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CONTRIBUTIOE TC TEE PROBLEM OF ~HF EFFECT OF THE ATMOSFEIRE
O¥ THE RADIATION OF AN ARC DISCHARGE (2na Inetsllment)
by
O. P. Semenova and M. V. Petrova

An analysis of the causes which dbring about a change in the character
of the spectrum in a weak-current arc wi'h a change in the stmosphere, var-
rante one's assuminz that the redistridution of the tntergity in the spec-
trum of atoms comine from electrodes when there is & changze from air to in-
ert gas, is vroduced by the change in the concentration of these atoms and
the temperature of the arc discharge T(r). The aifference in T(r)
with the gudbstitution of gas is connected with the change in concentration
of easily lonized ators 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 diesociation (sees report 1 [-IJ).

This project is undertaken for the purpose of ravineg a confrontation
of the radiation, the entering of the vapors of the electrodes (o0f the vear
of the electrodes durinz a determined time of the burning of tre discharge)
and of the external form of the arc disckarges between the metallic and the
carbon electrodes in an atmosphere of argon, 2ir, and nitrogen, under iden~
tical pressure, and nitrogen and air with lowered pressure (Vjir = 15,756 ev,
'J“Z = 15,58 ev). 1t hag bdeen proposed that in an arc discharze detween
netallic electrodes in Ar and in nitrogen vith lowered pressure, correspond-
ing to the equalising of the entering of vapors into Ar and N2 und of ef-
fective sections of -cn;tcring of electrons by an arc gas it 1s vossidle
to obtain spectra close as t0o the intensity and character of the radiation.
In a discharge Detveen cardon electrodes in the air and anitrogen, thd ten-

peratures attridutadle to Vi, 3> Vyy are sufficient for the development of
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the trocesses of dirsocistion, due to which the wssurance of a close in-
flow of vapors of the electrodes may vrove %o bde insufficient for obtsin-
ing a similarity of spectra in llz and Ar,

For the investigation there was used the vacuum arc cescrided by us
earlier [2_7 Before fi17ing with Ar or K, the vacuum arc wias pumped ut
t0 A Tressuretd 10'2 ~m Hg column, .nd aft rwirds w:s flushed with Ar or
N,. respectively. In the work pure Ar wae used contalning an irsignifi.-
cant admixture of nitro~en (0.23) «nd oxysren {0.05%). Tre srectra were
obtained with the ~id of the spectroegr-ors ISP-28 nd 1SP-51 .nd the camera
UF-34, The arc discharzes between tl.e met:1lic snd carbon electrodes were
researched at a current strenzth of 9 azp. The distance between thLe elec-
trodeg whs about 4 mm, For stadilizaticn of the arc discharce tke cathode
wvas sharpened to a cone.

1. Discharze between Metallic Electrodes

In Meg. 1 there are presented the stectra of an arc discharge between
iron electrodes in the ajr with a presecure of 60 cm Eg column. in nitrogen
with a pressure of 60, 20, and 2 cm He column, and in Aarecn witn = preesure
of 60 cm Ez column, Let us rote that in all the listed evectra threre
is absent the radiation of the atmosphere itself in which the disch.rze
takes place, ~nd in the epectrum there is only rresent radiation of the
vapors of iron. An exception is constituted by the gpectrum of the arc
between iron- olcctrodena in ‘2 with a vressure of 2 ce Hg column, in which
there are pr:unt Zrerﬁ:f the band NB correaponding to A’g = 0, 3360 and
3370 $ and 4»“ : imvosed eI >f tre bdand N, & (AV= ©). These bands
rrove to be the drightest cnes of the syster of dands of KH und K;. The

identification o thcl of tke bdande was done on the basis of Peirce

and Huydon's monogrsph f 3_7 .
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In the confrontation of the spectra in. Fig. 1 we see the followirng.

A replacing of the air by nitrozen with 60 cm pressure alresdy drings adbout
= change in the‘ character ¢? the epectrus--the s-ectrux dbeco~es mOre svark-
1ixe. A still rore svarklirke character is d.iepla,ved by the spectirum of Fe
in ¥, at 20 cm Hg column, !'r- roectra of Fe in Ar at 60 cm and in nitro-
cen 2t 2 ce He columr are very similar to each other and there is sharply
ernrepned the sparklike character as compared Wi th the svectra in air aad
ritrogen at 60 ce Eg column, PFor {llustracion of tlre crarncter o *he spec-
trum ubove there are noted sore grouvings =nc separate lires of Fe II: de-
low by dots trere nre noted eore lires of Fe I located in tre ghort-wervre
prrt of ‘he srectrum, As the result of & careful =nalysis of the svectrs
of Pe in Ar -nd Ky with & vregsure of 60 ce ~And in K; wi‘l A preseure of

2 c it has been egtadbliehed trat trere takes place not only arn ex.ternd
convergence of the epectra at 60 cm in B st 2 cm, dut 8l:o the intencities
of the individual spectral liner in the comuared svectra were :lose to
each other,

Particular attention was given toc the evaluation of tre rela-ionelip
of the ionic lines of Fe in tle soctrnzx of the arc in Ar in which ore
could see reflected the celective amplificacion througk umac't- of tke 2nd
kird with excited atoms of Ar, and #lso with ione of Ar in fulfilling the
resonence conditicas (Vy +- Fa)re~2Easr OF Vjyar, Among the lines of Te
in the region 3,303--2,260 R with energy of excitation Eg in the interval
12.71-=13,76 ev there are lines for which (V3+ Za)ye fird thergelves in
good resonance with I, of the excited levels of Ar loca‘ed in the intervsl
12,9—13.47 ev or clore to Vyy,. It bas been established that in the arc
of Fe electrodes in argon there is no slective amvlification of the 105

lines of Fe restlting frox impacts of the second kind with atoms or ions of Ar.
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and character were obtzined by
is not only at 2 cm in Np, but in a certain not very large intervsl around
2 cm, aprroxivately from 0.6 to 3--4 cr Hg column. This points to the great

significance for the assuring of the converzer.ce ¢f srectra of the vassing
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of vapors of Ye from the electroces into the svace detweer the electrodes,
wkich dways fluctuates.

For confrontation of tre ckurees in the churacter of the svectra with a
cltange of atrocrrlrere nd change in tke ccncentration of atore dvaseine frow
the electrodes in the diechurge a verificatinn wag made of the chanve in the
welpht of the electrodes during 8 certiain arount ¢f time of the existence o
the éiecharepe. In Table 1 tlere are crecerted the rerult: of the eviluan‘ion
of the lovees 0f the eflectrodes, geparately for anoce nnd catlode, exvressed
ir milligrame per minute during the durries of the arc in ar, N,, «nd air.
The data nresented renresent the average values frur ten deterrinntiorns.

In the table tlrere are shown the d:ffererncee of the roterti«ls in volts on
the electrcdes of the arec.

Tabdble 1

Fressure cm v Loes in Wt in mg/min
Atmosphere Fg colunmn olts ancde J “catlode
— b ] ——— |
Ar " R I l 1l
\, 2 W0--26 0,30 1.3
N, l L6 oM K2 | 14.5
HO VA (.ll') . "W 03 ! 37.4 ' 17.9

In Table 1 we tee that ¢te re;iucine of air by nitrogert with the game
precsure of 60 cm brings about s reduction in the lose of weight in the elec~
trodes, especislly of the anode, With the decreage in the nressure of the
nitrcgen the loss in weight of the electrodes drops, and with & nitrogen nres- _
sur> of 2 cn in becomes close to the 10ss in weight of the electrodes in argon.
Let us note that desides the arc in the air we always had a greater vo;r of
the cathode than of the anode, which, anmarently, is connected with th; high
denetity of the current in the cathode so0t. In the investigation of arcs

betveen metallic electrodes in a higk vacuum [‘b_7 ft was shown that the vesse-
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ing of vavors necessary for muintaining the disctarge always proceeds from

The discharge detween Pe electrodes in Ar burns more steadily

the cathode.

At 2 cm in "Z there are

than for 2 cm 4n K3 vitk less fluctuation of V.
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. grent deviations in the 1ndividual measurements of the loss of weisht from
the average value, vresented in the table, sometimes u~cunting to as wuch
ag 505. Witr the f'uctuati- ns in the rageing of vapors one should :lso
connect the convergence of spectra in Ar ut 60 c» with the spectrs in K,
in rome interval of pressure around 2 cm (0.6~4 cm), whick wis menticned
above,

Apparently, in the cormmpared disclarges tlere is closenees uleo of the
values of the effective recti ne of scatterinz of the electrons by tke arc -
zrs Qye = qyﬂr--q"!”--qixi. The compopert Nyq; takes into account the scat-
tering of the elect:ors by poeitive loms. In Table 2 there ure rregented
the Rameauer effective sectinne of atoms of Pe, C, -né¢ Ar evaluated with
the ajd of investigations in a strcrg-current stabilized arc [.5. 6_7'and
Ar and N, borrowed frem the work 177_7.

The corputation q. « K. for Ar at 6 cm and B at 2 cm (energies of the
electronsG\91 ev) ezive av-reximate values N\910€ c:‘l. Tre evaluation qy Ny
[8. 5_] for Feow10' and TO0 6,07 — 10,000°C giver » walue of the order
of 102 — 103 em-l. Consequertly, in tke evaluation o0f tlLe effective section
of tle scattering of the electrons by the arc gas Q;. it 48 necessary *o take
ino considerstion the scattering of electrons by iore, which under thege
conditicne on sccount of the low g, - N und rela‘ively high N has, arvarent-
ly, basic significance. Short-ranfe entry of eaesily lornized vapors of
metal in an arc ia ¥ with lowered pressure and in Ar at 60 cm asrures close

N, (r) and cornsequertly also qjN;.

— Tabl e ;
Element Fe [5] c.8, 05 s [T  ar[T] 5, [T
q *1016 ca? 15 20 2.5 2.5 (1 ev) 30—90 (1—2 ev)

In comparing the spectra of the arc between copper electrodes in &rgor,
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air and N, st 60 cm witk the spectra ia N, »t 1ow pressure we established /114
trat the replacing of air by nitrogen anc the moreso by Ar at the same
pressure chanses the ammearance of the spectrum. It becomes mor- sparklixe.
A still more spurklike character 1s had by the epectrum of an arc in K, ut
lovered nr- seure, In Pig. £ there srown tre sxectrsn of n dlecharge in K,
at 20 cm, in Ar at 60 cm, -nd in N, at 10 cm Hg column, We sec thi.t the spec-
tr= in N2 at 20 cm and in Ar 1t 60 cm are very sirilur, The ion ang atemic
lire¢ in the compared spectra are cloce as to intensity, However, the line
5,105 R as to intersity is consideradly wveaker ir the discharge in Ar at 60
ce than in ¥2 at 20 ce HRg. column, Begides in the .gfctrua of Cu in §, at
20 cm there ure vresert very !‘rtense dardg of CN with}v 128 at 31863.
3,590, =nd 4,216 £ (Ay= 0, 4£1). N2 with borders »* 3,371, 3,159, and 2,977
R (Avu = 6, 1, 2), and 4leo NE witl borders at 2,36C and 3,370 & (A % o).
Theee dands incresse sharpiy in intersity jm clactsrzes with lowered uwrer.ure
ef Lo,

The 1dentificatinn of thLe dunas was dore witl the 1id of the boox by
Peir:e un. Raydon [_3_7. Just the same dands of CN and N, wer: obeerved
by Roes an Smith L‘é_f in a vroject devoted to a study of the backeround
in the arc between carbon electrodes. let us note that if one takes the spec-
trum of the arc between copver electrudes in N, at 60 cm immediately ufter
the eetadiehing of the arc up to the stadle state, and the electirode: are
heated to the termerature corresvonding to this state, tken it turns out
that the spectrum of Cu has a more sparklike character than ordingrily at
60 cm and is very similar to the spectrum of the arc in Ar at 60 cm, All
that has deen said points to the great effect on the smctrum of of the en-

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

about the entry of Cu vapors in the discharges being compared.
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Table 23

Pressure . loss in Weight
Atmosphere cm 3g Co” J Anode Catbode T
Ar bo 0,%.9¥ 1,51
NL 2‘0 0,25 1’31
6C 3,0 | 1

i
From Table 3 we see *rat in arcs detweenCu electrodee in Ar at 60 c@, and

in N; at 20 cm, which huve spectra similar in-intensity wn: diaracter, ‘here

"occurs also aprroximate iden*:ty of the pasgsins of covopver vapors from the elec-

trodes into the dlscharge. In trhe literature trhere are no data adut the
Ramgsauer sectinn of covper atoms. Thr obtuinizs of similar spectr-+ in Ar
at 60 cr 1nd in Ny at 20 cm, aprarently, sh-uld be attridutec 2lso to the
cimilar scattering of electrone by ione, possibly also dy atoms of Cu 1f it
turns out that QCu is great,

In this way, as a result of makine the ccrp-rieon of radiation und wear
of the electrodes in a low current arc detween metallic electrodes (Fe, Cu)
in the air, W, and  Ar vith a pressure of 60 c», an2 K; with lowered prees-
sure, 1t 1s vossidle to draw the conclueinn that the crange of an atmosphere
o? air ‘to 32. «nd tre more 80 to Ar, ies equi-alent to crizngeover to a dis-
ch rge with a lowered pressure,

Spectra similar in intensity an2 character ire zanifestea bty arc dis-
charges detween metallic electrodes wi-h similar entry of vapors of the elec-
trodes into the discharge, and similar values for the effect sections of
scattering of electrons by the arc zas. The effect of the processes of dis-~
sociation of molecules of Ny in arcs in Ny between metallic electrodes
did not apvear. This one can exvlain by the fict that the ténpenturu are
insufficient for the development of these vrocesses, dnce into the discharge
there passes, aprarently, a sufficient umount of easily ionised atoms of metals

even at lowered pressure, dut the energy of the dissociation D of molecules
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of N, is great (9,764 ev [710_7). In the dlg-harge between copper electrodes

at lower-d prescure the interse molec.lar c-ectrur of N¥E .nd CN indicates

the dresence in the discherge of NE and CK, In this discharge some effect

m.y be Lad by the process of dissociation of wolecules of NE (D = 3,42 ev
[710_7 « wvhich leads to a le.s vronounced drop ia the tempersature in the ver-
igreral areas of the discharege. 7Tris shoula = -ear in - broade: zone of
11lumination of the lines with low ener y of excitation in the srectrum--

in helzhtened inteneity 07 the lines with low energy of excitaticn, In the
spectrum of the arc betwveen corver celectrodes the intensities of the lines
of Cul S1ng, §782, »nd $7' 0 L (ecergy of excitation 1.8 ev) are muck higher
than in the snectrum of the arc in Ar, while ths intensi®y of the repuining

atomic lineg (enargy of excitation sbove) is comparabdle.

2, Arc Dischurge between Curboc Electrodes

Very charact~ristic i{s the external appearrnce of the arc discharce de-
tween carborn electrodes in an atmosnhere of Ar (see insert): it 1s quite dif-
ferent from the externnl dieclirge in an atmosphere of air and nitrogen at
the sme vressure,

In Pig. 4 there are shown photogruvhs of an arc discharge between pure
cardbon electrodes with a current strength of 9 amp, the distance between the
electrodes being 4 mm in an atmoschere of Ar with P = 60 cm Hg columa.

Around the cathode there is locatel a cathode layer, which occupies adout

1/5 of the arc interval, and afterwards in the direction of the anode ther?
is some weakening Of the bBrightness of the illumination, then again an
increase, for some area close to the anode constancy, and finally in the
inmediate proximity to the anode again a weakening of the drightness of the
11lumination, The dright cathode layer is always located normal to t he sur-

face of the cathode and very much rerinds one of the negative 1llumination of
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a glow discharge. The darx area deyoné the cathode layer is snalogous to
tre Faraday dark sovace, and the area of constant brigshtress of illumineti n
to the vositive column,

In Mg, L D chere is shown a péotograph of a dieclarge with a distance
between ‘Ye electrodes of 10 mm, In eccordance wi*h the outward apnesrance
of the diecharge there is ule0 A svectrum taken alons thre diecharge (Fig. S).
In moving from the catlode (below) to the arode (adove) the bekaviour of tk-
intensi‘'y of *he atomic lines of Ar, dand €,y :nd the constan® svectrum is
completely analogous to the changze in the totul 1l umipaticn alcng the die-
crharge, fixed in Pig. 4 a. f;ln/;nalozoua distrib.ution of tre intensity
along the arc dilchfrge wiss observed by Yagozinsviy [711_7. vho investi-
gated the distridution of the intensity of tre Bzlm.r lines of hydroges
along an arc discharge in air with lowered preseure (P &< 5 cm Hg column).
The indicated distribution o- intensity alonz the nrc disch-rge contradicts
the mech:niem aseumed i the work of Kolesnikov :nd Sobolev [ 12_7 of the

excitation of the gnectrum in an arc between cuardrn electrodes in an atmos-

vrere of argon. In Tig. 3 there is shown a gomewbat enlurge gvectrum of

. the cathode area of discharce with a current of ¢ :mp in the rezion of 4158--

4800 § obtained by us on the svectogranh ISP-51 with a camera UF-84,

In order to explain the dehaviour of the serverate lines around the cath-
ode in printinz the are- of the spectrur > 4300 R the exposure wag done
to & gsomewhat lesser extent in order to weaken tke e0lid 1llumination
wvhich increases in intensity in tre direction of the long wvaves. On the
thotograph there are shown lines of Ar I: the unn«rkodllinen belonz to the
11lu-ination of Ar II of the edges of *he bands of CN. From the spectrum of
the cathode asrea ve see that immedistely on the surface of the cathode there

stand out with great intensity tke lines of Ar II and C 1I, which as one

FD-17-63-19/ 1 ¢ 2 11



aoves from the cathode sharply drop 1n {ntensity. The atomic lines, how-
ever, have paximum intensi'y at some distance from the cattode, a--roximately
iden*ical for all atomic lines (energy of excitation of lines 13 close to
16,L6-~14,76 ov). '

Trom vhat‘hn- beea s4ic it fcllows tra* the character of ke illumination
in the cathode ares of he dlschurge is analogzous to the radiation in the area
of the negative illumination of a glow aischaree, A comparison or.the waar
of tre carbon electrodes in an arc in the air at differen- prée-uren and 1ip
Ar nt Pz 60 ce 1s0 voints to 1 greuter entrance of vapors of the electrocee
in the arc in Ar and in the air wi‘h lowered vressure (F< 2 cm).

Very interes'ing is tre svrearance o the discharge in the transverge
direction--the presence of » core surrounied by & narrow dark space and then
an 11lurina*ing envelove (Fiz. &4 a). In vieual observation one cun eamily
see *he 4ull-%lue core srarvly outlired by = darz frirge, surro.nied dy wvi-
olet, ni{ finally by a greer envelope, while the sreen ervelope is sometimes
exnressed very weakly. The dull-blue color of *he core is brougkt =bout
is brought adout by the 1lluminu‘ion of the very dright lines of Ar I located
‘e the rezionl702--4154 X o the correspondins trarsitions from 2 Fi10 to 1
S,.5 levels (Paschen's designations). In the violet envelope there occurs
basically an illumipnation of the bards of CN, and in the green the illumina-
tion of the bands of Cp.

In Pig. 6 a there is shown a transverse spectrum of the positive column
of 2n arc between pure carton electrodes inm Ar at 60 cm in the regiom of
£0c0—- 4700 .  In the spectogres above there sre noted the dbrigiter lines
of Ar 1 in thie region of the svectrum znd with dots below there are marked
tke edges of the dands of Cc, {(in thig area of fhe svectrum the lipes of Ar 1

are much weaker than in the ares 4702--4158 g).
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The introduction of vapors of -etal changes tlie character of the illu-
gination of the eluchﬁrge. snd this crupge 18 all the mere marked the larger
the cuantitiees of metul thrt enter into the ciecharge, The more thre metal
vapor the weaker tlre lines of Ar I will be ~s well as the continuous illumin-
ation, As it turned out in tre arc between retallic electrodes there .re
corpletely lacking the illumizgaticn of the lirefr of Ar I und the cortiruous
spectrum. In Fig. 6 b there 1s srowr the spectrum of an arc betweer carbon
electrodes with & gmall admixture of covper im ‘he atmosvhere of Ar at 60 cr
Fg colurn (the lines of copper are ma:ked below by dots).

At 19 ceen from Fig 6 b thre evpearance in the gpectrum of the lines of
covver s accomphanied by sorie wenkening of tre lines of Ar I, snd also of
the contimuous and molecular epectrum. Let us no%e tint the odtaining of
a gimultaneous sufficiertly intense illuminution of Ar I und Cu 1 1s bound
up with difficulties. Ordinsrily with a sufficiently intense 1llumination
of the lines of Cu there diesupuvear from tke spectrux the lines of Ar I and
the contiruoue radiation, eince the intrcduction of vapore of copper lower
the tempersture of the dieckharge. ’

e obgerved structurel dletributicn of the radi:sticm ucrose the die-
cherge in an arc betweer carbon electrodes in an atmosphere of Ar, apoarent.
ly ruet be attriduted to @ urigue distribution of the temverature of the elec-
trons over the section of the discharge.

From tre work Accorvlished one cun draw the general conclusion that the
chunge from an atmosphere of alr to one of nitrcgen, and zore so for
argen, iswuivalent to transition to a dischrarge at a lower pressure,

Sadstitudon of atmosplhere in & low-current arc discharge is reflected
in tre radiation of the arc discharze through a« charge in the entrance of

varors of the electrodes into the discharge, effective sections of scatter-
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ing of electrcns by the nrc gus, =nd effect cf the processee of dias&v:hticn
{di¢ rarge between carbon electrodes in ~n etrostlere of nitrogen).
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