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The region of exi,stence and the main parameters of a strong-current self-contracted 
opaque discharge produced by electric explosion of wires of various metals are inves
tigated. It is found experimentally that an opaque equilibrium discharge with a homo
geneous temperature exists in a rather narrow range of discharge currents from ~ 100 
-130 to ~ 300 kA. The absolute value of the brightness temperature grows with increase 
of the discharge current and decrease of the number of particles in the discharge. The 
characteristic sizes and electric characteristics of the discharge and also the radiation 
outputs in various spectral intervals and the energy balance are determined. It is shown 
that discharges with lengths considerably exceeding their diameter are subject to in
stabilities of the neck and kink types. Their development increments, which depend on 
the velocity of isothermal sound, are also determined. The experimental results are 
compared with the theoretical calculations and satisfactory agreement is found. As radi
ation sources, the' discharges tudied possess about the same characteristics as se
lective discharges in lithium or atmospheric discharges. 

1. INTRODUCTION 

Strong-current self-contracted discharges (pinches) 
have been investigated intenSively of late from the point 
of view of their use as radiation sources for laser pump
ing[1-16]. The theory of such discharges has been devel
oped in sufficient detail, and, in particular, the equi
librium characteristics of strong-current discharges 
have been investigated in transparent[l-S], opaque [1-3,6], 
and grey[7] plasmas for both direct and alternating(8] 
current, and computer calculation methods have been 
developed for the non stationary processes in such dis
charges [9]. However, one can regard only linear pinches 
in an optically transparent plasma as adequately inves
tigated experimentally. This concerns primarily trans
parent discharges in a lithium plasma, the investigation 
of which has been the main subject of a cycle of studies 
performed at the Physics Institute of the USSR Academy 
of Sciences (FIAN)[1Q-13,15,16]. In these investigations, 
careful studies were made of the absorption coefficients, 
of the total yield and of the spectral composition of the 
radiation[1O-14], of the spatial distribution of the para
meters [13-1SJ, of the energy balance in the discharge [11], 

and of the discharge stability[16]. These investigations, 
on the one hand, confirmed rather well the correctness 
of the theoretical concepts developed for transparent 
lithium discharges and, on the other hand, point to their 
good qualities as radiation sources, namely greater 
brightness and good selectivity. The same investigations, 
however, while not directly confirming the proneness 
of discharges in a transparent plasma to develop super
heat instability rapidly, nonetheless offer evidence of 
their complex irregular structure, which undoubtedly is 
a shortcoming in a radiation source. 

At the same time, no systematic investigations have 
been made of opaque pinches in an atmosphere of heavy 
gases, which should have a much greater stability than 
the aforementioned lithium discharges. There are quite 
a number of published papers in which such discharges 
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were produced by electric explosion of wires in 
vacuum (17-21]. Most of these papers are devoted to the 
dynamiCS of such discharges, and only a few cite data 
on the characteristics of the opaque stage of the dis
charge. Thus, the presence of a pinch effect accompanied 
by the appearance of a continuous spectrum and an in
creasinlf discharge temperature has been demon-
strated 17-201, as well as the development of magnetohy
drodynamic instabilities in such discharges. Only two 
investigations [15,20] have demonstrated convincingly that 
a discharge plasma in indium or aluminum vapor con
tains regions with uniform temperature distribution, 
emitting black-body radiation in the spectral transmission 
band of quartz. However, the data cited in these papers 
are utterly insufficient both from the point of view of 
verifying the theory of the strong-current pinch in an 
optically dense plasma and from the point of view of 
investigating the characteristics of such discharges as 
radiation sources. The researches reported below fill 
this gap to some degree. 

2. FUNDAMENTAL THEORETICAL RELATIONS 

To facilitate the subsequent exposition, we present 
first the principal results of the theory of strong-current 
self-contracted discharges in an optically dense plasma 
in a form that is convenient for practical applications [1,3,22]. 
As shown by the analysis, all the principal parameters 
of the discharge can be expressed in terms of the dis
charge current I and the total number of particles per 
unit discharge length Nt. In particular, for the plasma 
temperature To(t) on the discharge axis and for the char
acteristic discharge dimensions rd(t) we have 

l' (t) 0 ( ) 

To(t)=3.6·10" (1+z)Nt [ K], 2.1 

rd(t) == 8.15 ·lO-"z'I'(1 +Z)"f. I~;t) [cm], (2.2) 

where z is the average ion charge, I is expressed in 
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amperes, and Nt is given in cm- l • In the derivation of 
these formulas we assumed that the temperature and the 
electric field are homogeneous over the discharge cross 
section (the density distribution over the cross section 
is parabolic), that the discharge is optically opaque, and 
that it is formed in a quasistationary manner. 

The applicability of the radiant thermal conductivity 
approximation and the requirement that the temperature 
be uniform impose a limitation on the discharge current: 

scale instability can develop in them, and the growth in
crements of the most dangerous fundamental surface 
mode of the neCking instability is equal to 

(2.7) 

where Q!2 = ~rd is a small parameter of the theory, Le., 
Q!2 « 1. The growth increment of the rather dangerous 
long-wave flexural Instability modes is also smaller by 
a factor Q!-l/2. 

(2.3) 3. EXPERIMENTAL PROCEDURE 

where the values of the critical current (the minimal 
Icr .min and the maximal Icr .max) depend on the mech
anism whereby light is radiated in the discharge. In the 
case of multiple ionization, they are universal constants 
and equal to Icr.min "" 130 kA and Icr .max "" 420 kA, 
independently of the type of material in the discharge. 
At 1< Icr .min, the Rosseland free path of the quanta in 
the discharge becomes larger than r d, and at I "" Icr .max 
the distribution of the temperature in the discharge 
should become inhomogeneous to the same degree as 
the inhomogeneity of the density. 

The requirement that the electric field be homogene
ous leads to the following lower bound on the total num
ber of particles Nt: 

(2.4) 

where A is the atomic weight of the ions in the discharge. 

With the aid of formulas (2.1) and (2.2) we can also 
obtain expressions for other parameters that character
ize the discharge, such as the plasma denSity, the elec
tric field intenSity, and the active resistance of the dis
charge. As to the radiation from the surface of the dis
charge, it coincides in the considered approximation with 
absolute black-body radiation. Realistically, however, 
the radiation from the discharge never coincides with 
black body radiation, owing to the transparency to the 
short-wave quanta. In such semitransparent (grey) dis
charges it is possible however to have, a state with a 
homogeneous temperature, owing to the large radiant 
thermal conductivity for the long-wave quanta. The ra- . 
diation of such grey discharges is described approxi
mately by the relation 

(2.5) 
) 15S"'X'dX 10 xo' 

6(XO ~- --+ 
:rt~ 0 e;{; - 1 tt'" exp Xo - 1 

(J' is the Stefan-Boltzmann constant, Xo = hvclKT is a 
dimensionless quantum frequency corresponding to equal
ity of the spectral mean free path l(vo) to the character
istic discharge dimension rd, Le., to equality of the 
optical thickness of the discharge to unity: 

'I"(Vo) ~ xv(vo)rd (vo) = rd (vo) !l(vo) = 1. (2.6) 

When v> vo' the plasma is assumed to be fully trans
parent, and at v < Vo completely opaque. 

The temperature in a grey discharge is given by 
formula (2.1), and the radius rd is decreased by a factor 
e/3(xo). The value of Xo itself is calculated at a given I 
from Eq. (2.6) by a graphic method. The region of 
existence of a grey discharge with homogeneous tem
perature is broader than the region of existence of an 
opaque discharge, owing to the decrease of the minimal 
critical current by a factor of 2 - 3. 

Finally, it should be noted that the discharges in 
question have equal stability, since no superheat large-
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To produce a self-contracted discharge in an optically 
dense plasma with constan t total number of particles we 
used, as in the papers described in Sec. 1, electrical 
explosion of wires in vacuum. 

The experiments were performed with two discharge 
circuits with capacitive energy storage, having different 
energy capacities and different periods. The first in
stallation, which was described earlier [22-24], stored up 
to 30 kJ and had a capacitance of either 54 or 72 JlF, 
and the period, depending on the length of the exploded 
wire, fluctuated somewhat about 25 iJ.sec. The second 
discharge circuit could store up to ~ 250 kJ and had a 
much longer period, the first half-cycle of the discharge 
current reaching 80 iJ.sec in the experiments. This in
stallation was also described in detail earlier [25]. The 
two installations could be charged to a working voltage 
Uo = 30 kV. 

The discharge chamber consisted of two flat steel 
electrodes, between which the exploded wire, ranging in 
length from 5 to 100 cm, was stretched. The electrodes 
were placed in a quartz tube which was clamped vacuum
tight between the upper electrode and the metallic disk 
that served as the ground of the circuit, with the aid of 
8 cylindrical copper tightening bolts that served as the 
return current lead. With such a construction, the 
chamber in the working state constituted the equivalent 
of a coaxial cable. The discharge chamber was evac
uated to a pressure no higher than 10-5 mm Hg. We used 
wires of aluminum, copper, silver, and tungsten. 

The diagnostics methods used in the study were 
analogous to those already used and described in detail 
in (11 ,22-251, and we shall therefore only list them briefly. 
The shape and the characteristic dimensions of the dis
charge were investigated with the aid of an SFR-2M 
camera, and the current-voltage characteristics were 
plotted with the aid of Rogowski loops and noninductive 
voltage dividers. The time-swept emission spectrum of 
the discharge was registered by using disk slit scanning 
and an ISP-30 spectrograph. The discharge radiation 
in individual spectral intervals was registered with F-l 
and F-7 photocells and light filters. A standard source 
of type EV-45 was used for the absolute calibration. The 
integrated radiation energy in the transparency region 
of quartz was measured with the aid of a calorimeter. 

The first setup was used to investigate the principal 
characteristics of the equilibrium stage of the dis
charge [22 ,23 ,26] and its stability (22 ,24], while the second was 
used to obtain data on the investigated discharge as a 
source of radiation (1,26]. 

4. INVESTIGATION OF THE STAGE OF 
MAGNETIC CONFINEMENT 

In this section we present the results of an investiga
tion of the region of existence and the principal para-
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meters of an opaque discharge maintained in equilibrium 
by the magnetic field of the discharge current itself. 
The experiments were performed with the first setup, 
and the capacitance of the discharge circuit was 54 J,J.F. 

The equilibrium characteristics were investigated for 
relatively short discharge gaps, 5 cm long. In this case, 
the discharge was nearly periodic (see Fig. la), with a 
period ~ 25 J,J.sec and a damping decrement ~ 0.25 - 0.3. 
At discharge voltages Uo = 15, 20, and 30 kV, the ampli
tudes of the current in the first maximum were 160, 220, 
and 380 kA. Thus, the experiment covered the entire 
discharge-current range defined by the inequalities (2.3). 

We exploded wires with diameters from 9 x 10-2 to 
0.5 mm; the number of particles per unit length of wire 
ranged from 4.6 x 1018 cm -1 to ~ 1.2 X 1020 cm -1. 

The high-speed photographs of the "short" dis
charges revealed a discharge of strictly cylindrical 
shape without any deviations. Only during the later stages 
of the discharge (70 - 80 J,J.sec) did there appear small
scale perturbations of the discharge surface. This high 
stability of the discharge surface is apparently due to 
the stabilizing influence of the electrodes. The photo
graphs were used to determine the dependence of the 
radius of the plasma filament on the time. A typical time 
dependence of the discharge channel obtained in this 
manner is shown in Fig. 2 for the case of explosion of a 
silver wire of 0.09 mm diameter at Uo = 15 kV. A sim
ilar picture was also observed under other experimental 
conditions (different wire diameters and materials, 
different working voltages). From experimental plots 
similar to that shown here it can be established that at 
different instants of time the radius of the channel in
creases at a rate (3 - 6) x 106 cm/sec, depending on the 
initial voltage and on the number of particles per unit 
discharge length. This stage was followed, in all the 
investigated cases, by a stage of magnetic confinement 
near the first maximum of the current (Fig. 2). Figure 
3 shows the dependence of the discharge-channel radius 
on the discharge current for exploding "thin" silver 
wires (diameter 0.1 mm, Nt = 5 X 1018 cm-1 ). The ex
perimental points correspond to the start of the stage 
of magnetic confinement (the time instant t = 2.5 J,J.sec 
from the start of the discharge) at different voltages 
(15 - 30 kV). It is seen from the figure that the radius 
of the discharge channel decreases monotonically with 
increasing discharge current. 

We now examine the spectral characteristics of the 
discharge. A typical time sweep of the spectrum is 
shown in Fig. lb. We see that the first to appear is a 
continuous spectrum, with the main fraction of the radi
ation energy released during the first half-cycle in the 
form of continuous radiation. Then, after time intervals 
equal to half the discharge-current cycle, several weaker 
maxima of radiation intenSity are observed, and in these 
regions the radiation also seems to be almost entirely 
continuous. In the gaps between the maxima of the con
tinuous radiation, the spectrum has a complicated char
acter, with a complicated line spectrum superimposed 
on the continuous spectrum. The continuous spectrum 
was used to determine the brightness temperature of the 
discharge, which corresponds to the true temperature 
of the discharge surface in the region where the radiation 
is of the black-body type, as verified carefully for dif
ferent instants of time during the first half-cycle of the 
current. It was assumed that the discharge radiates 
as an absolutely black body if the brightness temperature 
T does not depend, within the limits of measurement 
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errors, on the wavelength .\. in the entire registered 
spectral interval. A Similar check, which will be dis
cussed in detail later on, has shown that the radiation 
has a black-body character in the entire region of mag
netic confinement. 

The circles in Fig. 4 represent the time dependence 
of the brightness temperature, obtained by this method, 
for the case of explosion of a "thin" wire (0.1 mm 
diameter) at 15 and 30 kV. It is seen from the figure 
that the time variao.on of the brightness temperature in 
the first half-cycle follows the variation of the discharge 
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FIG. I. Current oscillogram obtained following explosion of a silver 

wire of 0.09 mm diameter at a capacitor-bank voltage Do = 30 kV (a) 
and section of the time sweep of the spectrum under the same condi
tions (b). 

1.2 

,em 
T T 

1 0 t 0 0 

I 't--.. 
L 

0 1 --r--

~~L:em ~ 
1.2 ~ ~ ~ 
0.8 ---------=:1 --
fH 

, , 

2 ~ 5 0 o 100 200 300 

t,llsec I, kA 

FIG. 2 FIG. 3 
FIG. 2. Time dependence of the radius rd of the discharge channel. 

Silver wire, 0.09 mm diameter, Do = 15 kV. The experimental values are! 
represented by points and the solid curve was obtained by theoretical 
calculation. 

FIG. 3. Dependence of rd on the discharge current I. Silver wire, 
0.1 mm diameter, Do = 15 kV. 
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current. At the maxima of the current, the temperature 
values reached in this case are 3 - 5 e V, depending on 
the applied voltage and on the wire diameter. A similar 
temperature variation follows from the data obtained 
with the photocells. From the oscillograms of the sig
nals obtained from the F-1 photocells (which registered 
the spectral interval from 3350 to 4350 A) and the F-7 
photocells (2300 - 3300 A) it follows also that the prin
cipal fraction of the energy is radiated in the first half
cycle of the current, in agreement with the conclusion 
drawn from the analysis of the spectrograms. 

Using the standard procedure [25), we also calculated 
the temperature averaged over the cross section of the 
discharge filament, by starting from the current-voltage 
characteristics of the discharge at the instant of the 
first current maximum. We used for this purpose the 
expression for the conductivity of a fully-ionized plasma, 
and the function z (T) was determined in accordance wi th 
the usual Kramers-Unsold procedure. The values of T 
obtained in this manner are shown by triangles in Fig. 4 
We see that at Uo = 15 kV the brightness temperature 
and the temperature determined from the conductivity 
are practically the same. 

Let us now dwell in greater detail on the dependence 
of the brightness temperature on the wavelength. Figure 
5 shows the indicated dependence for discharges pro
duced by explosion of silver [23], aluminum, copper, and 
tungsten wires with different diameters at 15 kV. Curves 
1,2, and 3 pertain respectively to the 6-th, 4-th, and 
2-nd microseconds from the start of the discharge, cor
responding to discharge currents of 165, 130, and 70 kA. 
As can be seen from the figure, for discharges produced 
by explosion of wires of different materials and with 
different numbers of particles, the brightness temper
ature is independent of the wavelength, Le., the discharge 
emits absolute black-body radiation (for example, the 
straight line 1), at instants of time exceeding a certain 
to, Le., for a discharge current exceeding a certain value. 
At current values lower than a certain Icr.min, the dis
charge ceases to be a black emitter and the brightness 
temperature decreases with decreasing wavelength. The 
fact that the optical thickness is close to unity near 
Icr .min is also demonstrated by measurements made by 
passing through the discharge its own radiation reflected 
from a mirror, and also by passing light from an He-Ne 
laser through the discharge. We note that the plots 
presented were obtained by photometry of discharge 
spectra obtained at a constant initial voltage, but meas
ured at different instants of time. Analogous plots can 
also be obtained by investigating the behavior of the dis
charge spectrum at the maximum of the current while 
the amplitude of the discharge current is varied (by 
varying the changing voltage). 

The reduction of similar plots for the purpose of 
finding this minimum value Icr .min has shown that it lies 
in the range 100 - 130 kA and does not depend on the 
initial voltage Ua, on the wire diameter, or on the wire 
material. Thus, Icr .min is a universal quanti ty that does 
not depend on Nt or on the wire material, and has an 
absolute value that agrees well with the theoretical value. 

The fact that experiments reveal a clearly pro
nounced stage of magnetic confinement, and that in this 
region the discharge radiates like an absolute black 
body, enables us to use formulas (2.1) and (2.2) for its 
description. Here, as above, we used the theoretical 
z(T) relation. The theoretical values of rd and T ob
tained from thes~ formulas, represented by the solid 

797 Sov. Phys . .JETP, Vol. 37, No.5, November 1973 

curves of Figs. 2-4, agree well with the experimental 
data cit small discharge currents. However, even the 
discrepancy observed at Uo = 30 kV (see Fig. 4b) seems 
to have a profound physical nature. Indeed, the max
imum discharge current reaches in this case 380 kA, 
which is close to the upper limiting current Icr .max 
= 420 kA called for by the theory. On the other hand, 
the phySical meaning of Icr .max, as already mentioned 
in Sec. 2, is that at this value of the current the tem
perature in the discharge should become just as in
homogeneous over the discharge cross section as the 
density, i.e., it should decrease rapidly toward the sur
face of the discharge. Recalling furthermore that the 
brightness temperature corresponds to the temperature 
of the discharge surface, we can easily understand why 
the average value of T given by calculation or determined 
from measurements of quantities averaged over the 
discharge cross section (such as conductivity) greatly 
exceeds the true value of the surface temperature 
measured by the optical method. 

In concluding this section, let us dwell also on the 
dependence of T on the total number of particles per 
unit length of lite exploded wire, as shown in Fig. 6. 
The dashed curve in this figure shows the result of a 
theoretical calculation by means of formula (2.1), 
assuming that all the wire particles are captured in the 
discharge. It is seen that in the case of thick wires there 
is a strong discrepancy, which can be attributed to in
complete evaporation of the wire at those rates of energy 
supply to the discharge which obtained in the experi
ment. A tendency towards an increasing discrepancy 
between theory and experiment is also observed at 
small Nt. It may be due to violation of the inequality 
(2.4), since under our conditions we have Ncr"'" 4 x 1019 

cm-1 at I = 160 kA. 

5. STABILITY OF OPTICALLY OPAQUE 
DISCHARGE 

The investigated short discharges, as follows from 
the results of the preceding section, were highly stable 
because their length was commensurate with the char
acteristic dimension of the discharge channel rd, and 
because of the stabilizing influence of the electrodes. 
The stability of the equilibrium state of the discharge 
was therefore studied for relatively long (l = 25 cm) 
discharge gaps, for which l» rd. The investigations 

5QQQ IfQ(JQ 3QQQ ZQQQ 

A. A 
FIG. 5 FIG. 6 

FIG. 5. Dependence of the dimensionless brightness temperature on 
the wavelength. Vo = 15 kY. The experimental points correspond to ex
plosions: D-AI, 0.3 mm diameter; O-Cu, 0.14 mm diameter; I:!.-Ag, 
0.1 mm diameter; +-W, 0.2 mm diameter. Curves I, 2, and 3 pertain 
respectively to the sixth, fourth, and second microseconds from the 
start of the discharge. 

FIG. 6. Dependence of the brightness temperature of the discharge 
on the total number of particles per unit length of a silver wire at V = 
15 kY. 0 
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were carried out with the first discharge circuit, with 
72 J1.F capacitance. The discharge period however, re
mained, the same as before, 25 J1.sec, as a result of a 
decrease in the parasitic inductance. 

The radiation of these discharges has shown that near 
the first current maximum there is a clearly pro
nounced stage of magnetic confinement, but that the 
shape of the discharge is subject to clearly pronounced 
perturbations of the type of necking and kink instabil
ities. This is clearly seen from the photograph of an 
aluminum discharge (wire of 0.14 mm diameter) during 
the stage of magnetic confinement, as shown in Fig. 7, 
where the observed overall bending of the discharge 
filament is connected neither with any possible initial 
perturbation nor with the asymmetry of the turning on 
of the discharge chamber. At the same time we ob
served no data offering evidence of development of super
heat instabilities. 

For a quantitative investigation of the development of 
force instabilities, we separated the helical instabilities 
from the neCking instabilities, and the functions char
acterizing the necking and helical perturbations were 
expanded in Fourier series. The analysis showed that 
an instability of the necking type has a maximum am
plitude for the harmonics corresponding to kzrd >:::: (0.7 
- 0.9) S 1. For helical instabilities, the maximum 
amplitude is possessed by perturbations with kzrd 
>:::: 0.15, corresponding to kz >:::: rrll, i.e., perturbations 
with a length equal to double the length of the discharge 
gap. 

We have calculated the increments of instability de
velopment by comparing the amplitudes of the maximal 
harmonics for different instants of time. The incre
ments y obtained in this manner from high-speed photo
graphs of explosions of aluminum, copper, silver, and 
tungsten wires are represented by the circles in Fig. 8 
as functions of the atomic weight of the material of the 
exploded wires. The increments of the necking mode of 
instability are represented by curves 1, and those of the 
helical mode by curve 2. An investigation of the de
pendence of the stability increments on the speed of 
sound vs, carried out both by measuring the discharge 
temperature and by measuring the mass of the ions in 
the discharge, has shown that the instability development 
increments are directly proportional to the speed of 
sound for both the neCking and helical instabilities. 

Figure 8 also Shows, in the form of solid curves, the 
results of a theoretical calculation of the increments of 
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FIG. 7. Typical form of discharge with developed 
instability, photographed with SFR-2M camera at 
a rate of I frame per microsecond. The frame 
corresponding to the sixth microsecond of the 
discharge is shown. Explosion of aluminum 
wire of 0.14 mm diameter, U 0 = 15 kY. 

Sov. Phys.-JETP, Vol. 37, No.5, November 1973 

z 

FIG. 8. Dependence of the increments of 
development of the fundamental mode of 10; 

necking instability (curves I) and helical ins- 5 

tability (curves 2) on the atomic weight of 
the material of the exploded wire. 
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FIG. 9. Time dependence of the electric 
energy Q delivered to the discharge (curve I) 
and the energy W!::.AI radiated in the trans
parency band of quartz (curve 2). Curve 3 
corresponds to the radiation in the. band !::.A3 = 
2300-3300A, and curve 4 pertains to the 
band !::'A4 = 3300-4300A. A-internal (ther
mal) energy U, .-ionization energy I. 
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the development of the force instabilities in accordance 
with the relations given in Sec. 2 (see formula (2.7) ff.). 
Good quantitative agreement between theory and experi
ment is observed. 

6. ENERGY BALANCE AND DISCHARGE 
RADIATION YIELD 

We shall analyze the energy balance of the discharge 
using as an example the short discharges described in 
Sec. 3, and then present quantitative data concerning the 
prinCipal energy characteristics, namely the electric 
energy Q released in the plasma and the radiation energy 
W. We express the equation of the energy balance in the 
discharge in the usual form: 

Q = Eev + E kin + W." + W." + I + U. (6.1) 

Here Q is the energy delivered to the discharge, Eev is 
the energy consumed in evaporation of the wire, Ekin 
is the kinetic energy of the expanding plasma column, 
U = (1 + z)NKT is the thermal energy of the plasma, I is 
the energy consumed in ionization, W Ll'\ is the energy 

1 

radiated in the transparency band of quartz (Ll'\l = 2000 
A - 00), and W Ll'\2 is the energy radiated in the shorter-
wavelength band LlA (Ll,\ = 0 - 2000 A) and absorbed by 

2 2 
the walls of the discharge tube. 

The energy Q was calculated from the current-voltage 
characteristics. Estimates of the values of Eev and 
Ekin show that they can be neglected. U and I were cal
culated from the brightness temperature of the discharge 
and from the theoretical z (T) dependence, while W was 
calculated as for absolute black-body radiation. 

Let us consider a discharge made up by explosion of 
a silver wire of 0.1 mm diameter at Uo = 20 kV. Figure 
9 shows the results of calculations of the electric energy 
Q (curve 1), the energy radiated in the quartz trans
parency band W Ll'\ (2), and also the values of U (triangle) 

1 
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and I (square) at the instant of the current maximum. Characteristics of different electric-discharge radiation sources 

Type of pump source 
'\ I... Lithium I Explosion I . I I' Soviet" discharge in air ExplOSIOn ,Exp OS10n 

IFP-SOOO !flashlamp • in vacuum 24 kV in vacuum, in vacuum, 
UF900/20 (FIAN) (MGU) IS kV 17 kV 

As to W AA2, calculation of this quantity by means of the 
formula for absolute black-body radiation leads to a 
value that exceeds the entire energy delivered to the 
discharge. This indicates that at its prevailing temper
atures of 2 - 4 eV, the discharge is not opaque to the 
short-wave quanta. This "greyness" of the radiation 
can easily be accounted for by introducing a factor Hxo). 
The value of Xo was obtained by solving Eq. (2.6), using 
the experimental value for rd and for lv(xo) the usual 
expression for the spectral free path in the case of 
multiple ionization in the Kramers-Unsold 

. Discharge length (em) 25 90 14,5 75 40 96 

approxima tion: 
Tl/ZX3 

I. = 5 . 10" ....,..,...-,...,----
(1 + z) 'zN"(ex -1)' 

in which we substituted the experimental value of the 
brightness temperature and the theoretical value of the 
average concentration of the charged particles. Calcu
lation in accordance with this scheme leads to a value 
W AA2 f"J 1 kJ for the instant of the current maximum. 
Thus, the energy balance in the discharge has the follow
ing characteristics at that instant of time: the energy 
input is Q ~ 3 kJ, and the dissipated energy is 

U + I + W." + W.", "" 2.5 kJ. 

These data demonstrate the good agreement between the 
energy input and dissipation, if it is recognized that the 
losses at the electrodes are not taken into account in the 
balance. Thus, out of the 3 kJ delivered to the discharge, 
one-third is carried away by the radiation in the trans
parency band of the quartz and approximately one-third 
is carried away by radiation of shorter wavelengths and 
is absorbed by the discharge tube. We note that a qual
itatively similar result was obtained also for discharge 
in lithium [10l. 

Figure 9 also shows the results of photoelectric 
measurements of the energy radiated in the spectral 
intervals AA3 = 2300 - 3300 'A and A.\ = 3360 - 4300 'A 4 , 

from which it follows, in particular, that approximately 
half of the total outgoing radiation is radiated in the 
ultraviolet region. 

We present now the principal data on long (40 and 96 
cm) discharges investigated with the second setup. The 
experiments have shown that in this case there exists 
a rather large time interval during which the discharge 
radiates like an absolute black body and during which the 
main energy input to the discharge takes place. This 
interval is the first quasi-half-cycle of the discharge 
current. Indeed, for discharges 40 and 96 cm long at a 
voltage Uo = 15 kV, the inputs during this time (75 and 
85 iJ.sec, respectively) are 38 and 36 kJ, amounting to 
~ 68% and ~ 64% of the total energy stored in the capac
itor bank. During this time, approximately 12.5 kJ is 
radiated in the transparency band of quartz, i.e., again 
one-third of the total energy input. Finally, measure
ments of the total radiation energy during the entire 
discharge show that the energy radiated in the trans
parency band of quartz is 20 kJ, i.e., about 35% of the 
entire energy stored in the setup. 

7. CONCLUSION 

Our analysis shows that the entire aggregate of the 
experimental data obtained in this study fits well within 
the framework of the theory of self-contracted discharges 
in an optically dense plasma. For the case of absorption 
of light by multiply ionized atoms, neither the equi-
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Length of principal phase of 
ISO 70 55 75 86 the discharge.,. (.usee) 620 

Capacitor·bank energy & (kV) 5 20 26,5 83 56 72 

Tntal energy delivered to 
4 16 17,5 60 38 51 

discharge Q (kJ) 9000 11000 17000 26000 26000 24000 
Brightness temperature at 

maximum (T"K) 2.6 6.7 38 20 29 

Total radiation energy W (kJ) 
0.2 1.0 1.03 4.4 3.1 2.9 

Energy radiated in the band 2200 
< X < 2700 A"W", X, (kJ) 

Conversion coeffiCient 50 25 45 36 40 
~=W/ & (%) 

Conversion coefficient 5.5 

in the ultraviolet 
f/6.A3 =W6.A3 /&(%) 

librium characteristics of the discharge nor the region 
of existence of the opaque stage of the discharge depended 
on the plasma material. The discharge temperature T 
increases with increaSing discharge current and with 
decreaSing total number of particles per unit length of 
the discharge. The lifetime of the discharge is de
termined by the development of the surface mode of 
necking instability, the development increment of which 
is determined by the speed of sound; Most suitable from 
the point of view of developing a radiation source is ap
parently a discharge in the vapors of the heaviest 
elements, the current in which is close to the lower 
limiting value ~ 100 kA, while the necessary value of the 
temperature is determined by the total number of par
ticles in the discharge. 

The radiation plays the decisive role in the energy 
balance of the discharge, which is a highly efficient 
source of radiation. The characteristics of the inves
tigated opaque discharges as radiation sources are listed 
in the table. For comparison, the table also gives the 
characteristics of xenon lamps and of discharges in 
lithium and in air [2S]. It follows from the table that the 
characteristics of the discharges in heavy-element 
vapors are at least no worse than those in a lithium 
discharge. 
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