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A number of works (1-3) are dedicated to investigating limiting
brightnesses of a spark discharge channel; however, only in heavy inert
gases was a_saturation of brightness able to be observed in a wide
area of the spectrum (2300-900 g). The saturation of brightness
occurred only in the long wave part of the spectrum in light gases
with the used rates of the current's growth.

An investigation of the limiting brightnesses of a spark discharge
channel in argon, nitrogen, air, and helium upon extremely high rates
of current growth (U/L x 1012 A/s) was the goal of this work. The
discharge was accomplished in a high pressure chamber having a window
for the outlet of light*. The discharge circuit was characterized by
the following parameters**, C = 0.1-1.0 1F, L = 4-8 nH, U = 2-10 kV,
the length of the spark gap was '~ 1.5 mm.

Measurements of the brightness were accomplished from the emission
of a continuous background in the spectral range of 400-9000 % and

*The chamber's design was developed by B. R. Muratov.

** Low-induction cagacitorl similar in design to those described in
(4) were used in this work.
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in points of the spectrum corresponding to the maximg of strongly

o
broadened spectral lineSé He II 4686 A, Ar II 4348 A, Ar II 4608 A,
N III 4097 A, N II 5045 A.

Limiting brightnesses were attained in all the investigated gases
thanks to the extremely high current growth rates. The values of the
channel's limiting brightness temperatures and the discharge conditions
corresponding to them are presented in Table 1.

Table 1
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KEY: (1) Gas; (2) Heljum; (3) Nitrogen; (4) Argon; (5) Air; (6) P,
in at.; (7) U/L, in 1012 A/s; (8) C, in «F; (9) Tgpx, in OK; (10) V,
in Megastilbs; (11) Conditions.

The channel's emission was observed both from the end as well as
in a direction perpendicular to the axis of the discharge. The
obtained values of brightness temperature in this case coincided.

It was established that a change of the discharge circuit's
capacitance value does not exert a significant influence on the
channel's brighness.

It is necessary to note that the limiting brightnesses of the
spark discharge's emission in helium, argon, and air measured in this
work are significantly different from the results of corresponding
measurements presented in (4, 5). There is a basis to assume that a
significant overstating of the brightness values in (4, 5) is con-
nected with a disregard for the spectral distribution of the discharge
channel's emission.

The dependence of the discharge channel's limiting brightness
temperature on the wavelength in s;turation modes is presented in




Fig. 1. 1It is seen from the figure that the spark discharge channel's
emission is close to ideal black body radiation in the saturation mode.

It was established that if the discharge mode becomes even more
stringent after attaining the limiting values of brightness, then a
slight reduction of the brightness is observed, which apparently is
connected with the absorption of emission in the discharge channel's
peripheral layers. The dependence of the channel's brightness temp-
erature in helium on the discharge mode is presented in Fig. 2 as an
example.
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Fig. 1. Fig. 2.
Fig. 1. 1 - Helium; 2 - Nitrogen; 3 - Argon.
Fig. 2

KEY: (1) at.

The question about the degree of influence of the impurities on
the channel's brightness in helium is very significant. Due to the
high ionization potential of this gas the presence of small amounts of
impurities of easily ionized gases may cause a reduction of the dis-
charge channel's temperature in helium. Experiments conducted with
helium of various degrees of purity showed that even with a maximum
content of heavy impurities (~4%) a cooling of the channel is not
observed in helium.

The conducted investigations confirm a conclusion made in (1-3)
about the fact that with a lowering of the atomic weight of a gas the
spark discharge channel 's limiting temperature is increased. An ex-
ception is oxygen in which the temperature is lower than in nitrogen
and argon. The reason for this is not clear, In (7-9) it was
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established that the temperature of the spark discharge channel in air
is virtually independent of the discharge mode (within certain limits
of the latter's change). Therefore, it can be assumed that attaining
limiting values of brightness is caused by an attainment of the
discharge channel's opacity.

If we use the conclusions of the Kramers-Unsold theory (6) for
the absorption coefficient of continuous emission and the hydrodynamic
theory of a channel's expansion, then it is possible to obtain the
following relationship which connects the slope of current growth in
the U/L circuit, which is necessary in order to achieve the channel's
opacity, with the basic parameters of discharge plasma:

A L.
O Ligg (FAT 1)

c =,

where T is the plasma's temperature (it is suggested that the plasma
be isothermic); v — is the luminous vibration frequency; <. is the
initial density of a gas; Zj,, is the effective ion charge; ¢t is the
time measured from the start of the discharge (it is assumed that

t< VL0, ¢ is a constant.

From the relationship presented it is possible to draw the fol-
lowing conclusions.

1. A condition of opacity is satisfied more easily for low
frequencies. Thus, the channel's opacity is attained at first in the
red area of the spectrum and then in the blue area in provortion to
the increase of the current's growing rate in the discharge.

2., With the assigned parameters of a discharge circuit the
channel 's opacity is attained most easily in heavy gases. If we
further consider that the channel's temperature falls with the
increase of atomic weight, then it makes clear the strong dependence

of the slope of the current necessary for attaining saturation of
brightness on the atomic weight of the gas.

3. An increase of pressure makes attaining the saturation of
brightness easier. 4
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It is easy to see that theoretical regularities agree well with
experimental results.
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