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The separation distances between the pressure, the luminous, the ionization and the current 
front in a magnetically driven shock tube were investigated under discharge conditions of constant 
voltage and variable pressures. In order to achieve a steady-state, one-dimensional flow- parallel-
plate electrodes and a constant voltage energy source were chosen, onventional magnetic probe 
and piezo-electric probes were used as diagnostic tools. These were suplemented by Schlieren and 
holographic interferograms. Experimental results show that the observed lack of separation at low 
discharge pressures can be attributed to the diffusive nature of the driving current. Due to the 
presence of anomalous diffusion, its cause cannot be entirely explained by present theories. 

I. Introduction 

The shock speed attainable in conventional dia-
phragm type shock tubes is well known to be 
limited. To overcome this difficulty, the use of an 
electromagnetic driving force seems a logical sub-
stitute. Unfortunately, among other short-comings, 
the development of magnetically driven shock tubes 
as useful experimental devices is hampered by the 
lack of separation between the current sheath and 
the shock observed at discharge conditions of high 
voltage and low7 pressures, i. e. at conditions where 
high speed shocks are o b s e r v e d 1 - 1 0 . Since sufficient 
separation is important not only for the correct 
interpretation of the plasma state behind the shock, 
but is also related to the practical problem of space 
and time resolution of diagnostic techniques, a 
systematic study of its relation to the discbarge 
conditions was undertaken. 

By way of comparison, we may mention that 
lack of separation between the contact surface and 
the shock has been observed by previous investi-
gators in diaphragm type shock tubes operating at 
low initial pressures (p t ^ 1 torr) n > 1 2 , as well as 
in low density theta pinches 2 X 10 1 2cm~ 3 ) 1 3 . 
The cause of the observed lack of separation was 
attributed to the mass leakage of the compressed 
gas through the wall boundary layer in the former 
case, and to the anomalous diffusion of the current 
sheath in the latter case. In this respect, it would 
be interesting to investigate whether the observed 
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lack of separation in the magnetically driven shock 
tubes could be caused by either of these effects, or 
whether it is due to other phenomena as reported 
by previous investigators 5 - < i . 

In order to avoid unnecessary complications, it 
is desirable to obtain a one-dimensional f low; and 
to have measurements taken in regions where the 
flow is steady, and where the shock has a sufficient 
time to emerge from the current layer. 

Following these considerations, we shall first 
present an experimental set-up designed primarily 
to achieve these objectives: This is followed by a 
description of the experimental techniques used and 
the results obtained. The experimentally obtained 
results are then analysed using current theories. 
Finally, after a brief discussion, a suggestion con-
cerning future experiments is made. 

II. Experiments 

A) Apparatus and Diagnostics 

In order to achieve a steady one-dimensional flow 
so that the experimental results can be compared 
with those obtained in conventional shock tubes, a 
broad rail-gun with a constant voltage energy source 
was chosen. The electrodes consist of a pair of 
parallel plates, 8 cm wide, 40 cm long with a 2 cm 
gap; the constant voltage source is made up of a 
pulse net-work with a rise time of 0.4 jus and a 
running time of 18 jus with no crowbar facility. 
There is no bias field. A more detailed description 
of the apparatus and the experimental set-up can 
be found in 14. 

Room temperature helium was used as the main 
test gas, argon was used occasionally. Most dis-
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charges, unless other-wisely stated, were taken at a 
fixed voltage of 13 kV and in the pressure range of 
0.5 to 7 torr. The pressure range was limited at the 
lower end by the sensitivity of the differential inter-
ferometry and at the higher end by the running 
time of the discharge (to avoid the occurrence of a 
second reversed pulse). All measurements were 
taken in regions within the electrodes where the 
flow was steady, (distance travelled by the current 
sheet over the gap between electrodes, 15) . 

The main diagnostic tools used were a con-
ventional magnetic probe with a linear response up 
to 10 MHz and a fast piezoelectric probe with a rise 
time of 0.2 jus. The pressure probe was of the 
modified Baganoff type 15-16 and was fitted with an 
amplifier after the design of Hopman and Kuiper 17. 
PTZ-11 was used as the sensing element with the 
front disc mounted about 15 cm behind a 0.4 cm 
diameter quartz guiding rod; silver paint, Leitsilber 
204, Degussa, was used as the binding agent. The 
delay time of the pressure pulse was calibrated by 
placing the front end of the guiding rod of the 
probe in touch with the surface of a one cm thick 
PTZ-crystal (with an air gap about 1 fi thick), and 
by recording the arrival time of a square voltage 
pulse sent through the calibrating crystal. 

In principle, the test time r at a given axial 
position x is just the time difference between the 
arrival of the pressure and of the current signal, 
see Figure 1. Unfortunately, due to the limited space 
between the electrodes and the difficulty of shield-
ing, no simultaneous readings of the two probes 
wrere made. Instead, they were correlated through 
the light emitted by the plasma itself. This was ac-
complished by focusing a beam of Hei, / -5876 Ä, 
light at the tip of the probe (magnetic or pressure) 
to the entrance slit of a monochromator, and by 

Fig. 1. Idealized trajectories of the current-sheet OC, the 
luminous front OL and the shock OS in the x — t diagram, 
their arrival time at a fixed location are denoted by tc , 
and ts , respectively. A is the separation distance; r = tc — t* 

is the test time. 

displaying simultaneously traces of the two signals 
on the screen of an oscilloscope; typical oscillograms 
are shown here in Figure 2. To ensure that the data 
obtained were reasonably representative of the 
average behaviour of the discharges, three separate 
runs were made at identical discharge conditions of 
voltage and filling pressure. 

He 1-5876 A 

S 1 1 I 1 I ' 

_J0,5l_ t, ps 

He 1-5876 A 

Bz i i i i i i i i i 
t, us 

Fig. 2. Oscilloscopic traces of luminosity, pressure and the 
self-field Bz taken at an axial position x = 36cm and dis-
charge condition; F0 = 13kV, px = l torr. The onset time of 
the pressure pulse in the upper figure is 0.2 fis ahead of 

the light. 

In order to avoid possible disturbances introduced 
during the measurements, and also to serve as a 
separate means of checking the results obtained by 
probes, smear pictures of Schlieren, or differential, 
interferograms were taken at identical discharge 
conditions. The technique involved and the set-up 
used were quite similar to those of previous in-
vestigators 18~20. The light source used was a 
pulsed, high pressure mercury lamp, Osram type 
HBO-IOO. To reduce the intensity of the plasma 
light, narrow band filters ( / -5461 and / -4358 Ä) 
were used. Typical smear pictures are shown in 
Figure 3 *. They were supplemented by time-lapsed 
holographic interferograms, taken in the pressure 
range of 0.2 — 5 torr. The set-up used was similar 
to the one used in the plasma focus experiments 2 1 ; 
a Q-switched ruby laser was used as the light 
source. Examples are shown here in Figure 4. 

Finally, an estimate of the average electron tem-
perature in the current layer was made from the line 

* Figure 3 and 4 on page 1842 a, b. 
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intensity-ratio He II-4686/He 1-5876, and the aver-
age electron number density was obtained from the 
half-width of these lines 

B) Results 

1) V a r i a t i o n o f t h e T e s t T i m e T w i t h 
R e s p e c t to t h e S t e a d y - s t a t e , 
C u r r e n t - s h e e t S p e e d ü 

In Fig. 5, the time difference zlp = ts —f L , be-
tween the arrival of the pressure front and of the 
luminous front ( / - 5876Ä) , and similarly the time 
difference AB = fc — ? between the arrival of the 
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Fig. 5. Difference in the arrival time of the various fronts 
at a given location x with respects to the steady state cur-
rent-sheet speed u. Zlp = Js—/l is the time difference be-
tween the arrival of the pressure and of the luminous front; 
Aß—tc — tL is the time difference between the arrival of 
the current and of the luminous front. The dashed curve 
gives the average discharge pressure pl at the corresponding 

current-sheet speed Ü. 

current front and the luminous front, at a given 
axial position x, are plotted against the steady state 
current-sheet speed ü. For reference purposes in the 
same figure we have also shown the average dis-
charge pressure pt , corresponding to the indicated 
current-sheet speed, ü, at the given discharge voltage 
of 13 kV. 

From the figure one observes that at an axial 
position x = 34.5 am, a time difference Ay between 
the arrival of the two fronts is noticeable only for 

a current-sheet having speeds ü below 3 cm///s, or 
at the given discharge voltage of 13 kV only for 
pressures above 2 torr. The general trend is that 
at a fixed axial position x, as the current-sheet speed 
ü increases, both time differences zip and zip tend to 
decrease; and at the same current-sheet speed ü, as 
the observing position x increases, Ap increases 
also, but the opposite is observed for AB . 

From these results the test time r = A^ — Zip is 
derived and is plotted as the dimensionless ratio 
r/t,. versus the steady-state current-sheet speed ü in 
Fig. 6 ; where t r , as shown in Fig. 1, is the arrival 
time of the current-sheet at the given axial 
position x. 

2) I n t e r p r e t a t i o n o f t h e S m e a r D i f -
f e r e n t i a l I n t e r f e r o g r a m R e c o r d s 

From the information gathered about AB, and 
in view of the writing speed of the streak camera, 
0.98 mm///s, we shall expect a practical coincidence 
of the luminous front and the current-sheet in the 
smear photographs. An examination of the photo-
graphic records, e. g. Fig. 3, shows that this is the 
case, provided that we interpret an upward fringe 
shift in the smear differential-interferograms as a 
positive increase of the gradient of the electron 
number density, and the current-sheet as a region 
where the number density of electrons is at its 
maximum, (i. e. the fringe pattern in the pictures 
has the shape of a letter A ) . As a result, we shall 
interpret the first upward fringe shift in these 
photographs as an indication of the initiation of 
ionization. From previous data of Ap , and within 
the limitation of the diagnostic means used, we 
infer that the ionization and the pressure front are 
almost indistinguishable in most cases. 

These pictures further show that the three fonts 
of ionization, current and luminosity almost coincide 
in the lower pressure case; whereas the ionization 
front definitely leads the current-sheet in the higher 
pressure case. 

The general features of the differential-interfero-
grams are thus in agreement with those obtained 
from the probe data. 

3) H o l o g r a p h i c I n t e r f e r o m e t r y 

The refractivity (n — 1); of a helium plasma in 
the visible region can be divided approximately in 
two parts; a non-dispersive part due to the particle 
concentration of "atoms" A., (He I + He II) and a 
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Fig. 6. r/tc , ratio of the test time and the time of arrival of the current-sheet at the axial position x vs. the steady-state 
current-sheed speed u. The two upper curves are drawn according to the theoretical calculations by taking the ionization effect 

into consideration; the lower curve is drawn according to the trend indicated by the experimental data. 

dispersive part due to the electron concentration, 
Ae , thus 

(n — 1)^ = 0 .13x 1 0 - 2 3 A : l (cm~3 ) 
— 4.46 x 1 0 - 1 4 /.2 (cm2) 7Ve ( c m - 3 ) . (1) 

One observes at a given wavelength / that the 
refractive index changes its sign from positive to 
negative once the degree of ionization becomes 
noticeable. At the wavelength / = 6943 Ä of the 
ruby laser, this occurs when A e /A ; l > 0.006. In an 
idealized shock, elastic collisional processes usually 
occur at a much faster rate than inelastic processes. 
This implies that when direct interferograms are 
taken, as one proceeds downstream from the shock 
front, the fringes should first shift towards one 
direction and then towards the opposite direction. 

As shown in Fig. 4, the results as indicated by 
the holographic interferograms are contrary to ex-
pectations, but agree with those of the smear dif-
ferential-interferograms, i. e. there is a coincidence 
between the pressure and the ionization front. These 
holograms also showed that the current layer, as 
indicated by the fringe shift, is thinner in the low 
pressure case ( ~ 3 cm) than in the higher pressure 
case (more than 5 cm). 

4) P l a n a r i t y o f t h e S h o c k 

Records of the holographic interferograms further 
showed that within the pressure range of 1 — 5 torr, 
the shock front appears to be reasonably flat. Gener-
ally speaking, at the given discharge voltage of 
13 kV, a better planarity is observed at a higher 
discharge pressure. 

5) A v e r a g e P l a s m a S t a t e i n t h e 
C u r r e n t L a y e r 

At the discharge condition of 13 kV and 0.5 torr, 
the electron temperature estimated from the line 
intensity ratio of He II-4686/He 1-5876, averaged 
over a time interval of 1 //sec, is about 3.5 eV. Due 
to the uncertainty of the plasma opacity towards 
the H e l l resonance line ( / - 3 0 3 Ä ) 2 3 , an error of 
± 0.5 eV could be expected. The corresponding 
number density, Ne, estimated from the half width 
of He 1-5876 is around 1.6 x 1017, which is in 
reasonable agreement with the result deduced from 
the holographic interferograms. One observes that 
the measured values of Te and N,. are about the 
same as the calculated values of the post-shock 
equilibrium state indicated in Table 1. 
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Table 1. Minimum time, t *, required for separation at a 
discharge voltage of 13 kV in helium, according to classic 

diffusion. 

px W s V Tr a a t * 
torr cm us 

V 
eV MKS unit cm/«s F(S 

0.2 7 13 4.8 9.17xl0 -3 {Zi = 2) 1.04 3.73 
1.83xl0-2 (Zi = 1) 0.739 1.89 

0.5 5 8 4 1.40x10"-' 0.845 1.82 
1 4 13 2 6.90xl0~3 1.20 15 

Note: The two values listed in the last three columns ta the 
discharge pressure pt = 0.2 torr are due to the dependence 

of the conductivity a on the ionic charge. 

III. Theoretical Consideration 

As a point of reference, the ideal case will be 
treated first; deviations from this due to various 
physical effects will be discussed subsequently. 

1) T h e I d e a l C a s e 

Assuming the current-sheet is accelerated in-
stantaneously to the steady state, the trajectories of 
the current-sheet and the shock can be represented 
as the two divergent lines OC and OS in the x — t 
plane, see Figure 1. From the law of conservation 
of mass, one can relate the separation distance, A 
to the location xs where the shock is first detected, 
or the test time r to the time of arrival of the cur-
rent-sheet tr at through the compression ratio 
>/( = £o/!?i) by 

= and r/tc = l/rj. (2) 

For an idealized monatomic gas, devoid of inter-
nal degrees of freedom, the compression ratio 
equals four; thus r//(. = 0.25. 

2) T h e E f f e c t o f I o n i z a t i o n 

Calculations based on statistical mechanics showed 
that the compression ratio rj has two maxima cor-
responding to the two stages of ionization of helium 
at a shock speed = 4 and 7.5cm// /s 2 4 . From 
Eq. (2) it follows that T/tt. has two minima at the 
steady state current sheet speed ü = 3.5 and 6.5 
cm///s, respectively. A comparison between the ex-
perimental trend and the theoretical result showes 
that although ionization might play some role for 
low speed shocks, it certainly cannot be the domi-
nating effect for high speed shocks. 

3) T h e E f f e c t s o f M a s s L e a k a g e in 
t h e C o m p r e s s e d R e g i o n 

a) The Eßect of Viscous Boundary Layer at the Wall 

Experiments performed by previous investigators 
in conventional shock tubes operating at low initial 
pressure ( ~ 1 torr) showed, contrary to expecta-
tions, that as the length of the expansion chamber 
is successively extended, the separation distance 
tends towards a limiting value, and remains constant 
with the distance travelled by the shock thereafter. 
The maximum test time r m , corresponding to the 
limiting separation distance, is shown to vary 
linearly with the initial pressure. The effect was 
attributed to the mass leakage through the boundary 
layer at the wall n - 12. 

The importance of the boundary layer effect 
depends on the ratio between the displacement thick-
ness and the hydraulic diameter25; or, in our case, 
it depends on the ratio of the displacement thickness 
and the gap between the electrodes. Detailed calcu-
lation showed that this ratio cannot be more than 
0.2 26. Furthermore, differential interferograms in-
dicated that the thickness of the boundary layer 
does not seem to exceed 1 mm. From these con-
siderations, we conclude that the observed lack of 
separation between the current-sheet and the shock 
cannot be explained by the boundary layer effect. 

b) The Effect of a Perforated Current-Sheet 

As an alternative leakage mechanism, one may 
imagine that due to low ionization efficiency or 
charge transfer processes there is a considerable 
mass leakage through the current-sheet itself. As-
suming that the matter leaked through the sheet is 
in the unionized state and treating the current-sheet 
as a thin perforated screen, a simplified calculation 
shows that such a model could cause the sheet to 
move at a speed comparable to that of the shock 27. 
The direct application of this model towards the 
interpretation of our experimental results, however, 
is limited. This is because, according to the model, 
small separations are particularly to be expected for 
current-sheets moving faster than the ideal snow-
plough; whereas the measured current-sheet speeds, 
due to the diffusion of the driving current, are con-
siderably lower than those predicted by the ideal 
snowplough model 28. 
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I p s 

Fig. 3. Smear photographs of the differential-interferograms with the superimposed plasma light of He 1-5876 Ä. Light 
source, high pressure mercury lamp with a narrow band filter. The upper picture is taken at a discharge voltage V0 = 
13 kV, an initial pressure p t = l torr and Ä-5461 Ä ; the lower picture is taken at the same discharge voltage but at a 

pressure px = 5 torr and at Ä-4358 Ä. 

Zeitschrift für Naturforschung 29 a, 1842 a. 



Fig. 4. Time-lapsed holographic interferograms taken at an axial position ar = 36cm with a Q-switched ruby laser. Discharge 
conditions: upper picture. F0 = 13kV, pj = 0.2torr; lower picture. F 0 = 1 3 k V , p ,=5tor r . The upward fringe shifts indi-

cate an increase of the electron refractive index. 

Zeitschrift für Naturforschung 29 a. page 1842 b. 
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4) T h e E f f e c t o f F i n i t e E l e c t r i c a l 
C o n d u c i v i t y 

a) The Skin-depth Criterion 

In an idealized magnetically driven shock tube, 
the driving current is assumed to be confined in a 
thin sheet; or equivalently, the conductivity o of 
the plasma is infinite. In reality, due to the finite 
conductivity, the current will spread in time. From 
the random-walk concept, one expects the thickness 
of the layer, d, to grow at a rate proportional to 

Consequently, if the shock moves at a con-
stant speed, it should eventually separate from the 
current layer. However, the operational duration 
of most magnetically driven shock tubes is rather 
short ( ~ 1 0 / / s ) , and thus it is quite conceivable 
that due to the diffusion of the current layer the 
shock may have insufficient time to emerge from 
the current layer. By equating the growth rate of 
the current layer to that of the separation distance, 
the minimum t* required for the separation to oc-
cur can be estimated thus 

t* = (diV/ws)*, (3) 

where 

<31 = 0 / 2 ( / c a ) * , (4) 

and 0 is a numerical constant depending on the 
detail of the diffusion process, o is the electrical 
conductivity, and u is the magnetic permeability. 

Taking the observed current-sheet speed ü as the 
shock speed Ws , and assuming the existence of a 
post-shock equilibrium state, the compression ratio, 
7], and the electron temperature, F e , are inferred 
from the work of Fucks and Artmann 24. Using these 
data and Spitzer's formula29, we have calculated 
the conductivity o corresponding to a given dis-
charge of 13 kV and initial pressures of 0.2, 0.5 
and 1 torr. Taking 0 = 2 20, the minimum t* is ob-
tained from Eq. (3) and is shown in Table 1 along 
with other relevant parameters. Actually Ws ^ ü, 
and the numerical value of the constant 0, are rather 
uncertain, t* could differ from the values given 
in the table, but this will not invalid the indicated 
trend, namely that if the skin-depth effect is im-
portant, a better separation is expected to occur at 
a higher current-sheet speed. This has not been ob-
served in our experiments. 

The above result, however, is based on the con-
cept that the field diffuses classically. Reports from 

recent experiments conducted in low density theta 
pinches have shown that due to the presence of 
anomalous diffusion, the current layer grows linearly 
in time13. Since the shock produced in those cases was 
collision-free, while ours was collision-dominated, a 
direct comparison between the two cases is not 
possible. Nevertheless, as shown in Fig. 7, the cur-

0 2 U 6 8 10 12 14 

Fig. 7. Variation of <5o.8 with respect to the time. <5o.8 = 
zb is the current layer thickness containing 80% of the 

total current delivered to the electrodes. xc is the leading 
edge of the layer where Bz(xc) = 0; xh is the abscissa of the 
curve Bz(x) where Z?2(a:b) — 0..8 #^(0). A one-dimensional 
current density distribution Jy{x) is assumed. Discharge 

condition, 13 kV. 10 torr in He. 

rent layer thickness <Vs (corresponding to eighty 
per cent of the total current delivered) derived 
from the magnetic probe data indicated a growth 
faster than that given by the parabolic law. The 
presence of some kind of anomalous diffusion under 
our experimental conditions is evident. 

b) Emergence of the Shock from the Current Layer 

The previous treatment, however, implicity as-
sumes that (a) after the breakdown, the current 
flows in a thin layer, i.e. $(0) = 0 ; (b) the con-
ductivity o is constant; (c) a shock has already 
formed ahead of the current-sheet, i. e. the shock 
formation time tf<.t*. In experiments without pre-
ionization, the current formed after the breakdown 
is distributed in a layer of finite thickness. As the 
layer advances along the electrodes, it compresses 
and ionizes the gas upstream and leaves an ex-
pansion region downstream. This lowers the con-
ductivity in time and causes a growing wake trailing 
behind 28. As a result, the driving force field changes 
from a localized mode to a diffusive mode. The ef-
fect is further argumented at low discharge pres-
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sures due to the reduction of the conductivity 
through the Hall effect. 

According to Hoffman 31 and Steinolfson 32, when 
a medium is compressed by a distributive force 
(e. g. the current layer) moving at a constant speed, 
the formation of a shock depends upon the speed 
of the force field with respect to the acoustic speed 
of the medium at rest. For a current layer moving 
at supersonic speed, as in our experiments, a shock 
is formed within the layer; near its rear edge for a 
fast current layer and near its front edge for a slow 
one. When a diffusion effect is also present, the 
controlling parameters are the magnetic Reynolds 
number of th current layer and its Mach number 
relative to the gas at rest. The shock will form 
sooner for a current layer having a high magnetic 
Reynolds number and a low Mach number; lowering 
the Mach number, however, is more influential in 
causing the shock to form at the front of the cur-
rent layer than raising the magnetic Reynolds 
number. This seems to be consistent with our ex-
perimental results. 

IV. Summary and Discussion 

From the information presented previously, we 
may summarize our experimental results as follows: 

i) Qualitatively our results are in agreement with 
those obtained by previous investigators 1 - 9 ; a suf-
ficient separation between the shock and the current-
sheet or the luminous front is observed only at dis-
charge conditions where slow current-sheets are 
produced. 

ii) A longer test time is observed for a longer 
travel of the current-sheet provided that the second 
discharge is not initiated. 

iii) The measured test time r is considerably 
lower than those calculated on the basis of the con-
servation of mass and the effect of ionization; 

iv) Within the limitation imposed by experimen-
tal techniques and in the range of discharge voltage 
and pressure investigated, the pressure front and 
the ionization front are almost indistinguishable; 
the luminous front tends to lead the current-sheet 
for slow current-sheets but tends to merge with the 
sheet for fast current-sheets. 

Among various phenomena considered, neither 
the effect of thermal ionization nor the broadening 
of the current layer due to classic field-diffusion can 
explain the observed result. In view of the fact that 

mass leakage through the wall boundary layer is 
definitely without importance, we conclude that, 
although the observed lack of separation seems to 
occur at the same conditions of low initial pressure 
as observed in diaphragm-type shock tubes, their 
causes are quite different. 

On the other hand, mass leakage through the 
sheet itself could give a possible explanation. How-
ever, since the mass leaked through the sheet seems 
to be in the ionized state, its net result is equivalent 
to that caused by a diffusive current layer. Accord-
ing to the work of Steinoldson 32, for a given force 
field moving at a constant speed, the shock tends to 
form further behind the force field either as the 
speed of the force field is increased, or as the 
strength of the driving force is reduced. In a 
magnetically driven shock tube, the driving force 
can be writen as h Lx I2, where Lx is the inductance 
gradient per unit length of the electrodes and / is 
the steady-state current delivered to the shock tube. 
When discharges are running at constant voltage, as 
the filling pressure px is reduced, the speed of the 
current sheet increases; but the driving force is 
reduced on account of the lowering of the inductance 
gradient Lx 28, as well as clue to the reduction of 
the driving current / , see Figure 8. Our experimen-

I, kA 
t 

0 0 1 0 0 2 0 0 3 0 0 5 01 0 2 0 3 0 5 1 2 3 5 

Fig. 8. Variation of the steady- state current I with respect 
to the discharge pressure pt at a fixed discharge voltage 

F0 = 13.6 kV. 

tal results, therefore, seem to be in qualitative 
agrement with the theoretical prediction of a dis-
tributive force. However, in view of the fact that the 
current layer appears to be thicker at higher than 
at lower discharge pressures, and grows at a rate 
faster than that given by the parabolic law, we feel 
that while the lack of separation in our experiments 
is due definitely to the diffusive nature of the force 
field, it is still difficult to explain the observed ef-
fect entirely on the basis of present theories. 

To clarify these questions, a detailed study of the 
trajectories of the pressure and of the current front, 
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as well as the growth of the current layer under dif-
ferent discharge condi t ions , is much desired. In 
pr inc iple , this c ou ld be done experimentally b y 
taking smear inter ferograms at two wavelengths 
s imultaneously . Unfortunate ly , due to the lack of a 
suitable light source and p r o p e r recording devices, 
and also as the result o f a reorientation of our 
research p r o g r a m m e , this was not possible in the 
course of our experiments. 
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ficient separation between the shock and the current-
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