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An investigation of the luminosity structure, electron density, temperature, and arrival time of
electrode material in the shock heated region of the plasma produced in a T-tube has disclosed that
for the conditions studied the luminosity from this region originates primarily from gases that have
passed through the contact surface. A plausible explanation for this mixing of discharge gases with
shock heated gas is discussed. The proposed inertial instability of the contact front is an alternative
explanation rather than radiation absorption in the gas ahead of the luminous plasma for the high
values of temperature and anomalous values of electron density that have been measured in electro-

magnetic shock tubes by numerous workers.

For high MacH numbers and an initial pressure
of the order of 1 mm Hg Croupeau ! has shown that
most of the luminosity in an electromagnetic H-
shaped shock tube originates from the plasma pro-
duced by the driving current and not from gases that
are shock heated. This conclusion is in agreement
with the work of Jeanmaire, KrLincENBERG and REl-
cHENBACH ? and of Barnarp and Cormack 3. CHang *
has shown that the distance required for dissociative
equilibrium to be reached is long, typically 0.4 to
4 cm for a M25 shock passing into un-preexcited
hydrogen at an initial pressure of 0.2 mm Hg.
McLeax, Faxeurr, KoL and Griem ® have explained
their much shorter observed times to reach equilib-
rium as being due to the absorption of radiation in
the gas in front of the shock. BreperLow® has
determined the position of the contact front and has
observed luminosity emanating from the shock-
heated region in hydrogen in a T-tube. The object of
the present work is to extend BrenERLOW’S investi-
gations by making a spectroscopic study of the
plasma produced under transition conditions when
the gas in the shock heated region is becoming lumi-
nous. Spectroscopic methods described by Griem’
and the method of determination of the source of the
plasma, based on the arrival time of certain impuri-
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ties (Nacakawa and Earnsuaw®), are used. The
effect of the heavy particles introduced by the driv-
ing discharge (Cormack®?) on the motion of the
contact front is considered. The results are sug-
gestive of an alternative mechanism to that proposed
by McLean, Faxevrr, Kous and Griem® that would
explain the short time to reach equilibrium and the
high value of temperature and anomalous values of
electron density that have been measured by numer-
ous workers using electromagnetic shock tubes. The
mechanism that is proposed is in agreement with the
work of Croureaul.

Apparatus

The T-type shock tube used had an internal diameter
of 30 mm and contained 6 cm long electrodes of the
same design as those used by Breverrow ®. The V x B
electrodes and wire net used by BreperLow® were
omitted. A 7.8 uF capacitor was used as a current
source and a 8 mm diameter 19 cm long carbon rod of
d. c. resistance 130 milliohms was mounted as near as
possible to the rear of the electrodes to serve as a back-
strap and as a damping resistance. The current wave-
form observed with a Rocowskr coil encircling one arm
of the T-tube was nearly critically damped and had
only one overshoot. Current observations 1° were made
at shock tube pressures of 0.1, 0.25, 2.5 and 9.8 mm Hg

7 H. Griem, Proc. 5" Int. Conf. on Ionization Phenomena in
Gases, Munich 1961; North-Holland Publishing Company,
Amsterdam 1962, p. 1857.
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ed.
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10 These observations and other more complete details about
the work described here are presented in a report to be
published by the Institut fiir Plasmaphysik, Garching bei
Miinchen.
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of Hydrogen and capacitor voltages of 7, 10 and 14 kV.
The maximum value of the current increased slightly
when the initial pressure in the shock tube was increased.
The ratio of the amplitude of the second current pulse
to the first was 1/5 and the duration of the first current
pulse was 3.9 to 4.15 usec, the higher value being ob-
served for low initial pressures and low capacitor
voltages. The position of a small abrupt increase in the
magnitude of d//dt was observed at times of from 0.36
to 2.6 usec after the current had started to flow. The
lower value was observed when the pressure in the
shock tube was 0.1 mm Hg and the capacitor voltage
14 kV and the higher value at a pressure of 9.8 mm Hg
and a capacitor voltage of 7kV. From the observed
dependency of this time on the initial pressure in the
shock tube and on the capacitor voltage, it could be
concluded that this discontinuity in d//d¢ was probably
caused by the stopping of the axial motion of the cur-
rent path between the electrodes. Such a conclusion is
supported from simple acceleration theory by both the
sign and the magnitude of the observed increase in
dI/dt. Theory predicts that

A(dI/dt) 2= — Ly I A(dz/dt) [ (Ly+ Ly 2)

where 4(dI/dt) is the increase in dI/d¢ at the time t =7
that is caused by a sudden decrease in the current sheet
velocity of an amount A(dz/dt). L, is the inductance
per unit length of the driver. L ist the time-independant
inductance of the driving circuit and z is the distance
that the current sheet has travelled down the tube at
time ¢=7. This equation is valid only for a brief time
after t=1. From the known circuit parameters and the
values observed for ¢, the distance that the driving cur-
rent moved down the tube could be calculated from
simple acceleration theory [Cormack ?, equation (5)] to
be always of the order of magnitude of the electrode
length. This value is in agreement with the work of
Mun~tensruct ', He determined with magnetic probes
that the driving arc does not go down a T-tube a
distance past the electrodes of greater than about one
tube diameter. It was concluded from the current
measurements that the driving discharge did not travel
down the tube to the location where spectroscopic ob-
servations were made, which was at z=24 cm from the
center of the arms of the T-tube. At a pressure of
2.5mm Hg and a capacitor voltage of 10kV, the
plasma arrived at x =24 cms 8.6 usec after the current
started to flow. When the capacitor was discharged from
13 kV the plasma took 6.8 usec to travel to the ob-
servation point. Thus all spectroscopic measurements
were made at a time when major magnetohydrodynamic
effects due to the driving current were small. It is of
further interest to note that the preceding measure-
ments show that the 0,/0, data of BreperLow ¢ should
be multiplied by a factor of about 0.6. The corrected
01/00 curves are then in close accord with snowplough
theory, for a shock moving into gas that is not pre-
excited.

11 H. Brixkscuurte and H. Muxtensruch, Physikal. Verhandl.
13,197 [1962].
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A Steinheil f/10 three-glass-prism spectroscope
equipped with either a mounting for photographic plate
or a four-photomultiplier adaptor was used for the
spectroscopic measurements. A limited amount of in-
formation on the spatial distribution of the plasma
luminosity transverse to the axis of the tube could be
obtained because two photomultipliers received radi-
ation from a region 2 mm high and a fraction of a mm
wide and the other two photomultipliers from a region
of the same size but displaced by 3 mm in a direction
transverse to the axis of the tube. Similarly each line in
the time-integrated spectra recorded on photographic
plates was due to the radiation coming from a region in
the plasma 5 mm high with a blank region in the middle
of height 1 mm. The blank region was caused by an
aperture inserted at the entrance slit of the spectro-
scope. The spectral resolution of the spectroscope with
the photomultiplier adaptor attached was sufficient to
resolve lines at 4300 A separated by 0.35 A when the
entrance and exit slits were 20 u wide.

The same image convertor camera and rotating mir-
ror camera as used by Breperrow ® were employed for
determining the velocity and the luminosity structure of
the plasma.

Spectroscopic Measurements

With hydrogen in the shock tube at an initial
pressure of 2.5 mm Hg and 10 kV on the capacitor,
the velocity of the luminosity front at =24 cm was
1.5 cm/usec. Reflected shock observations with the
image convertor camera and the rotating mirror
camera used as a smear camera showed that there
was no luminous incident shock in front of the main
luminosity. A non-luminous shock-heated region
having an axial dimension of less than about 5 mm
could however have been present. The accuracy of
measurement,
resolve whether or not the incident luminous front
reached the reflector plate. At no time was the lu-
minosity immediately in front of the reflector plate
observed to be reproducible. A spectroscopic in-
vestigation of the plasma within 1 mm of the reflec-
tor plate was not attempted both because of the
severe spatial requirement and the observed irre-
producibility. BreperrLow® has investigated the
properties of the plasma produced under similar
conditions. For example, in his Fig. 2, picture II,
the velocity of the first luminosity front is 1.67 c¢m/
usec and the initial pressure 2.5 mm Hg. For these
conditions he detected a contact front moving with a
velocity of 1.41 cm/usec at a distance behind the
first luminosity front of about 8.6 mm. It is of inter-
est to determine the state of the plasma both in front

about 1 mm, was insufficient to
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of and behind this contact front. Thus electron
density n. measurements were made by observing
the half-width of the emitted Hg line, temperature T
measurements were made by the method described
by Griem? — by observing the ratio of total Hy
intensity to the intensity of the underlying 100 A
wide continuum, and the arrival time of the Cr I
4254.35 A line was measured. The first two measure-
ments provided information on the state of the
luminous plasma and the last the source of the
plasma. The source could be pre-excited gas in front
of the shock (McLean, Faneurr, KoLs and Griem ?)
or gases from the driving discharge (Croupeavl).

Time integrated spectra of the radiation from the
plasma revealed lines of Hg, H. and Hs. When the
amount of exposure was increased by using the most
sensitive available spectroscopic plates and 200
firings of the shock tube for each exposure, then H.
and the resonance lines of Cr I, Fe I, Si II and Ca II
became just detectable. The metallic lines orginated
from material coming from the stainless steel elec-
trodes and from two set-screws that joined these
electrodes to the conductors in the arms of the T-
tube.

At a luminosity front velocity of 1.5 cm/usec the
amplitudes of the photomultiplier signals often
differed by as much as a factor of two for different
firings of the shock tube. Shot-to-shot irreproducibi-
lity also affected the shape of the signals. The shape
of the signal observed with a photomultiplier view-
ing a narrow region in the center of the Hs line was
identical to that of the signal from a photomultiplier
viewing the center of the H, line for the same shot
when both photomultipliers received light from the
same region of plasma. The shape of two such sig-
nals often differed considerably when the photo-
multipliers viewed regions of plasma separated
3 mm in a radial direction. Thus the plasma being
studied was markedly inhomogenous. Therefore the
method of measuring spectroscopic quantities was
modified to reduce errors caused by this inhomo-
geneity and the shot-to-shot irreproducibility. For
example, all subsequent measurements were made
with two photomultipliers that viewed the same
region of plasma. Also all measurements were nor-
malized to a simultaneously recorded standard sig-
nal. For example, a point on the Hjs profile was
obtained by simultaneously recording the oscillo-
grams of the signals from two photomultipliers, ore
viewing the middle of H. and the other the radiation
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in a narrow wavelength interval at the desired
wavelength in Hy. The second signal was corrected
to a small extent for photomultiplier spectral sensi-
tivity from the manufacturer’s data, for spectroscope
dispersion and for the underlying continuum signal.
This corrected signal within Hs was proportional to
the intensity of the radiation in the wavelength in-
terval defined by the slit widths. The continuum sig-
nal was measured by recording the signal from a
photomultiplier that viewed a 10 A interval centered
on 5134 A. The continuum signal at the desired
wavelength within the Hy profile was determined by
extrapolating the signal measured at 5134 A using
the theoretical continuum intensity vs. wavelength
relation and appropriate corrections for slit widths,
photomultiplier spectral sensitivity and spectroscope
dispersion. These corrections were made in this
manner since no absolute calibration of the optical
system was made. The corrected Hy signal was then
divided by the simultaneously observed H. signal
and the resulting values at times of 0.2, 0.5, 1.0,
1.5, 2.0, 3.0 and 4.0 usec after the arrival of the
luminosity plotted as points of Hs profiles. Errors
due to shot to-shot irreproducibility were further
reduced by recording and analyzing sufficient data
to give about 35 points on each line profile. The size
of the entrance slit and exit slits of the spectroscope
were small enough to introduce negligible instru-
ment broadening of the Hj line. n.(t) was then
determined from each line profile from curves given
by Kitayeva and Sobolev 1. The n,(¢) results for a
luminosity front velocity of 1.5 ¢cm/usec are pre-
sented in Fig. 1. The slight discontinuity between
0.5 and 1.0 usec behind the luminosity front is at
the position where BrenerLow ¢ has observed a con-
tact front. The theoretical value for n, at equilibrium
behind a shock having a front velocity of 1.5 cm/usec
and moving into unexcited hydrogen at 300 °K and
2.5 mm Hg pressure is less than 10'3/cm?. Thus the
observed value for n., ~10'%/cm3, is considerably
higher than that directly due to shock heating.

The temperature measurements were made by first
integrating each observed Hj line profile to obtain
the total line intensity then dividing by the extra-
polated value of the continuum signal noted above.
The observed ratios of line intensity to 100 A con-
tinuum intensity and the observed values of n.(¢)

12 V. F. Kirayeva and N. N. Sosorev, Proc. 5™ Int. Conf. on
Tonization Phenomena in Gases, Munich 1961 ; North-Hol-
land Publishing Company, Amsterdam 1962, p. 1897.
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Fig. 1. Electron density throughout luminous plasma. The

velocity of the luminous front at the observation location,

z=24 cm, was 1.5 cm/usec. t=0 defines the arrival of the
first luminosity at z=24 cm.

were then compared with curves given by Griem’
for intensity ratio as a function of T and n.. The
result 7' (¢), temperature as a function of time after
the arrival of the luminosity front, is presented
in Fig. 2. Again a discontinuity is evident at
0.5<t< 1.0 usec. The temperature is lower in front
of this discontinuity than immediately behind it. The
temperatures shown in Fig. 2 could be too high
because radiation from weak Fe I lines in the 10 A
wavelength interval centered about 5134 A has been
neglected. However these lines were never observed
even on the spectral plates exposed to the light from
200 firings of the shock tube. The observed tem-
peratures are in approximate agreement with the
results of RamspeEny and McLean 2. They measured a
temperature of 1.8 eV for a M20 shock passing into
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Fig. 2. Temperature throughout luminous plasma. Experimen-
tal conditions were the same as for Fig. 1.

13 S. A. Ramspeny and E. A. McLean, Nature, Lond. 194, 761
[1962].
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hydrogen initially at 0.5 mm Hg pressure. For a
1.5 em/usec shock moving into hydrogen at 300 °K
and a pressure of 2.5 mm Hg the temperature pre-
dicted from shock theory is 0.35eV. Thus the
measured temperature throughout the luminous
plasma is higher than that predicted by the theory
for a shock moving into unexcited, un-preheated gas.
It must be stressed that not too much emphasis
should be placed on the accuracy of the measured
values of temperature, primarily because thermal
equilibrium has been assumed to exist.

The arrival time of the chromium line radiation
was observed with the two photomultipliers that
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Fig. 3. Detection of Cr I 4254.35 A. Slit widths were of such
a size that the luminosity width in these graphs should ideally
be 1.8 A wide and of the triangular shape shown. Experimen-
tal conditions were as in Fig. 1. The ordinate of each graph
is the ratio of the signal observed near 4254.35 A to a nor-
malizing signal at 4426.6 A. Each point is the mean value of
up to 8 observations and each error bracket denotes the stan-
dard error of the mean.
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received light from the same region of plasma. All
spectroscope slits were opened to 100 u to provide
maximum sensitivity to line rather than continuum
radiation. One exit slit was centered on 4426.6 A to
provide a normalizing signal and the other was
scanned from shot-to-shot in small wavelength inter-
vals about 4254.35 A. The observed signal on or
near 4254.35 A was divided by the normalizing sig-
nal to reduce the effects of the shot-to-shot irre-
producibility, then plotted as a function of wave-
length and time. The graphs shown in Fig. 3 show
that there is chromium throughout the luminous
plasma. The luminous plasma thus is not solely
shock heated gas but is also gas that has been ac-
celerated by the driving discharge.

Chromium arrival time measurements were re-
peated at a capacitor voltage of 12 kV and a result-
ing shock velocity at 2 =24 ¢cm of 2.0 cm/usec. This
velocity is the same as that studied by BrepeErLow $,
for example in his Fig. 2, picture III. The arrival
time results were identical to those at the lower velo-
city. The luminous plasma thus still contained gas
that originated from the driving discharge. The
capacitor voltage was then increased to 13 kV giv-
ing a shock velocity of 2.5 cm/usec at x =24 cm.
Small signal amplitude and shot-to-shot irrepro-
ducibility obscured any positive evidence that chro-
mium was again throughout the plasma. Arrival
time measurements made with the lines Ca II
3933.67 A and Si II 4128.11 A also gave indefinite
results. The maximum value of n.(z) determined
from the half-width of the Hz line was 1.2 x 10'7/cm?
whereas the value predicted by shock theory is of
the order of 10'3/cm3. Again the observed value of
n. was higher than that predicted for a shock mov-
ing into unexcited, un-preheated gas.

Luminesity Structure

Typical image convertor camera pictures of the
plasma produced at various luminosity front veloci-
ties are given in Fig. 4 *. Each velocity given is that
of the first detectable luminous region at =24 cm.
Although different firings of the shock tube resulted
in somewhat different luminosity structures for the
same discharge conditions, the following properties
are considered to be representative for each par-
ticular velocity. As noted by Breperrow 6 the lumin-

* Fig. 4 on p. 938 a.
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ous plasma at the lower velocities does not contact
the walls. For v<2 cm/usec the luminosity front
has the same slope as observed by both Liesing *
and Barxarp and Cormack? in quite different geo-
metries of electromagnetic shock tubes. In all of the
pictures regions of luminosity can be seen moving
ahead of and faster than the region of major
luminosity. In particular, it follows from the ob-
served luminosity structures and the chromium ar-
rival time measurements that n.(z) and T(tz) in
Fig. 1 and 2 for 0 <t< 1 usec are values for plasma
that has passed through the contact front. For
example, in the lower picture of the luminosity that
is shown for v=1.5 cm/usec a non-homogenous,
non-plane, faintly luminous region can be seen pre-
ceeding the main luminosity. This faint luminosity
does not have the characteristics that are normally
attributed to heating by a plane shock: homogeneity
and either a plane and well-defined or plane and
diffuse front. Thus this luminosity does not come
from shock heated gas. It is also of interest to note
that this faint region is not detectable later when the
plasma has moved further down the tube, for
example in the middle and upper pictures at this
velocity. This previously luminous gas must be
present in the non-luminous shock-heated region and
must affect the properties of the gas in this region.
Because only luminous plasmas have been studied in
the present work this additional heating mechanism
of non-luminous shock-heated gases has not been
investigated further. For v >2 ¢m/usec the luminous
front becomes sloped in a direction opposite to that
observed for v< 2 cm/usec and is now tending to
become well-defined. However the slope of this front
increases as the plasma moves down the tube. Thus
there is still some mechanism present that is prevent-
ing the usual stabilizing characteristic of a shock
from being operative. The dependancy of the angle
of the front on the capacitor voltage could be due to
the motion of a region of heavy particles inside the
plasma. The driving current sputters off material from
the anode of the driver and any glass subjected to elec-
tron bombardment, for example that near the tip of
the anode. The heavy ions are then accelerated both
down the tube and in a transverse direction. The
amount of transverse motion that occurs increases
with increasing capacitor voltage. Thus at x = 24 cm
and at low voltages the region of sputtered material

14 L. Liesing, Phys. Fluids 6, 1035 (1) [1963].
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Fig. 4. Luminosity structure of plasma. Fiducial marks are at ~ differnt velocities were obtained by varying the capacitor
=19, 22 and 25 c¢m. Luminosity front velocities at =24 cm charging voltage. The left side of each picture is cut off by a
are given. Each set of two or three pictures is of the same  diaphragm and the different vertical spacings between pic-
plasma and the delay time between each picture is 1.2 usec. tures does not affect the magnification.

The initial pressure in the shock tube was 2.5 mm Hg and
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CONTACT SURFACE IN AN ELECTROMAGNETIC SHOCK TUBE

could still be at the top of the tube whereas at higher
voltages the region could have been accelerated suf-
ficiently in the transverse direction to be at the
bottom of the tube. This explanation for the change
in angle is only a proposed explanation. Although
the front is non-reproducible and non-plane when
v>2 cm/usec, no regions of plasma were observed
to be ejected through the front at these high veloci-
ties. Also at these high velocities the plasma was
more homogeneous.

Reflected shock pictures revealed a zone of non-
luminous shock heated gas in front of the luminous
plasma when v < 1,5 cm/usec. The accuracy of ob-
servation, about 1 mm, was insufficient to resolve
whether or not a zone existed at higher velocites.
Plots of either arrival time or velocity as a function
of capacitor voltage could be assymptotically ap-
proximated by two straight lines that intersected at
a velocity of about 1.5 cm/usec. It is concluded that
below this velocity a non-luminous shock preceeded
the luminous plasma and that for velocities greater
than approximately this value the luminosity front
coincided with the shock front.

Discussion

The presence of the discharge gases in the region
of shock heated gas shows that the enthalpy, pres-
sure and density in the luminous region of the shock
heated gas cannot be predicted by the simple Rax-
KINE-HuconrtoT relations. Rather if one insists on
using these relations one must take into account for
example the increase in the enthalpy in this region
that comes from the energy flow across the contact
front. This energy is transfered by radiation, ther-
mal conduction, and mass transfer. The present
observations have shown that the flow of high tem-
perature gases through the contact front and their
resultant mixing with the shock heated gas is a
major contribution to this energy flow. The RaNkINE-
Hucontor equations could be modified, most simply
but not adequately, by introducing one term in the
energy equation. This term would be an enthalpy
term that would take into account the energy that is
transported into the shock heated region by the dis-
charge gases that pass through the contact surface.
Such a term would be mathematically equivalent to
the radiative energy transfer term that has been
proposed by McLean, Faneurr, Kors and Griem 3 to
explain their high temperature and low electron
density observations.
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Mechanisms such as proposed by Croureau ! will
contribute to the spreading out of the contact front.
In the present experiments an inertial instability of
the contact front can explain the presence of the
ionized heavy atoms in the shock heated gas and the
observed structures of the luminosity. The passing
of regions of plasma through the contact front could
be due to not only a non-homogeneous mass density
distribution behind the front but also by the motion
of regions possessing a higher-than-average momen-
tum. The latter mechanism would account, for
example, for the shape of the luminosity front
shortly after a second region of plasma accelerated
by the second half-cycle of current has overtaken the
luminosity front produced by the first half-cycle of
current. A typical smear picture showing this phe-
nomenon is given by Croupeau! in his Fig. 4. It is
believed that this phenomenon is not responsible for
the shape of the luminosity front in the present
experiments. For example, in the smear pictures
given by Breperrow® in his Fig. 2, II and III, a
second faint region of luminosity can be seen about
5 usec behind the primary front.

This second region is accelerated by the second
half-cycle of current, however to a velocity that is
insufficient for the overtaking of the primary front.
When the plasma behind the contact front has a non-
homogeneous mass density distribution, the motion
of each small region of non-homogeneity is decelera-
tion dependant. The deceleration of the plasma in an
electromagnetic shock tube is usually of the order
of 10! cm/sec®. The deceleration is in such a direc-
tion as to favor RavLeicH-TavLor or other inertial
instabilities that would develop on the surface of the
contact front when the mass density of the gases
behind the front exceeds that of those before the
front. The marked lack of inhomogeneity behind the
contact front for 0.6 <v <2 cm/usec favors the pas-
sage of regions of plasma through the front rather
than the more-ordered RayLeicu-TavLor instability.
Such motion of regions has been recorded in numer-
ous photographs in the present work. The lack of
homogeneity and the persistence of the internal
structure of the luminosity indicates that mixing
through diffusion and turbulence are of minor im-
portance in comparison to mixing that is due to the
motion of inhomogeneous regions. The increase in
homogeneity observed when v>2 cm/usec and the
smoothing out of the shape of the luminosity front
could be explained by enhanced diffusion at the
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higher temperature and the probable joining together
of the shock front with the luminosity front (see also
Cuanc 1%). The persistence of the structure of the
luminosity is still evident at these higher velocities.
For example, the slope of the front increases as the
plasma moves down the tube. This tendency of the
front to become less plane as the plasma moves down
the tube has also been noted by McLeax, Faneurr,
Kors and Griem 3. The present work indicates that
the region immediately behind the luminosity front
is partially composed of gases accelerated by the
driving discharge. The actual shape of the front
would be determined by a balance between the
stabilizing effect of the shock (Freemax16) and the
unstabilizing effect of inertial instabilities. One
further noteworthy characteristic introduced by the
deceleration of the shock front in an electromagnetic
shock tube is the introduction of a deceleration-
dependency of the density on the distance from the
front. This deceleration-dependency is expressed
accurately by blast-wave theory. The magnitude of
the inertial effects acting on regions near the contact
surface can be estimated by comparing the scale
heights (Opik '7) of hydrogen and chromium. For
example, the scale height for 5,000 °K hydrogen
atoms subjected to a deceleration of 10! cm/sec? is
3.2 cm and for gaseous chromium 0.1 cm. The dif-
ference in these scale heights indicates that there can
be a mass filtering action at the contact front. Heavy
particles and/or regions of higher than average
value of local mass density can move through the
contact front. Since the deceleration of the plasma
invariably increases when the velocity of the plasma
is increased or when the initial gas pressure is
decreased, it follows that the mass filtering action
would be more pronounced under conditions of high
velocity and low density, the regime of operation
that has been of most interest to users of electro-
magnetic shock tubes.

15 C. T. Cuanc, Phys. Fluids 4, 1085 [1961].
16 N. C. Freeman, Proc. Roy. Soc., Lond. A 228, 341 [1955].

CONTACT SURFACE IN AN ELECTROMAGNETIC SHOCK TUBE

The instability mechanism that has been proposed
could have a wide range of applicability. For ex-
ample, there have appeared numerous papers deal-
ing with electromagnetically-driven shock waves in
which irreproducibility is a common characteristic.
Irreproducibility favors the inertial instability ex-
planation for the inapplicability of the simple Rax-
KINE-Hucontor relations rather than the radiative
energy transfer mechanism proposed by McLEan,
Faneuvrr, KoL and Griem .

It has been established for the conditions studied
that the region immediately ahead of the contact
front is inhomogeneous and contains high tem-
perature, high electron density gas that originates
from behind the contact front. It cannot be concluded
that this mixing process occurs under all conditions
in electromagnetic shock tubes. For low velocities
and high initial pressures JEANMAIRE, KLINGENBERG
and Rercuexsacu ? have shown that a shock front
can exist in a T-tube. The presently proposed insta-
bility mechanism could however account for the fai-
lure of numerous workers to obtain impurity-free,
homogeneous plasmas formed behind plane shock
fronts under conditions of low initial pressure and
high velocity in electromagnetic shock tubes.
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