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This study presents a quantitative evaluation of the influence of radiation upon the param-  
eters  of a long induced discharge in argon at atmospheric pressure.  Radiation heat t rans-  
fer  in the optically transparent  (in plasma layers with thickness of the order  of several  
centimeters) and reabsorption spectral intervals is examiried. Experimental e r ro r  produced 
by inaccurate knowledge of the t ransfer  and optical characteris t ics  of the plasma is eval- 
uated. The effect of convection on radial temperature profile is evaluated. 

The temperature profile of an electrodeless induced discharge is determined by the spacial distribu- 
tion of Jouleian energy, loss of this energy from the discharge, and redistribution within the discharge due 
to the processes  of thermal conductivity, light radiation, and convection. Despite the significant number 
of works on this subject (cf. [1-4]), until the present there has been no detailed presentation concerning the 
influence of the individual processes  upon the temperature profile and other parameters  of an induced dis- 
charge [5-7]. 

The authors of [5] reached the conclusion that radiation has no significant effect upon the parameters  
of the discharge, and that in calculation of the discharge radiation could be neglected. The appearance of 
an axial dip in the radial temperature distribution is determined, in such a case, solely by the presence of 
planar heat emission. However, the calculations of the same authors [8] show that the axial dip in radial 
temperature profile produced by axial heat emission within the central portion of the tube does not exceed 
~ 100~ even at l ~ 2P0, where l is the length of the inductor, and P0 is the radius of the discharge tube. 
Moreover,  in [9] it  was noted that an axial dip was produced less frequently in gasses possessing higher 
radiation capabilities. 

Yet the authors of [7] feel that in calculation of discharge parameters  it is absolutely necessary to 
consider not only radiation losses in the optically transparent (in layers with thickness 1-10 cm) spectral 
intervals, but also radiation transfer  in the reabsorption spectral intervals.  In fact, the degree of influ- 
ence which radiation t ransfer  has upon axial dip has yet to be clarified [1]; the possibility of levelling the 
temperature p rof i l eby  this mechanism was not excluded in [6], either. 

This study will present  an analysis of the effect of loss of optically transparent radiation and redis-  
tribution of reabsorption radiation on the radial temperature distribution in an induced discharge in argon 
at atmospheric pressure.  In view of the great complications produced by consideration of the finite length 
of the discharge [8] and passage of gas through the discharge chamber [10, 11] calculations were conducted 
for the much simpler case of an infinitely long discharge in thermal equilibrium in a nonmoving plasma. 
The results of calculations were compared with the experimental data of [1]. 

Calculations without Radiation. In the majority of calculation studies, plasma radiation has been 
neglected. Without considering the validity of such an approach for the meantime, we will examine the nu- 
merical  results of calculations of the discharge equations of [12-16] with no consideration of radiation, in 
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o rde r  to c la r i fy  the pecu l i a r i t i e s  of d i scharge  behavior  unconnected with radiat ion.  Simultaneously,  we 
will compa re  the calcula t ions  accompl i shed  in this study with the r e su l t s  of [17], which were  fu r the r  de-  
veloped in the works  of  R. E. Rovinski  and A. P. Sobolev [18, 19]. 

F igure  1 shows the re la t ionship  between m a x i m u m  t e m p e r a t u r e  T* and number  of a m p e r e - t u r n s  pe r  
unit inductor length Iw, obtained by numer i ca l  calculat ions with the d ischarge  equations of [12-16], with 
radiat ion power  equal to zero ,  and the s a m e  re la t ionship  f r o m  the formula  p roposed  by Rovinski  and 
Sobolev in [17-19], 

T* 

~. ~ (T) ~ (T) dT = 2 (Iw/2) ~ (1) 
0 

~(T)  and ~(T) a r e  the t h e r m a l  and e l ec t r i ca l  conduetivit ies,  respec t ive ly ,  jus t  as  in [16]. Equation 
(1) is  a definite in tegra l  of the equations for  the e lec t romagne t ic  field and ene rgy  balance within the p l a s -  
m a  for  H z (0)<<H 2 (P0), where  H is  the magnet ic  f ield intensi ty.  Calculat ions were  p e r f o r m e d  for  argon at 
po = 1.5 em a n d f  = 10 MHz. Curve 1 is  the calculat ion of [12-16] with ini t ial  data f rom [16], neglect ing r a -  
diation; curve  2 is  the calculat ion of [19] with data f r o m  [16]; curve  3 is  the calculat ion of [19] with data 
f r o m  [20]; cu rve  4 is  the calculat ion of [12-16] with data f r o m  [16], cons ider ing  radiat ion,  the re la t ive  r a -  
diation power  being the s a m e  as  in [16]; cu rve  5 is  the calculat ion of [12-16], with data f r o m  [16], but with 
radia t ion power  d e c r e a s e d  by a f ac to r  of two as  c o m p a r e d  with [16]. The calcula t ions  p e r f o r m e d  in this 
s tudy agree  well  with Eq. (1) for  T >_ 9000~ * At the s a m e  t ime  we note that  the condition for  the val idi ty  
of Eq. (1), ~ ~ 2 p o ~ / 8 ~  i, (where 8 i s  the skin l aye r  th ickness  cor responding  to m a x i m u m  tempera tu re ) ,  
as  in t roduced in [17], i s  not comple te ly  accura te .  The skin l aye r  kb2ckness A, cor responding  to a drop in 
the magnet ic  f ie ld by a fac tor  of e, i s  s t rongly  dependent on the radia l  t e m p e r a t u r e  prof i le ,  and can differ  
s ignif icant ly  f r o m  8, as  ca lcula ted  f rom m a x i m u m  t empera tu r e .  Thus even at T=7200~ fi-~ 10 >> 1. 

I f  radia t ion i s  neglected,  the m a x i m u m  t e m p e r a t u r e  i s  a t ta ined on the. axis  of the d ischarge;  the axial  
dip in radia l  t e m p e r a t u r e  prof i le  is  absent .  

*The d i s ag reemen t  noted e a r l i e r  [21] in the data of numer i ca l  calcula t ions  neglect ing radia t ion f rom [17- 
19], as was e la r i f i ed  l a te r ,  was explained by the use  in [17-19] of ampli tude values  for  a m p e r e - t u r n s ,  in -  
s tead of the genera l ly  employed r m s  effect ive values  over  t ime.  
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At A ~P0 the n u m b e r  of a m p e r e - t u r n s  p a s s e s  through a min imum,  the ex is tence  of which follows 
f rom v e r y  basic r ea sons  [16]. In this region Eq. (1) i s  not valid.  We note that  the min imum value of Iw i s  
signif icant ly dependent on the radius  of the d ischarge  chamber ,  the f requency  of the excitation field, and 
the na ture  of the p l a s m a - f o r m i n g  gas  [16].. 

Selection of Bas ic  Data. In Rig. 1 the dependence of m a x i m u m  t e m p e r a t u r e  on a m p e r e - t u r n s ,  p r o -  
posed in [19], i s  p resen ted .  I t s  m a r k e d  difference f r o m  the dependence a s  c a l c u l a t e d  in the p r e sen t  study, 
using the s a m e  Eq. (1),is due sole ly  to the use  in [19] of data on e l ec t r i ca l  and t he rma l  conductivity d i f fe r -  
ing f r o m  that employed  in [12-16]. 

In [19] the expe r imen ta l  data of Emmons  [20] were  employed.  In [12-16] the ca lcula ted  data of [12- 
14] and [22], p r e sen t ed  in [16], were  used. 

The ca lcula ted  data of Kr inberg  [22] and Devoto [23] on t he rma l  conductivi ty agree  well  with each 
other  over  the en t i re  t e m p e r a t u r e  range.  The cor responding  curves  of t h e r m a l  conductivity as  a function 
of t e m p e r a t u r e  a r e  p r e s e n t e d  in Fig. 2. Curve 1 is the calculat ion of [22], cu rve  2 is  the calculat ion of 
[23], cu rve  4 is  the calculat ion of [24], which a g r e e s  within the l imi t s  of 30-50~ e r r o r  with the exper imen t  
conducted in the s a m e  study, while curve  3 is  the exper imen t  of [20]. The data f r o m  the expe r imen t s  of 
[20] and [24] differ  s ignif icant ly  for  T > 10,000~ Below 10,000~ the exper imenta l  data of [20] a r e  ev i -  
dently l ess  r e l i ab le  than ca lcula ted  values ,  s ince they were  obtained at  the l imi t  of the m e a s u r e m e n t  range  
with the points  obtained being w i d e l y s c a t t e r e d  [20]. 

Inasmuch as exper imenta l  data on e lec t r i ca l  conductivity a r e  ambiguous and requ i re  fu r ther  r e f ine -  
ment ,  the ca lcula ted  va lues  for  e l ec t r i ca l  conductivity coeff icients  fo r  a rgon  p l a s m a  at a tmospher i c  p r e s -  
sure  [12-14] p r e s e n t e d  in Fig. 3 were  employed.  Curve 1 is  the calculat ion of [12-14] ( resul t s  p re sen ted  
in [16] with cons idera t ion  of e l ec t ron -e l ec t ron  coll is ions) ,  cu rve  2 is  the calculat ion of [12-14] (without 
considera t ion  of e l ec t ron -e l ec t ron  coll isions),  curve  3 is  the exper imenta l  data of [20], and curve  4, the 
calculation of [23]. The data of [12-14] agree  with Devote ' s  r e su l t s  [23] with a c c u r a c y  up to the coeff icient  
employed in [12-14], with considera t ion of in te re lec t ron  col l is ions  [25]. 

Calculation of Radiat ion Loss .  Due to the fact  that the f i r s t  exci ted level  of the a tom i s  high (I 1 = 11.5 
eV for  an ionization potent ia l  of I* = 15.8 eV, the argon p l a s m a  radia t ion at  a tmospher i c  p r e s s u r e  in l a y e r s  
with th ickness  of the o rde r  of  s eve ra l  cen t ime te r s  is  divided into a comple te ly  t r a n s p a r e n t  component,  
cor responding  to free-to-bound and f ree- to- f ree  t rans i t ions  to the exci ted leve ls  of the a toms ,  and f r e e - t o -  
f fee  t r ans i t ions  in the f ie lds  of neut ra l  and ionized a toms  (X_ > 2000 /%_}, and a s t rongly  r e a b s o r b e d  compo-  
nent: an ionizat ion continuum (X-  < 790 A) [26, 27], and l ines  cor responding  to t rans i t ions  to the fundamental  
level  of the a tom (790 ~ ~ X-< 1066 /~. Due to the shor tness  of the path  length, the s t rongly  r e a b s o r b e d  r a -  
diation will be found to be in equi l ibr ium with the m a t t e r  in a f i r s t  approximat ion.  

The power  level  of the t r a n s p a r e n t  radiat ion exit ing comple te ly  f r o m  the d ischarge  p l a s m a  can be 
found by using the r e su l t s  of  a calculat ion of the degree  of blackness  of a hemisphe re  with radius  R at  
va r ious  t e m p e r a t u r e s  [28]. In [12-16] the t rans i t ion between the degree  of blackness  of a hemisphe re  
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TABLE 1 

Cm:ve No. (see [ 
Fig. 5) T0 '~ T*,~ I �9 (T),W/ClTI $ [161 div F (0),W/cm S 

8500 
8600 
8660 
8700 
9600 
9.300 

8800 t l  
9500 t3.5 

10700 t5.5 
12500 i7 .5  
t0100 90 
10400 53 

+0.030 
--0.080 
--0.75 
--2.90 
--[-0.096 
----0.44 

with radius  R=0 .1  cm to the radiat ion power  pe r  unit p l a s m a  volume ~v(T) i s  accompl i shed  with the 
fo rmula  

(r) = - ~ -  csT a 

(a i s  the Stefan-Bol tzmann constant),  obtained in the supposit ion of an opt ical ly  thin hemisphe re .  However ,  
in [12-16] the data of [28] were  employed for  total  blackness,  including there in  the r e a b s o r b e d  segments .  
To exclude these  f r o m  considera t ion,  as  was indicated in [1], the data on radiat ion power  in [12-16] mus t  
be reduced by a fac tor  of app rox ima te ly  two [28]. We note that  the ca lcula ted  data of [28] ag ree  well  with 
the exper imen ta l  data of [20, 24, 29]. 

F igure  1 p r e s e n t s  the dependence of m a x i m u m  t e m p e r a t u r e  T* and axial  t e m p e r a t u r e  T O on a m p e r e -  
turns ,  as  ca lcula ted  with the data on radiat ion power  both as or iginal ly  given in [12-16] and with the level  
reduced by a fac tor  of 2. At low t e m p e r a t u r e s  (in this case  at T < S000~ radiat ion exe r t s  p rac t i ca l ly  no 
influence on the t e m p e r a t u r e  profi le ,  the m a x i m u m  t e m p e r a t u r e  is  at tained d i rec t ly  at  the d ischarge  axis ,  
and coincides with the t e m p e r a t u r e  as  ca lcula ted  with no cons idera t ion  of radiat ion.  As t e m p e r a t u r e  in-  
c r e a s e s ,  radia t ion begins to play an e v e r  g r e a t e r  ro le ,  and a dip n e a r  the axis  is  f o rmed  in the radia l  t e m -  
p e r a t u r e  prof i le ,  which i n c r e a s e s  as  the number  of a m p e r e - t u r n s  p e r  unit inductor  length is  inc reased .  
This  i s  i l l u s t r a t ed  in Fig. 1 by the branching of the curves  of m a x i m u m  and axial t e m p e r a t u r e  v e r s u s  a m -  
p e r e - t u r n s  at Iw for  A ~ P0 (the lower  branch  in Fig. 1 is the axial  t empera tu re ;  the higher, the maximum).  

The condition that  & <<P0, employed in [1], indicates  a significant radia t ion loss .  In view of the ab-  
sence  of ohmic ene rgy  lo s ses  in the l a r g e - v o l u m e  internal  regions  of the d ischarge ,  radia t ion lo s ses  mus t  
de te rmine  the t e m p e r a t u r e  c h a r a c t e r i s t i c s  of the d ischarge  to a significant  degree .  Thus,  in pa r t i cu la r ,  
for  the mode examined in [1, 2] P0 = 1.3 era, f = 9 MHz, Iw= 40 A.  t u r n / c m ,  Fig. 4 p r e sen t s  the radia l  t e m -  
p e r a t u r e  prof i le  in induced argon d i scha rges  at  a tmospher i c  p r e s s u r e .  Curve 1 is  a calculat ion in a c c o r -  
dance with [12-16], with or iginal  data of [16]; curve  2 is  the calculat ion of [12-16] with radia t ion power  de-  
c r e a s e d  by a fac tor  o f  two [16], >t(T) and ~(T) f rom [16]; cu rve  3 is  the calculat ion of [12-16] with r a d i a -  
tion power  reduced  by a fac tor  of two [16], ~ (T) and ~ (T) f rom [20]; cu rve  4 is  the ionization t e m p e r a t u r e ,  
m e a s u r e d  by the absolute in tensi ty  of the continuous argon p l a s m a  s p e c t r u m  [1]; and curve  5 is  the t e m -  
p e r a t u r e  of the population of a s e r i e s  of A r  I levels  f rom the 3p55p configuration,  m e a s u r e d  by absolute 
in tens i ty  of the l ines.  The calcula t ions  conducted in this study, with considera t ion  of opt ical ly  t r a n s p a r e n t  
radiat ion loss ,  give a m a x i m u m  t e m p e r a t u r e  T = 10,000-10,500~ (depending on the data taken for  the opt i -  
cal p r o p e r t i e s  of the p lasma) ,  which a g r e e s  well  with the exper imenta l  value (9800 • 400~ At the s a m e  
t ime,  calculat ions without cons idera t ion  of radia t ion with the s ame  data for  e l ec t r i ca l  conductivi ty ~ (T) 
and t h e r m a l  conductivity ~ (T)  of the p l a s m a  give T=12,200~ (see Fig. 1). 

As has  a l r eady  been noted, the e r r o r  in computat ional  r e su l t s  for  the d ischarge  t e m p e r a t u r e  c h a r -  
ac t e r i s t i c s ,  produced by inaccura te  va lues  for  the p l a s m a  t r a n s f e r  c h a r a c t e r i s t i c s ,  i s  g rea t  in the case  of 
calculat ion without considera t ion  of radiat ion,  and at tains,  as follows f r o m  Fig. 1, values  of hundreds and 
thousands of degrees .  When the effect  of radiat ion is  considered,  the e r r o r  i s  reduced.  In fact ,  we a s s u m e  
that  the use of lowered  values  for  e (T) and ~(T)  mus t  lead to an i n c r e a s e  in the ca lcula ted  t e m p e r a t u r e  
value; however ,  at the s a m e  t ime  radiat ion l o s se s  a r e  inc reased ,  which leads  to a t e m p e r a t u r e  dec rease .  
Thus, for  example ,  a change in the data for  ~ (T) and ~ (T) which, in calculat ions without cons idera t ion  of 
radiat ion,  leads to a change in ca lcula ted  t e m p e r a t u r e  of 1200~ (Fig. 1), in calculat ions with considera t ion 
of radiat ion p roduces  a t e m p e r a t u r e  change of only 200~ (Fig. 4). Data on the radia t ion pecu l ia r i t i e s  of 
argon a re  known to an accu racy  of tens of pe rcen t s .  As an i l lus t ra t ion  of the e r r o r  in t roduced by this fact,  
Fig. 4 p r e s e n t s  ca lcula ted  t e m p e r a t u r e  p ro f i l e s  based on radiat ion power ,  dis t inguished by a fac tor  of 2 
( e r r o r  -< 500~ 
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As follows f r o m  Fig. 4, calculat ion with the data of Emmons  [20] p r o -  
duces bet ter  ag reemen t  with exper imenta l  data with r e s p e c t  to both the r e l a -  
t ive con tour  and the absolute values  of t e m p e r a t u r e .  Never the less ,  the re  
r em a i ns  approx imate ly  a twofold i nc r ea se  in the ca lcula ted  value of the axial  
t e m p e r a t u r e  drop, as compared  to exper imenta l  data. 

Radiation T rans fe r .  The evaluat ions p re sen t ed  in [1]  as  an approx i -  
mat ion of radia t ive  t he rma l  conductivity indicated that radiat ion t r a n s f e r  in 
the s t rongly  r eabso rbed  ionization continuum and the cen t ra l  por t ions  of the 
argon resonance  l ines  at T ~ 10,000~ i s  insignificant .  Fo r  a final explana-  
tion of the role  of radiat ion t r a n s f e r  i t  i s  n e c e s s a r y  to examine radiat ion 
t r a n s f e r  in the fu r the r  regions  of the spec t rum,  which co r re spond  to t r a n s i -  
t ions to the unexcited s ta te  of the atom. The divergence of the radiant  flux 
in the spec t r a l  l ines along the axis  of a long cyl indr ica l  volume of p l a s m a  in 
t he rma l  equi l ibr ium is  equal to 

div F (0) = 4:tB~. (0) S (0) -- (2) 

0 0 - - ~  0 

where S (p) ~ I k~ (p)dv i s  the complete  absorpt ion within a line; p and z a re  
0 

the radial  and axial co-ord ina tes ;  k~(o) is the spec t ra l  absorpt ion  index; By0 (0) is the Planck function, c a l -  
culated for  one s te rad ian ,  v 0 is the t rans i t ion  frequency; and R is the cycl inder  radius .  

With the change of va r i ab l e s  

p2 + z ~ = p~ sin-2 ~,  dz = - -  p sin -2 ~,dO 

in tegra t ing in Eq. (2) ove r  p by pa r t s ,  asmtm!r~g that  on the walls  

T(B) =B~o(B) = 0  

we obtain 
div F (0) 

~12 i R B r 0 ~0(~) [ sin_lfflk~(p,)dp,)dp = - - 4 n  I sinOdO k,(O) d v J ~ e x p [ - -  
0 0 0 0 

(3) 

I t  follows f r o m  Eq. (3) Chat in flows where  always OT/Sp < 0, the radiant  flux d ivergence  is  negat ive,  
i .e . ,  the radiant  ene rgy  depa r t s  f rom the axial  points of the flow. In induced d i scharges ,  where  por t ions  
exis t  with aT/ap > 0, t he re  m a y  appear  a radiant  ene rgy  flow toward  the axis .  

On the axis  of the d ischarge ,  3T/Op =0, dBvo/Sp =0, so that  in tegra t ion in Eq. (3) leads  to some 
p* <<A/, where  Al i s  the c h a r a c t e r i s t i c  length for  change  in the p a r a m e t e r s  of the d ischarge  in the axial  
region.  Consider ing that  fo r  s t rongly  r e a b s o r b e d  resonance  l ines  in a rgon  the condition i s  fulfi l led that  
k0-1~ 10 -5 cm <<p* <<A/~ 0.1 cm,  with a g rea t  degree  of a ccu racy  one m a y  subst i tute  in Eq. (3) for  t h e t r u e  
absorpt ion contour  in the line the asymptot ic  express ion  for  the fiarther regions  of the l ines .  In this p r o -  
ces s ,  ne i the r  Doppler  w i den i ng  nor  shif t  in the l ines  plays  a r o l e  in the integrat ion of Eq. (3), s ince they 
change the line contour  s ignif icant ly  only n e a r  the cen te r  of the l ine.  

Fo r  a line with d i spe r s ion  wings 

(4) 
k, (o) ~-- n-1 S (p)A~ (5) (~ - -  ~o)-~ 

we have div F (0) 

: _ ~,/  F(5/,) W (0, R) ! ( I  S ,  ( ~ ' ) A , ,  ( ~ ' ) d ~ ' )  -'/20B'J~ (6) d~ (5)  

0 ~ 

where r (~) i s  the G a m m a  function, Av (p) i s  the shock half-width,  and W is  the equivalent  width of the d i s -  
pe r s ion  line in a l a y e r  of th ickness  R (in sec -1) 

818 



s ,  (~) =_ s (~.)l S(O), A~ , (~) --- Av (~)/ a,~ (0), ~ =_ p/ R 
w (o, R) - 2 (s ( o ) / w  (o) ~)v~ 

We note t h a t  Eq. (5) can a lso  be obtained f r o m  m o r e  complex fo rmulas ,  p r e sen t ed  in [30] (with an 
accu racy  equivalent to the factor ,  omit ted in [30], which is c lose to unity). 

Analogously,  one m a y  obtain an express ion  for  the d ivergence  of the rad iant  flux in the s t rongly  r e -  
absorbed  l ines with the d ispers ion  f o r m  of the fu r the r  wings in the case  of spher ica l  s y m m e t r y :  

W (O. R'l ff fP 

0 0 

F r o m  Eqs.  (5), (6) there  follows a law of s imi la r i ty :  fo r  a change in radius  of the p l a s m a  volume,  
while p r e s e r v i n g  the re la t ive  t e m p e r a t u r e  prof i le  (the flux not d is turbing the re la t ionship  k0 -1 <<A/) 

div FR, (0) W (0, R1)/t2 ~/r  B~ 
V div FR, (0) W (0, R2)/ix Rx 

We note that  the regions  where  OB~o (~)/O~ = 0, in genera l  produce  no contribution to Eqs.  (5, 6). 

Data on the widening of argon resonance  l ines,  widened bas ica l ly  by e lec t rons ,  has been taken  f rom [31]: 

A'v (p) = CN~ (o) 

where Au (p) is  in sec -1, N e is  the e lec t ron  concentrat ion,  C = 1 .3 .10  .7 sec -1.  cm 3. 

The osc i l l a to r  absorpt ion  power  was taken as  equal to 0.2 and0.05 for  the l ines Ar I 1049 ~ and 1067 
J~ r e spec t i ve ly  [32-34]. Of all  the l ines r e l a t ed  to t rans i t ions  to the fundamental  s ta te ,  these  a r e  the mos t  
impor tant .  

Calculated r e s u l t s  for  the radiant  flux d ivergence  in the argon r e sonance l  ines for  var ious  t e m p e r a t u r e  
prof i les  accord ing to  Eq. (5) a re  p resen ted  in Table  1. The cor responding  radia l  t e m p e r a t u r e  dis t r ibut ions  for 
which the radiant  flux d ivergence  was calculated in the Ar I resonance  1 ines at  the axial point of the dis charge div 
F (0) a re  p resen ted  in Fig. 5. The digits indicate  the number s  of the p rof i l es  data for  which a r e  p re sen ted  
in Table  1. Curve 5 is  the exper imenta l  resu l t  of [1]. Radiant  t r a n s f e r  p r o v e s  to be insignif icant  up to 
t e m p e r a t u r e  t rans i t ions  of s eve ra l  thousand degrees .  

Under exper imenta l  conditions, within the argon d ischarge  spec t rum,  the re  is  often obse rved  an in -  
tense  br ightness  in the l ines of a tomic  hydrogen,  p r e sen t  in the p l a s m a  as a m ino r  impur i ty .  The l ines of 
the B a l m e r  s e r i e s  a r e  c lea r ,  and ene rgy  t r a n s f e r  can take place  only in l ines  of the Lyman s e r i e s .  Cal-  
culation of radia t ion t r a n s f e r  in the m o s t  in tense  line Lc~ was conducted with the s ame  Eq. (2), using the 
contour  tabulated in [31t. The final fo rmula  for  calculat ion of rad iant  flux d ivergence  in a line on the axis  
of a d i scharge  in argon at a tmosphe r i c  p r e s s u r e  with a smal l  admixture  of a tomic  hydrogen then has  the 
f o r m  

s'l~(o) sv~v, (o) i (i \ - ' / '  B, h S, (~') N~, % (~') d~' ) O B ~o d~ diVFL~ ( 0 ) = -  9.75 
0 o 

where  Ne ,  (~) = N e (~) /N e (0), S (~) is  the comple te  absorpt ion in the line, and N e is  the e lec t ron  concen t r a -  
tion p e r  cm 3. The fo rmula  is  val id  for  a d i scharge  radius  P 0 -  1-2 cm and t e m p e r a t u r e s  of the o rde r  of 
10,000~ 

Evaluat ions for the case  of a m o l a r  concentra t ion of a tomic  hydrogen in argon of ~ 1% indicate  that  
radiant  t r a n s f e r  in the hydrogen l ines is  smal l ,  and cannot lead to a not icable  change in the radia l  t e m -  
p e r a t u r e  profile under the conditions of the experiment [I]. 

The Effect of Convection. Inasmuch as experimental temperature profiles have a less sharply de- 
fined temperature drop at the center than is predicted by the theory of [12-16], and radiation transfer plays 
no significant role Under these conditions, some other mechanism of temperature equalization in the in- 
duced discharge must exist. It is natural to assume that the cause of this equalization is convection, es- 
pecially when 

• (hp) ~ ~ cpvp~ar / ap 
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where the coefficient of thermal conductivity ~ 4.104 e rg / cm,  sec.  deg, the thermal capacity Cp- ~ 0.2 
c a l / g ,  deg, argon density pm ~ 5.3.10 -5 g/cm ~ (T ~ 9500~ the characterist ic  radial length Ap ~ 1 cm 
[1], which leads to convective flow velocities V ~ 102 cm/sec .  Such velocities are attainable and have been 
observed even in low power carbon arcs of small dimensions [35]. 
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