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At the present t ime, many investigators are interested in processes 

in eleccromagnetic shock devices which enable one to obtain a moving 
ionized gas. 

It has been discovered by a series of authors that a plasma discharge 

can move through the gas in a channel without accumulating in front 
of itself shock-heated plasma, for some distance from the discharge 

chamber [1 -8 ] .  As a rule this effect occurs for ini t ia l  pressures less 

than I mm Fig and discharge currents of greater than 10SA, while the 

Math number exceeds 20-80; we note that the type of gas and also 
the type of discharge chamber are of l i t t le  importance. 

:f the ini t ia l  pressure is increased or the magnitude of the dis- 

charge current is decreased, the piasma discharge begins to move l ike 

an impermeable piston considerably closer to the discharge chamber, 

forming a shock wave in front of itself [1, 2,4, 6 ,7 ] .  In this case we 

may expect experiment to agree with the theory of a normal shock 
[4, 6 ,7 ] .  l lowever, in the case when shock heated plasma cannot be 

detected in pure form, the magnitudes of the plasma parameters dif- 
fer significantly from the values calculated for a shock wave [1, 4, 5]. 
Some results are given below for the investigation of a plasmoid for 

a continuous discharge at a distance of 60-90 cm from the discharge 

chamber. These results confirm the assumption that there is no distinct 
boundary between the thermal plasma and the plasma of the continu- 

ous discharge. 

An important parameter in the investigation of magnetohydrody- 

namic phenomena in a plasma is the magnetic  Reynolds number, or 

the e lect r ical  conductivity of the plasma a as its component, in the 

present paper values of o are measured for a plasmoid obtained i n a  

discharge tube with a T-source in air at in i t ia l  pressures of Po = 0 2 -  

1.0 mm Hg and plasmoid velocit ies of 8-18 kin/see.  In these con- 

ditions experimental  values of the pressure in the plasmoid were ob- 
tained. 

The plasmoid was obtained in a T-tube of diameter 4 cm on dis- 
charging a bank of condensers (C = 1200 ~F and U = 5 kV). The plas- 

mold velocity was determined from time-resolved photography and 

frame photography using a SFR camera (Fig. 1), and with the help 

of a special magnet ic  induction gauge composed of two magnetic  

probes arranged close to the moving plasma on a 100-mm base and 

located in separate constant magnet ic  fields perpendicular to the flow. 

The signals from these probes caused by the field deformation of the 

passing plasma were recorded on an OK-17m oscillograph. 
As distinct from the t ime-resolved photographic records which 

registered the velocity of the bright "front" of the plasmoid, the induc- 
tion gauge determined the velocity of its region of maximum conduc- 
t ivity,  but the magnitudes of these velocit ies obtained by the two dif 

fereat methods agree with good accuracy (Fig. 2a). Frame photography 

cmffirmed the absence of a flat plasmoid front mentioned in the l i ter-  

ature (Fig. lb).  The length of the "tongues" attains 1-2 cm. 

Fig. 1. Time-resolved and frame photography of the motion of a pias- 
moid in a tube at a distance of 90 cm from the discharge chamber; 

t ime between flames is 2.6 ~sec. 

The electr ical  conductivity was measured m a quartz section of 

the tube at a distance of 90 cm from the T-source by the displace- 

ment of the stationary magnetic  field by the moving plasma [8]. The 

resolving power of tile measuring device employed was 8 cm aiong the 

length of tile plasmoid. This device does not register the "tongues" 

of the plasmoid, since the o signal is roughly proportional to the fourth 

power of the diameter of the conducting region, and the diameter of 
the "tongue" is less than the diameter of the channel by a factor 

of two at 1east. For this reason the average value of the plasmoid 
conductivity is determined over the external annulus of tube cross 

section (of thickness about 1/3 of the radius). The internaI part of 

the plasmoid has practical ly no interaction with the magnetic field 

of the measuring system if only the conductivity of these internal 

layers is not greatly in excess of the conductivity of the external 

layers, which is clearly so in the case under consideration 

From the t ime-tesoived pictures of the flow behind the plasmoid 

front, it was established that the velocity of the plasma may be taken 

as constant up to distances of 30-40 cm from the main part of the 

plasmoid, Thus, according to tile results of [8], the integral of the 

a signals received is a direct indication of the variation of electr ical  

conductivity along the plasmoid (taking into account the distortion 

caused by the resolving power of the measuring apparatus). Oscillo 

grams of the o signals are given in Fig. 3a and 0. t h e  e lect r ical  con- 

ductivity, which reaches its maximum value just at the main part of 

the plasmoid, or at a distance of 2 -3  em from it, later decreases, 

1'~ km/se  
12; . . . .  ~ i 

o i 

8 

GO 0.11 0.0 I.Z 

8 

GO 100 Iuo 180 

Fig. 2. 

pressure 

a) Velocity of leading front of the luminescent plasmoid as a function of the initial 

(l = 70 cm); b) variation of the velocity of the plasmoid along the tube, I -dis- 

lance from discharge chamber, 
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Fig. 3. a, b) The signal o and rough 
behavior of the conductivity, P0 = 
= 0.44 mm Hg; e) signal from the 
piezoelectric transducer, P0 = 0.83 
mm Hg. Time marks: a and b) 5 gsec. 

c) 10 ~sec. 
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Fig. 4. a) Calculated curve of maximum values of the conductivity [ohm-tcm -1] in 
the plasma behind a shock wave and experimental results; b) calculated values of the 
pressure in air behind a shock wave (upper curve) and experimental results. 1) point 

taken from [5] ; 2) point taken from [4]. 
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falling roughly by a factor of two at a distance of 20-40 cm from the 

start of tire p[asmoid. The decrease occurs more slowly as the ini t ia l  

pressure increases. The maximum values of the conductivity were 

determined from the oscillograms by calibrating the measuring system 
using a meta l  cylinder, and are presented for various values of the 

ini t ial  pressure in Fig. 49. The plasmoid velocity, essential in order 

to caIeuIate the magnitude of o, was measured by the induction gauge 
in each experiment (Fig. 29). In order to make an est imate ot the 

remits obtained the magnitude of the electr ical  conductivity was cal-  

culated in the gas plug behind a plane shock Wave moving at the velocity 

of the plasmoid with the mean free path of the electrons assumed con- 

stant [9]. The experimental  values of o ~ differ significantly from those 
calculated o ( o  ~ = 0/2) for Po = 0.9 mm Hg; o ~ ~ 20 for P0 -- 1 mm Hg. 

As a result of tire obvious nonunifotmity of the plasmoid the mea-  

sured values of o may be lower than the ioeai  values of the conduc- 
t ivity.  If we make an est imate of the conductivity according to the 
law o ~ T 3/z, taking into account the fact that the real temperature 

in the plasmoid is, according to [5], close to 1.ST, where T is the 
calculated temperature behind the front of a plane shock wave, we 

obtain the value o ~ ~ 2o, which was obtained in the experiment in 

question for P0 ) 1 mm Hg. For these ini t ia l  pressures a decrease of 

Inhomogeneity in the plasmoid registered by the SFR camera is ob- 

served. 

The pressure in the plasmoid was measured at a distance of 65 cm 

from the T-source. It should be noted that both the pressure and conduc- 
t ivity were measured in a section of the tube, where the velocity of 

the plasmoid changes insignificantly (Fig. 29). 
The piezotransducer which was employed, similar to that de- 

scribed in [10], had a piezoeeramic TSTS-19 of diameter 3 mm and 

thickness I mm.  The accuracy of the pressure measurements was about 
io%. 

In processing the pressure oscillograms (Fig. 3c) the average value 

of pressure was determined, which remained constant for a considerable 

t ime .  Figure 4b shows this quantity as a function of the in i t ia l  pressures. 

The experimental  magnitudes of the pressures were roughly half  the 

calculated values behind the front of a plane shock wave moving with 

the same veloci ty as the plasmoid [11]. As P0 is raised, this difference 

increases. 

Reference [5] gives the results of pressure measurements in a shock 

tube with a coaxial  discharge chamber for P0 = 0.2 mm Hg. Our pres- 

sure measurements for P0 = 0.2 mm Hg coincide with the measurements 

of [5] (it  should be remembered that in our case a T-source was employed). 

if we assume that the gas density in the gauge is equal to 1/a the 

calculated pressure for a one-dimensional  shock wave, according to 

the estimates [12], then the region of gas compressed by the shock 
wave should have a length within the l imits 18-25 cm. Yhis quanti~y 

agrees with the length of the bright region obtained from the SFR-grams 

(Fig. la) .  However, the sharp fall off in conductivity which should 
be observed behind the contact surface is missing, and the quantity 

o is about half the maximum value at this point. This confirms the 

assumption that there is no distinct boundary between the thermal 
plasma and the discharge plasma. 
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