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Co0.RIBMUIOI ?o T" PRO•IEM OF* H•V TF!CT 0 THE AMOSPflB

ON TRE RADIATION OF AN A.C DISCHARGE (2nd Instadlfent)

by

0. P. Semoenova and X. V. Petrova

An analysis of the causes which bring about a change in the character

of the spectrum In a weak-current arc vwth a rhange In the atmospherewar-

rants one's asesumng thht the redistribution of the intensity In the spec-

trum of atoms coina. from electrodes when there is a chanage from air to in-

ert gas. Is producad by the change in tho concentration of these atoms and

the temperature of the arc discharge T(r). The aifference In T(rt

with the substitution of gas Is connected with the chance in concentration

of easily ionized atoms coming from the electrodes, of the effective scat-

tering of electrons by the arc gas. and in the case of a molecular gas, of

its dissociation (see report I f-1J).

This project is undertaken for the purpose of raking a confrontation

of the radiation, the entering of the vapors of the electrodes (of the wear

of the electrodes durine a determined time of the burning of the dischargeJ

and of the external form of the arc discharges between the metallic and the

carbon electrodes in an atmosphere of argon, air, and nitrogen, under iden-

tical pressure, and nitrogen and air with lowered pressure (VjAr z 15.756 ov,

Vj1; •2 15.58 ev). It has been proposed that in an arc discharge between

metallic electrodes In Ar and in nitrogen with lowered pressure, correspond-

ing to t he equalizing of the entering of vapors into Ar and 12 and of ef-

fective sections of scattering of electrons by an arc gas It Is possible

to obtain spectra close as to the Intensity and character of the radiation.

In a discharge between carbon electrodes in the air and nitrogen, the tem-

peratures attributable to Tjc -o ViM are sufficient for the development of
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the trocesses of dissociation, due to which the %soerhr*ce of a close in-

flow of wa.oro of the electrodes msy prove to be insufficient for obtsin-

Ing a similftrity of spectra in N2 knd Ar.

For the Investigation there was used the vacuum arc described by us

earlier L-2_1. Before fil'ing with Ar or N2 the vacuum arc whos pumped ut

to a .ressureclO" 2 .m 11g column, .nd aft r-wirds ws flushed with Ar or

NZ. respectively. In the work rure Ar was used containing an IrsLirnIfi-

cant admixture of nItro.en (0.23) ;nd ox.ý,en fO.r5i). The spectra were

obtained with the iid of tha spectrorr-,hs ISP-2 -.ndq iSP-51 .nd the camera

UF-64. The arc dlscharzes between t..e metU.l' Ic srn carbon electrodes were

researched at a current strength of 9 amp. The distance between the elec-

trodes whs about 4 sm. For stabilizaticn of the arc discharee the cathode

was sharpened to a cone.

1. Discharge between Metallic Electrodes

I 71g. I there are presented the srectra of an arc discharge between

Iron electrodes In the'air with a pressure of 60 cm Fe column. in nitrogen

with a preksere of 60, 20, and 2 cm Er column. and In areca wits -. presLure

of 60 cm Er column. Let us note that in all the listed spectra there

is absent the radiation of the htmosphere itself in which the disch-.rze

takes Dlace. Knd In the spectrum there is only present rhdiation of the

vapors of Iron. An exception is conesttuted by the spectram of the arc

between iron electrodes In N]2 with a tressure of 2 cm Hg column, in which

there are present 21 of the band NB corresponding to &V = 0, J360 and"n "•i •oerr

3170 A hnd reposedJ f the band N, A (AV• 0). These bands

prove to be the brightest ones of the system of bands of IM End N2. The

Identification s" the *of the bands was done on the basis of Peire.

and Edon's monograph .
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In the confrontation of the spectra in Fig. 1 we see the following.

A replacins of the air by nitrogen with 60 cm pressure a& reudy bring* about

f change in the character o. the spectruu--the s-ectruz beco-es more spart-

LiarO. A still Pore sparklle chtrhccter Is displayed by the spectrum, of Te

in 12 at 20 ca Hg column. .T.e o.ectra of re in Ar at 60 cm and in rltro-

cen at 2 cc He. column are very similar to eack other and there is sharply

7e.y,T~rsed the so.rklike charac'er as compared Ath the veectrI, in air and

ritrogren at 60 cm .g column. For .llugmtration of the &.aracter o' *he spec-

trus above there are noted some groupings cnc separate lines of Te II: be-

low by dots there hre noted somre lines of Te I located in tre short-weve

pVirt of he r.ectrts. As the result of h careful ýnalysis of the spectra

of Fe in Ar "nd NJi with a preesure of 60 cm hnd in 92 wi'h a pressure of

2 cc it has been established th-at there takes place not only an external

conver•ence of the spectra at 60 cm in 1.. at 2 cm, but alio the intentities

of the individusl spectra) lineF in the conTared e.ectra were :lose to

each other.

Particular attention was given to the evaluation of the relaeion+a.lli

of the ionic lines of Fe in the s'ctr•, of the arc in Ar in which ore

could see reflected the selective am-.lifi~ation through Imrrcts of the 2nd

kind with excited atoms of Ar, and also with ions of Ar in fulfilline the

resonance conditions (V4 -I- Fa)*e-,-eaAr or VjAr. AmoLg the lines of Te

in the region 3,303-2.260 1 with energy of excitation Ea in the Interval

12,71-l1•,6 ev there are lines for which (Vj4-Za)p find themselves in

good resonance with Za of the excited levels of Ar loca'ed in the.intervs.1

12.9--1.•7? ev or clote to TJAr. It bas been established that in the arc

of Fie electrodes in argon there is no slective amnlification of the ion

lines of Ie reo9tting from Impacts of the second kind with atoms or ions of Ar.
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'he confrcntation of a

large number of s-ectra of arcs
.a

-• bet.een Fe electrcder in Ar

I • .at 0 cm and In 12 at 2 cu

.0
o -"D•I sihows that the reneral inter,

C ,//. sity .nd chfirr,cler d theee

* . * ~ spectra chanc~es from spectrum

Not . to T~ectr'.i, w.ereatu the .rec-lx, -,

M r trh in N21 it, 2 cm can be

Li" -brighter anc veweker hs con-

"ar•-d with tho electra in Ar

_S N at 60 cm. 'he same c r, be

soid aluo about the dl.aracter

L" -- '- L" f of there tpectra--in individ-

- '_I i1V&nces there occuirp a

"7 ff . more sra•ralilre cýaracter of

L -- ,SAthe tpectrum in the arc In

N..2 at 2 cr. In otr..rs on

X the contrary, it is mcre.0 -4 are like.

V . than in the Epectrum

' of the arc In Ar at 60 ca.

.N c- r ,l u Spectra in Ar at 60 cm and In

v~ *" ik 1J N2 ttat are close in Intensity

and character were obtained by

'is not only at 2 em in N2, but in a certain not very large Interval around

2 cm, approzivately from 0.6 to 3--4 cm Hg colutm. This points to the great

significance for the assuring of the converrence of Srectra of the passing
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of va.ors of T from the electrodes into the space between the electrodes.

which "ivusys fluctuates.

For confrontation of t0e chttees in the chiracter of the spectra with a

change of atroctrere ind chanee in the ccncert ration of atoms .pasbin" fror

the electrodes in the discharge a verification was rade of the chftnee in the

dellbt o. the electrodes during a cert:iin arount of tine of the existence c

the dischare. In table 1 there are 7reser.ted the ret.ultt of the ewdlukL.on

of the lobse! of the electrodes, seprhtely for knode is.d cathode, errressed

in milligrams eor minute during the burr.inr of the arc in ar, N2, ,nd air.

The data wresented rerresent the averkre vhlues from ten deterr~inations.

In the table there are shown the differer(es of the potentills in volts on

the electrodes of the arc.

Ta b e 1

N: , •,;W -34 11.2 { 14.5•

., y (Sir) . ,o: .437.9 1 1.

In table 1 we see that t.'e repi acirg of air by nitrtgedc with, the smee

pressure of 60 cm brings about a reduction in the loss of weight in the elec-

trodes, especially of the anode. Wit.h the decrease in the •ressure of the

nitrogen the loss in weight of the electrodes drocs, and vith a nitrogen pres•-

sure~ of 2 cn in becomes close to the loss in weight of the electrodes in arg~on.

Let us note that besides the arc in the air we alvuys had a greater wear of

the cathode than of the anode, which, o wvarently, is connected with the sigh

deneitl of the current in the cathode drot. In the investigation of arcs

between metallic electrodes In a high vacuum Lr,7 tt was shown that the p.ss-
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ing of vapors necessary for mtintainin_ the discharge always proceeds from

the cathode. whe discharge between 7e electrodes In Ar burns more steadily

than for 2 cm In 12 with loes fluctuation of V. At 2 cm in N. there hre
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greiht deviations in the inAdivtdu'l measurements of the lose of weiiht from

the averaae value. rresented in tho table, sov'etires a.-unting to as wuch

as 501. Vitt the f'uctuatlns in the Taseing of vapors one should Iso

connect the converrence of spectra In Ar ut 60 cm with the spectra In 12

in Pome interval of pressure around 2 cm (0.6--4 cm). wbicb wvis mentic-ned

above.

Apmarently, in the cc-nared disc!.arges there Is closenees also of the

values of the effective Fecti nF of scattering of the electrons by the arc-

gas q#6 = qrir--oNm--qjl;. The component N'q1 takes into arecount the scat-

ter'ng of the elect:ons by positive ion*. In Table 2 there are rreoesnted

the Ramsauer effective sectinne of htos of Fe, C. ýnd Ar evaluated with

the aid of Investigations in & strcr-current stabilized arc E-5. 63, nd

Ar and N2 borrowed from the work f£7].

The co.rutatlon q. - Nr for Ar at 6(' cm and N; at 2 cm (energles of the

electronsCk1 ev) give ao-rcximate values C,%i0 e cr-. The evaluation q1 N1

f8, 5] for NF..)O115 and TCo6,0'V - 10.0000K giveE a value of the order

of 10 -2 103 cm"1. Conseoter.t-y. in the evaluation of the effective Sect•on

of the scattering of the electrons by the arc eas q)# it is necesfary to take

into considerhtion th' scattering of electrons by lot.e, which under thise

conditions on account of the low qr " Nr ,nd relailvely high No hhs. a&-arent-

ly, basic si.nificance. Short-ranfe entry of easily ionized vapors of

metal in an arc in 12 with lowered preseure and- in Ar at 60 cm assures close

N. (r) and consequently also qiNj.

Element Yo f-7 C. N. 0 ~ Ar A7.jr f-g 120E7

q "1016 cm2 35 20 2.5 2.5 (1 ev) 30-90 (2-2 ev)

In comparing the spectra of the arc between copper electrodes In Nreon,
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air and N2 at 60 cm with the spectra in Ng at low pressure we establikihed Illu

that the replacing of air by nitrogen and the moreso by Ar at the same

pressure changes the apy.earance of the spectrum. It becomes mor. spartlike.

A still more operklle c.aracter is .Ad by the spectrum of an arc in X2 ht

loered nrsure. In Fig. e there shown the s-vectra of h diechArge it. N

at 20 cm, In Ar at 60 cm, t.nd in N2 at 10 cm ." column. We Ber thý.t the spec-

tr% in N2 ht 20 ca and in Ar it 60 cm are very eirl-ir. The Ion and atrmic

linet in the compared spectra are close as to intensity. Nowever, the line

5.105 R as to Intensity is considerably wekker Ir the discharge In Ar at 60

cm thhn in N2 at 20 cm Hg. column. Besides in thp spectrumi of Cu in Ne at

20 cm there are present very intense batds of CN with), t 3,88,

3,590. -nd 4,21t • (AdU = 0, k 1). N2 vith borders R" "3.371, a.l , &nd 2,977

At (AI z C, 1, ?)), hnrd elso W with borders at 3.36. and 3,370 R (A 1 0).

These bands increase sharply In intensity ja disc-trges with lowered tr- .r.-

cf

'he Identi'ication of the banas was dor.e with• t.h,, It of the boox by

Pe'.rze n," H-ydon [%J. Just tho s-.me bands of C Ind .12 were obberved

b.' Roes ain Sm �Lh�_j In a p.roject devoted to a study of the backeround

In the arc between carbon electrodes. Let 's note that if one takes the eDec-

trua of the arc betveen co.oer electrudes in 12 at 60 cm. InLediately after

the eetsb'ishing of the arc up to the stable state, and the electrodeO are

heated to the termeraturo corresponding to this state, then It turns out

that the soectrun of Cu has a more sparklike character than ordinarily at

60 cm and is very similar to the spectrum of the arc in Ar at 60 cm. All

that has been said points to the great effect on tho swctrum of of the en-

try of Cu vapors into the discharge. In Table 3 there are presented data

abo-4t the entry of Cu vapors in the discharges being compared.
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._able 3
Prespure Lovm In Weight

Atmos.here cm Bg Co" Anodre C athode

Ar j (,

NL 2,0 1,2
Prom Pable w vo s-e tk•t In arcs bet-emCu electrodes In Ar at 60 c. an.d

in N2 at 20 cm, which have spectra similar In intensity *ni dcaracter, there

occurs hlso ap-roximate lden':ty of the passmini of copp•er vapors from the elec-

trodes Into the discharge. In the literature there are no data about the

Rm.isauer section of copper atoms. Th. obt.AlnA=, of similhr spectr, in Ar

at 60 c•. 'nd in N2 at 20 cc, aprarently. sh-uld be attributea ýlso to the

similar scatterine of electrons by ions, possibly also by atoms of Cu if it

turns out that q'u Is great.

In this way, as a result of makinr the c.r',rison of radiation Knd wear

of the electrodes In a low current arc between metallic electrodes (Fe, Cu)

in the air. W? and Ar with a pressure of 60 cm, an! N2 with lowered pres-

sure, It Is nossIble to draw tho conclusion that the c.a-a-e of -m atmosphere

of air -to N2, n tn.e more so to Ar, is eq,'I-alent to chingeover to a dis-

ch rge with a lowered oressure.

Spectra simitxr in intensity an! character are -anlfestea by arc die-

ch•g-es between metallic electrodes wlih similar entry of vapors of the elec-

trodes into the discharge, and similar values for thei effect secttnns of

scattoring of electrons by the arc eas. The effect of the processes of die-

sociation of molecules of N2 In arcs In N2 between metallic electrodes

did not avoear. This one can eolain by the Ict that the temperatures are

insufficient for the develoument of these processes, ince into the discharge

there passes, apparently, a sufficient NAount of easily ionized atoms of metals

even at lowered pressure, but the energ of the dissociation D of molecules

1".D-63-19/1 + 29



of 12 is great (9.764 ev f-0_j). In the dis,'hargo between copper electrodes

at lower-d presqure the Intense molec.lar t-*ectrum of NE *nd CI indicates

the presenoe in the discharge of RE and CN. In this dieziarge some effect

",.y be had by the process of dissociation of molecules of SE (D = 3.42 ev

L'ioJ , which leads to a le~s orcnounced drop in the temperature in the rer-

iheral areas of the discharts. .kis shouAla -eur in broader zone of

illumination of the lines with low ener y of excitation in the sxectrum--

in hel•htened Intensity o' the linos with low energ of oxcitaticn. In the

snectrusm of the arc between coroer eelectrodes the intensities of the lines

o" Cu I 51f.5. 5782, 4nd 57 0 R (energ of! excitttion 1.8 ev) are much hither

than in the siectrua of the arc in Ar, while the intensity of the remaining

atooic lines (energy of excitation above) is conmirable.

2. Arc Dischirce between C-irbor Zlectrodes

Very cOaract.ristic is the external apoerence of the arc dischar~e be-

tween carbon electrodes in an atnos-here of Ar (see insert): It is quite dif-

ferent from the externil dischirge in an atmospere of air and nitrogen at

the s-me pressure.

In Flg. 4 there are shown photogrhths of an arc discharge between pure

carbon electrodes with a current strength of 9 &mp, the distance between the

electrodes being 4. ma in an atmosphere of Ar with P = 60 ca Rg columa.

Around the cathode there is locate! a cathode layer, which occupies about

1/5 of the arc interval, and afterwards in the direction of the anode there

is some wealrening of the brightness of the illunination, then again an

increase, for some area close to the anode constancy, and finally in the

immediate proximity to the anode again a weakening of the brigbtness of the

illumination. The bright cathode layer Is always located noraal to the mar-

face of the cathode and very much rei-nds one of the negative Illumination of

:'TD-?T-63-19/I + 2 10
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a glow discharge. The darl. area beyond the cathode layer Is anhlogo~ii to

the Faraday dhrk space, an4 the area of consttant briehtness of Illuminati n

to the positive column.

In rig. 4 b there Is shown a photogrkph of a discbtrge with a distance

between te el-ectrodes of 10• mm. In e.cordance wi'h the outward ap.peArance

of the discharge there is aiso a spectrum taken alonz- the dlschýrge (Pig. 5).

In moving from the catode (below) to the an.ode (above) the behhviour of th.,

Intensi'y of the atomic lines of Ar, band C2. -rn! t he cnnstan. snectrum Is

compoletely snLlogoue to the chance in the total il'uminaticn al.ng the die-

charge, fixed In Fig. 4 a. •-analoeo-s dimtributinn of the Intensity

along the arc dischirge was observed by Yagozi2ts-iy Llli, who Investi-

gated the distribution of the intensity of t~e Bl-m.-r lines of hydroges

along an arc discharge in air with lowered pressure (P < 5 cm Hg column).

The Indicated distribution o" intensity alone the hrc disch:Erge contradicts

the mech-niss assumed if the work of lolesnikov *,nd Sobolea L-l2i of the

excitation of the s-ectruu in an arc between chrbrn electrodes in an atmos-

,&ere of argon. In Fig. 3 there Is shown a somewLat enl.rge stectrum of

the cathode area of discharce with a current of r •,rn in the region of 4156--

48V R obttined by us on the s'ectogranh IS•-51 with a camera UY-54.

In order to explain the behaviour of the sererate lines around the cath-

ode in printing the are- of the spectrum : 4'30V R the exposure was done

to a somewhat lesser extent in order to weaken the solid illumination

which increases in intensity in tte direction of the long ayes. On the

rhotogr.sph there are shown lines of Ar 1; the unmrked lines belone to the

illu-ination of Ar II of the edges of bhe bands of CI. From the spectrum of

the cathode area we see that immediately on the surface of the cathode there

stand out with great intensity the lines of Ar II and C II, which as one
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sOVeS from the cathode sharply drop in intensity. 'be atonic lines, how-

ever, hve maxiium Intensity at some distance from th.e cathode, a--roxlmately

Iden.lcal for all atomic lines (pnergy of excithtion of linos is close to

1•.•--i•76 v).

From vh.At •hs been seio it fcllove trý'- the ch.rict-r of "he Il'umination

in the cathode area of to discharge Is analogous to the radiation In the are&,

of the neg4tive Illumination of a glow aisch,,ree. A comvrlaShon of the waar

of the carbon electrodes In an arc In the air Rt different pressures kno in

Ar at P = 60 cm Ilso points to -, greater entrance of vapors of the electrodes

in the hrc in Ar ,nd In the air with lowered pressure (P < 2 cm).

Very interes'ing Is the aiY'ear-ance o" the disc•.rre in the transverse

direction--th.e Dresence of a core surrounded by a narrow dark *mace and then

aR Illu-inalng envelope (Fig. 4 a). In visual observation one c-in easily

see he Aull-blue core sharply outlined by i dar:- fringe. surfo nded by vi-

olet. i:n! finally by a green envelope, while the -reen ervelope is socetimes

expressed very weekly. The dull-blue color of h-• core Is brogh.t -.bout

is brought about by the I1lu.ins..1on of the very bright lines of Ar I located

'_ t!.e reelonU702--458 I c the correspondine trAr.sitions from I P1_10 to 1

$2-5 levels (Psochen's designitions). In the violet envelope there occurs

basically an illumination of the bands of CN. and in the green the Illumina-

tion of the bands of C2 .

In Fig. 6 a there is shown a transverse spectrum of the positive column

of an arc betveen paure carc.,A electrodes in Ar at 60 cm in the regio of

60f(6_- -700 In the spectogram above there are noted the brighter lines

of Ar I in this region of the aoectrum PMd with dots below there are marked

the edges of the bands of C2 (in this area of the soectrum the lines of Ar 1

are much weaker than in the area 4?C2---4158 A).

: M1 -7-T-63-19/1 4 2 12 r



The introduction of vapors of -e.lt, changes the chiracter of the Illu-

mination of the discharge. had this change Is ll the more marked the lnrger

the quantities of metal thht enter into the disch.,rre. The more the metal

vapor the weaker the lin*- of Ar I will be Pis well as the continuous Ill~ualn-

ation. As it turned out in the arc between metallc electrodes thore Ire

cour.letely lacking the illunrizaicn of the linef of Ar I ind the continuous

spectram. In Fig. 6 b there Is srowvr the epectrum of tn arc betweern carbon

electrodes with a small admixture of copper In the atmosphere of Ar at 60 cc

Hg column (the lines of copper are ma:ked below by dots).

As is seen from Fir 6 b the a-e•parance In the spectrum of the lines of

copper is acco.r'pnied by sore weptening of the lines of Ar I, snd also of

the continuous and molecular Ppectrum. Let um note thht the obtaining of

a simultaneous sufficiently intense ill]umin!,tin of Ar I -nd Cu I is bound

up -dith difficulties. Ordinarily with a sufficiently intense illumination

of the linev of Cu there disappear from the spectrum the lineb of Ar I and

the continuous radiation, since the intrcduction of vapors of copper lower

the temperature of the disch•rge.

The observed structural diptributicn of the radiaticn acrcsa the dis-

chP-.rge in an arc betweern carbon electrodes in ;%n atmosphere of Ar, atDarent-

ly rust be attributed to a uLioue distribution of the ten.•erature of the elec-

trons over the section of the discharge.

Prom te work accomolished one can draw the grenerol conclusion that the

change from an atmosphere of air to one of nitr,•gen, and more so for

argrn, ismuivalent to transition to a discharge at a lower pressure.

fibsti1ton of atmosphere in a low-current arc discharge is reflected

in the radiation of the arc discharge through a change in the entrance of

vapors of the electrodes Into the discharge, effective sections of scatter-
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Inc of electrons by the krc chs. •d. effect cf the procetiso of diIC'I'At in

(d!F-ýrre between carbon electrodes in ha atrostcere of nitrc.en).

L. P. Mfrav'yevm took .irt In tVe worr.
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