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In the summation over i, the range of the summation is over
all observable species.

If Imn
(i} and Amn

({} are known in absolute units and if T,
the gas volume, can be determined with sufficient accuracy,
the species number density n(i} can be evaluated from

Finally, the total density of the gas may be calculated by
summing Eq. (10) over i.
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Radiant Energy Loss from a Seeded
Plasma

MICHAEL A. LUTZ*
Massachusetts Institute of Technology, Cambridge, Mass.

THE purpose of this note is to describe briefly the method
and results of an investigation1 into the radiant energy loss

and its effect on the electronic energy balance of a seeded,
slightly ionized plasma. Such a plasma may be in a state of
nonequilibrium if the electron temperature is elevated above
the gas temperature. A typical plasma, such as used for
nuclear MHD generators, was considered, i.e., a noble gas,
seeded with about 0.1% cesium at atmospheric pressure and
2000°K.

The computation of the radiant energy loss is divided into
two parts, namely, the determination of the spectral absorp-
tion coefficient and the solution of the radiant transport
equation.

The spectral absorption coefficient can, in turn, be divided
into four parts, three due to continuum and one due to line
radiation. Of the continuum parts, Bremsstrahlung (elec-
tron-ion radiation) is about 10 ~10 times smaller than line ra-
diation2 and electron scattering (electron-atom radiation) is
about 10~5 times smaller than line radiation. The remaining
two parts are free-bound and line radiation. A detailed treat-
ment of the free-bound radiation shows it to be small enough
that one can consider only line radiation for engineering
calculations.

Doppler, pressure, and Stark broadening must all be com-
bined to obtain the correct line profile. Since the latter two
have a dispersion profile which falls off more slowly in the
wings than that of the first, a dispersion profile is assumed for
the entire line with a total line half-width taken as the sum of
those for the three processes.3'4

The transport equation is then formulated for a uniform
plasma contained between plane parallel absorbing walls
separated by a distance d. The electron temperature T is
assumed to be elevated above the gas temperature Tg by

Table 1 Radiant flux to one wall, watts per centimeter
squared
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some energy input, such as Joule heating. KirchhofPs law
is assumed to be valid locally.5 In the uniform plasma, the
spatial integrations in the transport equation can be carried
out analytically, but the frequency integration is done
numerically.

This calculation has been carried out for an argon-cesium
plasma at atmospheric pressure and 2000° K, with a seed
concentration of 1016/cm3. A total of 120 cesium lines were
considered, using the oscillator strengths of Ref. 6. The re-
sulting energy fluxes to one wall of the enclosure are given
in Table 1. For completeness, the free-bound energy fluxes
are also included. It will be noted that the continuum radia-
tion is quite small, even at electron temperatures of 3000° K.

Of the 120 lines, it is found that the two principal resonance
lines contribute approximately 80% of the radiation in all
cases. Of this radiation, approximately 25% is in frequency
ranges near the line center where the plasma is optically thick,
with the remaining 75% coming from the wings.

Using this information, it has been possible to obtain an
approximate solution to the transport equation, obviating the
numerical integration. The result is that the energy flux to
the wall, for fixed electron temperature, behaves as
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where ng is the gas concentration, ns is the seed concentration,
and Tg is the gas temperature.

It has recently come to attention that these results agree
with Holstein,7'8 who considered the escape of resonance radia-
tion from gases.

The present calculations show that for practical purposes, at
electron temperatures below 3000° K, the radiant energy loss
from an alkali metal seeded plasma may be approximated by
the energy loss from the two principal resonance lines alone,
and this can be treated simply by the method of Holstein.
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