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On an Improvement i„ ty .,/,,,,,,/ l>H.n.n,.,„
, ,/,

By H. S. FiKrufEM i:ii, Is.a.Sc.
(Communlca.,., by Prore.,or j. c M.,.,

''

Royal
opark discharge in i/aso- i,,.. i

;«ted ..peeia,,, thro;; ^ ZX' ;^-
>*'-- ,'- '-n a.u,„;'

f^rr/ an.l othen,, the general I„u
l'««chen,i JWe.^ strutt'

'" ^ ;u„y estabu'ahJ f:r;fderknr;"'"'^
^"'''' '^'-'""^'' '-- --

-nd ha« been .hewn by thi« intl-L/ " "!'"'" ""'"''^ ''^' '''"'^'^"•i =

explanation on the baaL o t e"hZ "J'
"., 'V'' "' * ^^^^ "-?'«

0/ the different pha«e« o ^ ^ ,?"""' ''^ ^''^"'' '<»>«•

^'udied. that dealing wit .th t "'",' ''''"^'""'^'' «'"^'' '"'v.' b..n

d;-hargeHinga..afdr; enf;^::"t T"'^^'
^" P^"-^"™ «P"^

"tention.
pres8ur«, i,a, heen p,v,„ the mo.t nareful

"-e-os aB the pre.uro i :' :
^' ^'"^

^changes in the sparking no.onf7 T "'' " ''''>• that the

^ changes in th^ pr^'urTo L"! "'"f f^""'^ P^-'P"'^''-'
{"••'s^ure in the gas is «' 1 ,

^?' ""'^ ^""'^r that as the
tentials ultin^ateirre^h'TTir ' """'^''"' "^ 'P-'^-.- P-
r^-re which vLr w^th the 7. """' '' « •-"'- -Heal
t"er diminution in t^e pTl e isTwa

°' ''' '''^"^'^^- ^'-
;;-ase in the magnitudeTtI \partnT "^^TP^'^' '' '' ^"P'^^ -
Mween the spark potentials and he ; Lrr™^ '^^ -"""nship
«tely worked out by Carr floc cT\Z 7 " ""^ '"' **•*" "'"bor-
"ther gases with different^ .park 1^ ^*'" ''''"" "''•-'^

^^Tioal of his results and whil HuS ;>
'", ' ''""" ^''"'^'' -

tl-e conditions is shewn in Fig m '"" "' ''''^'^''"^^ «"^er

-ai^;":XT;^1irr:;:xr7^ ^-- >-- ^^
'^^^^ertaining by trial the voU^Jitu ::":;'^r^' -"^

^ "om sf II storage cells

"Townsend, Phil, Phil Mac ff\ r ',

Fl

%
'



4 ll<»V \I. *)CIETY <JF CANADA

or oihoT Qi\\ui\\y sti^ady f(iwrci'!> of (Mitcntial, ttliidi would be just pi l!i

>-.jcnt to jiroduct) (iiHcliarxf.

The well known phcrioi'iciion of ih lay in tlio pa«SBi*o of nar i!

(llPcrnrfro", wliirh linr> bfon invent iijHicil iit Ini^ftli by Wiirbiiij;' and wln'

ii" esppfiallv marked in tl iiiM^hboiiiliood of tin' iritinil prwuures vl.i

(lipcharjfps are frequently not oltlairicd until ton or tifteen minutes ufi'

the application of tlif reipiiyiio voltn;:>', rcndtTH the process of takin.-

readinjjs an cxcco<linjily hiboricnir' hiuI Icilious one.

The writer who iiad rcitiiliy occa-iini to ..litain sucii expcrimt'iii.i,

curves during an examination of the s(iark potentialK in different nuliii

found that they may he obtained with cntniiarative case and witii a gnat

reduction in time if the ordinary pi-oceijun' in- ri'versed and the npark

ing potentials ascertained hv lnuiTini,' the pres'iiire until the appli- :

potential will ju«t ceaw to produce di^harpe instead of keeping tin

prewure conftant and increasi'n;? the applied potential until it is ju-:

sufficient to break down tlie gas.

The following paper contains a short description of fhe manner p

which the method was ppplied together with a few of tne results "b

taincd with discharges in air and liydrogon.

II.

—

Apjiaratus and Method.

The form of the discharge chanihe^ u.ed in the experiments i-

similar o that adopted in Carr's investigation, and is shewn in Fig. I

Tbo electrodes c,d, were supported by ebonite plugs and were krpi

separated by a di»c of el)onite provided with small openings .whi.'

permitted free communication between the air in the sparking space i:

and the leading tubes A and B. The electrodes c and d were lioll.rv

metallic boxes pro 'dod with inlet and egress tubes for the passage .if

heated liquids and weru designed for the purpose of studying the reiati.n

borne by ihe sparking pnterHnls to the temperature (>f tiie electrode^.

The exhaustions were .ade by means of a Toepler-Hagan mereiin

pump attaclied to ihe apnarattis. and the pressures were determined from

the readings of a ^IcLeod pie?sure gau„o.

iWaiburB, Ann. de Phya. Vol. 62, p. 385.

* ^



^ne of the elcctro.l,., c «,u. j.,i,„.,l i,. ,
,

'"
"*''"' "'"f'"^'-''

He.tro«,a.... voi,„K.,.., .1,,....;:; ';:;',; —"<'';;'-....... .,r ,o „„

« bye-p,... k.,v. Tl„. p,„.,,„,| :.,,..,:
^'';" '"""'"V -arth..! tl,ro,„.|,

'•
* ' "'" "l.tain...! fn.,„ „

storage battery protecU'd with „ wntor or .vl .1
•

»
"IS then applied to the electroWn/ I ^.

''^'^^"^e in circuit.

If no discharge occur^^^.l a^ I^^^
""" "'^''' '"'"•^""""

*<> ^ broke,,.

eie..trostafi,- vol,,,,,,,,, „,,.,;,.

'"" '''"'"""" "' t'"- oWtron'otor or

r

By folioHiiif; I his ,„(.th,M] a -,

«ith the air at different pressures * -

^^I'art. The values of th,-,. potcM!,
pressures and a cur\e to illustral.-

t

Iwest sparking potential, ,t will be.

;>out 2.3 mm. of mercury and amount '

tial, (and in fact all the potentials for tl

I'aik potentials was obtained
the olectrodes were 3.3 mm.
itT with their corresponding

' "l'^^^-"'" in Fig. HI. The
'bt. .; ..,t ;, .ossure of

"^
<. 'i ru"! poten-

' "°'' investi-
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gitUNl With Air), WW lomewhat high. th«n tiie number obtained by Cuti

unilvr (imilar conditiunn. '' is discrt-puncy, however, wa» fonisi'-ml iu

bi! duo U> diflFereucvn in thu air in thu twu Hvta of ni««»urfiiifiiu. hi

LurrV meanurenientd lare wan tuki'ii to htt\o the air both dean ami .In

but in Uie prcw-nt exjierinKTitu no particul. stops wcro tiiken to clfun

and dry the air in which the oparkH took plac\ After taking thu duu-

urenicnta in air the uoparatui wan thoroughly washed out with pure iiihl

dry h>ilrogen and ii sc<'ond Bet of upark potentials tjiken for difTenn!

presiures in thii gan. Tlie reaultii im „'ivon in th° Table in Fig. IV an I

A curve iliuitrating them in ithcwn in the Kame figure. Thin rurvn a-

well Hfi the reaults which it reprcwntf, in practically identical with tluii

deduced by Pawhen'n liP* from Tiirr'.* niiniherK, ami in view of tln-

ngreement it wa» o' ' 'ded that all Ihc conditiontt of the experimint

were suitable for mi.K.ig a te«t of the modification in the method ..i

proceilure referred to nl»ove.

The manner in which the miMlifli'ation wbh applie«l in illustrgt>'<l

by diagram IT in Fig. II.

A.= tlip diagram plicw.s, one terminal of the battery of Btoragc cfll-

^v!l^: joined to earth and the other to the junction of a divided circuit.

(^ne of the branches of the divided circuit led to the terminal of iin

electrostatic voltmeter which accordingly gave the voltage of the cells.

The other branch of the circuit included a high reading Weston voltnutir

popficsping a resistance of 65,0o0 ohms, a Weston milliammeter, and tin'

bpark gap.

In making the measurements the voltage from the battery was fir=t

applied to the circuit and then the pressure in the discharge chanilii r

was reduced until discharge orcMirrcl. When this happened the pas^iiL'p

of the current was indicnt<'d by both the Weston milliammeter and ttio

Weston voltmeter and the reading r.n the electrostatic voltmeter gave t!ie

potential? at the terminals A and T5 of the discharge chamber circuit.

Care was always taken by altering th number of cells in tin*

battery, as required, to see that the electrostatic voltmeter readimj=

remained constant over the whole range of pressures.
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'"t owing to a .|..r..r..n..- ,„ .ho tn.,.. I v , .

'"" "" """""'^•

»I.Pn KcuTicy wan m|uir,.,|.
" "'"' "'" '"'''""l^r

In makinjf th,. ..l.s,.rvtt(i„tM « vnltai:.. -,ill!,.i. .,.K !• i

'i-^harge to take p),...,. wa. f.rst n,,.l | „
' " '" '"""^' "

.oadingon th. Mcl^o.l gau«..

"'"^' "'""' '^ "'" com.,..,n.i,nK

a »uu volt., and tho ^Hr,.,u« .nm-nt „,„l |„,sM>ro reading. . ,-.

Illustrating these readings are also .hewn in Fig X

,ni, drop m the cutrcnl inJic.W „r „,„,„ ,|,„ ,t. ,^i,,„„ „,X
"f the ciiviiit Bn=r. / .1 .

'""'^^'^- ^- ihe c-mrtuetiv h-

Ire,.,LS T'' '""" «« "l'"k W rem.i,«, oon.l.m to, dl

1 . Z;LLT '" ""' '"'"""" "' "" "I' •"« """'"" «eeo„„.„irf

^^f^i
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["EBHELLKB] TO UKTERMIXK MI.MMUM SPARK POTKXTIAUS e

ca.v t^r/''' iT"
'^ "" '"'''"* '""'^ ^°^ ""^' ''"f"^"t volta^^n., it is

.,11,
"'' the pressures corresponding to .oro currents. These zerocurrent pressure for the different potentials are collected and g .„ incolunin I of Table II, and in column HI of th. same table tit. nakpotentials as deduced from the experi„,ental curve in Fi. ,

,
'

re'given. Irom a comparison of the pressures in column I w th t Xcolumn Iint will be s^n that the numbers are prncticall h amhich goes to show that the n.odification here outlined for dKenniZ:.parking potentials ,s equally reliable with that for„,erlv follow.^ Tl,:
c nef advantage possessed by this method over that formerly u.=e<l is thathe spark potentials are obtained by following the variations in a perf, cUy.efi^ite phenomenon namely the strength of the current passin/throu^h
<l.e discharge chamber, whereas with the older method, the in^.rmat onsought for was obtained by a series of slow and tedious trials wi Jpotentials extending over a range whose limit, were gradually broughtMore and more together. ^ "'ou{,ni

TABLE II

Htdrogbn

From conductivity curves
Fig. 4

Pressure for
Minimum

conductivity

1.85

1.78

1.68

1.3

1.1

From spark potential curve
Fig. 4

Applied K. M. F.
or .spark

potential
(volts)

400

5m

600

700

900

Pressure in

mm. niercurv

1.8

1.6

1.5

1.3

1.1

From the preceding description it is obvious that the gradual
'hminut.on of the pressure in the discharge chamber when the currentwas passmg could only lead to the determination of spark potentials
^>Inch he on that branch of the curve in Fig. Ill below the critical
pressure.

The spark potentials corresponding to pressures above the .riti.al
pressure may, however, be ascertained by the same method if a -a< l„.
admitted instead of withdrawn from the discharge chamber whe'n the
"irrent is passing. Such a procedure was adopted in the ea.^e of hvdro,.>n
in the present enquiry for the potentials 350 and 400 volts The various
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readings taken are recorded in Table 111 and curves drawn from them

are showB in Fig. VI. From these eur\'e8 it will Ik; seen that fox 350 vult~

the zero-current pressure in the upper range is S.'i'i mm. of mercury

and for 400 volts 11.1 mms. of mercury. Tliose pressures are practically

ihe same a-s those which may ho dedurod from the e.vperimental curve iii

Fig. Ill, and it follows therefore that the iiicthod i? applicable to th.

determination of spark pot*'ntials in any gas in the range above as w.
'

as in that below the critiral pressure.

TABLE III

AppUed E. M. F.

Pressure
Millims mercury

400 volts

Conductivity
Vohlll' ll

T

indic.it lulls

1.8 I)

2.0 .-it)

2.45 r,.-)

2.77 .50

3.11 75

3.77 83

4.60 90

5.77 95

7.11 95

7.88 88

8.88 ; 83

9..')5
1

80

10.3 30

11.1

Applied E. .M. F. 350 volts

Prps.surc

MiMims
inorcurv

Conductivity
Voltmeter
indications

2.11

2 44 5

3 10

3.22 15

4 U 35

4.77 45

5-14 3S

6. 88 38

7.33 40

7. (it; 45

8.2 18

8.22



[riBRHELLER] TO DETERMINE MINIMUM SPARK POTENTIALS „
In the experiments whirl, have been describe.! all the exhau.imns

:;Z^
b, openin, „ tap in a tube ,ea„in« to a .„p,.,y of

The intro,hu.tion into the laboratory of a Oae.le ...xbanstinR airi.nmp dunn^ the .nve.tip„ion. however. su..es.e,I at „„.. the s,.,,e ,r t

or tlie present investigation.
i i '

For with this pump the gas eo,,!,] „ot only be ,,.silv and rapidlvwithdrawn from the diseharge ehan.ber but it eo.ild al-obv a n.ver''u
". the pump « action be just as ea.ily and with full ,,„„n,l he a„ai'„admitted back into the chamber.

-

TABLE IV

Above Critical Pressure

Pressure in mm.

Current in

amperes xlO-3
V. M. readings

Res. ofVTM.

2.45

4.1

8.9

P. D. across
spark gap

335

330

325

.Minimum
spiirking

potential

380

Below critical pressure

375

450 350

485

520

560

500

A point of special interest in connection with the present inve.tiga-
n-n IS the confirmation it affords of some conclusions drawn bv Mr JA. Hro«-B ' from his measurements on the potential n.,|„ircd to ,„aintain
a enrrent in a gas. With the arrangement described above the difference
fHtween the Weston voltmete- reading r.nd that of the elc>ctro.tatic volt-uter for a selected current gave » measure of the corr,.-p..„dincr

> Brown. Ph|I. Majr.. Sept., 1906.
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I)otcntiiil (tn>p in the iKilaiur "( the ciiciiil which iiulii.h'il ihc niilli;iiM

iiictcr, tlic connect injr wircJ. aiiil the ^piuk 'm\]<. As the rcsi-tiincc I'l' l
.

cniiiicctin^' wiics mill «f the niilliiiiimietei' \vi\- miiiil the cln.j) ii

]-rt<'ntiiil r(irres])(Mi(liiv;-' tn tlie-e wonli! he tieL'liLrihh'. »v.'\ cnti-e(|'ieni';
.

the (lifTeivnces in the |)nteiiti:il i-i'iKlin','-; nieiitioiMMl wmilil icpre-ent I'l'

Iiotential rc(|iiireil to niaititiiin the ciincnt >ch'cteil in the sjnirk kiiil

A few rcsiilts Iwiirinf; on tlii- ))oiiit hiive lieeii eiih\ihiteil I'roin !'

inrasnrrnionts of this invent iu'it ion iind iire ci>!leile(l in 'I'^ihh' I\ .

Tlip first of tiicse rorrcsiionds |o ii pve->iire of :i mm. in the ili-r'nr -

(hiiini)!'!- and two others to prcs-iirc- of I." ami "3 ^nm^. re-peifivelv.

As tlic critical pressure in hydroijen witii a spark ,i,'ap of ^.'-'i hum

was I)et'-een .'i anil 4 mm. of mercnrv, the llvst of the pre-'^nrcs si.h.i;,-,l

was therefore in the ro;;ion below and the oilier two [.. the re,;:ri'^" ah.>v,'

the critical prosstirc.

Colinnn I of 'Pahlo IV contains the pressures, ("'oliinin 11 !'"•

coiTes])nndin;; s]iarkin<: potentials, ccdumn III current i-eadin,?s dednc'l

from the Weston voltmeter roadinirj. nnd (Vdnmn IV tlie oh^er\ei

potential dill'erences whicli were I'ound to maintain !he currents Ik'Iwcv"

the electrodes in the s]iark iz:i]i rccordi^d in the tali!e.

From the . (imlx'rs u'iven it will he ^een that in tlie region abf\e

the critical pressure a sli^'ht fall occurred in the jxifential hetwem •-

oleitrndos when the current increased. In the re,i,'ion of pressures \v\«k

the critical one. however, the opposite occurred, and the hiiu'er c'.i'u !

intensities reipiirei! the bifrher potential dilTerence- to maintain them.

These results are in keepinjj with tho~e rd' Mr. r.rown. who :'..im i

that above the critical pressure the potential reipiired to maintain •

current dropped below the sparkin!^ potential and tended toward- ;i

limiting value wbitdi ajtjH'ared to be indejiendent of the current, whi'''

below the critical pre-^ure the maintnininir potential ro^e more or !--

rapidly above the sparking potential as the current increased in intcn^itv

In conclusion it is my pleasure to thank ^rofes^,,l• .T. C. McT.eiinnn

for his kindlv interest and valuable advicc> tlinnitrliout the investitrnt--!'




