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CORONA APPROXIMATION OF THE PLASMAY)

J. FERDINAND?), B. SESTAK?), Plzeft

Difficulties in the determination of basic parameters of the plasma can be solved in
several cases by using the corona approximation of plasma. Under certain conditions
discussed later one can obtain electron temperature and density in non-equilibrium
plasma.

For temperature and density measurements we use in general the ratio of relative
intensities of two spectral lines. If we need both parameters, we must use two
independent ratios, i.e. we must use three spectral lines. For temperature measurements
we use two lines of the same ionization stage and for density measurements we use two
lines of subsequent ionization stages.

MOZEID IUTA3MBI B IPMBIMKEHUM KOPOHHOTO PA3PHIIA -

TpyaHocTH ¢ ONPENCNEHHEM OCHOBHLIX NIAPaMETPOB MNa3Mbl B HEKOTOPBIX Cly4asix
MOXHO PEIIMThL NPH MOMOLIM HCHONL3OBAHHMS MOJENH MTa3Mbl B TIPHONIDKEHAK KOPOH-
Horo pa3psna. Ipu HekoTOpBIX yenoBusx, KOTOphI€ NOAPO6HO 06CyXKAAIOTCA B CTaThe,
MOXHO MONY4HTL TEMIIEPATYPY H RNOTHOCTB 3NEKTPOHOB B HEPaBHOBECHOM Iaame. lnsa
HIMEPECHHIT TEMNIEPATYPLI H TNOTHOCTH B OGLIEM HCHONbL3ORAHO OTHOWEHHE OTHOCH-
TEALHBIX HHTEHCHBHOCTEH ABYX CNEKTPaNbHLIX JTUHMH. B ciiyuae HeobxogumocTy OJHOB-
PEMEHHOrO onpepesicHHs 060MX MapaMeTPOB HEOGXONMMO MCIIOib30BATE 1Ba HE3ABHCH-
MBIX OTHOUICHHSA, T.€. HEOOXONMMO WCIONb3OBATh TPH CHEKTPaNbHLIX NuHHA. [nst
H3MEPCHHUIt TeMNepaTypPhi GbUTH HCNIONB30BaHBI [Be CHEKTPaNbHbLIX IHHHM OHOH H TO#
e CTYNCHH HOHM3ALMH M 15 MIMEPEHHS MNOTHOCTH GBLTH MCIONb30BAHE] ABE cnex-
TPANIBHBIX IHHHH JIBYX NOCHEROBATENbLHLIX CTYNEHEH HOHH3AIMH.

I. THEORY

The basic presumption of the corona approximation is that the dominant process
in the plasma is excitation of the neutral atoms by the electron impact. All other
processes (ie. ionization, cascade processes etc.) are negligible. We must further
presuppose that excitation by the electron impact is not balanced by a correspond-
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ing collisional process (i.e. by superelastic collision), but is balanced by radiative
deexcitation. And finally we must consider the plasma to be optically by thin, -

From all these presumptions the limitations of our approximation follow. After
Drawin [1] electron density is limited by the value 10" m~* and neutral atom
density is limited by the value 10 m™>. These restrictions follow from the
computer model of the plasma.

After Sovie [2] the intensity of the spectral line I, corresponding to the j—s k
transition is given by _ .
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where No, N., v and Qu(v) are neutral atom density, electron density, electron
velocity and excitation function of the J— k transition, respectively. The brackets
() indicate a value averaged over the distribution function of the electrons.

For the intensity of the ionic spectral line I we obtain in analogy with the
previous case
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where N, is ion density and all other symbols are the same as above.
From the ratio of intensities of two spectral lines of the same ionization stage we
can obtain the electron temperature. This ratio is

T _ (Qu(v)v)
T (Qu(v)v)" - O

This formula is valid both in the case of two neutral lines and in the case of two
ionic lines. The right-hand side (RHS) of equation (3) is the function f(T.) of
electron temperature T.. If we determine numerically the dependence f(T.) versus
T, and if we measure the ratio of intensities on the left-hand side Aﬁmmv. we can
determine the electron temperature T.. : .

The ratio of intensities of two spectral lines of the subsequent stage of iogization
can be used for the electron density determination. In analogy with wn:mnbu (3) we
obtain

L _ No (Qu(v)v) §
~|+¢....|Z+ AON:AGVCV AAV

On principle we are able to determine the function

m.AﬁvMAIO?l@E %)

(Qilv)v) o

on the RHS of equation (4) numerically. The ratio of intensities on the’ E.mm,.w.m
equation (4) can be measured so that it is possible to determine the ratio No/N- in
equation (4) if we know the electron temperature T.. This value though can be
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determined by the preceding method. For the N, determination is sufficient if the
pressure of the gas in the discharge tube is known. Then from the equation

ﬁ = ZQ\AH.W A@v

where p, & and T are the pressure, Boltzmann’s constant and absolute tem-
perature, we can obtain No and from the ratio No/N. the N,. As in the plasma
relation of quasineutrality

holds, :_m value of N, is also given. .
The main role in the functions f(7.) and F(T.) play the values of {(Qu(v)v)
which in accordance with Latimer et al. [3] we call optical cross sections.

Il. DETERMINATION OF THE OPTICAL CROSS SECTIONS

The value of the optical cross section is the average value taken over the
distribution of electrons. Because the values of Qu(v) are known numerically only,
we must integrate numerically on the computer.

For the distributions of electrons we took the Maxwellian

9(E)=A:VEexp (—E/T) ®)
and Druyvestein’s

9(E)= A, VEexp (~0.5(E/TY) ©)

where E, A and T are energy in eV, normalization constant and absolute
temperature in eV, respectively. From these distributions there follow the equa-
tions for the optical cross segtions ; for the Maxwellian case

Eonas ..

(Qu(v)v) =6.692x 107 (1/ T)* .. QEexp(-E/T)dE  (10)

and the Druyvestein case

E,

T QuEexp (-0.S(E/TFdE (1)

Ewmin

(Qu(v)v) =4.070x 10" (1/T)**

where E., is threshold energy and E,,., is maximal energy taken in accordance with
[3) as E..=10T.

The integration formula used was the Simpson formula and all evaluations were
carried out on an Odra 1204 computer. ;
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IIL. RESULTS FOR HELIUM

In this paper we considered S levels only, because only these levels have Q,
values independent of the pressure of gas. We used the method of Cunnin gham
{4]. We took into account six transitions of neutral helium

3'S§ - 2'P 7218nm 3°S — 2°P 706.5 nm
4'S 5 2'P 5048 nm 4°S — 2°P 4713 nmm
5'S 5 2'P 4438ntm 5°S - 2°P 412.0 nm

and four transitions of the helium ion
3—>4 4686nm 3 -5 3203nm 3 -6 273.3nm 3 — 7 251.1 nm.

The values of excitation functions were taken from R. M. St. John IS, 6], M.
Moussa [7] and P. Laborie, M. Rocard [8].
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Fig. 1. Ratio of intensities of neutral spectral lines of helium. M — Maxwell distribution,
D — Druyvestein distribution,

Results are shown on graphs. Fig. 1 shows the dependence f(T.)~ T. for the case
of neutral helium and both distributions of electrons. It is evident that the function
f(T.) is monotonously increasing with T.. Fig. 2 shows the dependence f(T.) for
ionic helium lines in the case of the Maxwellian distribution. It is evident that for
diagnostic purposes the best is a ratio of intensities of lines 468.6 nm and 320.3 nm.
All the other ratios are partly constant with T, in the whole region of T., partly
constant in some part of the region of T.. Only the ratios of lines 468.6 nm,
320.3 nm and 468.6 nm, 273.3 nm are monotonously decreasing with 7. ; but the
first two lines are evidently better than the other two lines. Fig. 3 shows the
dependence f(T.) for ionic helium lines in the case of the Druyvestein distribution.
The conclusions are the same as in the previous case. o

Fig. 4 is an example of a nomogram for density determination. Electron density
can be determined in the following way: first we have to determine the electron
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Fig. 2. Ratio of intensities of ionic spectral lines of
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temperature. We plot this value on a vertical axis in the lower part of the

nomogram, which contains the dependence F(T.)~ T.. From this dependence we
determine the corresponding point on the horizontal axis. On the upper part of the
vertical axis we plot the value of I./I;,. Through both points we put lines parallel to
the corresponding axis. The point of crossing determines then the value of
a = N./No. Knowing the pressure p in the discharge tube we can obtain N, from «
as described above.

IV. EXPERIMENT

Theoretical conclusions of the preceding parts were proved experimentally on
the glow discharge in helium. We proved the temperature determination only, since
in the glow discharge it was impossible to excite any ionic line. ’

We used two values of the discharge current; 10 mA and 15 mA. In both cases
the electron temperature was determined on the basis of the above theory. In the
case of the discharge current 10 mA we could determine the electron temperature
from the ratio of the intensities of lines 504.8 nm and 471.3 nm. The temperature
value was 20300 K. In the case of the discharge current 15 mA we could determine
the electron temperature from the ratios of the intensities of lines 504.8 nm and
443.8 nm, 412.0 nm. From the first ratio the electron temperature obtained was
45800 K and from the second 48600 K. .

257



As a testing method the double probe method was used. In the case of the
discharge current 10 mA we obtained the value of the electron temperature
20300 K and in the case of the discharge current 15 mA we obtained the value of
electron temperature 44500 K. :

From the above experimental data it follows that the values of 7, obtained by
both methods are practically equal and the accuracy of measurement is better than
10 %. Because of this fact we are able to compare our results with those of
Drawin [1]. Our results show that the corona approximation can be used at

:o::.w_wSBan:wEnmEmra:rw:Hc;E&.Ocné_:ooa:o::m_mﬂoa density was
about 10® m™. ” .
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Fig. 3. Ratio of intensities of ionic spectral lines of __,o=E= for the case of Druyvestein distribution. "
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Hence we can conclude that for helium glow discharges it is possible to use the
corona approximation for the temperature determination. It is possible to use this
approximation in a nonequilibrium discharge under similar conditions. The value
of 10" m™ is limiting for the electron density only. As the principle of density
determination is similar to that of temperature determination, we can expect that
also density determination will be possible in the range of the corona approx-
imation.

But it is necessary to observe that for an exact diagnostic it is necessary to use
tables of optical cross sections, to be published later in a special report.
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Fig. 4. Nomogram for electron density deter- 50 MAXWELL
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