atte••n' ot 
ooaoenw.\f.oa, \WotPbs •te• • s-1-...w. NUl.• 

tlYl., _, be •• -.th•1d.oaU7 u tollmr~t (et) 

tbt pot»a\l.-.1 ot the ,., • ..s. .... ..., Sa . 

so•mt« 'br · . , • • -5 1al .,. • • .. (10) 

cue c._ • eoae, ot the •llBDt •' the dft» .... raoe. 

Co • ~n~ t the ..-elbt. oatlou elo•• 
to the 4NP evt••· 

~ ~e eea.tttt!oaa et b ~pf.Da __...,. catbo«o, 

the Ntl ot attul• ot HfacS.bt. oatlou to ~ 

~- .a tbeRtore a110 th6 . ~• ~wnlltr 

4eptl\dl 011 ~ at.:tt.,..nce C • Co1 wbeH c 11 "*' ·-.· 
otntfttlOJS ot b e.\lou SA the '-1k ot tbe eol.Uon. 

We bave thu • · 
. 1 • kl (C '- Co) •••• (80) 

l'n a4d1••• •• bciW that the OODMnvatd.OD of 

ealeaa1• P"»oni_,_ to the aurtn' '••• 
l •• Cue ••• (11) 

CcabW-s • .,_\lou (to) 8114 (tl)t we Nvt .,., 

OL • !./Jat 
1R) (lit SO S)/kl 



ao that tht.t poteatlal b600111el 

,. •IJ:&.cs .. ~· 
••• (sa) 

a, a ftther ~C\11 6oub1• dlttQI6nt1atd.oa, aDA 

equa~ U to (the C01\-41~on t0111ntlu1 ) - ar 
- tind tha1J 

•• • (I&) 

••• (M) 

whore k ~Naote tl · ••o1uU torud.•• ot the 

elllpm~te4 • enu ~/q ~ the Mtul'e ot -. 
oonetaata in. equatlou (SO) e:n.4 (12.), 1• aeea be 

-OJ' ot th• 

u-. thWt ••• tha\ the potenttal at the potat 

ot !afte:don hu • ~cte~o -.1• alch U =• 
He_. '" the t2-. t the •ecbto1b21 ion, 

or t the N ot t1 of tho tUIT• 

low ce the 4lttut•a ~reat 14 hat b*'en 
eatabUihecl, lt fOllows \ho tht017 that tM Co 
Of a •"' ~ \8Zll~'1 ..,_1, ao tba' 

'-4 • kJ. 1 
!hen f1'0II equat1oa (as) 

••• (M) 



• Ill • 

he the pot:et\t;t~ at tho bdtnft h81aht la that 

Of the tat1e dOD »ollltt 

It ts ot trltefttt .,. that .tuo. 

o0 • c • ~ • 
c0 • c • cia •' the· lnn.d.OD. »>iatJ 

• o/1 · 
1.e. when tJbe bfted.on ,ob.' Ja• 

en .-..obtd• the ooa tratloat ot tht .... 11~ 

ce.t1au oloae to the ~ .,..~. hae been ft4\lce4 

te uaotlr Ou-lualt ot that preYaS.U.S Sa the boO, 

ot the &Ol\\tl<*• 

Poi' ·the l)H.Otical det.rtd.lt.dlon, the wate 
height; 1• t1N~ 4at.nd.llet\ aa duobe41 1lD4 bt1t the 

ftiiU1t la actded. to the 1onl' Uatt ot the •••• 

potentlal ot tbt .-.. at thl• height lt rea4 of~ bl 

tel'lll or the N~4 a'ba0lsaa1 M4 tJ-o. the l)Ot~mtlal 

at which •• wu do• and Wl& s-eladoubl» Mtwoen 

tM appU•4 w1tqe an4 tbe •W.• Unaiou, w _,. 
Cll.oula.'- the ~ A!>PUfMI to th• oa~ at tbla 
poS,at, 

'* aa •-.1•• WPP.,.. .,. ~Jal.M• pout 
ooet~N a. ao •••••• unite after eon'=ictt waa .-. *"' 
I 901t. aN _,pll•4 aoroaa tho~. tb.e tO abloiiM 

.S.te OO*'reapcmd. to tho 8 -.olte, •4 U OOJ'lkot wu 

t2a at 1 . 80 wlt.-,. the actual potential appUe4 at th6 



1.ao + s.eo a ~~o 
'ftde, howeve:-, a&wa ont,. the potentl.d actullJr 

appU.e41 wht~ wS.U be· rolntot!cM o. oppoat4 , taw 

pottl\ual betwun the ~ •l*CUI'J .-taoe M\4 'be 

eol~ti= a'bo'M l •• fOl' the 4eteftr4natlon ot tbf.• 

'ftlu, a po._U._.tl'lo e,.U. l• •10Je4. QSQs u 

·!f/10 oalCIIlfl alt•oe11. h .-pUect ,.m.t. le 

npp1t.e4 troll tht •leo~ t.Ntula on tre poleo­

·paph, -. pS..t~bUm ~ oc.tao •me Uppea t.nto 

the ns ~ to be teatH~ ••. othw le.Stta1 11 

ha1t-oe11; whleh i• oennee~ ~ t r-e electnlftll· 

weeel ~ • -su.qt'U8ted 1c1. bnaa.·. 
the appUed ..S.tt.se 1a &C)cvatd7 -'lutte4; oonftn• 

1ent17 to two Wlu, and the 4ftlll tOk,e4 uaUl ~ 

polnl ot ba1ma. le obtalfted., aa4 tbe. e•m•f• tQpe4 

~ ta. dlum 1• rea« otr • to pJ-O•o\ t4le sal.._• 

om&ter, s.t ta •••aur to set -~ -wtod•t• 
poett!on ot b ~ at a aoaS.tlvlf;J ot, • .,. 2/80; 

aDd t~n sraaual17 wark U,p to b11 •••lUvttr to~ 



Sll'l• t.be anode pottn~• aN •ftlJ" ftla­

t!W to -. Ub1t.aJ1 .~. 1t 1• -.-..., to 

Ht~ ~ to • detblte .. ro, ad the B cal-.1 

·•11 b u .. 4 ttxr tibi• purpott• Oou•.-~ • 
COl'"otSorl ..,, be _,,ue.~ to the •llo oa10M1 eel1 

'- •\ho<l of ~Jl& tt. ball•nw ed 

art04e ,ottnt;lal• to st.w the ftu1 NM~1t b Q' to 
be aonl\telJiS, ana thtl poelttotl .., bl el.arlttt4 .. 

to1lo•t 
, 

lft t~ ~ ~ PGtiDtl .. trlo 

~me~d:, po.s.•tye l• oonnecte4 to pod ts.,., att4 

'dee...,,.. lf, t~"tore, the B'8 ·~ 1• ~cte4 

to the eatho&t • ~~- tft'ld.ftll• n knOw that \be 

enoa. S.• .a.e •sats.ve then ti teftdn4 ot the aal.0-

•1 bilt-oe11• 

SappoM th• baltlbee if Ol>ta!llH at a~-. 
h potent!al ot 1t8 MaS-' aoln• SA 11/lO C11 1 

wr-.u • • .aue •1'-
at .,_. · ~ + .R\88 • • ..-o1t•• 
the latter -saw' aa .R oa1e•1 Wt•aell 

. · • + .ISta • (.8318 • x) . . ' 

• •· .oes 101t •• 

lJQir p •ctwa:L eXt..,.,_ e.m.t~ ft.7 • •• S.. QpUt4 

to the o•tbOU. tlUl"lll8 e1eota-o1Ja1•• !be anode £• 



abt_, poas.uw· ws.tm Hetot _, ~ aola•toa b1 

a • .OGI .wltt, ad thenton the total potms.tl. . . 
OJeM"'-'8 S.a the 41tr."nce • 11 • (a • .ooa>. 

Bo•N!D.8 the c»Mtot1ou 1n thl anode powm• 
t1a1 det~tlO!l ab017 •lsdfl•• that, x 1• 

nqattw-
Hence to •'lal•t.• d4 (• .ou ft1u) to~ 

ObHrvt4 ftlue ot •~ repld.t.q th• lattt• u pod.t1,.. 

-- the Jig NI046 ta OODI\•oted to the aeaats.w ter. 
.abat, aD4 v.v. 

lht r-e.US.t.t 11Wtt tllAtn be nh•ote4 tt..a 



x:r. %'• app1tcatloa to the .. ti:matloa l 'I )I ,Jt --1-1 blUttw,, 

AI. 12*1~4 JNYl®.llJ, a .UtteNn• ot at 
leut o.a -.ol.ta eout4 met betwetu 143•eent de• 

pttlon po•ntb:l•· 867r<r~~k7 t•o) 81•• tM Mlt• 

"" ,~. ot potust.• an4 aodi= •• • a.1v 
ad • e.18 wlte re•"ot1ft17• alld heftoe the two !ou 
togetbtr alw OM ••• 

Ve17 Uttle won ~peaM to h•e btu. cloM em 

the .. ttats.oa ot eOUwa -.4 potud.•· v. lla!O(G.) 

hal 1.11,.._14ptM the COIDJU)$1W WYe dM to both a~um 

del potud.• b • 101\lt!Cll, abd .-. 1M •t•...._t 
that ihe bt1&ht Ot •d'S. a ftW "'PH•enu tbl Will t)f 

the heS.gbte that would be eauatct bJ the aonatltuente 

HJ*fttel.J'• It 1hou.ld be,... flmbu-.4 that ace~ 

to X3.lccm.o'• eQUation (33)~ 1, and ~uete. tht wa-n 
t.1e;ht, h pJiOJJO»tibal to Jir, 84. llaee Pit p~ 
t10Da1 to tm.• !DO'b1lltJ or the eats.•• we .bt.• tbe 

' . 
2'0l•t10Dibi» ilbat thew :'10 btigbta tlllllM4 b7 cU.tterent 

eatlcu *" propol'td.onal to the • ....,.. l'Oot• ot th•b' 

110b11.t t1ea. 

It la3.r' • Hnlt S.a r~Uible, ae · fl''* tht 

theOI7 it YOUld app~ to b•• we &oul~ ~able to 

eatt.ate .-titatlTtly the todl• -.4 potMsl• In 



aolutd.Or1 bt . 

1, dbWftdAI:t. tbo n• betsht b. to both 

~--· · a. pnolp1taj;SM-. allraU .. .,_, a.lJ4 tt~ 
tho -- belpt ._ to ·ta. otr•tt U IOluttoa. 
Dr. oCIItRI"i••• thl• wt11 ,S. w tbit oone&ntNtlon. 
Of t!fut-1at,w, P'Odd!DS & _,.. •l"i''&' OOJT&O~ 
1• .htroAlce<t m a ,,..,. ot tht foRn~r M\ 
PNtotpltated. · 

s. tN'bttN~ the ~ wave hftlpt ot tht apHOS.r­
ltate« allriU ft'tCa the -tal Mlaht, aft4 'bl a-' ... , 4~...S.Jdq ~ oaacentratt.on ot 
iha•ttca11 •tal .1rh10h had bee PMolpltateA. 

f.bls tfl>a Of. dlttieultf .._, be OVROCJU 'br 

(a) tbe ~pf.taUon of OM 01' MM Of.,_ ... ClOD.• 

et!Wtm.te •uettsalvoly, •d •••tua•' re-•1ecta'01J"S.I 

s~e· Altald.d\t'la u ~4•, ~ p.-eaenoe ot ....._. ••• 
(48), 

(b) b tonaatloa ot a oompl«& loll ot ene ot the 

·oon•t! tv.onta .s. til ooueqwmt Obln:a- Sn the ttecorDPOa• 

lt!on pota.ntt.a1 ••t• ute ot Kcl b •bsultauout 

uu-ts.on ot lU.clat1 eatl ~t (a), 

(o) flt&~ tho p 8 .alue b o.u•t WheN the 

preMnco ot ~. 1ozt l• • ._ •• .., tor- the .re4u..S.oa, 

thUa cau&bc a tb1ft b t l:e Redwttlcm potenUel e•s• 
Jlalet.o a1ld ~o actdl (44). 

U.tho48 (·b) act (o) 4o not.,,,. b. tbll eue, 

ad an atteiiPt. haa bte Md6 to fta4 a aut'a'bt.· 



•6$• 

precipitant . to~ e1the~ ~so~~ 

· K• A~aeh .(45) hae ~opos•d precipitating 

the K w1 th ~ ( Ptc1 8 ) or HCl o4 ~d then e•t!nlating 

the Kin the ft~••olYed p~ec1p1tate, ,ol~C>gt'aph .. 

1 call,-. ~ee .4S.•a41tatlo't~a.gea 1n thia pro co~ U$ 

app.u-flnt. 

(a) Th proceuel o1' f11trat1on1 eal'efUl wash!Jlg, 

and d1•eolut1on ~f tne prtc1pit•te ~ 1ntroduce4t 

l'th&n, the~t!calll" • 1 t should 1ut po,e!bl.e. to preoi• 

p1tate ou el-..at, centritus• and pour the centri• 

tugato atra1Sht tnto ·tbe eltetrol7•1• veaael• 

(b) Not 1ncona1denble el'rors. may be introduee4 into 

the t.na1711e bJ hl$ ~eedUx-•1 011 account or the 

Wl:""f uma11 atnOUDt• tnvolv~d• 

{ c} The precip! tate has to be d1saol Yed 1n eo.me non• 

a~ua aolwnt• aueh •• elcohol 01- acetone, whieh 

will mateJ'1a117 a.tteet the nve height .. (aee under 

&xper~tal aection). 

W1l'lke1 Nld MaU ( 46) el~:~o mention th& poaa1• 

b111ty ot :re•dtaaelving the pot•s.aium• ~rec1p1ta:bed 

b7' magneaJ:um dipierylaminate1 1n acetcn• o:r a.lcOhol 

.and el•ctrolya1Jl8. This mf)thod 1& op•n to e1m1~ 

object i ons. 



A •Mnh hu ~ bo IS4e r~tt a 
~t Which W.Ul .ue paqtble the pHoipltatlOll 

Of e1tbQI M4l• _. »ote•eSua Wl~t att•eu.tas the 

~ent ~o ~l• ot ~ oa•tusa'-• 
lld.t ._..Oh hU befm -.11caW •Sill~ br 

isbltfJe o t . 

(l) ._,. ~1J• tor pot*•aS W!ltdh ... , 

an4 .S.M ........ 

(I) Aleollo1_,. bt ~e4 to 114 swedJlt•tSoa· 

(I) the~- iU.lt :r eau,. ~o 
ph ..... wtd.eb w1U Snt$1'~-- WS.t=b t;ht 

eatbaats.cn. 

9!~td&ta.J. til ~· .,. ....... ft-senb .. So4l• 

oobal~-- aa r~•••l• ppo&11td--•~ -
po••tb&UC, •t •4dbs a ....,...4 ,._,, ot HaS••• 
-d .. ~ the ~cd.pl•••« dkaU. .S.s!Mllf 

sn eolu.'ldon b7 4ltteRnM1 ba• 'bttn ~atM. 

· Bo11e"M7; tJlfJ JtOqan.U u804 !a pt-ao\l &M ~.._,.lf 

ao ·\)()llctmtfe~4 -.t tJw ttoct ot tte dt«<U ~ 

8l1J Pt . • ,. s.o.,. •t the 881\dtlU,tJt Wblch wcm14 

be ~ m w~ tbe ol•.-o17fh 
• 



.. 85 • 

. It Jltigh'b be u~ct that dil'Q.t!On tub•ttUent to 

pre.cipitaUon would o"f'et-COJn$ th!a, but the conoen., 

vation J-&1at1on~p• lrOUld atill be auoh a• tb JJtake 

th& •X~•nmental e~or• of tM mei$bod ot couiderable 

•'IID1 ~ when J~et•~red to the amO\ltd; ot o:riabal 

alkaU. 

Ob3to\1.bn !· Alcohol ha• been shewn to have a de~ 

preatant etfeot on the di:rtuaion cu.tT&ntJ the ma¢;.. 

tudf of this efi'eet depending on the pt-oport1on ot 

alcohol b. the aol'Mnt (se& expel'i)D!lntal aec'bionl. 

Thie does not of ateeeesi t7 e;:Jtclude the preteD.ce ~ 

thi• cr other orsatd.e eolventa, bUt it liO'ttld mean 

·that considerable caJife .ould have \o be taken to 

eni'Ul-e that t.he pMpol"t1on ot alcohol ln both tme 

eta.nd.-4 and teat eolllt1ona 18 exactly the same. 

ObjeJ)t1<m ~. !he uae or ammo~um b1tartuate, tQlt 

instance, would be imtr act1c~ib1e ewing to the comb1n~ 

ation of •ve• dlle to &4+ ·and 1a+ (baltwa,. p<>ten• 

tial ot lflJ4+ 1a .. 2.09 'folts (40). Work on line 

UJ-S..ll7l acetate• married out 1n tb.i$ depanment. (•7) 

half lih&wn th1e %"$agent to be uneul ted, as the 

depo•'- tion. ot Z1ne be tore that ot the a1ka11e• gS. ftl 

a wave which make• it neeeasa17 to work at V&l'J low 

aena1t1v1tea. 
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U...~ ~ • tat'G •• .,_.., .Sec.\ out 
'bJ ~ • ._ ~ (4f)1 ID.d tb1• aMNCl .-e 

. !i16• ~t couiD t 'filUM ol tlbe ~ 

· Re!.Oht/oon~mt~= ~ eo~..oltt'fitw ~ ~ " 
~ • Xta w b=n ted that tb!a u 4Ue 

tbe ~ doO ot me t>Ota••t &n ._ 

~ Of a lea- -.xcon ot JOM•• ., atte,loa 
• 9• to the poe•.lbW ot • .,.. 4ut to wlet 
~ ~ '»1 p~olpitatlorl.. A\~ .... 

!noo.s~te~ b •ted ~ IIN'l .. 10Jda!Jlt.ll8 

eipl ot ...._ Sn oq,u.a1. -~-- ot ••• 
D4 ~ ..-.W~U ~ po d*.t &t s• POIIl* 

that t1W ....,. bait lop« .. laUtr.Hd 

1tewo1rte mor ~ pr ·014 • P"•tlJd.~w •• 
~ 4'*ltii.._ ot - -- ...... A 9l.lui ••.S.td.ora 

~that • PH~»itation ot 1 ~.e. + • •11o 
~- OlJtl-rladne · ~ 11111. ot tttlu:U.ta. 

. pNo1p).tat• .rtct---~ OOM:tpJA4 ~ 

o. 111. wbWeU ... in~ b ·1&0'-1 -~· .. 

abOut 0.88 ~· Xn th1 ... ·~ ... J.nUocJQoe.4 
· . te 1ea• thD U 

JJto t1 taU•..., a'ldilab1e ot ~ ea, IJ14 s.• &1 ·a.o 
poaat t • .-o ~,. eo ~ltw preat,.-

ta~ ot ttut rotua.l\D wu not 1nol:wte4 b. tbl 

alculaid.OU• 



-
III. Ji!:l!e:r1menta.l Section. 

NOTE. It has not been thought neceeal.%'7' to 

r•produce the tew htul~d CUl'vea reccwded, and onlr 

aueh a• .u-e 11luat:rat1ve or the de•cr1pt1on lul-ve 

be•n included. Rep~ction waa ef.feeted by SOlb.s 

ovex-- the 1ma.p on the po1a.Poga w1 th India ink, 

and photographing the :reCJUlt. A new eopy ot the 

CU1'ft in ns41a Ink C!>n white boat-4 would give better 

photographic reaul ta. but the proceaa would '" 

time-~ and •~eel,- u accurate. 

(a) ~ ,!ffiU'.:! ot ,algohofl.• 

No retehn~ cculd btl touad 1n the 11 t•rature 

u to the errect ot ®n.._a-oua preci»ttanta on 

the po~ogHpbic •ve1 so • •1to1• experiment wa• 
out 

OIUT1e4_t;O aee if' the pre&ot&d re~t w~uld be 

Ob$e%'V&de 

AcQOl't1.Ulg to International critical Table•, 

the v1aco•1tr of' wat&l' at 2-0~c it 9.84 Jd.U1po1a•a, 

whefteu thAt ot et.bJ1 -.3-•ohol at 20GJ o 1• 1 '1.16 

mUU.poi•••• 

Wald&n '• equation,. quote« p~Vioualy ehowa that 

Equt..-.le»t eond.Uct1v.tt,. at 1nt1n1w dilution 
l*·lA • I X M2 ••• (14) 

. wheN e • 'f1aeoa1t,- of the aol~ent. 
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Alao the •ve height 1a propol't1onal to the 

1quue ,.-oot of the mob111 ty ot the cation1 •o we 

lh.O'Uld exPect tM ·wave height to decrease •• the 

.tacos1ey of the aolut1C)n 11lereases. 

Silt eolut1cma, ~ up u followa 1 ••'-'• 

eleetrolJ•ed: 

A· 2 lJll. N/loo NaCl + 2 J2Q.. N/4 Q.B. * + 4 m1. water 

B. do. + do + 2 ml. water 
+ 2 ml. alcohtl 

abao1utt• 

c. do. + do + 4 ml.. alcohol 
abeolute 

N 
D. 2 ml. 250 NaCl + do + 4 ml. water 

E. do + do + a·m1. water 
+ 2 ml. alcohol 

absolute 

P. do + do + 4 ml. alcohol 
ab•olute • . 

A. B. ~4 c. were eleetltolya•~ at a . 
l/ l . 

aena1t1v1t7 ot 50 ~4 D, E. an<l F. at "§(). The 

~creaM tn current w1 th 1nCHatin& .Ucoa! t,. 1• 

clea1'l7 ~ 1n the reeult, Fig. a. ~ consequence 

ot th1a phenomenon ••• c11aeu..-4 ill Section II• 

* Q. B. 1a a convenient abbHv1at1on for the 

~te~ .baae. tob~thfl PIJDOl\1\ml hydroxide. 

This 1s pr~pued by the aotion ot aoiat ail ve~ Old.de 

OD. a •MtPle ot tetramethyl ~niua iodide ..-h1oh hal 



.... 
"· 
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und4rgone severa1 ~CrJ~StalUa~ tiona. The , ~ve 
\ \ 

potential of the aubst!tutt emm.on1um ion 1• • \ 2.8 

.-olta. 

(b) 1l1t . erttgt s>f pl;Ogb~ol.:tbMg •t14• 
I 

!l'be uae ot tbie erub&tanee .,. ~ ~t1tat1't'e 
I 

Hagent fw !'otAif81Ul11 us :r&pGrtecl. b7 Xll.Jngwot'th.1 1 , I 

and Santo• { 48) but un.tor-t'tl.m\tel,- Opt~· condi t1• 
\ 

fOX* preoipitation wel'e not l-eteol'4e4· :t' •• toun4 

that unlo•• the l'e&geht is V&'r'f eoneen~a ted, pHcipi­

tat1®. 1e b7 no mema complete• hene4t the aoUd •• 

·~n up w1 th cold water until no JDOr•, diaeol~. 

It m no~ that of tbe 1te»ek'• <h R. ,&t:r•puat1on . . 

i 

cz.oe&ei 1el7 •oluble• an4 sCl:!l$ eld.etM •• a 
i 

pact1wl,- 1ntt>1uble powdo:r, the lttttt, being 

dis oaxwde4. 

It -.. round that ~ tod1'18 prelf~nt wu 
cOS»ple'btl7 maaked. bJ' a large ~~ 'M't suppres-sible 

b7 suetbylen& blue C•ee Fig. 9A, 11b.ere jen•1t1rtt7 

waa i{3,000). ~e reagent itself, ·~poured onto 
. \ 

a ltl$,.CNF.1 s~tace went a b1ue•green eo!l.'pux-, and 

bom tb4 wo~k ot Me,-r11a. and Rua•el.l ftl9 ) , th1a 
~\ 

would #eem to be due to th$ formation ~f aspl7bdf»1um 

molybdate. Their zaea•areh Ol\ the depq•$ttoa ot 
' ,· 

I 
, I 
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molfbdell\D at • •'-tiOtiW'i taei'CU1T ~ al.ao 

Nwal• a ~~~Mea oolO'lW 4uo to 'hi'Va1eatt !Co, an4 a 

bH.n ._ "to a ._,. or ftl•ev be~ ttlu» ad 

fl•"· 
:tt wu dec!.~cl to atter~Pt to NmO.,. uoe•• 

~t atte• the s-rec1p1tats.oa or K, bJ" &ddiDS 

an. ot tbe otbet- tODa C!'I!DS 1ilaolu1• aalti • •s• 
W4. Rb, ca, Ag, tbal~ or ~u lOu· lJB.f 

1a unaruita'bJ.e bioauu ot 1t8 dofiO'l~Oil p0~ 

10 Ml'C'U.l'OWJ .a a11 r..ttftlt. wn Wle4 •'• Doth 

tetNmttbtl aumat.• 10did.e lln4 ~ohl.o»J.o aol4 

\NH UH4 tftr preclpli;a~ the .... 1*'~ 

Ml-CUJI)"• B\\t Soil Mlther oaM WU a -~ .. td. 

l'taUl\ obte1Dtt4• Ftg. 9b tlbowa a Ha\4• atttr 
++ 

PNotp1tatd.Ds Hsa with trn &1.\4 al~ t.bt 

... b tab17 l\Oitlfl, S.ts ~ ,. Qftt ,.. 

tSme• ttw.t ~oa117 &.le to tbe --- ,.,.,, 

ana. ~o the waw aMrU tOo IOOI.l tor eod.lum alone. 

A t-eault or wdnc AgBo6 to ~pitate 

uo.n a01d, 8n4 tbeJl ~ ... ;.. As wlilh 

'l.\'t&tel'Da17 l0414e b shown ln P1tt• 10at thll e~o­

bolnU lMtq cal7~4 out an. cW.utiq tu 

ft~NltJas iolU,iaalJlOO •• baltw&ft pMectbl ot 
the waw obaeno4 doea tlOt co.,..apeaa to a04l-, but 

• verr, MMllld.alc ... not1otct u -*t4 1J1 ta. ~ 





• e.). • 

and 1t thts s.a Ngd4t4 ., the· 6114 ot • tbat •• 

a Mltd.w potential ot •2.le& YOlt. le obtaS-nott• 

However, the ftdt ua cel"ta1Dlr .ot oletr ·~ 

toJt fdl1 ctot.Ud.te •tate.at to bo •• 

na. 2.0 g at\4 b -. the Nault ot .s..~,. 
•1tll tlw "..,.. ,1. qQe......, S.cKIWt .a , .... 
H•peo\tftlJ,. OOJ:ltt.ot -s.ras .a. •' pote-.1 1.8 

wlta11 the ao0Wil4&..,. vo~-. ~ ~. Fls• 1u. 
a, o. lbOn ftnlt. ot tht ,..oceau.. na&eat·t4 1ft 

ttt. l .. t ~ wltboats <l!lutloa, tlao at a 

coatatt pottat1al ot 1 .• a mt•·• Dte.U lD tht ••' 
~•bs HAmltt 10g, the tlret rtat b. ~,, 

ee· 1nd1oat.l b7 the aiTOWt OOCUJII ., •1•96 -.olt. 

wheNU an u;eooo aolutlor& ot 1 01 ahOwe« 1'- ~•t 

inel'ta .. &\ •2tt0S VOlto, ISO Dat tbele rttultl would 

UtUeate the met.bo4 to be ueleaa ... tbtJ oba ....a 
wa e~ tar \leJCe4 that ot -.oatum. or potaad.Utn• 

(c) »» .9:UUQ .. IltlU.t!&9D.!t~· 
!he •th.()4 1• deael'1be4 bt lllfrO'tll«J aD4 

Dun• (&o), a~ or th41l' paper bti l\6 stwa 

wow. g .... -~. 

••tal o'b&erYatiou• 





~ •t itM a~utioa, -.e wlth a11 _,...., 

...... .,. tbe ···- ot B'a - •• a(l aotht• 
whtw the 101Utt• l• ..waw« wttat ooaen. Ks• 
U la a NJ*Mc.\\lcttoa et tb&b .•......- aa 11\owa the 

eho~rtit or o 1/1000 RaCd •oJ.utloa at a 
ftMlt1-d.tf' 1/ SO* !be tbeOf'r et tM ._._.. b 
u Aelllt With seottoa ~ B (e). 

zg mam.J• 
1tow 1 • '* + lag 
AsaSa 1ua • ~ + left u4 1m • 1. a: I .,. 

• (1~ + les ) uu¥rr.; 
· 1••• si. ·~ 1a 1 ; .s. + 'ae ' 

. + laltatt.oa s • ~.; •• ~n. • 'oa i 
+ • • • s.... - .)() !.~ • 1Ato.. . u 

. . u. , ""'lia ~ -v 

ThU .... ~081 idlat tlW ... he1ah. 

ot a ~~aa1f aall.-~ Of •t.O~YM abou14 

be lado~ ot ~tbel' c1llutloa,anct alao .,_, 



~ - - -- - - - - - - - - - ·~ - - - - - -
-- - ....... - ~- - -- - 4-·N< : 

-- --- - -

~ .. 

• ~ t 

- - ~- - __,>) 
I 

i 
.~ I 
-...._, 1-

"' 

I 
! ~ 

I 
I 



~ t. "' 4u 'o h e1ectto redu.ots.• ot O..• 
Actu.al17 - 1up potontia1 SMtllerrt (• 1 X P whloh. 

1n W17 diluiit .ol~tl-. M7 M&Oh aevod Wlta), 

_..., tM pea' .s.pauoa OUI'tnt ot b a)Jadtt~r 

th'wl oellebthdc. oe no ~ btl ~ traa ttle 

waw ke1gb.t1 lN.t UJ be obtdMA ,.._ ~ PI'OdUt* 

l · ·]:\- ~ 

lfow .. usn b. tbe ~- - pottatld. p~ 
is e~tof.x r ..... 1X P OMlbt......,.4.•. r 

ta knOa tJIOII Wbl& the caatoeabaU.on ot ._ _. 
e1eo-.~yte ow14 be Mloulatea. 1t0te that lWM 

Pl !• unci N ll • .._. Of tba tuatttlt7 ot geo1;1r0w 

l,.te~ 

bn!llll9~u-

<t> u~~~ b ls.ttatlon that Cblr ou e1eobct1J'tt 

can a pn••'• 
(8) 'l'bo ...... , ... wod4 " aee4e4 to , ... . 

ia ••• Ntd'-8 the t.1.s..,...,. be-.. .... ~ 
oatMde, .a tub e1aq ,_. Wlt.._ .. otbN'­

wt• the •oe11 oouuat• 1a tae MM.wcm14 .,_ 

Clitttl'flrlti• 

Anothe method of 48~. ct!llOOWatlcm i• 

to acsu. the Hliatu\• ot tbt 1o1:n. f'IIOil t1w ·~ 

of the 2.SJ1eU ·dlo:rptlOtl ~- 1ea41q ~ tbe 



•M• 

!•fsF 
~ o.t oe• !ht. alope s.a Bl,. br .e. 
1 thua •qul to l . Jt r (61}. 

!ta2H& .l&H!• 
(I) All the Ntall• quote« in the pQeF atl tt1ll 

B 

eo1n•• ot rrJtsror c!1l at a H•!:UUtJ 
1 _.1 

· ot m -_. ~ Dlm,r~w\tfba · 

-& IC1n·•• at .WS,.tl\'tde• • op * DO 

w.oh Oa 11U'kl'cm ebn , • In~ 1atiO:Milon 

It 1a ~elble •t l)MMnt to eontbll theM 

.ape~ta M •t the hlshe:P pOten~ 

MOtb117 tor moM 4UuM •olna• .._. a.. 
wbdktsa ---~ ~ to wt.mSq ... 

!he •thU• uee« a apeolalJr W0\1D4 drua ot 
ll18h .-..s..ttu1oe wbe. 

toa • o.9SS 

~ Na+ '18° 

anA tbu we can 41et1Deu1el'k ~tbeJ'IIOM tbe 

C(l.tlp0a1t1o:a or • d.x ot a+ ad 1ft- wl'h • OGa!IOn 

81\10211 .,., tJ. • e. bt 4e~4 .trca thb "'1o. 



A table le alva ot f ttn' .S.utl of a ll'Q11 

. 0 to 1 bs' a~. the btgheat pose1b2.e acouraor ttn --. 

ratio w~cl b6 e•. Bxper!.mehbl l'QUl• 4UQWd ••• 

to 3u•ttfr the ccnel.uttcm.. 
lat1ona or ~ .. '*" W• e.a. Ba ena l1b 

abn the same ett•ot. In place ot Og 1 _, other 

... u7 J~edllolW.e IJOA. ... lec~ :t 1M UH4 ••s• 
~~~~ u -~ .. though,., l• dV!aable =• to 

m.~too PM' a coaon.-. dWt the to tlon Of 111if'M 

Which tab ... -- to taU. 

ftU.!IAl.-ld!& ( 6) At itle hlabet- po'-ntla2t 

appu.d (a1. a'bftt aboat 0 •) a taQ17 ..... 

evoluts.oa ot au wu 01Jaene4t . dtb aUsht tOtal laB 
ot the .,_eo~, ad tbie 1M to an oaoWatloa ot 
tht p2.~t• wbleb ~ PJ ex-..l.f aoOUN.te 

nts.ma"~ t>t aft he!eht ou.t ot the qutatloa (ftc• 
Uo). Xt la aurpz.1a:f.Q& that the tw.tbOa-s ha•e M' 
at1tiCDed tbQe ~· 

(8) Critd.d.• of~ -~4 

tor appltcatloa M soU u••'• • 
b •thod bo148 peeal'btu tie. a on1.1 lt tall othttt .,.... 



a:>\ 



wlatuo Of.UJ a. ti'CICl ttt.. mn, fdld 11b1S 

·tale uo e~ total Oblo~•• 'bdD8 
thfh • U» to a b. uot 1 ... tha VJ,oo trlth 

NQ•ot tw (alktll td.) + • Jl\'"On tbD the th04 

YN rrtrr OP to ot the .latl-. 

ft!!rltlmDt~ ot + and X+ 1n tbt aoln• to s \actual 

~have to ad.O,t •• ot two~~ 

" 
(&) .vk fHil ...a1ataace1 081-.laW ~ 1 • :r:t1 

i:be abltb b P.· (bearlq b .,.. -~, Pi ...,. 
t: · 4Utefttl' ~tl-. ot the a111:111 W.), tbts 

-sdn ledS"'J w tM "O$U·~~at• -'t1ou1t7 

lieatl 4 abnl· 

(b) Hpea' the pO)Jut~. ln the PN .. JJ.Ot ot •x.oe•t 
bt:Utt-.t 1oot11ol,._, whtn the total waw. betsht 
c1u.e to lb.+ .a X+ oould M · uvo4. ~ the 

Hlatl"M pnport1oaa Nl\+ and It+ • aou14 be• 

celeulaa t;h&l.r aotm..1 cenen • 

.. tat• tb04 (b) 1• . 

~ts ot count tM n11abW_. of the Mnlu _.. 

<iepeMq on *'' o'btalne4 1a *- tt.nt aeouon. ot 
the ~eriment. 

~ paper s.. or tu~~loal ~-. but ,_ 

the pn.ntcad potat ot 'fln l.t WOl44 .,,,_,. ddaablt 

to o=cenuate • JOl~pblo ••U.tl ot • 



be1~ .a. to the •JJca1&. N>4 thlm ettmaw OM 

tt.ft$l' ~HoJ.p!.t."- Of th& .Otbettt 

ft8.• U N~ .. fleO!a'Oltll• 0~ V/100 li.Ci ad 

Itci ao,.u\lou1 -. "•~*• cwwa Htrc A at a 
wtth oxtPD ~ tw7 the Ptl•MP ot e2Aota10l)'tlo 

~an« c aD4 D.~ •talft"- w.ltb •1tet»o-
1,.Uc «<tiU• u tbta .elb.od be~ ,..oUoable 

Sot 1fO\lU bt -~ 'tO obtab, tM Oa ,.... .. ,... 
· •ov ~baa tiM ..-..s.ua h3dltox1de 801uV.. el•oecd• 

,-..a -.11*1. debl geot»Q~•• 
I 

OtibtJ' -~ ~ the oe.pS.k 
~• "taP to • potentld ot rouaa .olta,H'VNl to 

~....v.~~.~ 4\s6 _, PI 

Cc!l Dalm ~lii&BMil .DIMs· 
1'bl JIOdibUltr ot uaSJJ6 * fW1MI.o tta.blJl to 

di.ICOW» • ~ JIWlq. to aod£18 eoltalt&Dl-1M 

t.t not .... ,lllas eft•, ,.. ooao.twa., 1'be aaftPftll 

"' 
wu .atllldaad b1 ~ N»>tt oa • SU._ tObtlt~· 
in.te ~' (151), but ., lft. tlWI -... a au...­
·Jd.w.w IOJattOA h adde4 to • •olutlon ~ 

le SDJ• .., •• OOU11Wi1W1M "' l80 ~. tM 

j .. u.c. to W. 6~ aoc1t• ~' ta not 
remolfed. 



A s004 .4eal ot tim& ftt tpeJlt b a. at~ to 

'""'" tbl au-. ~tion ~,. .. 

aoc0i'd1fts to the Naotion 

Co (B0a)g + S As 1101 + ~ HI08 (bola 8 A$ NOs + 

8 HNOa) • .lat CO(B08 )6 + 8 As DOe + lfO + lieO 

~ aoeko ad4 la ue4 P tM ad.~ 

-sent, "' ~ dwt to •UWI' u.-.te Pftdp1taid.on 

-. ._.ow, U4 ~vto •OS.4 ,.. u.o4• COW\oU 

nt.W.k ... CIUtot 1a the ldwlo a.OU. ,_. t~a 

OOW'e~t JNJOJ'tAou, ad ·~ Aa ao1 .. a4deel. 

801\ltloa -. ac~ed .., e-.olutS.• of ~•owa 

tumo•• A ~ .ot tutnt:t. ~ ·~ 111• 

It NO& tor I 48p1 ~oe4 a A.J.Pt pno1p!'-H• 

~1a1• ws.~ ACJ. ._.. t! ~ w. .u.._ 11 1oat•01t• 

'but tlw wJIOn8 OCIIC'-lea bal been tOS'MI, auppOJtt!aa • 

eusg..W.. ._, tb.- a1bl •eS.d hU .., .. "»1a-... 

zxant ot ·tbe rd.trit0 ~ _,. ll1 tM , o * 

the 1Ugbt pHolp1ta'- aot1oe4 _,. l2a en 

au. to 'bhif. tAot that 'f&V1 -.l1 ~- of tbf 

t1-uO ~- w AI eGll~loa.., tO tU ~~ wu 
1ooti'01J•~ ·atM .. tho a4d1t1on ot t'l&tuou7 bue1 

wlth tho :.an41J M ahOim ln ft • 14• A wu teMn 

at; a ~«~altl Yl\tr ot 1/ eo aa 1 •• 
11 

&och :tt wlU 
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be DOtl that tlsoft u Db --.u.~ ... 
UOUD4 .• a~t40r.l ~u 1.• ., •• • x. n1. 

a'bOut U&ola.._ ~4 to 14• At~l to PMP_.. 

DON· ~t wt• tt.o ~lloatlDs Mtloa ~ b 

ao4Sl• _,..ldon P. t181 nN tU~UO<*UNt 

tt ab.ouJ4 bo Jla CD WcoN b't when tl.7b8 to 

aolw *• p»>t>t. tt _. notl,ced t4tat O'fWl 

s Ialit atun t• 1"0*6-ent nlt.S.o atl«. ••• 9• 1. 40, 

.a. up w1tb. ~ .• ,.,._. -.tw caw • 11\Up 

~-- itt t'M pl'Qeen of autflota' t.--.t~QJ. _ 

~-~de " on~ ll'I.'Qi,Wt.,. \1da 

ac»d.ua wu ~-Uo to that intort•bs tl'l· tM MooM 

lot ot Jt088Dti• Al~ the: babbliq -~ •f 

td.l' Poraowtl tho ....... Sa tbe cue o~ ._ &ddt 

·thlt.J U4 no ettMt Cit\ 1t1& ._...._ -.:daula. :tt _, 

~t tbllt the ..._..,peannoo ot thtt ~ftOD 

Ia Fist 1~ wu. 4u to •1~ 'he •O'but..-1 •tiMD8 
e~Pl~ Ill .... s.~ .. AGilOe· •• ·~ 
oa the wotefttttlh • ~ tn. :COD•awatt.on, at 

"fetlUoa ot the• tonditloa.t tdle4 to ,UU 

pNltl• HNM• 

Howe._, dace 1t wu o'b'I10UI t:ba' *' tta aoat 
on17 a ftl7 --.11 P"POrtioa of 1tW potuat. wu 
bdq pre.U.pltatd the HWoh _, PD40MA b 



;. 70.. 
ll 

In ta.v~ Qt ·tJ71ng out Mtpl~, lia1 ~ 
tnwaUgetd.oa ot the .,.,. PH¥ ldsht b.olua 

JiiJq~IWg tho twoJU&tlon w1th •cetio aos.a wteaa ot 
Jd.wt.o. •'ct»a the ~t .. oon•~-.w u " 
»e.S.-tH 1Jr tlhe eo18lll'J tf 111.-.. • · tate. 

,., ~Ur.af.D&\la: 
lotoH -. ftNl ...sA• ot JCP"us..a\1 oa 41»1.,_ 
:t.lm!M, tt WM aeotw to tay wt -. coutucr o1 

»eldu eta!no4 fllaa 01. eoluid. "~ att ... 
ceaW~.u .. at «&tt.-ont · ... s.u.•tte•• e. 

to1101'1.tta ~t• .-e:'Q -.s.a ea .. ~ an ns.u. 

&U-.nt U.a ue 9'1'8, 1M&, lOU, lCJI'I• 

Jtftlta A a4 B ••• to 'bel_. to a ·MfteHD\ SNUP 

D4 tbt oa1t' eeluatloa tm.• oaa M a«•not«! I.e 
bt ill 1lblt otbel* .-..... \be ChB· b a S004 dftd 

~~tt« mt tbe iaONMtl ft.aeot!tf etttot 

. Gap"···· tbAt ftht Of u, b• , • ...... .... 
•• b7 tbf t•ota ttat roulu c to D tt.eH •• 

tu:rtbe 4IO,p In b OOftdiOt, wlth - ~ ... 

in .S.oodtr• Xn ~- 1) ad • • .. tbl 
. ~­•eooel"-• ...,. l"nicallr l4entlca'1 a ....Utlol\ o.r/1% 

.J 
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. . . . . . . . . . 
Solution. :Wave height :. ~enai tivity: :H/c x s. . : . 

l0- 3 . . 
X 

. . . . 
N/1000 NaCl + l ml. n/4 Q. .B. 

. 
54,0mm. 1/20 A. 5 m1. .. 1296 • : . . . . 

N/500 
• 

1/30 B. 5 ml. NaCl 1 ml. r,.B. . 6o;,2mm. . . 1192 . . . . . . . . . 
c. · 2 ml. N/250 NaCl l ml. Q. .B. 

. . 53.9mm. 1/50 1010 
.. . . . 

D. 2 m1. N/100 NaCl ... 2 I:ll . ~ .. B. : 63.7mm. l/1o . 955 . 
. . . . 

E. 2 ml. N/50 Na.Cl + 2 m1. ~ .B . 
. 74.3mm. . 1/75 . 975 . . . . . . . . .. 
" . 





l• ob.W·••· wbich le wttht tbo u.t• ot •c--or 
~- ot tb& dltre.-eaee b&tiWoe 

n 11• po..S.W., e.p1tdN« cau1ltMUw1J'., the 

ft tbat the oo~centNtte U Q.u, »ektl bts 

' t lfac:t. 1• tw1 ' .. SJ'IOt\t ~ J) 1114 • Q4 ccm.t' .. i 

a p~ ettoa the aott'f.ltr ot ·tta• 

., %' ' •lto- !» .. 4 that • 
· ••t• ~ ot NM*' 1ft b 11JM'if h 

~c1u&Mt ~aew ... .__. ....... ,. l1l4 a W8ft taken at 

BODJU.tl YltJ' 1/'RJ• 
X t.• M NSi'W~ that tiM as a~ 
It~~~ :Awthtl' • or .WlU: apei'!Mab, u tt la 

~ .... - dfW 4etSa1 coaolui 10 tw 
JieiNlU• loftverf ~~ W()Uld H ~t Uftd•zt •b!Otl'f 

COIIDAl*bil~ contU.tt._, the •chine stve• Mu.ble 

Haul • 

(t) 

lbt ~ati.Oa. ot.tme .-utatd.'te · 
ats.matln ot at wlth «lpt~ ( 

~ 1 

NO). NO... 

. ·. NO,..~"f~No .... 
""'----/. H "------/ 

NO.._ . NOl-



of t~ 4oow4rall'Jttt.l ot n60 ~¥t poupf.n£•• U 

~letd7 tuOl\'t.blAlln . ttl'• 1!lt lt• Rb, b4 Co 

eal.te -. 'ft1'J d1fflou:Lty o1ut4•• ~ ·tM ua, 

u. ana ca wta .on aol.uble. ~ 11tf. Mil u 
aea tt.Ur JttOrt wllbl tht.$. tbe a: mt. 

iht Hl'Ub!li'f ot tho E Palt h 1 p/U.ta. 

iWd tbo 1t ~01'1:1$ jb t l/10 itt •SSh'· the 

ao1\\bU1tf wtth l'Nrect to po-.1\11\ u ltlo.,ooo. 
h JIOll'lldttr S. tb.tm abOat; D s 104 • ~vu. 
ace•• qt 90'*'•1• M1t• or ot 4llk-.l.t. Up1CJ71&­

m1Mt. ·~,.. Ndaw• ti n.so.. 'lM na Nl' la 

about va a u aoluttte u -. x aalt. t1t1 114 Ml• 

1a MISS, ~olld.tate4 wliJh ,otual-. ~ te1t 

MluU 8bOu14 not naot bl«, e 6\p10l"J'Iadht .Ul 

be JtMdpitaw«!. 

To ,..... th tl, tht taltbOa't 4!M01W . 

tbe ~ ~ M1t iD hot wau., ·U4 PHclplt&"* 

tM M14 wlth dU.•t. ~o ad4. An aqueG\tl 

.,.~ut.ca ot tbt acl4 l tbe!s weaw • the _.._ 

'bath dt.b ...-ll .... ~~. Q4 h ft.-.4~ 

.elutle tntei'Oet. eoncenbe.tet!lf&Cil. toJ.uUoa t• 

now ~ ~ oon.,... to tbe •• tal-t, and lt attel' 

atedSliS to. s_., ar•, ~1tlea tep&Ntfl, ~ 

are t11t•l'tt4 ott• 1'b8 ·a<d.4l• pNo1p1tate« u 'btfol't, · 



. ~ .. 
tl~ ... 1t: \lll t1.1 e~, to ou1: fJ/5 · !Va~~ 

s $UppU ~ ;,.a i.md 

'-<!M1 the ~d <t!Mo1 

uith ~~- lt;_i;W ..-pl'\\¢!.'111fia . ) cm6 ~-l.l!.a.'VL:I;&.L 

to con .ti o~ b t n;so. lh fl\tp'pU.a 

CJclllt t have 'been ra,p ®t , and MlU 

aw.ut1wa ot i'OW t c~ b~ klWa 

t! pn net ot' oh L !t 1 

t tbo t Ub~h 'be edrle M tbe bol.11a; 1ut1oa. 

A h1gh OOAe&nU ·• <Wl dt&tuftil tb4f ,._~tu1t 

<hS~ iD ~ tho· W u-

Vo.tloa t• ao a t:.11a t z~ , t 

ob~ 

'l'Ae -ill!~ 

u tou. • tor oll, convl ot 1 mt. 

J.J/00 n + 1 inl• h/4 .n. + 10 Jr~1• -.to» wu ~,..ecs 

~a ~ttlv.tt, t 11tQ (liis• 1GJh) ~· n ana 
c t volut1 "*' · Qt! · ~,. eon~ 

1 • i/1001) Ke.h + 9 · • !1/200 R + 1.. 111• •B• :t A rd. 
, MaO ( Mftfh iflO) 

til. '!f/AOO ~e. + m1. l/00 n + 1 Jill. .n. + 1 Jdt 
BaO ( .. na. 1/201 

It .S.U be note4 that thO Bi 
a ria• •SmS1.• to that or tho potueS.a_. ant\ 1t; la 

po~~et•l.•· th&t e. tJtace data lu tha ao!4 nppUed, 





• '14.iJt 

a •vf11!7 __.. wu that~:.- 1ll tM PMPII"atloa Of tM 

t'Ot4C•n"• Hocle:ftl", it '• small OOI&P-.1 .t.tb tJw 

laeiS'b' ot tb8 waw• in JJ -.a. c, 8ft4 u • •M ewu 

••' be m~dllcd aoeoua• ot tJw s118bt 

.oluW.Ut, W PGtutlw. 4tplOJ7luduM1 thl• W~ 

~" DOe4 not em. Wl tm. All sm~~ po1Dt 

n\'0Alo4 'b7 OUI'W• B .e. c l• tba\ tM tofttl ot 

~.r\"e. 4ue to tho potuota itt ao' att•ot•• 

Qunl.lt.Uvtl,-, thoMI> , tbU ~- ahcNl4 b& 

'etdtable ~the AP*ft.t4. Of. .U\Ml .-4 potaaal-. 

~ tile qtW~.tlta1Jl4fe UW..tlpt &OOUNte 

fl/10 Qluttou ot a. n. CJ. .a trc1 wue ._,. \IP b. 

~-~- uttat. rlUutd 40Wll to P'fe 
ot ~t • • .01, .ooa. .ooe et4 

. oo1. ~ m1. of dll.nidoa ot lfel (..,.,t .OSN) 

weft. Sat tum a4detl to tAt: ot eaeb c111ut1.• ot 
lata, Na&•t a.4 -... cp~at•ftlUT ._ ~MAt 

an4 Qn. watv ._. 6\dtled to ~ eaOh ~• "» to 

• 4.tb1 .... ~ • Jror ·~ --'••· fmo ~elca ..... 

lnol\Ule4• ant wu • t!aaL •01\ltton tw OCI!!PG'laOD 

with h oboei'Ve 'ftVe bo1~.hu, and tiM othe~t a 

ao1ut1a •tmtJo to thos• 1n the Hl'1~t exc.pt that 

2. 1'4• con4o.otd. ~ tr wat&.- replacG« tbe Ia£ it eoluts.on, 

In Ol'l:1llli' bt; • • ~ lllls" 'IJO, .. ~. }'J'CIIl J 



l· 

Nabe-Observed H at Zero at Resultant 
... . . . . Naee . . . . . . 

No. . H in mm. Sens. full s. . full s. Wave. Sought. found . Error . . . . . . . . . . . . . . . . . • . . .. . • .. . . . . . • . . . . . . . . 
A. : 50.6 . 1/20 . 1012 . 670 342 . .000333N. . .000349N . + 5% . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 
B. 58.2 

. 
1/30 

. 
1'146 6'70 1076 

. .oooo66N . .OOllON . 
+ 66% . . . . . 

• . . . . . . . . . . . . . . . 
: . .. . . . . . . . . . . . . . : . 

1'1.6 
. 

1/30 
. 

2328 
. 

610 
. 

1758 
. 

.00l33N 
. 

.001'19N + 31% c. . . . . . . . . . . . . . . 
: . . . . 

: . . . . . . . . 
~- . 82.1 . l/50 4105 . 670 . 3435 . .00333N .00350N + 5% . . . . . 

• : . .. . . . . . . . .. . . . . . . . . : . . . . . . . . . . . . 
15.% E. 8~.0 

. 1/100 . 8200 . 6'70 . 7530 . .0066'1N . .007'10N . + . . . . . . . . . . . . . . . . . . . . . . . . 



tlKt obu~4 wtJ.vc hel(JAt · e nuot1'ncto4 . tb6 • 

z.~, end fl'cc 'tho rol,r,1il.t u 41110'U1i.'-4 b 

co:1e ntrat1~m ... of' . . l!f"tl b:; · ~ ur18on wit;h tb6 

at~~-. 

!bo redta w.r ~~ itleappob\bg, A8 

~.1 ~. the cal.Olilaticu tf:ll- the rbrat aelea 

~~· 



., ~·G • 

.t.n thtl abovo uOri6 2 $1ll• · {1000 Cl ww ~~ 

ith 2 Ql. ot b<a ®l.utioa1 1 Jill. ot N/BO dum 

... ,_,1~.&.-.;..tl.Q. UAd 1 m1. Q•B• s~ct! P'-.'2, ·'7· 

lA t"CMS.:d.Jlll sfi'1o , tho tote1 ..... 

l~ts,'td.~ OC6 ~tlw (whlab abe cl with. 

dtlpllea""' ~ s.n~ i 'Wilth 1n~~ C)CIWlMtl• 

t;t , wt !D.~ e M ~ th6 

N'al \~~­

o,ru:a.,;t('AllS. 1.1\ 

thM tM ObHl"'ft4 -

~ . Q wbiob 'M 

tl Zll ~ beJ.Dg sreatu 
he1Sht• 

~ tMae ~ !'!menta, e.,- wu 

~akon 1n the juet or ~- te, tn 

p1 1;~ out or so1ut10ft0 ae~ to • 4ot1btw 

U'bed1 and 1n c1ee1ng uu4 ~ at&o.- ~1itJam:LiliJ 

out, tho ~lo~l:ytJ14 \~ 1u ad Mn~ w'bel 

utJ1.) ~lz., otho aour • or ~ wut 

t , en<l it I.e 

•Vt.ll94iNI'oh ~ 

I S1 tb1 uonno t1oxa lt 11 ~-

on4 of tb.o -.1~"' 

re tnata7~ 

t'bol'ough tw%f ot 
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( 1) 

(:11) 

xn• 
l!.sh~ ot· tho remNb em b m~oltfW., 

ot ro•ult•• ilbis woal4 Mett to 1M ._ ••t 
~ ~e. or no?• Xii a...t aot h, 

. f the -~ ~ s.. .. ti-'C'a • tolutlOtl 

wltah ttw,... pWOOAtqt of bt41ff._ 

•1eot~ .. the ton, an« al•o if -

conoelltnUOil t.a fUll~'•'*'- to# • .,., r.. 10 

to P WM1 \M ccnoeaU&t4• ot tht 14m to 

"4ehN11w4• 

A fta1 

W..tt1csu1f;J' U cm.c:ounte.-.4 bell$• •• tM 

aol.ubU!t7 or pOtaaat . dipic»?Utnt•w u 
1nt'luenoe4 bJ olJat2,S u.lt !n aoluUoa. mla 

dGft1ftoi that the ... ~ Wltdl 

®nCetra\l o~ ~ It btQ' 1» 

aeon..,. t;o ~ • ..., enw ooweapoaWJSns 
to u ••~· CO&Mtltnt&OD or 1104la cw •1• 
ftn4 • __.. MU!tlv. naeeat tor potaw• 
•• eodi' , ae tM ap~t.l7 N/10oo m• 
It# potu•l• dlp&QJ71Qd.•te Nl)ftHnt• • 

~t!Wl.)' hi6b ccmetntntlOA SA ~ 

~o P&17el•·• 



tttt) 12Ht~ .!( 911'~. ,";t'!.U.\lt191 IR!Sot,tt .111 
lil\m~m· ~~ttca:t~J", w.. •boald JJOt 

~Gitb17 a\tf'aot Nftlt1 t:n4 a-~ 

8110Ullt ot oeN· tnu1 ~ to p:Mven' a 

1Nla~ t that\ • rew 1ft tbS.a 

41wtaz.tte1 01' ttl tbe 41danM aboft tbo •* 
tl'WM'nee, 

A1~ b ~t t• mM118 dU.u~ tlban 

"~~. 
thtm a¥. now...,-, ftlMJ or t1w av••••ll\1 
Of tbe ~ W\ ~ -..o 8JIM!* t\ek.SUUODt, 

~ ~ hO:s1 o.s to 1 • 1o•Zu lilltllb. la 
1••• t.bd tbe N~oet wl.a. Oooalcm&UJ' 

tJ» sol deea ...,.. all.Owe4 to ttad t• 

tU.tteMa' t!.Jata dtN' ~.ftS 1M PN.S.»itut, 

unt11 t1W CLMWJID&I7 llaH- 6d44t4t bU.\ th11 

eh®14 be OOWNt\ by b abO._ ~tat 



~-8!11F!&Wd~tg~~~llP11. ~:o method has beou cle•~bo4, and 

_.. •"-' ti.de to tol.W the di~fteulf;J 0~ ti 

Jta.il~ --.t.tlon ot eod1 potas•1•• iJ -toua 
Mta'b.oQ ha'IO be«& eXIN!d.atn~ o wbloh pNoipltatioft ot. 

p~at\a WS.tb MPHlS dtpt~uato tbo Ubat 

pftld•ihg• !the C!UWltitatlH MaUlti wtn UDaatlofao~, 
., 

- mothodt wb!le W#f ()Ofl~ent, NPU ad" 

~-vhis u not ,u• rot nrttct•tly •t~I04 

to-. 1r1unwo~. ca.M ttenvs.o. to ~ws, tm4 

. b.,..1opmd.t et ta te throUeh pn.ottocr ~ . 

1mJ*ttant. Bftl7 -.ttm ~d ~ l!ll\de ~o place the 

-~ OD. M r.ltabl• • bad • poeo!ble, tor S.t. 

PcN14 thim PQW or m IU1~1•• 

an4 1n !.nduatl7 terulftll.,.,. 



~0 y~t tat 4r.'f!eul~ tu'!« PoM~ tw .. 
~t ud ~ eo ~~ und. tt'c.c.!d!'"" tJbi~ :rc~. 

:7, n. T. ~1'1 n.~e. ta. h!e oontt..a e4'doe 
ana pracU.eal ••t•tac.. 

1r. ~ .. fleh~, n.gc. tel'~ 1ft ~eotton wtim 

tbe phe Crftl!'ht.C t-ep~etitm O«MMote4 wf.ilb tbit 

tbea1•· 

J 
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