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N. (hi the I.mix Ciirpniinij Klictrif /)isr/i(in/is in (,'ti.ifs ,if l.mr /'r,ssiiir-«.
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>.xan>.na.lon in I'hv^i.-., In- m.ij.'i- -"''J'-'' I'"' I'"' '"'>-'''••• '"' ''''•'^

1 Iw I.1-" l'> n-onnnuMid lh..l In- tlu-i-: "On llu- Law. K'n.-rn.nK I'.l...-

,

(•,;,..., Ml l.,nv I'lVsMirrs l»- .n -.•pl..>l l.ir Hi.' -.nO .l.'Kiv

"liO.Mf*UN, F./i'.S.

icli .'), I'JOJ.

n,.ilnii-i;.-

. lailhlnlly.

J.
l.orlios.

riort'-.-.M i>t rii\sus.

I MKKKKV 'HRTIlx I. ..1 Uu' Hn-i' ^''"'V.- nu-i.luMnM ha. 1..-.
.
•'•>;'T'';d >'>

,|u. S..„a.. ... ih,. l-Miv, sM. ..f T..r.>n.n lor th.- do^-r..- »! lV..u.r ot I hiU.s.

pliv in a.v..r.lan>>- will. Ih.- Wn,,- oi ,\h- Sla.nl.- in that l.fhall.

J \>li:s Ukkiim-.k.

RL-Ki-I.al.
I'XlVKK-nV Ot K.KONU'.

Jniii- I llh, UK.,?.

Sfllk'il lilt' i^flii'ial criiiiifrUi.n

s. It is iiiiw wfU known tluit a.s

j)<)ti'iitiitl iioct'S.-uiiy to produce a

nice u])iiit, iilso (Uniinislif^, \iiitil,

I iiiiiiiiiiuiii value. It is furtlicr

[Hituiitial (litrcrciicc ic(|uire(l to

; lowcii'il.

mis conueciioit iictweeu tlie spark potential and tli>' I'oiicsponding pn^suie ot

a gas has l)een well illustiated in a series of curves <: awn liy I'e.VvK.' win.

investigated the sparking potentials between a pair of parallel plates .-it piessiuvs

tanging- from one-half an alniospheie dowi; to a little V'low tiie ciiticai pressure.

Among others, Sriti-nt and UoutVh !.ave carried on the investigation at pressines

considerahly IjeL.w I'e critical point, .md their results sh<iw that, once the critical

pies,sure has lieen pas.sed, the rise in potential flitlerenee necessary to [iroduce ilischaig<

is e.vceediiigly rajiid.

The etlect of varying the distance lietwc n the electrodes was tii--t determined hy

I*A.s(UKX,§ who observed the existence of a simple law conn, .ting the iiressiue al

which discharge took jilace with the corresponding spark potential and the distance

lx;t\veen the electrinles.

l>.\,s(itKX's results .showed that wiieii a given potential dilleieiice was applied to

two spherical electrodes, whose distance apart could lie \aiied. the ma.xnnum

Jiressure at which discharge occurred varied inversely witii tlie ilist.-ince between the

spheres.

The range <if pressures over wir.'h he found the law to apply, while considerable.

did not extenil U'low _' centims. of men'ury, and his results do not in any case indicate

that the critical pre.ssnie bud been reached. It is evident, then, that P.v.sciLKs's

conclusions are confined to pressures higher than the critical pressures.

* Te.vce, 'Koy. Soc I'lOi'.,' vol. ")_', p. 90

+ SiRriT, 'riiil. Tviiiis.,' A, vol. 193, p. .'tT"

; IkHTV. •CV.p..f. Ucml..' vol. I il (J), p. 113.

S r.\M"HKN. n. ll. riiv -.,' vol. ']'. |i. Ii',1.

vol.. .< 1. A :;io. y 1 -
^'"'
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X. (hi t/ir l.nir.f dor .,,11)1/ F.liitrlc /)isc/iiin/ix in (•ri<ir-< 'il 1."'r I''/-' sttiii, <:.

lilf \\. H. CaIII!, />..! I'nM-ijnill'i'il' Sl,ul,ul, ' .affrsilij i>l' 'l':ronlv.

Ciihiiii'niU'ii"! Ill/ I'iiifi\i.ivr .1. .1. Thomson, F It.S.

UciuiviM', I'Vl.iuaiy II,— Kfiul, Marrh'i. l'.iu:i

1. I lit roilm dor

'TuE ivsoaiclies o'' recent yours liavp coiielusivfly st'*leil tin- -ciutjiI romucticii

Ijelvveeii the siKiik potential and llie piea-^. re <>fa ga.s. is now well known tliat as

tiie jiressure of a <rii.s diniinislies tlie ilirteren".- of po 'ial ii.cessjii y to priiduce a

discharge tietween electrodes in the gas. a tixeu difc'.vooe apait, also diminishes, until,

at a critical pressure, the spark potential re,' oes a niiiiiiunni value. It is further

esti'.ljlished that l)elow the crit'
' pr.-sure '.. potential ditference recpiired to

produce dis-^harge rai)idly increast the pressiuj is lowered.

This con..jction lH.4ween the spark potential and the corresponding pr.-ssuie of

il gas has l)een well illustrated iu a series of curves drawn hy TKArK,- win.

investigated tiie sparking potentials Itetween a pair of parallel plates at pressure-^

ranging from one-half an atmosphere down to a little Ulow tiie critical |.icssure,

.Viiioiig otiiers. yTllirrt and Uourvf. iiave rarried on .lie investigation at pitssines

coiisideraljly Ijelow the critical point, and llieir results show lli.it. once tiie ciitical

pres.sin-e has Iwen pa.s.sed, the rise in potential diti'erence necessary to produce discharge

is e.xceedingly rapid.

The etfect of 'iiiving tiie distance U'tween liie electrodes was tiist deteniimed hy

I'as. iiix,§ who ohserved the e.vistence of a .imple law connecting tlie pressure at

which discluirge took pla'-e with the corresponding spark potential and tlie distance

lx;tween the electrodes.

I'a.sciik.Nw results showed that when a given jioleiitial ditference was ap]iiied to

two spherical electrodes, whose distance apart could l>e Moied the ni.ixiinuni

pressure at which discharge occurred varied inversely with the distance hetweeii tlie

sjiheres.

The range of pressures over which he found the law to apjily. ^^lnlc consider.ihle.

did not extend tielow -J centims. of mercury, ard his results do not in any case iii.lic.ite

that the critical pressnie h-id l.een reached. It is evident, then, that P.\s<iil„s's

conclusions are conlined to pressures higher tha . the critical pressmes.

* I'k.wE, ' Koy. .*^oi;. Prcn ./ vol. 52, p. 9'.'.

t Slum, • Phil. Tr;iiis.,' A, vol. 'O.'i, p. :i77,

; lionv, 'Coiiipt. Hcii'l..' vol. I'.. (2). I'.
""

S r.VsCHKN. •.\nn. (I. I'liy-.,' vol. -17, p. li'.'.

VOL. (11. - .\ olO. * t" - ^••'''
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Since the statement of tliis law by I'aschkn, Pkack* alone seems to have

published results wliicli could throw any additional light on the conditions holding

for discharge in a gas at very low pre-sures. Pkaci; exijerimented in air, with

parallel plates as electrodes, at various distances aiiart. and found that the value of

the critical pressure increased greatly as the distance lietween the electrodes was

lessened, but his results at points below tiie critical pressun- give no evidence of tlir

existence of any such law as had been enunciated by Pasche.n.

This can be readily seen from the numters lecorded in his paper, a few «\' which,

selected from readings taken Mow the critical pressure, are given in the following

table. These results admit of easy comparison, since the jiotential differences in tlir

cases cliosen arc very nearly the same. The product oi' j)rcssure and spark iengtli

should be a constant ijuantity if Paschks's law helil.

Tabu: of Pk.vck's Results,

.\|i|ilii.Mi iKileiili.il

ilifft'rence in

volts

I'lt->1IVC.- ill

inilliiiis.

iif inrivurv.

C41I

660
670
731

6

5

sr.

I'ist.incc lii>t\vc'(

eli'ilroiles in

iriche^i.

0^2
CO.")

• OJ

1

030

rniilmi <'(

|ii'es.-iiiie and
^paik li'iii;tli.

M>
030
lO.-i

•u7:>

If we compare the first ,'ind second of thes? result^ u here the difference iu sjiark

potentials isonlv I I v<i]ts. we fmd the product in tlie tiist case nearly seven times that

in the second. Again, the prodnel em responding to the spark potential (>('>() \olts i^

less than one-tliird that corr.s|ionding to (170 volts, a large difference in the opposite

direction. The snne ineg\ilarity is e.\hihited by the product correspondmg to the

spark imtential 731 \..lts, and it .seems dilHcnlt to \mdersland how exiwrimental

errors coiild lie n\ade to expl;iin sucli a wide di\ergence of results.

At the critical [iressuve l't;.M I's residts point to the e.xistence of the law
.
but. as

.staled al)ove, it \\onhl apjirnr lii.-it as soon as lower |'res,su res were ajiproached the

indications were uniformly against the existence of the relation which PasuHE.n found

to hold at high pressures.

Owing to the special precautions taken tiy I'k.v i: to oy)tain accurate values for the

spark potentials, it is posMblc to r-rrive at hut one of (wo conclusions rcgariliug the

departure from Pascuex's law indicated by Peace's numbers. Judging by the

results, either the law ceases to holil when the critical pic^^sure is jia.ssed, or else the

apparatus u.sed by hini in hi.s exj nrimeuts did not admit of an accunite measurement

of the actual sp.uk lengt'tis corresponding to diHerem spark potential,

* I'rM r. • Hov .S"' I'l-cii 1.1 ':. [<. '.".



KLECTKIC DISCHARGES IN GASES AT LOW PliESSUnES. 4 On

A slidil iliwusHimi of tin- iipijaiatus uill vew-.d mie c.iiisi.lcrMhlo ilctlrt. '\']\c olijcrl

iit'tlic inve.'itijj;atioiis (if Ijutli I'asihi'.n and I'cAi k «a>> in dftenuiiio tlir .Ir.'ti tivi'

intensitv rerjui'^ito t<> cause ilisclian,'e in a ;4as. 'rinnuglKiut tliu raii^'o "f pu^Min',-

iii\ estimated l)v Paschkn the (lisfliai;i;v always L.^U plai't .dciii; llir sliditc-t distaiir,.

between tin' spherical eleetiniles. and the electrninoli\e intensity r.'iniisUc i.. \>vt;il

d("vn the ^'as was tlieret'"ie directly proportional to the spark pntciitiajs nhiained h\

him. At points helow the critical pressure, as I'kaik's results indicate. diM'har;_'e

occurs more easily o\er a lonj^er distance than oxer a shorter one. and it' thi- \ahirs

of the electromotive intensities neces.siry to hreak down a j;as at ihU'ei.-nl prev-mrs

are to Ix' compared, it is necessary to know in each case not (inl\ the pi'tential

ilitl'erence aiiplied tn the electrodes, hut alsc, the patli lietween the e!erlriHl,> ah.n-

which the initial <lischarj;e ncctn-s.

To i:.s\ne passa^L;e of the discharge over the vinie leii-lh ..t' paili I'L.vt i: u^-d pk

[larallel ]plate> of very lar,ne diameter as electrodes, hut while in this way he olitained

a uniform Held c,f consideralile e.xtent. and so was ahle to ohtain an accuiale measure

of the electromotive intensity hetween the electrodes, he failed to make c. rtain thai

tiie iiath alou^- which the gas initially liroke down was always conlineil to tlie unifoini

part of the lield. As mentioned in his jiaper. thiie was considerahle lenden<-y. al

low pressures, to a hrush discharge fiom the eduvs of the jikites. and thi-, indicat. d a

(lef< ' t in his apparatus, which apparently he did not completely eliminate.

In the present paper an a<'< • int is j;i\eii of an invcsti,uation on the potentials

necessary to protluce discharge in a gas, with a form of app.o.itus whieh insured tla'

|)assage of the discharge in a uniform electric field.

With this apparatus till- discharge poteiitiids ha\e heen del.'i njined. for ditlerent

distances lietween the ej.'ctrodes. ovei a rangv e\tending ' si,l,Talpl\ .hoxe and

helow the critical pressuie. The results of the in\t stigalion noi only rontirjn the

truth of the law cnmi.-iated liy 1 .\s< mkn foi dis.imrges at hiuh pies-iuvs, hul mKo

demonstrate, heyond donhl, the ,,pplir;diilit v ..| th.' same !
.v to ihi' mii.-d prrs-,ini

and to all pivssures Ih'Iow it.

The existence of the same lelalion has heen sought in ..ii ol the gasrs ,iir.

hvdro^en. and earhoii dioxid. and the ivsull of the in\ i sligation has hr.n 1
he

.stahlishmelit with eipial certainty of the sainr uivia^ral law lor all jinsvinvs m/.^ ih.it

with a given potential ditferince. the Held heing uniform lia- piodn.'l ot il.e pressun

at which disi-li.iru'e occurs .oi<l the <llvtancc liitwnMi ll" .jiel roijis is , -,|,iii|.

11 /h srn/'tion "t App'n-<it>i.<.

The form o( the dischaigi' chiiinli' i' is shown in tig, I.

The electroiU's consisteil of two pl,,ne hiass plates .|. <t. nt! centmts in diameter.

emhedded in ehonite. as shmvn in the liguie th'- outer laces of tl leelioiles h.ing

llilsh with the siirfai f the el.oiiile. Tliesr pices <.r ehonite wlii.-h .-.OM.d the

rlectr.Hles srivi'd also lo clos,- the -l.iss luh,> I' T. whi.'ji thu-. .onst it iited .i dis.-j,;, ,•.'•
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..hamlxT. la older to coutiue the gas in tl.i.s chau.l^i to the re<;ion where the

electric Held wa« uniform, a ring of el^nite C. C. which projected over the edge, o

the l,rass plates, was inserted. In the construction oi' the apparatus spec.al

precautions were taken to insure that the plugs P.. P. pressed tightly agan.st the

ebonite ring. As a result of this device, that portion of the electr.c held ^v nch was

not ,nuforn. was entirtdv conHued to the space occui.icd by elHm.te. so that u> this

wav it was rendered in.possihle for a discharge to occur through the gas m ,n,y hut a

nniforin tiel.l. The thickness of the elnmite ring, which coul.l \n- made ao rate to

,',,miirnn.. determined the distance l.etween the electrodes and consequent y the

length of the discharge. The length of the discharge could W varied at will.

therefore, hv inserting rings of dittereut thicknesses.

The .MS was admitted and removed from the chanil.er l.y glass tuU'S sealed int..

the elK.nite plugs, and these tulx'S were connected with the air-space hy tw., very tine

chaimels leading through the eljonite ring.

Before closing the discharge tulx-, which was made air-t.ght with .-r. in.uy

commercial soft wa.x. the inner surface of the elxmite ring wa.s carefully nihh.d w,th

glass paper to remove any cnducting material fr..iii its surface.

TbBo//tr/

Fiji. 1

.

The potential ditferences .ised in tl.e>e e.Ni.eriments were ..hlained from a series . f

small s...rage e-lls. similar to those use.l in the Keichsanstalt, lierlin. .\s these cells

have a lai.'e capacity, their vohage lemaine.l constant over long intervals ot tnne. and

as a consJ",uence it" was possible to make the re-dings with the greatest accuracy.

Thr ,...tential diflerence. were measured by a Weston voltmeter, which was carefully

,. dibrat-.l by means of a potentiometer furnlsh.--d with a standard Weston cadmium

element. , . .

Througluml the investigation the .liscliaige camber was connected m ser.e* with

a drving tuW- containing phosphoric peiitoxide. a glass i-eservoir about -• litres in

vohinav a Nbd.crHl pressure gauge gix ing readings accurate to ,„'„„ of a milhnu lie,
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nf small caparity. By nsiiij,' this ivsei'v. .ir and tin- pimii) ot

snviU capacity it was possil.le t.. .liiniuish the pressure in tlie discliarge IuIk. l.y sue

excee.linglv small anumnts that it was easy t-. (.l.tai.i a series ..I' discharge p..teut.als

over the whole range of pressures investigated without the necessity of admitting

fresh gas to the chamber.

In making measurements, one terminal of the Lottery was joimd to eaitii and tla

other terminal was connected through a resistance of xylol to one of the eU'ctm.!... ,.|

the .lisciiarge tnU-. Tlie .-tiier electr-Kle was pei inaiuntly joined to -me pair ot

.,„.,.hants of n .piadiai.t electrometer, the second pair of whici, was kept to eaith.

In determining tlie potential chft'eivnc. neeessM-v tn pioduc- discharge at a ^mn

.Mvss.ire the elect .-..meter electrode was tiist earthed, a given potential apphe.l t„

the Lattery electrode, and the eaitl, connection of the elect romete, electrod.. then

removed.
.

If after waitin- s.ime minutes no discharge pass,.d, the operation was ivpealed

with a slid.tlv higher potential applied to tlie hatte.y electr-Hhv This procedure

was followed until a potential suHioiently high was reached to hreak down the g,-,s

and cause a discharge. The j.assage of the discharge could U- leadil v la-ted. as ,t was

Mccompanied hv a violent deH.ctioii of the electrometer needle.

The well-known phenomenon of delay in the passing of the disch.uge. uhieh has

iHvn investi.Mted at length 'ov WAIlBn.o," was ohs,.rved throughout the .'N,KMiinents.

It was especiallv marked in the neighhoin ho.«l -f the critical pressure. diMhaige

lK>ilig frequently ohtained ten or even lifteeu minutes after the re.piisHe v..ltage had

"Vn ev-erv case, therefore, as the inini.niun sparking potential lo. ,my pressure «as

approached, a consi.lelal.le time was allowcl to elapse, with a given applied potential

JitVcrenee. Ijefore any increase was made,

111. H.>-jiir>w'))t< ill Air.

In ,1,.. expemnent. t.no.phenc air the ul,..|.. discharge apparatus ua^ ti,s,

exhausted to a veiv lou piessuie ,,nd then le tilled hy flesh .,n. wind, laihhied m

ve.vsjoNxlv. hist through ,. uash iH.ltleof sulphuiie acid an.l then ihiough a t uhe

ti„.l,tlv packed uitl, phosphoiie peiito.vide. The discharge chalnhe, was then

eChan.sted to ahout "JO millinis. of inercurv and .diowed f. stand .,t this piessu,.- lor a

peiioil of liom I'i'^ht to twehe hours.

Durin- this time the air was aluays in contact uitli phosphoric penloMde ,n the

drying tuU'. and w,,s therefore eutiivlv tree fi noisture « hen the nieasuremenls

'"•'rhe'lirsi' nieasnremei.ts were made uith the elect lodes :; mllhms, apart
.

and the

spalk poti.nti.ds were .h'teiini 1 .eel .. range ..f p. -ures .Meiahng tr.,m

51 millims. .l.,wn t.. O.". njillim. of mer.Miy. The spark !«.. ,tials ..orresp..n.luig lo

- \\.ii(ia i;... .\iiii .1 rii>-.. »'.l. C-.
I'.

-ItiJ-
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the \i' loiis idessuieK are recorded in Columns V. and VI. of Talile I., and the results

are ivjjresented graphically ii. fig. 2\.

FiO.Jl,.
•XV, f-n"T

Pressure, in Milliwcrrez

/3"

III iiKikin"- tlusr ilcttMininations, tlii' jnvcautlnii was always taken of allowing eight

iir ten iiiiiiutes to iiiti-rviiie iM'tween con.secutive readings, in order to make ceitain

that the air was in its n.irnial condition when the discharge oeoiirrtMl. As can i)e

seen fn>ni the tiuure. the curve is (jtiite regular and exliiliits all tlie ]>eculiarities

aheadv noted liv I'l'.M i:.* StRUTT.1' and BoiTY.:J. The ourM>. ho\ve\er. is carried much

liigher thru those drawn hy any of these expeiinienters, discharges ci.rresponding to

potential dilferences of over 1 HOO volts heiiig recorded.

The distance l>etween the electrodes was tlien varied and ti\(' ditl'erent sets of

readiin'S weie t;d<en. in .lir. with the electrodes I. l'. :'.. .i. and 10 niillinis. apart.

resiKctivelv. The coinjilete set of nmnhers tor these ditleiiMit spark lengths is given

in Tahle I., and enrses showing the reailings taken ovei that portimi of the lange of

presMire Ulou .) niillinis. nt' inercmy aie exliihlted in tig. L'l'..

It is aiipareiil lioiii the relatiM' positions of thesi' cni\es in the figure, that at

points at anil Im'Iow the critical pressures, with a given ]ieteiitial dilferelU'e applied to

the elctriMles. l!ie piessiiits at uliii'h dischnige-- nccinied regnl.iily decie:ised as the

distance hetweeii tiie electrodes w.is increased. lint a critical e.\aniiliation of the

curves and also a reference to tin- nunilieis which they represent show thi'

Pa.SI.HKS's law is rigidly a|)p1ieahle over tlie whole s. i
'

. of discharge potentials

recorded.
* I'K.MK. ' ifiiy. >i<K' I'OK'.,' Vl)l. J:.', \\. 1 1 1,

t Stkiti, ' riiil. TratiK..' A, vol. 193,
i>

.184,

• Boi TV. 'Cnnii.t. IiViiil..' vol. 131 (-'). p I4il
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S,,^,kl eni;th

Tapi.k T. —Air.

S|).-iik length Spark 1englh Spark I

Id mi
Spiiik leiij;th

Mglh
Minis.

= 1 millini. j

1

= 2 mi lims. 3 mii im». . 5 mi ilims.

rii'ssuri's

in

niillims.

of

mercury.

Spiirk

[K)tCIlti.ll

ill

voli~.

Pressures

in

niillims.

of

merer -y.

S|iiirk

potential

in

volts.

1 '^e^suI cs

in

millinia.

of

mercury.

S|Hrk
iiiteMti.il

in

voltK,

U80

rre«Rurt's

in

millims.

of

nieienry.

S]»;»rk

jiotelitial

in

volls,

l*rt .CHUM'S

in

niillini.-i.

of

mercury.

7^09

Sp irk

potetilial

ill

voiLs.

150 1510 20 620 )1 7 34 (iOO S3I

120 1265 13-2 527 41 5 1275 lOl .501 112 15

90 1025 8-73 455 31 5 1015 2 95 118 2 39 .501

(>1 784 5-52 400 21-4 790 1 85 368 1 39 120

tO-8 634 4 M 373 141 630 157 356 982
.:

21-6
19-4

4H!I

477

3- 16
2-71

355
35

1

931
5 • 99

520

452

l.il

1 14

319
352

805
679

.t.io

318

12-4 417 o .32 357 3^84 105 982 359 562 Wa I

V-77 367 2tT .371 251 i71 •839 :!7o |il(i 359

0-66 357 1-75 389 2 18 >6

1

714 .tS8 3« I .i."i

.-) HO 352 1-52 419 1 89 :!5C, 607 127 31--' 1 25

4 US 34'J 1-.30 460 1-64 358 517 484 .'59 50

1

605
4-27 355 1 13 534 142 361 440 575 2 1

9

3-67 308 982 654 1-22 375 :i75 705 I 80 757

1020
1315

I7.t0

Sin 3U2 • .57 826 1 06 397 321 935 1 >2

1!
"

7*^ 429 7.-.0 1042 •!i28 411 276 1 22.i 1 25

2 35 IHI •643 1312 801 194 232 1.585 1 05

2- 02 558 549 1695 710 576 216 1771

1-74 681 5.36 1829 016 691 !

1-51 855 536 863 1 — "

1-2(1 1090 — 465 1092
^

I 12 1 163 til 1 lias —

1 05 1826 :i.-.7 1780 ~_

vol.. C< I A.
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For example, the pressure^ at whicli discharge took place with an ajijilied potential

of 1800 volts were, tor the different distances between the electrodes, dpjnoximately :

Distance between electrodes

in millims.

3

f)

10

DischHijje pressures in millims.

of mercury.

1-05

•53G

•;).5i

•216

•105

and it will tie .seen that the ninnljers in ('"luinn II. nre almost exactly in inverse

proportion to the numbers in Column I.

A^ain, with an applied jwtential of 500 vults (say), the appro.ximate pressures at

which dischartie wcurred were :

Distance lietween eluc.riHles

in millims.

•2

3

5

10

Discharge pressures in millims.

of mercury.

^•:i5

1-30

•804

•517

•25'J

where the pressures are in ttie ratio 1 •OO :
-55

:
"34 ; 22 : '11. innnliers which aie

ajjiiin verj- nearly inversely jiroportional to the distance between the electrtxlcs.

Further, we notice that the .spa'lv potential correspondinj; to the critical pressure

in all ca.ses was jiractiadly the »iiue, 350 volts, and the values of the critical pressures

for the ditlerent .sjiark leno;tlis were, from Table I. :

DistJincp lietween elect"o<les

in millims.

3

5

10

Discharge prcssiires in millims

nf mercury.

4-i»S

L'7I

\-HU

1-3 1

r,7'.t

xactlv in the ratio 10 3 ; •J : 1, are still very closeand these numliers, whili

to it.

In findicit; tlic vahu's for portions of the curves aroinid the critical jiressmes the

restilts ffiven in T.ible I. show that .-i .small variation in jiotential diflerence wa,s

associated with a relatively very l.iif^e change in the pressures, so that a very small
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error in veading t' -i potential .lirterence would result in a large enor in the pressure

readings. It is interesting to note, however, that even under these unfavourahif

conditkins a striking agreement is presented Ijetween the results obtained at critiiN.l

pressures and the results demanded by Paschkn'h la"-.

In order to make the agreement between the numlK-rs demanded hy I'aschkn's li,\v

and those obtained in these experiments ^il' more evident, the results reoorde.l in

Table I. are agaii; gi/en in a slightly different fi.rm in Table II.. where each potential

difference is asso.^iated with the product of the pressure at wliich discharge tcK>k place

,.nd the corresponding spark length. Paschkn* found that at high pressures thes.-

products were con.stant for different distances U'tween ,,e electrodes, as long as the

applied potential difference was the same.

The numl)ei-s recorde<l in J'able II. show that the same law is rigidly applicable to

all pi-essures, both high and In •.

Tablk it.- Air.

Spiirk 1

= 1 nil

eiifith

llini.

Sp:„k
-2 m

length

illiii:».

S]>ark length

.! uiillinis.

Spnrk
'-^ Ti nii

engtli

llims.

S;ijirk \iigth

10 iiiillims.

PiiMluit
Siiiiik

ProiliHt
Spark

Prixluct

iif

pressure

Spiirk
I'roiluit

of

pres.sure

Spark
l>i„,li,t

(if

Spaik

of

pressure

111(1 s|).irk

length.

lK)teiitial
uf

[ireHsiire
|HiteiitiaI

ill

piileiilial

in

[xiteiitial

in
pressure

and s[)iirk

length.

IKitenli

in
ill

V<iltS.
iiiicl spark

lenj^tli.
Vdlls.

ami sjia k

leiigt! .

Vnlts,
anil spark

length.
VdltS. V.ilts,

150 l.'ilO 10 02O 15:t 148(1 K 7 liOO 70 9 Ml

120 120-1 20 • 1 .-)2

.

! 2 r .•! 127.-> 2:1 004 41-2 04.-|

!)0 102.-I 171 \:t:, 94 .") lul.-) 14-7 118 2:1 9 ."idl

(\1 7SI 110 40(1 1 • 2 790 S -') 308 1
:( 9 120

10 s i;3i s-22 :i7:i 42:! o;io 7 •8.-) .|.-pO 11 82 :i72

21'0 4X!! fl • ^^l :i.-).-i 27 !• .-)2') (.70 ;i'9 8 • ( i.-| .(.i.'t

19-4 477 r.-42 ;i.-)l 17-9 l'2 r)70 ;t.")2 79 .118

IL' ) 417 4 04 .l.-,7 II
.-. 40.-) 191 .•i!J9 .-| 02 :i."i 1

7 (

(

.167 1-04 .i7l 7 XS .171 119 .(7(1 1 00 .{.'I'.i

li lili .•(.i7 .1 • .-.o :is;» .'.4 .101 \n' .-(ss :( 8

1

.177

.-) • KG .(.)2 :tiil II ;i .| 07 :t.^iC .! o;t 12. :t
•

1

2

I2-|

1 MS
4-27

.1 G7

.•tl.^>

:U!i

:i.-).-i

.son

.192

2r,o
2 20

1 90
1-71

too

.i.i 1

0.^4

.<20

4-92

4 20
.(00

:M S

;i.-i8

.•104

:i7.'i

.(97

2 ."iS

2 -id

1 87

l(i0

181
.-|7.-)

"(i.-i

9;i.-.

2 ."19

2 19

ISO
1 .-.2

.|l 1

1

0(l."i

1 -»(

11120

->-70 129

tHl

l-.W
1-28

1042

1.112

2 78

2 11

441

194

1-:18

110
i22;t

|.-,s.-.

1 2."i

1 O.-i

1 'i !
.'1

17 Ml

2 02 Tn>>. ll'9 1 OM.') 2 1 W .i70 1
• 08 ";i

1-7I 081 107 1 K29 P84 091 —
l-'il s.-,.-)

1-60 80:l — —
1 2'J 1090 1 :i9 1092 — — —
1 .2 1 tC.'t __ 1 21! 139.T — — — ""

105 IH26 - - 107 1780 — — —

* I'asi-HKN, ' .\!"i. ll. I'hys.,' vol .17. p 01>.

! .! -1
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A like cdiiL'lusioii iiiimt 1h> (Iruwii from tlie curve sliowii in t\^. •'!, wliich ^jraphically

represents the numhers in Tiil)le II. In plotting this curve the products of spark

lengths and discharge pressures were taken as alacissse and the sparking potentials

F/^///-/tjr

Produc/'of/^essure one/d/sSrnce ie/hve.n £/l^c/roc/les

as ordinates. The regidarity of the curve which represents the ])roducts for the five

different electrode distances shows clearly that there can l)e no doiiht regarding the

applicahilitv of Paschkn's law to electiic discharges, in aii', at pressuies at and helow

the critical point as well as at pressures al«)ve it.

IV. /•^.ijiiriMCiils III Ili/i/riii/cu.

in order to denionstrate. if [)ossilile. the generality of tlie law which has just l)een

))roven to hold for discharges in air, a series of luiMsinements were made on tiie spark

potentials in the gases hydi-ogen and caihon dioxide.

In .liese experiments exactly the same a])paratus was used as in the prev .)us

exjieriments in air.

Preparatorv to making the measurements in liydrogeii the a|)])Miatus was fii'sl

exhausted of air to a pressure of 1 miliini. of niercuiy, or le.ss, and then filled with

hydrogen to atmospheric jiressure. It was tla'ii exhausted and refilled with hydrogen

sever.il times to make certain that all air was renicAcd.

The hydrogen was prejiared from zinc an<l sul]iliuric acid in a Kipji a|)paratus, and,

in order to ensmc purity anil fieedom from moistuie, was pas.sed through wash-

lK>ttles containing potassium permanganate and caustic jiota.sh, and through a tul)e

tiglitly packed with phosphoric pentoxide. Iietore heing led into the disehaige

chamher.

Also, just as in tlie experiments in air, the gas was always allowed to stand for

several hours, a' a pressure of aliout 20 millims. of mercury, in the presence of

jjiui.-,plioiie priitoxide hef'ire any ri^adii-.g" were re."ordi'd
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Taklk hi.— Hydro^reii

spark length

^ 1 iiiilliin.

Siiark

-2 mi
eiif^tli

llims.

Spark leiigtli

= 3 millims.

S|)ark long
- 5 niillim

ill Spmk lei

10 null

gtli

mis.

Pressures
Spiiik

|Mitenti.il

in

volta.

rre«»iiie»
Spark

I'ressuii's
Spark

I'rcs.-iires

in
« lalk

rre-^sufea

ill ?"n.lill

iiiillims.

of

iiieriury.

ill

inilliiiis.

of

iiicniiiv.

IMitt'iitial

111

vultii.

111

niillim.s.

of

mercury.

potent i.il

ill

volts.

415

inilliiiis.

of

merouiy.

1 .3 6

potential

III

voll.s.

iiilllini>.
'

of

iib-rriny.

oti'iitial

in

v,,ll>.

21-7 :i-2» 2:i 4.35 13 C 469 7 58 521'

1 fi
• 2 .•iOU 14-8 .36'

1

8 54 .356 0-35 415 4-3; 427

1 1 • 11 281 no .323 5 • 40 301 6-02 .350 2 55 3.35

10-:!

S-lll

278
L'87

8-08

6 «.")

2'.I<J

285

1-6(1

4-02
286
278

3 80
3 2S

.too

287

I
"77

1-46

299
2s;l

7 "1 :lO(i .j • ll.-i 271> 3 14 282 2 80 28

1

1 -22 287

6 51' Xi') ."i-OI L',S4 2-93 292 2-41 282 roi 2 It 5

5-57

t • 7:i

411

.•i74

487

649

4-30
.•!-72

:i-2.!

2"3

.305

333

2 • 52
2-15
1-85

31tl

356
4ltl

2 05

1 76
151

285
293
305

846
•700

575

313
34:'.

4 26

:! • ri4 9Ci."> 2
' (

(

39'.t 1 5it 564 1 26 345 •4711 .51 1

5

J Ot 1

I'lT'i 2 'M\ 523 1
• .15 780 1 1 19 410 390 H.".U

I — 1 .>

1781 2-03 727 lit; lo: 1 928 539 3.311 1142

1 177
1-73 1010 1 'Oil 1 382 H08 706 •276

1-48 1380 861 1789 "110 975 26

1

17111

1 .(3 17IC - Olio

•516

1373

1775

III tiiL- cviK't-iuuMits with this ^ras, rea.liiigs u.'i-f takoii tor the saint- elwtn"!.'

ilistaiices 1, 2, :i, 5 and Kl luiUiins.. and tlit- values i.f thf spaik putfiitials aii.I tlifif

,'.,iTesiioniliiig iires.sufi>s aiv jriveii in Table III. Tlit-se iiuniheis afe als,, i,na|,liically

set ft nth ill tij;. 4.

Wi. s,v rrmii this tahU- that tiio ivaditi-s ooir,.sii..tidiii,o t.. the sjiark |int.iitial

I Hilt) vnits are :

l)i.:t:iii'e lietweeii electroiles

in iiiilliiiis.

I

2

-.1

5

10

Itisrliarge jiiessiires in ii|i|liiiis.

ol iiieiiiiiy.

•J -CO

I-:?:!

•81')
1

-.1
1 C.

•jt;4

which |iii'ssures ,iff in the latin yil : .Vtl :
:}_'

:
'Jd : I.

Auaiii. with a spaik ]i(iteiitial uf .Hilt viills the reailiiit'S oivt? :
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Diatanoe lietwecii electrodes

ill millims.

1

2

3

3

10

Discharge prctsures in millimB.

of mercury.

4-7

2-4

17
•94

•51

tlie piessiires being in the ratio 93 : 4'8 : 3-.3 : T!) : I.

Fi^ . I V- Hydrogen

;
I I

'*

r
1

1

1

A
B a -

^ -

1mm
Zmn

\
D
£

Smn
/Omi '

\ 1 \
i \,

\ \
'

' \

, V \
f ^

irTR\'V
'"^

K ! 1

i: V\ \\
-^^^^

i. -H
j^zt"^

>Oi.—>* ==^SS -

a» _4 _H

"
.ILA .__!_

r " 1 «

1 „i. 1 I

Tlie mininiuni spark iiotenti.il in iiydiogen was x\SvwX 2S0 viilts, and tlie critical

pressures corresponding to the dirt'erent sjxirk lengths were :

I

Distance Ijctwcen clectio<les

in niilliins.

2

3

5

10

Discharge pressures in niillinis.

of mercury.

10-3

5^93

4-02

2-80

1-46

where the various discharge jiressures are once more nearly invereely pro])oitioiial to

the distance Ijetween the electrodes.
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ELKCTUIC DISCHAlHiKS IX (lASKS AT I,()\V IMtRSSCKKS.

Tablk IV.—Fytlrogen.

415

Sp»rk length

= 1 millim.

Spark length
= 2 milliins.

S|)ark length

= .1 millims.

S|>iiik length
- T) millimi.

S|i,iik h'ligth

10 niillim-^.

\ Proflnct

of

pressure

and spark

length.

21-7
16-2
11-9
10-3
8-94
7'74
6-52

667
4-73

411
3-54

3 04
2-60

Spark
potential

in

!
volts.

32K

.-too

281

278
2S7

306
33.-)

.574

41-7

64!)

90.5

127.5

17H1

Product

of

pressure

and spat K

length.

4fi

29
22
16

1.!

11

100
H-60
7-44
46
54
72
Ot)

46

96

66

Si)iuk

|K)ti-iitial

111

volts.

435

360
323
299
2H5

279
284
293
.305

333
.399

523
727

1010
1380

1746

Pro<luct

of

pressure

and Miuirk

length.

Spark
]Hitentiii1

in

volts.

40-

25-

n;-
13-

12
10'

8
7'

6
.5

4

1

3

.3

6
o

9

3

79

56
45
55
77

05

48

Oil

58

41 •

.35 1

;

.301

2N0

278
28-J

292
.•ilO

.|5ii

440
.561

7.-i0

I05t

1 382
1789

I'rodiKt

of

pri's.suic

and H]i;irk

length.

Hi -7

30 1

190
16- 4

14

12

10-2

8-80
7-55
6-30
5 45

1 (5

1

4 04

3 50
3 00
2 58

Spuk
jiotential

ill

volts.

4fi9

415
.350

300
2.X7

281

282
285
293
.305

345

410
539
706

975

1373

1775

f/^ V-Hydrogen

I'lndllit

of

pressure

and s|Kiik

length.

43-7

25 5

17-7

14(i
12-2

10-

1

St6
7-00
5 75

l'7il

.1 90
\ 30
2-76

2 fit

SjMiik

potential

in

volt

5211

427
3.15

299
2s:i

2S7

295
.! 1 .3

3 13

126
5:i5

S.jl)

1142

1177

17!()

Product of PressL/re&dis/ance benveenfManxkf

To indicate t'uitlioi' tli.it the law is applio.iMr at all jmints, a table of iiroilucLs,

.similar to that reconleil for air, was calculated, awl is j,'iveii in Tal)le IV. A si.iple

curve, fig. 5, represents these five .sets <if readings, and again the close grouping of

the different results ahout this eonunon curve shows that the law iseipially ai>plical>le

above and below the critical pressure to all spark putentials.

It is evident, then, that with hydrogen, just a« with air, I' a.schi-;n s law is rigidly

applicable over the whole range of preeeures.
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V. K-qx-rimentx in Carhnn Dioxide;.

Tlifsc further expeiinieiitis were nmile with ., ,.;^„ *

fr"
"'*"""' '" -'' >•'"«"• ^» - - » , :::t

:,"" "-
r"',"these two .ras,.s awiiii servwl <„.. fl •

•
'

' "'^ "'^ ''"' '>«*''i 'ised with

(iv. di,r.r,„i ,ii„„,c„ , ,
," „ "

"'""•• "»'«, '-'''"s" "•^ "toi...-,! ,„ ,1„.

-.. p.-,,..,^ ,.::tr"';:' wL';';„rz ;:;:n;;,::;;,: 't"-r*^

..•.'':,;:";i;'t.T l" ;.":;" «'r™
' ^"",^-' -" "» -™i-".i.« cr™.

." w., ,.™ .: „.,:„.„. ;u;:" ;,y:;:::;r;.nr;tr
™'"

"
-

Tahf.k V. -CarlMiii Dioxide.

1 niillini.

Pressures

ill

miilims.

of

merciirv.

19-8
12-6

9-41
6- 8.1

5 02
4-3I
.(•73

.I- IS
2-73
2-34

200
1-72

I'47
1-26

I -Oh

940
SIT

S|nik
piiteiitial

ill

volts.

516
480
443

425
421

410
420
427

443
475
503
550
63()

763
916
1127

1432

1801

•Spark length
= 2 miilims.

Pressures

in

miilims.

of

mercury.

21-3
13-8

8-76
5-41

4(i-.'

46
05
•52

15
Ki
5S
34
16
080
848
728

625
536

455
421

.Spark

potential

in

VflltS.

802
645

5i0
464

430
426
421

410
420
427

443
473
525
605
702
847
1026

1 258

1574

1762

Siwirk length
= 3 miilims.

.Spark length
= 5 millim.s.

•Spark length
= 10 nn'llinis.

Pressures

in

miilims.

of

mercurv.

•Spaik

IKitential

in

volts.

101
i- -.

141
1-20

102
•.><75

75H
•651

4f<2

420
362
314
274

674
563
477

427

420

«I0

425
432
440
487
•542

500
600
81.5

071

1162

1445
1 756

Pressures

in

miilims.

of

mercury.

Spjirk

(Kjtential

in

volts.

Pressures

in

miilims.

of

niertiirv.

10

77

64
3.-)

45

•07

919
786
678
572
•402

•419

360
310
266
232
106

160

164

790
674
.579

tos

438

423
421

428
441

164

405

533
500
704

^20
060
1150

1373

1662

1770

4 • 26

2 43

144
860
612
51(1

100
340
280
230
106
•

1 62
134
111
004
080

•Spaik

potential

ill

Volts.

903
700
656
553
473
)2M

t23

140

470
506
5l);i

630
761

073

210
5.50

r.-io

•J



ELirmic mscnAiicRs in (jases at low PRKssriiKs.

For 1 800 voUb the figures are uppioxinmtoly :

417

]>islaiii<e lietwoeii cleotroiles

<ii mllliinx.

1

2

3

10

Discharge pressures in millinis.

lit mercury.

•817

•4iil

•27 J

. 1 (U

0892

where the pressures are almost in the reiniired raun, beiuj; 9"2
:
4-8

:
:!•(»

: 1
'.i

:
1.

For TiitO volts tlie numliei's are :

Ivistance lictwceii elci troiles

in niillims.

1

2

3

f)

10

lUscharge pressures in niillini«

of inor( ury.

•lU

1
••_':!

S4
•57

•28

where the pressures are as 8'4 :
4'4

: 3 :
'2 : 1.

And ni the iniiiimum discharge ptentials, whieli are again constant, 420 volts, the

re lings given me ;

Distance lietweeii electrodes

in milliin-j.

1

•>

3

Distlnuge pressures in niillinn.

of meicury.

:c(l2

2-52

1 •(!;!

1-07

•."lid

Speciiil attention is direpti'd to tlieso latter results, inasmuch as the exactness of

tlie ratio indicated l)y tiu' pres.snres i.s very reniarkalile. Tiie ratios of the luessures

are practically 10 • 5 : S^l ; 2 : I, the nearest approximation to tlie lannliers demanded

liy P.v.schkn's law which has heen .shown hy any of the comparisons, and this residt

is ail the more convincing in that these figures were obtained at tiie critical points,

where, in the other two gases, the results ohtaineil indicated the law in a somewhat

less marked degree.

Though it would appear that furtluM- evidence was uniiecessjiry, the table ot

priKlucts was again calculated and is given in Table VI. Also the cones|H)nding

ciH've is siiow n in tig. 7.

vol., <('i.— .\. -i II
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/^gf. Vl-Car/bon Dioxia/e

T..!, :i : 1 !

'

\

~1
[

1

!

>̂;*»-- :\ ^

i
8 d ' in,^

iU-l ^ -^ j
£ iy - ' lOmm

^ te-1-^. 1 :

\ 1

M \-^i. ' i

1

1^ Ml 4i- % ^ i\ Li .

1 1

1 ^uaV ^^'nJ—-^*-

—

^_2^ 1 1^1
,
1-

^. ^—ri
1 j

i

1

i

'"1 "

!

'—^—

'

i
;

1 1

1 i 1

2 J

Pressure in Af/Uima/T-es

()i,.8 more tlie roL;iilMrity of the curve shows that, as in air and hydronren, so in

cirlMm dioxide, PAsriiKS's law is rigidly api)lica1ile to all spark potentials hotii aiM)ve

and liolow the eritieal |ivessure.

'I'aiu.k VI. ('arl)on l>in\i(le.

I milliiii.

Spark ! i\.\\

1 iiiilliiijs. ;! niilliins.

Spark lenfjili

5 iiiilljiiis.

Sjurk li'iigtii

" 10 milliiuR.

Spark
^

^,. S|wrk_
^^,

Spark
of of

IVo.liiri ^ ,

PriHlii.i ^ , I'riHliict

f

Spaik ,
,

Spaik
^^1

poloiiUal
'

ipiiumial piitL'iilial "' piiteiLtjal '" iMjlcmial

1 1 111
I

, I
m 1 . .1 III

1 1 111 1 I 111
ami spark I, amlspiiik i, ami sp.irk , and spark . and.ipaik .

I

I, vnt--. , '., volts. . ', Mills. ,
I, Mils. 1 Vols.

i'ii:;tli. k'ii::t 1. luii.^tli. I'ligtti. k'ligl 1.

1 It .< .-.ir. IL' (i Hdi JO L' C74 4.5-) 790 ( J < ',>'j;j

!:;<; IMI L'7fi (il.'i ltl7 .Mi;l L'y-8 67 4 IJO 7 90
!l il II;'. 17 .-. .-)l'.l 1

• r, 177 IS-2 r.7!i : 4 .1 (.66

.s;; IJ.^ lUS mt (1 7."i lu'7 no 4;is 11! ru^
.'i .'sil li-'i .^01 i:i'j 5-7.-S 4 -JO 7 • L>r) 4:is .s (!0 17,i

-,o-j 11'.' li 'X2 J'.'G is:i ll!l Il j.j 4i';i r,i2 '.>><

1 .'11 l:'0 :, ltd l;.'l l-'.i 4 -'.•. .". .1.") f-'i .I- 10 42.1

:(-7:l IL'7 n-ot 4111 :i(i(i l.'lL' 4'r)!) ll'S 1 ou no
:i 1 s Hi 4 :;o l-.'o .11"; 1 C.l .1 • '.1.1 in 3- 10 170

J 7.1 IT.'p :Mi-< IJ7 a .t;a ls7 ;! :i!i 4 III •J «0 50(i

•J .1

1

.Ml.! .'lUi 41.1 - - < .".(J J •^li 4!!.") 2 :!!) ,-.(i;i

_' IMP .'i.'i'.i 17.1 1 !l.-i .I'.i'.i :' 1(1 .i:i:t 1 '.HI (;;i9

1-7-' i;.iii ^.» oJ"» 1 117 (lli'.i JO'.l .|'.i'.'
1

11-' 7(11

117 711.1 1 '.Ml (lll.'l III ,v|.'. IN) 71 1| 1 .i 1 97.

i

1 I'li '.ik; 1 li'.l 71':.* 1 ;'ii 1171 1
•,•,-. H-JU III 1-JI9

lo.s II ..'7
1 |."l .'^17 1 us IKlj i ;i:t IHl'J 1I4(> l."i-"iO

ii|i; II.!-' 1 I'.'i IllL'li '.i|-.'
1 1

!.'>
1 111 11.-.'.1 f<!»'J 17:10

.'<I7 l.SIII 1 117 \
::•'* *'--' I7."iii |t,4 1.17.1 —

._ '.Mil I.-.7I — — M--> lllllU'

— — m-J I7rc' -

—

— .Sl'U 1770 — —
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El-KCTIUC 1>1SCHAUGE.S IN OASlvS AT LOW l-l;l>sn;i;s.

/7^.y// CarAon D.'oxide

\ I '.»

Pro'duc/ o//^es5t/re oncf t'^s^^ince i)e/f<^ecn r,ec/-rodes

VI. ,S).('/i VnhnlMh irlfh >hljn-.i)l Fhr/ni' ><.

It hns now l-orn shown, usin- l-rnss .l.-ctn-lrs of c-.nstant si/.., tl.,1. \W aisrl.M.u.s

in a unitonu tiel.l. in any g^.s. tl.. val.u.s ..f the s,,,nk ,...t..nt,Ml. a,.. ,1..|,.>
,

.1

solely l.v th. l..-luct of the l.ressure of the gas an,l tl„. .hslan,,- .tu,.,., , he

eleet'n«les From this result it ^,i<v.vrd that if the s,... or niatenal ..I ll leetnKles

.11.1 not atn.,>t the results, the sparU potentials w..v .l..,.en.l.nt ..nlynp-.n th.. .,nant,ty

„f the «as per unit cross section U-tween the ..l.^ctHKles.

In onler t.. -letennino this point, th.' hrass el,.ctr„.les wh.ei, i,a,l h., n ns, .1 np .

this tin>e wvre r,.p!ace.l in tnrn l,y eleetro,l,.s ..f in.n, /in- an.l aiuunnnnu, ,.l .ve ,ly

the same si/e. The r.-snlts .,f the experinu-nts sh,.^^e,l that th.ae was ,,., vanatna,

in the -hrtWent sets of rea.llngs, „n,l it was ..vi.h.n, tha, th..,. w as ,„„ .
h, sh;,h,..t

erteet pr,Kluce.l in any case hy a .^han,,e in the n.ater.al .., .h,-!, .1 U..Hr..,l. s

T'onW ... see if the si... ..f the ..l..e.r„.l..s alh..-...! H,,. ..h,. of ,h- spa,k

potentials f.,r th.. -litFerent pr..ssnr..s, provi.l...! th.- ,hs<.har... t....k pi n, a ,m,...,n,

liel.l a n..lnetinn was nm.l.. in th.. snrfa.-e .-f the ele..tr,..l..s exp.,s..,l f th.. ^as.

This was (l.in.. liV repla..|ni;. th.. ..iHrnit.. rin-s ('. I', fi-. ;. "hi.-h ha.
I

.<,< nn,...'

,,;„„„„„, ..,- ;, ,...,„„„s.. hy ..tla.rs wh..... onaT ,han,..t..r uas la.t I .-.. nn. .v .hw

.levice the areas of the ele..tr.Hh.s ..xp..s...i t.. th.. .^as u..r.. n-.lu 1 1.. ah.ait ,„
..

,l,ei,. value in the earlv ..Np..rin,..nts, 1 the , hti..n -ha. .1,.. .h^.-ha,^.. ...a.1.1

„nlv tak,. pla.... \u a unif..rn. \\M -U\\ MA. V-u-'A th- appa.alu. u„h an,,..

,liin.n. cnl.l h.. ..hs,.rve.l in th.. valu.-s .,f ih.. .iis..ha,,.. p..l,..,l,aK n^ i'"|.'

,.,the .htVerent pr..ssures, an.l it was th,.r..f..re ...rtai., that th, vaha ,.| tl... spark

potential was in n.. wav intluen,-...l hy th.. si/e .,f th.. ..l....tr...h.s.

h is therefor., .-iearlv estahlish..,! that the only fa,-l..rs ath-..tn,., th,. spark

potentials are pressure an-l the .U.lance W.t«ccu the elccln-aes. an.l h.
. ,

1'ns. niN >

;] 11 -J
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law IS most accurately exi)res8ed by saying, " that, witl. a given ai)i)Iie(l potential
difterence, .lischarge in a unifonu field, in any gas, is dependent solelv on tl,e
constancy of the <iuantitv of inattei' per unit crosf .<.>ction between the electrodes."

VII. Minimum Spark Potentials.

An interesting result in connection with these exiKM-inients is the almost constant
value obtained for the minimum spark potential with the dirterent electrotle distances
Ml each of the gases.

Peace,* in the paper already referred to, was able to point to tiie prolwiJe
existence of sucii a condition, but iiis results were not siilliciently legul.ir to allow
him to speak with certainty from thr evi.lenw at that time in his possession. 'I'his

is seen from the following table of results taken fiom his paper, which a|.pear to lie

the readings u]ion which he based his conclusions ; —

Pkacjk's 'I'ahle of Minimum Spark Potential^.

SpaTk Ini^;li ill Miiiiiiiiini clischaifjc

niillims. ixiteiilial in voli».

01 ;iL'6

our. .•t;io

•0.-. 333
1 X>i
. •*

370
a 390
•5 400
•7 iM

I 458
•t 475

Wliili- these results are of the same order, it will be ni.iioeil timt the spark
potential rapidly iiiiTeascs with the distance lietween the electrodes, and thai the
sm-allest value ditVers fimii the gieatest by nearly 150 volts.

In the results reconU-d in the present experimeiitH, however, it cannot l)e said

that there is any indication of an increase in spark potential for .-in increasing .simrk

length.

The minimum spark )>o(entials observed in these e.\perimeiils. foi the three

dirterent g;tst>s. are given in the lollowiii'' table ; -

1 t A> F, Uiiy .Sue I'lw..' ml. .").',
|ii> lUi, 11 J.
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ELECTUIC DISCHAUUKS IN i;ASKS AT LOW riJl-SSURKS,

Observed Miniinuiu SjMuk Potential in Volts.

421

S|)aik length in
Air. I I1V( Irugi'H. I'.ii iDH clioxiile.

minima.

1 1 3+'J •JV^ 4iy

*) 351 •.'7'J U9
3

1

3r.c 1
•J 7 s UU

5 ! 34'J 2^1 421

10

1

34f
i

Jtt.i
1

423

wlie.v it will l« se.'ii that tlie valufs of the luininuiin spark i.utn.tw.l.s, l-r nir, ov.-r

this large ran-e ..C ^.aik lei.-ths vary Ky .mly 7 v„ks. 'I'he values for hy.hogrn,

over the same large range of spark lengths, vary hy oi.ly 5 volts, un.l those lor

carlxin dioxide l)v only 4 volts.

These results," then. seen, to ..sta'.lisi, thr fact that ti,e least spark potential

required to break ilown a gas is entirely independe- f the spark length.

It is evident, t.M,. fn.n, tigs. :!, 5 and 7. that the constancy of the nnniu.un, .spark

potential is a necessiiry condition to I'.vs. i..;.ns law holding fo, discharges at

ditt'erent electrode distances.

U. J.Stiutt,* in his paper "On the Least Potential Dim-reno- r.-ipiired to ,,n.dii(^e

Discharge through (iases." iias drawn th.. .onHnsioi, that thr niininnnn >pa,k

poteidial for discharges in anv selected gas is |,rol.ahly etjual to tiie e-.thode tail, m

the siin.e gas, measured over the whole e.xtent of th- negative glow i., th.. vacuum

tulH. Since the cUho,!,. fall in any gas h.i.. h.en shown hv W AHIU l!.;t to h- a

constant, ove. a vorv large range of presstnvs. th- constancy of th- values ohtan.-d

in these experiments for the least spark potential giv-s strong support to hrui rr >

conclusion.

Moreover, th- wdue of the lea..t sp.uk i.ot-ntiai found Ky Str. n n, a.r. using a

s.Nirk len.rth of ,' millim.. was :U 1 volts. This agrees verv «-ll with the htinilKTs

,.ivei. alnne. the difference U-ing only about H or '.. vohs. For hv.lrogen, h-wevrr.

Uie au'ieement U'tween the ivsults is not so goo.l. hi. ^ahl..s for the 1-a.st spark

potential. :!«rJ :!0H volts. U'lng somewhat high-i than llio^,' found for bvd.og-n n.

these -.\iwiiments.

In this connecti..n it may !«. iH.int-d nut that ~p-cial pr-cailtion.. u-re taken m

,l,e u-ighlH,url d of the critical pressui- to inak< itain that the gas was in

im normal c lition when th.' .lischarg- occuir-d, and s,. m.,k- .sure that the

M,ark potential obtained was not loo small. The pio-dni- foil. > cd was to apply a

]n^^ voltage to the electrodes, and th.-n grad.lally inc-as- it n-.ti! the lischarg-

passed. P.y this proced.ne there could W no doubt that the gas was always n> its

• Sua IT, 'IMiil. I'laiiv. .\. vnl, |\i:l, |!, :;;! 1.

t WAuni r,ii, 'Ann. '1. IMu- ,' m-!. .11. p.
51"'-
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iioito;i1 state, aii<l that therefore no discharge could occur until the correct potential

diti'ereiice was reached.

After discharge did <jccur the gas was allowed to stand for a considerable time
Ijefore the operation was rej)eated.

On account of the 'delay" in the discliarj;e, already referred to, special care was
taken at the critical pressure to see that no voltage ajiplied to the electrwles was
replaced by a higlier one, until a sufficient time had elapsed to make sure that
discharge would not occur witli the lower voltage.

VIII. Connection between Spari- Lengths and Sjiark Puteutials.

In the i)receding e.xperiments tlie spark potentials and correspoi g ])re.ssure.s have
•trn liiund for spark lengths ranging from 1 U> 10 niillims. It is evident fiom Pahiiikn's
law, whicli lias l)een shown to govern tiiese discharges, that the difl'erent curves in

tigs. 2, ^ or (J are interdependent, and that if one were given i., each figure all the
others could \m deduced. It is clear, too, providing Pa.s<hk\'s law apj.lies, that curves
can he deduced for spark lengtiis not included within the.se limits. This has k-en
doiK' in fig. .s. where curves corresponding to a numl^'r of sj)ark lengtiis, in air,

ranging from 1 millini. down t" 5 micra* have lieen j)lotted.

The numhfis conesponding to these curves were calculated Ijy I'.vschkns law from
the e.vjieiiuieiital e.sults obtained witli a spark iengtii of 1 milhni. The values for

sp.irk lengths shorter than 5 micra iiave not l)een calculated, a* there is evidence to

show that I'a.schkns law does not apply In-yond this point. It can be seen that as
the spark length is gnidually decreased a length will be reached finally when the gas
lietween the electrcnles will consist of but two suitace layers. It will then be subject
to siwciai molecular forces ami, in all proUii)ility, a dejiartuie fi-om the laws governing
electric dischaiges in a gas under normal conditions will apjiear when this limiting
spark length is readied.

This i>oint has been well brought out by H.MtHAKTt in a paper on spark jiotentials

for very short disi.oices. He b^s shown, for a series of .ire.s.sures, that a direct

liroiMirtiniiality exists In'tween spark potential anil sj.ark length, down to a spark
length otalK.ut .. micra. For shorter lengths than this he ha- shown that, while
a law of p.ojH.itionality still l„,lds In-twi-en .spark jiotentials and .s|mrk lengths, the
,uik potentials diminish moie rapidly (i.r the sjime change in the .sjiark length than
tlay do in the range nf longer distances.

It is true this critical spark length of 5 micra is oi' a higher order than most of the
values found by a numlK-r "f experimenters for the distance over which molecular
forces .-et. The value of this distance given I y (,»riNrKK.{ deduced from the results

* 1 miinui (101 luilljin, , 1;.\iih.vi;t, • I'hil, .M,i^ , -laimHry. I'JUl

t K.MillAIIT, 'Ihil. Ma-.,Maim.iiy, I'.iul.

5 yi i.NLKr. 'Pojig. Ann.,' leon. ui l.!7, |.. loi'.
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of experiments on capillary phenomena, is almt '05 micron. TIkinom. and Rcckfk*

found that the range of unstable thickness of a film l)egan somewhere Uawtvn V'M>

-I -J

I

' 80 /M W SK 400 410 iU HI),,>2J . «» BO %0 MO Kt iM
Pressure in Millimerfes

Fig. S.

and 045 micron. A value of the same order is jiiv.-a hy Pl.AiKAr.t who fuxcs tlu-

superior limit of the radius of the sphere of ...olfcular aetiou at
1

I 8 nncrou.

Tlcsults of a higher order, liowever, wetv ohtainc.l by MiLLKii-KHZi. veil and

KwsKU^ The fonner of these made experiments on thr iliickiu.ss ,,f ^^.M•^ in.l

CMrlH.n' hisulpl«ide fihns, and «,,.11y conch.-lod th,t tho radius of th. sph.T.. .,f

molecular aeti-.n is at least fo micron. Kavskk, .xp.Mnn.-Mt,,.- on con.lons.ation ot

-rases on glass threads, Hxed the range of moleeulni action at f. -J to .; nnrr,,.

"
Now the distance iKitween the electrodes when th. idni is iv.h.ce.t lo tiie two

surface Ivers is cpd to the diameter of tlie sphere ..f n,..le.„l,.i action, ,,i,d there is

thus stron.r experimental evidence from the data given aln.ve f. M,pp.„t ,mr adopting

EauHAHt's value of .. micra f-.r the Mualiest length to which we can lemtimalely

ai)|)ly FascHKNS iau.
. , ,

'• experiments descrihed in this pap. have U'en made with a view to tm.hng the

)„.tw.'en spark pot.M.tials and corresponding pressures for a constant spark

], ,„ air and oti s'^es, hut , as all the i -uhs f.r .htfeient spark lengths are

coniiecte.1 hv I'as.'IIKNS law, it is easv to deduce curves, U any gas, .Npressing th.

relation iK-tween p..tentiai diH'.Menees and o.nvsponding spaik lengUis at selected

,„,-ssnreH. Such curves, for air, dediuv,! fioin those , vhihite,! n, tigs. -J an.l S, have

heen plotte.l f..r a series ef .hlfeivnt pressures and are siiown in tig. !>.

It will U' seen that these curves present a numhe, of pnint- „t sp,r,,,l int.-.-st,

* liKlSOLUHudUnKKl!, 'I'liil. Trans.,' vnl ITT, l'..ii II. ! '-1. l-»:

t I'F.ArKAl', 'St.,ilii|iu' iliH I,i(Hii<U''-,' IHT:l, vi.l. I, p. Jin

J
Mllt.F,n-Kn/.iiA'll, 'Wicil. Ann,' vol. ;;s. p H'.h'-, I^m'k

3* K.wsri:, Wi.'.i. Ana.,' V"l U, |. I'''". I'^t^l
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•ill be seen that a imtciitial (litU'ience of al)oiit :!6.') vi IS nocessai'v [<<

dischii when the iinciii IS reacliei

.(li

,ov.harge when the spark length <it .)

While the three types "f curves whieh have been ilesoribed all inesrut ditlnviit

charaeteristics. it will' b.- sf^.n that ail aiv c.mHMfcl t.. spark ien-tiis nbovc :. nii.-ra.

and to spark potentials greater than ;!5(i vults.

Kauhaht has shown tiiat tbr spark lengths lielow .. niicra tlie spark jMUentials

again decrease as the spark lengths are shortened, uiitii finally the tw,. electrodes

eon-" together and direct electrical contact is established Throughout this lower

range ot>ark lengths his results also shou . for a series of pressuies. that the spark

potentials vary directly with the s[iark lengths.

Tliese e.xperinientarresults of K.Mill.MiT give an indication of the forms the curv.-s

in rig. '.) would have taken had the exj.erinients with the aj.paratus used in this

invertigation l)eeu e.vtended to the shorter set of spark lengths. Had this been done.

//V fOC XO *)« XO iM VO 100 mo lOfl

Pottn/lo/ Difference 'n fo/^

\\^ 10.

It IS l.i-hlv i-robable that the curves in rig. '.I, on reaching the a-nncra line. «ould

l,M\e foHowed courses iiueh as are indicated by the -lotted straight line in (!»•

ligtne.

On this \ieu it is of interest to examine the character of the pressure-spark

[H-tentiid curves that can W -bawn in Hg, H Ibr spark lengths shorter than ;>
micra,

vol., 11 1. \. •



j^K^MiHi.^'

42G Ml;. W. R. CAEl; ON THE LAWS (iOVERXIXG

It .s clear that a 1 these curves will lie hel,.v ,he 5-,„icra curve for every pressure
au.1 s„,ee a la. ot proportionality applies l.tween spark length and spark jLntial'at all pressures, a ,s easy to show that they fall off regularlv ,loJn to the .eropotenfal hue. The dotted lines .. /,, ,-. ,/, .hown in Hg. 8, indicate the relatte
positions ot these curv"'-.

iemint

In order to make a direct comparison l,etween EARHAnx's curves and those which
e have deduced, in hg 9. hy P.schk.V.s law. a series of each is repr,xluced in %. .0.

I., tins hgure, A, B, C, I), an.l E are drawn from the numlx^rs given in H^rh^kt'spaper and correspond to pressures of I.", centims.. 40 centiins., ,, .-..nd 3 atmospheres
respectively, while the dotted curves A'. B', (". I,' and E' are deduced from tii , f,„the pressures 15 centnns., 40 centims.. I atmosphere, 1000 nnllims. and ,20o nrilliins
respectively.

iniimi.v.

For the higher range ..- spark l.-ngtlis it will he seen that Eahhart's values areu,vai.. ,y larger than
, „se deduced lor the same pressures in ,:,is investigatio^

Ihis d.fleience is especially n.,t,ceahle in connection with the curves B ,n,d H' whichcorresp.nd to a pressure of 40 centims. With a .spark length .,f 0-, micra, tW, exampleIvVRHAHTS spark potential for this pre.s.sure is 025 volts, while that indieate.l hv hecurve B ,s hut 470 volts, a difference of ahout 25 per cent. This difference, however
IS exceptionally great, and e.xten.ls over a very limite.l range of spark lengths For
distances greater than loo micra. the values „f the .spark potentials do not ap.iear to

rter ly more than S or ,o per cent. It is evident, too, from EAKHARrs diLaam
tha an iri.gulanty exists in regar.l to his cm. e tor this pressure, as it doe« nortake
uj. the position one should expect from his curves tor higher an.l lower ,,ressuresA coinpanson of the curves corresponding to pn..ssuies of ,5 centims. ' and
1
a n.os^.here also shows that the average ditference hetween the spark j.otentials for..ch of these cur.es, over the higher range of spark lengths, does not'exceed 8 per ce tTins co„.stan diHerence in the two .sets of results m all prohaI,ilit^ is due. at least in

part. i. the ditference in the form of the electrodes used in the two investigations as
1.. h B.,u.K' and l>..sa,.Nl give results which s v that, tor spark len,H,s of this
oi^ei. the spark potentials ol„a!ned with spherical electrodes are In'everv case
cons,de,al,|y higher than those ol,taine,l when the electrodes ,.nv parallel plates'

V. hen spark lengths slightly greater than 5 micra are reached, Ka.m, m<t s curves
A. 13, ( and I hecome more nearly vertical, and indicate that over a considerahle
range of spark lengths the spark potenti.ds remain approximately constant It will
l.e seen, too, that the vertical porti f the curves hecomes short'er and shorter with
increasing pressures. un;.| Hnally, at . a.inospneres, curve K. it disappears alt,:^ether.

Ihe dclnced curves A i!
,

,
" al.so preseiu .some characteristic features om thesame range ot spark lengths. They each exhihit a ininimnm spark potential which isreached ,n ead, ..se a, appio.in.tely the spa, k length where ,l,e cLtancv of spark

' l;.VII.I,l:. •Aniwle.ilr chini

' I'A-i IIKS, W i,.(|. Ann.. ^,

'T). vol. l,'.'!. |,, .-,,11. l.s.sj

''i. |i. 71'. IsS'.i.
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potentials first appears in the correspnn.ling curves of Kahhaht. Tliese de.lnml

curves then indicate rMj-iiUv increasing spark potentials down to the 5-n.icra line. It

will he seen, too. that this feature of the curves extends over a nnge of spark lengths

which (lin.inishes with increasing pressures an<l tinnlly .lisjippears. as tlie curves 1>'

and E' show, when a pressure of 1000 millims. is reached.

It is evident also from fig. 8 that the potential-spark length curves for mU pressures

irreater than lOoOmillims. (which is the critical pres.sure for th<- pres.sure-potential

curve corresponding to .'> niicra) will he similar in form to D' and K'.

It thus appears that the two sets of curves, though dittering widely in forn. for the

lower range of pressures, vet ,.n.sent a resemhtance as higher pressures are selected

which he^omes more and more marke.l. This e:,n he s, very clearly from hg. 10.

wher° each of the curves I)' and F/ has practically the same forn, as the curve h

down to the a-n.icra line and shows no In.li.'ation ..f not followi.ig a course s,„Mlar

to E for spark lengths helow 5 micra.

The . iplanation of the vertical portion of EmuIAHI < curves seems evident. 'I he

results are ,n re.alitv precisely what one should expect t.. ohtain f..r low pressures

when electrodes other than parallel plates were .ise.l. Take, for example, a pressure ot

.^00 millims.. fig. 8, which is the critical pressure for a spa.k length of 10 nncra.

With i>arallel plates as electrodes, it is clear that the spark potential-spark lei,gth

enrve would consist of a straight li.ie do« n to a spark length of 10 micra, at wluch

diiitaiH'e the spark potential is .'i.iO volts, the mininuun spark potential for a gas u>uler

normal conditions. If th,. distance hetween the el..ctrodes is stilt furth.-r reduced,

the resistance oiVered l.v the yas increases and a potential .lilfer.^nc.^ higher than

;!.50 volts will he necessarv in order to ohtain discharge. At a pressureof 300 millims.,

therefore a .spark length of 10 micra is the one which otr,.,s least resistance. W ill,

spherical rlectrod.-s. ' fur all s,,aik lengths ahove 10 micra. the shmtest .listancr

l,..tween tiie el,.ctrod..s is that of h.ist resist.ince, and the discharge will take place

along this line. Hut when the shortest distance hrtvv.vn the spherical surfaces is less

than'i". hut greater than .i micra. this distance is no longi-r the one which olliis least

ivsistanc to the passa-o of (ho diseharge. and under th.-sr eiienm-tai s a lonuri
.

hul

I,.,. dith.Milt path will ho follovvod. TIh. pati, uhi<-h oth-is least lesiMancr is ,.|,.uly

,|„. ,„„ which e„nvs|„mds to th,. mlliimnin spark pot,-ntial. It follow., tl,on. that

while the shortest ,listaner hetwe,.n th,' el,-.-tro,h.s is ,h.Teas,.,l from Id |o . mi.-ra

and the ..as is kept at a pnssuiv of .'.oo millims. di-.-harue will alwavs ,.,.,.,ir with a

,..,„stant' spark potential of Xu) x„lts ainl will follow th- J-ath whirl, e,„ responds to

this ditferenre of potential. As F.Altll Alffs .-xp.'riaients weiv porform,',! with

,.le,Hro,h.s ,.ne of which w.as spherical ami th.' oth..v plane, the exi^lanatio,, will, in :,11

p,.„hal.ility, account for the laiigrs of ,.„nstant spark pol,.ntials. whi..h his ii'sults lor

ditferent pressures indicate.

Th,. explanation which has ju.st li..on gixen .•viih^nlly requires th.it tie' ..n.stant

spark pott-nti.d en,resp,m,ling to the vertical jiortions of KAluiAFn^ eurv-s sh„„l.l he

;; I -
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tl..- .s,^.ne, 350 volts, for all pressure. Hut it will U- s.-en that 1... .,l.taiu«l for
..e,s.su..e.s up to two atn,..,spl.e..eH, value, varyin, fro-u .,, to .70 volt Th

^;::;:;;>;:;::::::
''-'' "-^"' '^ -^ '-- -^ --^^y ^^ -^-- ^-e ^^:

The results which Earh.vrt obtained for .spark lengths shorter than 5 .nicra cannot
.-. a.^. way .-j^ect the validity of this explanation, for he has shown witho t Z b

j,'as under ordinaiy circumstances.
1

1
-* ' <•'"-

IX. .S/KO'/- P..tenh;<ls in DifTi-veui Gis<s.

In a paper on the cathode fidi of potential in gases. I,- Cap.p,..k,^^ an atten,pt h-.sU-en made to sl.-w that the cathode fdl in a con.pound gas is related to the th ^Is n. the ele.nenta.y gases of .hicl, it i. con.posed hv a sin.ple additiv LLx,.ernnens were n.ade w.tl, bydn^en, oxygen, nitrogen.' a„,n i. ...s all JZi.pour
_

11. results tho„gh not conclusive, were yet .,f sutticient height o ^the author
.,

the observation tha, the catho,le fall is approxin.atelv Tn, addit e.|..-t,ty and .s p.a..blv a property of the at.-n. n.tber tl 'Jhe niolecul :

"

_

Owing to the difficulties experienced by (•a...st,.k and others in overcon i^rthenuernutteuce of the cnrient in the case of compound ^.ses, the ertbit ^ 7Suuesfgatioi. to compound gas., other than those ment^.ned was abandon^; ^Muestmn up to the ju-esent time has remained unsettled
As alrea-b- pointed out in this paper, experimental evi.lence has l,een broughtor.-ard by .STH.rr to show that the minimum spark potential should be e^lItT.th,.le f.1 measured ,n the san.e gas. In view of this conclusion it seemed d s^ '.o^^nd the experiments descri..d in the Hist part of this paper to inch ; j !

IM tALslUK. Mea.surenient. were therefore carried out with the lases oxv^^enu lous oxide ydrogen sulphide, sulphur dioxide and acetvlene. A ^.i^u"
'

ue l^etween the results obtained with these ga.es and tho.se aire dv lecorde Mb
''^'';"f "

7''
"'' ''"^••'^'' '''" '"-'^^ "'-^--'1 -itl. all the .ases nsin ts,...k b-ngtl,. are reconled in Table V,,.. and curves corresponding t^ ,l,e',: ;,

tlie critical and lower j.ressnres are show,, in tj.- I I

'^

All tlie curves present the general characteiistic of a mininnnn spark p„tential

aitfuent ga.ses.
]

,e curves. ,„o, cut each other in re-;ular order and at the.-.t pressures then- relative arrangement wi,h .eg.,.,, ,.. Ha .,rdina is

: " e'::;:;;::*'
'"' '" ^'^^

' '- "" "" ->--- - * ^-i- -;aiMiM I ne CI I'ji'.il pressures.

UrsiieK. l;oy. .So,. IVo,..,' vol. t;:l. p. ;|.JC.
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;j ; 1

—

t-jH T

4 -".I

'I'lio v.-ilucs (if till- luiniinuin spark |>utciitials ol.tailifil in tltcsc csiMTiiii.-Mts

ilitrereiit i^ases are <;ivt'ii in the tollowinu tii''l''
:

—
Inr tin-

(!:is.
! .Minimum spiuk
' poteiilial ill mil-.

11. •>:k

1 1. 4.Vj

11 s III

C( 1 + l'.i

NO \]x

SO. I."i7

(11 k;,s

Owinu- ti. til.- ^Pff"'"' l"'twiti"ii'- tak.-ii IivStkitt- \« nlnaiii an a.TUi.il.. vain.-

r,„. tli.-'"'niiMiuunii s|Mik potential in nitr.-.,.n. nH-aMiinnnits wnv nnt takn, uuli

tliis ' A(ln]itinu- StiMTt's valilf of -Jal vnlls i;.i iiitro-vn. it will lif ^rni that,

witi, .,i.-f.\iviiti..n of nxyiifii. all the iniliinnnn spark potriitiaU i;i\.'n aliov,. nLi'V

•ui ail.litive law; that is.'if H'. N'. < »'. .•<:'.. ivpivsent tho spark potential ron^'anl

eorre.spo,ulin- to an atom of the i;-as,-s II,. N, < >;. .S:c.. respeetivrlv, th- niinin.rn,

spark potential for any eomiionn.l -as uhose formula is II .
X.

.
<)

.
\>:. vmH he

equal to .--H ' + vN' + -•'»' + >^t'.

If we assume the truth of tliis law and ealeulate IT. N. <
>'. &e.. Iron, the

,„i„iunuu ^lark potentials for H,,. N.,. ll>. SO,, anil ('( I, we timl :

H=i."'.'. N'=i-f;, (' = !iy. s'=i:!(i, o'=n;i,

* STRi'n-. ' riiil, rraiis.,' A. v"l, I'.i.t. |i. !.-"'.
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F.LKCTmC DISCHARr.ES TX (lASES AT LOW PKKSST^RES.

iUul if we us,, tlir^f valu..s t" calcuhil,' iU- ininiinum s|Mik iolfUlial^ lu llu iviuai

ini' "nst's, we obtnili :

c* i^

IT!

(i,i>

C 11

NO
468
418

<). I.-.5

Viiliic {ound liy
I

Ciiliiihiiod

exp«"iiim.'iit. Viiliiu.

171

:;_' 1

|'|„. ,i.'ie.-iiient l.ftue,Mi the ol.sene.l and ealeulated v alius H.r r;a-h ut tl.e -mm-.

N.Oai.HMI. is v.TV inarked, and Is a stn.>,- rv Id.-iav ll.at tlie addit ivv law holds.

Tl",.' nnly .-as., ill wliioli iheiv is any serious chmTrnrr iHtue.Mi \Uv ohscrvd and ihr

ralruhu'.d valr.s i. .!,at . i ,,x_v-rM. .I'ld-in- that tliis dis,.re|.ancv n,i-hl !"• duo t..

i,„|,„,ities. tln.-e s|„.,.inans..r this -as we,v |„v,.aM..I hv i„de|...ndrnt u,.-thods. It

Nvas ,avi,aiv,l in turn hv .-Ircl n.lysis. hv h.-atin- |,ol:,ssiun, |H-nnan-anate. and hv

hfalin^' a mixture of p.tassimn chl.aate and n,an-an,.s,. ,li,.xid.'. In every casr tla-

..as was lauiticl hv iK'in-- l.ass,..! throu-h a mix.'d concent rat...! s,,lution nl

potassium io<lid.' an.i caustic potash and ihrou-li cnccut rate.l sulphuric acid. It

was also car..fullv dried ir, the usual way. It will he Mcn iVon, Tahlr VII. that th-

thlce sets of readings pr.aeticallv coincide at e\ery |,res.surc, and. since it i- not

possihle that the same impurity couM he prcM.nt in each of these -specimens to th,-

same degree, it does not scni reasonahle that the irre-ul.'irity in oxv-en .-otdd he

traced to iiupurities arising from any lack of pre.-iut^o, in the preparation of the

""uses.

It is well klioun. Icw.'ver. that when .,l, electric di-chalge is passed thn.Ugh

oxygen, a cousid..rahl.. <piantity of ../.one is pr .duced. It Is in fi.l hy il,,s ineth..d

tlmt''u/!one in its purest Ihrn^ can he ..htain.-d. It is highly prohahle. then, that

after th.' hrst chscharge had pas^.-d hetween the el.'ctio.les. in the experiments ,„,

nxyc-en.a considerahl.' percentage of ,,/.,. n,' ^^a- pie^'ut in the g,-,s. and it ni.ay he that

the"discrep,an.w noted ahove i. <hie f. thi^ .au-e. The experimental Nahie of

I.,,-, \oUs found lor ..xygei, -•ems t,. h,.ai out this chlsi..ii, f.r. .iMaihing tic

value of 161 volts I,, the at..m of ,,xvgvn. ^^'' gel hv additi..i, \>-\ "'U- ^'- the calcu-

lated value yA' the minimtim spark potential f .l' o/.,,|,e. Tl,.' dilfen-n.-e hetueen the

two values is hut -26 volts, and a.ssuming that the dis,.|,arg,- ..ccurs ini<, ,.:,. through

the dis.sociation of ,,/. rathe-r than of oxyg. n, the result is n.,t in ..pp..s,iH,n to the

ad.litive law which has hecn shown to hold f..r the ..ther g.s..^ This ].,,-. inthienoe

,,f a small amount ..f a denser gas u la-n nii.xcl uitl. .me I. 'ss den.se is m ar.ord with

the results ohtained hv previous experimenters. f..r \V.\iiin la.
"
aid <Mvn.ix' in

their experiments on the cathcle fall, and Sikitt; in his expenmen. .n the

• W.Mua i;e. Wio.l. .Vnn..' v..l. .;i. |..
.")1.").

1 (.'.visiicK. Uuy. S.ii'. I'i. .(-.,' i"l. I'.-i. p- ill".

s,,,, , , . I'l,;!. T.;i!!-.. A >.! 1''^; p '•^'-
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"""innm. s,M,k ,,ote.,tial. Con,,,! tliMt m v.ry sMmll p.vc-uUv^, „f oxv^hm, inpre.seH
tlu-.r v.,iues (.., nitrojre,, l,v „„ M,no„„t „„, ..f all |.r,),,,„ti.,n to tla' ,|M;mtitv nf the
(Ifiiscr gas ])res('ht.

Thr cal..ulMle.,l valiK-s for th- i„inl,„u.M «j,ark pott-ntial in uatei' va|,o,>, ai„l In
••"".iinina a,,. I.i;, v.,hs an.1 .-.4:] ^„lts respectivvly. an.l the valu,..s fonn.l hv Cmstick
'"'*'"'''* ''*'"

'" these -ases an- respect ivelv 1.;!. an.l .".H-J volts '

Wj,,'!, ue
'-nsMh.r that the values 1„ tl,.. one cas. are ealenlate,! fron, the measurements .Ma.le
"M one etfeet, ulnle the values in the s..,.on,l ease are the ,lire,-t experimental results
'nanentu-elv.hrt;.r,.nt etUvt, this nparalivelv elose aureen,ent not onlv forms ,

"".'': ''""^" ^'>^nnrr> , ,luMons. hut also l,.n.ls support to ,1,.. .i.w ,l,at the
nnnunum spark potential has to

, ;„ with the aton,s .ather than t he mokrules oC a
-^7 ' '" '''-t'''"">"-'l- i" '>"} -l-'-ial ease h,v the applieation of a simple ad.jilive hnv

In tlnseonneetion It luayl,,. n,entloned that the value found hv SriitTT* thr the
'•atho,le fall in the mouatonue ,^a. ar^on. Mir xoltv eorrespon,ls Vrrv eloselv with
.he eonst^.nts winch we have asenhe,! to the at,.n.s of ,he various j^ases n,entione.l
nl..ve. Ills value, -'C, v„lts. for the n.onato.uic j;a« h.-lium, however, is cousiderahlv
liir^'er than any of tlie atomic constants we lia\e deduced.

In j.eHhrmin- the«e experiments, all or.linary precautions were taken to ensure the
punty of the irases. The nitrous oxide was prepare.] hv heatiu- anuuonium nitrate
iM a tiask. an.l th.. -as «as ..ojl.vte.l ,.ver «ater. hut was »vll .Irie.I with phosphor.-us
peut..x„le l„.t..r.. Uan. pass,.! int.. the ,lis,d^u-,. tuhe. Th.. sulplnu- ,li.,xi.le was
prepar.^.] Iron, ..opp,,- an.l sulphuric aci.l. In or.ler t.. purifv it the h.^tt-r th. ..'as

was dne.l an.l th.n li.p.elie.l. it was further ,lri,.,l hv In^inj; ,,,,s.s,.,l tln-.m-l? a
ph..sph..ric i.emt..xi.le tulH' helore reaching th.. .li.seharj,'.. a|,paratus,

.V.vtylen.. «as ..htaine.l in th,. Usual u,,v hv the act!.,n ..f water .m ,.al..iuni
'ail'i'le. .-.n.l uas ,.ar..fullv

,
Irie.I with sulphuric aci.l a n,l phosphoric p..nt..xi.l..

Hv. r.,u..n suiphHl.. wa. pu.pare.l i., a Kipp apparatus fr Urnr sulphid.. an.l
sulphuric a..,.l. It was .lowly l,nhhl,.,l thr.a.uh uash-lH,ttl,.s of u ,,.r ,.,n.l then
..aielully .Iri.-.l in th.. u^ual wav.

ln..v..rvcas... as m th.. ..arly part .,f th.. ..xper .nts. tl... n-as ,.. .,| i„ ,|„,
dis,.ha,:;,. ,.haiah..r in th.. p.vs.. ,,f phospl„,ri.. p..nt. .xi,]- |o, several hours l,..(i,r..

any r..a.lin;;s wer.. taken.

X. S'lllllU'lri/ (if' h't\<:tl/ty,

'
The la« p'vernin^' d-'dri.. .iivhar^-s U-t^e-li parallel plates in a uniform Held

in anv -as. |,„ pn.s.ur.s at an.l U.|o„ ,1 ,iti,...l pt.-.s v is that uhi,.h I'.s.hkn
'"'""' '•' ''"''I ""•' 'I'lM.ri.al ..l..,.t,....les for |,i.|, j.n.Hsm.s. vi/... that with a -iv..,,
^parkp.,t..ut,al. th.. pr..ssu,.. at u hi,.h ,lis,.ha,.-.. oc-ur. is inv..,.vlv pr..p.,rti..m,l f
lh< .li»*lalice het^eeii th.. e|i,'..tro.]..s.

Snn n. I'l.ii, Ma-, M„i.ii. imituu.

Ml
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2. Tlie vahu's of tlit- spark jjiiti'iitials arc imt intlncnccil at any |irt'ssiiri' Ky tin- -•]/.

of tlif electrodes, provided the disphai'j;e takes place in a \inifoiiii tield.

if. I'lati'S of ii'oii. zinc, alinniuiuni, aiul brass were in tinn used as i-li-ctr^ules. Imt

the inatei'ial <nit of which the electrodes were made was not loiiiiil to athvi the

values of the spark ))oteiLtials at any pressure.

4. When the discharife was coin)ielled to pass in a unifoim tield liiMueeii paialltl

plates the luiniinuin sjiark potential in any LCas was found to hi' ;i physii-.d I'onslant

for that yas, heinj;' iialependeiit of the pressure and of the distance hetucon the

electrodes.

Evidence has lieen adduced u hich nnlicates that l'.\sriii:N ,\u-a\.\, t.

dischariies in a unifoiin tield hetween parallel plates a- lonu' as tin- distanco hot wren

the electrodes is ijieater than the diainetei of the sphere o|' niolecul;ii .let ion.

f.. The iniMilninn S]iark |iolential has lieeii shown to \;iiy \\ith dilhieht -ases.

Till' results ohtained with a lalue nuinhel of i-leini-ntaiy and eonipound L;a>es sh"U

that the niininmni spark |iotential is a propertv o|' the atom rather than the

molecule, and that t'or any selected _i;as it may lie ealcul.itni hy the iipplic.ition ot' ;i

simple additive lau

.

In conclusion. 1 iK.'sire to thank I'lcsidout {..tii don toi the kindly inti-rest he lia-,

alvxavs shown in mv uivrk liv placing' at my dis|)osal every fa<-illty the lalioiatory

atlorded.

'i'o Dr. .1. (,". Mi'Li;nn.\n, ^iKo, undn whose inunediate supervision these e\]ieri

lin-nts were carried out, 1 .im deejilv indehted toi \idued assistaia.'e. I i-annot

adeipiatelv express iiuw luiicii I owo to his encourau'einent and ad\ ice.

Vl)l.. 111. —A. .1 1^
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