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Extensive experimental material is reported on diamagnetic perturbations of a strong shock wave due 
to a light spark in different gases at different pressures. A theoretical description of this phenomenon 
is given with the aid of the theory of strong shock waves. It is shown that the long lifetime of the dia
magnetic moment offers evidence of the high-temperature character of the process in the light spark. 
Experiments are presented on the reflection and focusing of a shock wave and on its cumulative action 
on the fireball of the spark, for the purpose of repeated utilization of a dense hot plasma. New possible 
effects of interaction between the strong magnetic field and a shock-wave plasma are described. Prac
tical applications of the results are noted. 

INTRODUCTION 

THE authors have recently reported, r 1 - 5 J using as an 
example the "light spark," or the explosive release of 
light energy in the focus of a laser in gas, on investiga
tions of the diamagnetic perturbation of the external 
magnetic field of a high-temperature shock wave. 

Characteristic singularities£2' 3 l in the variation of 
such a diamagnetic moment were observed, namely, 
after occurring abruptly, the moment exists for a time 
exceeding by hundreds of times the time of light-energy 
input. In the articles, £4 ' 5 J the prolonged diamagnetic 
perturbation was connected with the expansion of the 
so-called "fireball" (FB)-the high-temperature region 
that remains in the center of the weakening shock wave. 
Assuming that it is possible to introduce an average 
temperature in the FB (at a high temperature conduc
tivity, small dimensions of the region) an attempt was 
madel 5 l to explain the long lifetime of the moment and 
estimates were made of the value of the adiabatic coef
ficient that should be assigned to the plasma in order 
to explain the weak variation of the moment. This 
model, however, is much too simple for cases when an 
important role is played by the sharp inhomogeneity of 
the radial temperature distribution, an inhomogeneity 
characteristic of a shock wave when processes equal
izing the temperature gradient play a small role. 

We report in this paper extensive experimental ma
terial on the investigation of the diamagnetism of a 
shock wave of a light spark in different gases and dif
ferent pressures, and give a theoretical description of 
this phenomenon with the aid of the theory of strong 
shock waves. The process explaining the slow varia
tion of the moment will be based on the motion of layers 
of matter with continuously increasing temperatures in 
the interior of the shock wave in a direction opposite to 
that of the magnetic field. This correspondence between 
the diamagnetism and the internal, most heated part of 
the shock wave is a further development of the treatment 
given in l 4 -6J. We note also that the treatment of the 
process given in l 6 l, where diamagnetic perturbations 
are considered and are set in correspondence with the 
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quantities on the front of the shock wave, has a limited 
application, since in the immediate region behind the 
shock wave the temperature may exceed by many times 
the temperature from the shock wave itself. 

1. EXPERIMENTAL INVESTIGATION OF THE 
DIAMAGNETISM OF A LIGHT SPARK 

The beam of a powerful Q-switched laser was fo
cused by a lens of focal length f = 4.5 em inside a 
thick-wall bomb, into which the different investigated 
gases were introduced under pressure. The bomb 
was made of stainless steel and had sealed windows for 
the entrance and exit of the beam, and also sealed-in 
leads for the transmission of the signal from the induc
tion coil (pickup of radius R = 6 em) surrounding the 
spark. The bomb was connected with a vacuum system, 
a manometer, and flasks with the compressed gases. 
When the gas was changed, the bomb was scrubbed many 
times and evacuated, When complicated gases were 
used, capable of being decomposed or reacting under 
the influence of the spark wave, the content of the bomb 
was changed after each spark. 

The diagnostic external magnetic field (reaching 
104 Oe) was produced in the focal region of the lens. 
Around this region, an induction coil was wound and 
used to measure the change of the magnetic flux after 
the occurrence of the spark. The pressure in the bomb 
ranged from 20 atm down to the minimum value at which 
the gas still broke down (in the case of argon, krypton, 
and xenon-on the order of 0.05 atm). We investigated 
all the noble gases, air, nitrogen, oxygen, hydrogen, 
deuterium, carbon dioxide, SF6 , etc. 

The absorbed energy was determined as the differ
ence between the incident and transmitted energies, by 
diverting parts of the energy to two calorimeters (the 
procedure is described in detail in r 3 l, where a diagram 
of the setup without the bomb is given). The incident 
energy was varied by means of neutral filters, other 
conditions being equal. 

The main experiment consisted of investigating the 
dependence of the amplitude, i.e., the maximum of the 
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diamagnetic moment M, on the energy E absorbed by 
the spark in different gases at different pressures. It 
turned out that M(E, p) = M(e/p) for each gas. These 
relations are shown in Figs. 1-4 in a log-log scale. 
Plots of M(E/p) are given, since E/p is an essential 
parameter in the theory of shock waves. Here p is the 
initial gas density, which depends on the pressure in the 
bomb, p = PoPatm· It turned out that the M(E/p) depend
ence is very close to linear (more accurately M 
,.., (E/p)r 1• 2l), and for each gas the points can be fitted 
quite well by a single straight line, although the ranges 
of the values of E and p, the argument E/ p and the 

M/H,cm' 11.21 

function M are quite large, and the values of M were 
obtained both by changing the energy input and by chang
ing the gas density. 

It turned out also that at a given E/ p the magnetic 
moment is the larger, the larger the mass of the ion of 
the atom. In particular, for hydrogen and deuterium, at 
the same energy and at the same pressure, the diamag
netic moments are close, i.e., MH Rl Mn, M"' mi(E/p). 
This relation is satisfied approximately for the gases 
H2, D2, He, Ne, 02, and N2, if mi is taken to be the mass 
of the atomic ion (for these gases M/m = 49, 46, 51, 38, 
46, and 32, respectively). For argon, krypton, and xenon 

M/H,cm' 
11r~ 

b 
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fP" 
E, J E/p, J-cm•g-• 

FIG. 1. Dependence of M/H on the energy input E in nitrogen for different pressures p (a) and onE/pin nitrogen and hydrogen (b). 

M/H,cm' 
M/H,cm' 

E/p, J-cm•-g-• E/p, J-cm•-g-• 

FIG. 2. Plot of M/H vs E/p: a-in argon, b-in krypton. 
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in the same units we have M/m = 10, 6.3, and 4.6, re
spectively. 

Experiments were also performed in which the shock 
wave was returned by reflection from a solid surface 
(a dielectric shell of cylindrical or spherical form). 
Sharp kinks were observed in the oscillograms, rever
sal of the sign and large values of the inverse magnetic 
moment upon collision with a focused shock wave, thus 
indicating the possibility of using a reflected shock 
wave for a strong compression of the fireball of a light 
spark, in order to use the dense heated plasma again or 
in order to add energy again and employ the counter-

M/H,cm' 

E/p, J-cm'-g"1 

pressure of the converging shock wave to prevent 
spreading of the plasma. 

Secondary measurements were made in addition to 
the main ones. We investigated the longitudinal locali
zation of the diamagnetic perturbation by moving the 
measuring diamagnetic coil (a similar experiment for 
air is described in rsl). In the present investigation, 
these experiments were performed for krypton, in 
which the spark was visually very large and bright, and 
in which the diamagnetic region was expected to be 
more elongated. The radius of the coil in these experi
ments was only 3 mm. This experiment also gave a lo-

E/p, J-cm'-g"' 

FIG. 3. Plot of M/H vs E/p: a-in carbon dioxide and SF6 , b-in xenon and in air. 
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FIG. 4. Plot ofM/H against E/p: a-in oxygen and deuterium, b-in neon and helium. The rectangles denote points for the lower pressures 0.4 
and 0. 7 atm, when the spark is "transparent." These points drop out. 
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calized region of perturbation of the magnetic field, 
since the measured a<fl(z) agreed quite well with the 
known formula for the magnetic flux through an induc
tion coil of radius R, due to a pointlike magnetic mo
ment: 

~«P(z) ~ 2nMR' I (z' +R')'1• 

with a half width az = 1.6 Rm RJ 5 mm in our case. We 
consider this result to be interesting, since it is evi
dence of a difference between the volume of the glowing 
zone and the volume of the most significant energy re
lease. 

In the main measurements we used large coils with 
R RJ 6 mm, i.e., it could be assumed with assurance 
that the dimensions of the diamagnetic region were 
small compared with the radius of the coil. 

We performed also a series of experiments aimed at 
investigating the dependence of the diamagnetic signal 
on the dimensions of the energy-release region and on 
the method of the energy input: the energy was varied 
in different ways-with filters, by changing the pump, 
with the aid of shutters and diaphragms covering the 
side, central, or annular parts of the beam. In this 
case the volume of the focus and its shape also changed, 
but the diamagnetic moment was dependent only on the 
energy input, and all the points fell on a single straight 
line. We investigated also the dependence of the dia
magnetic moment on the focal length of the lenses, 
which ranged from 2 to 15 em. The volume of the focal 
region 

V1 ~ np,'z1 = f'<p'/ d ~ I' 

changed in this case by a factor 3 x 103 , whereas the di
amagnetic moment decreased with increasing focal dis
tance by only a factor of 1.3. The main measurements 
were performed with a single lens of focal length 
4.5 em. 

These additional experiments have demonstrated the 
general character of the results of main series of ex
periments and simplified the explanation of the proc
esses that lead to diamagnetism. 

2. EXPLANATION OF THE DIAMAGNETISM OF A 
STRONG SHOCK WAVE 

The diamagnetic perturbation of a strong shock wave 
is connected with the appearance of eddy currents when 
the conducting layers of the medium move behind the 
shock wave in the external magnetic field. At first, 
when the temperature and the conductivity on the front 
of the shock wave are sufficiently large, the dimensions 
of the perturbation region can be quite close to the di
mensions of the shock wave. For example, for a spher
oidal perturb!.tion region 

v 
M=- 4n(1-n) Ho, 

where V is the volume of the region where the field is 
forced out, n is the so-called demagnetizing factor, 
n << 1 for an elongated spheroid and n =% for a spher
ical volume. In the latter case the radius of the shock 
wave, according to the simplified solution, which af
fords a good approximation (see, for example, [7 l), is 

rsh = { 75 (y- 1) (y + 1)' }'''(!___)''• t''• 
16n (3y-1) p 

and at the start of the process M RJ - %r~hH0 • 
However, the growth of the magnetic moment slows 

down when the rate of the expansion ish becomes com
mensurate with the rate of diffusion of the magnetic 
field VH RJ c2/4rrao, where o = Cl!rsh and a~ 0.1-0.3, 
We can estimate the value of this moment: putting 
a = AT312 , where 

A~ 10'1Z, 
y-1 m· 

T,~= 'fs11' ( Y+ 1)' k ' 

we obtain 

or 

[ 10'a ]''• '"•(E)'Io(y-1)'"• 
rm ::::: k''•4nc'Z m; p (3y -1)''• 

M H = _!_r 3 = ~ [ 10'a ]"'m''" (.!.._)"' (y -1)"'". 
mf 2 m 2 k'i•c'Z ' p (3y -1)% 1 

i.e., for a spherical wave 

M/H ~ m.""(E!p)''•-

It is easy to show that in the cylindrical case 

M I H ~ m,(E I p)''•. 

As seen from the experimental results, in all gases 
the dependence of M on E/p is quite close to the de
pendence described by these formulas, namely, the 
slope is close to 1.2 (more accurately-slightly larger, 
1.25, since the experiment apparently realizes the in
termediate case, a quasispherical shock wave, with the 
shape of the perturbation region first elongated but soon 
becoming rapidly rounded out by expansion. This sim
plified formula also explains the comparison experi
ments with hydrogen and deuterium, from which it fol
lowed that at a given E/p we get M ~ mj'110 = 1.86. 

It is interesting to note that gases with low excita
tion levels and ionization levels (for example argon, 
xenon, and krypton) give anomalously small M/m, a 
fact that can be attributed either to the closeness of y 
to unity or to the large charges Zeff of the ions. 

As to the absolute value of M/H, the theory gives 
the correct order of magnitude, several times 10 -s cm3 , 

in agreement with experiment. However, the simplified 
theory does not explain the cardinal properties of dia
magnetic excitation, namely the small change of the di
amagnetic moment in time after its occurrence. This 
model has not made it possible to analyze in detail the 
process of penetration of the magnetic field inside a 
shock wave with allowance for the sharp variation of the 
temperature and conductivity of the medium inside the 
shock wave. 

We have therefore considered in greater detail the 
perturbation of the magnetic field by a strong shock 
wave accompanying a high-temperature explosive re
lease of energy. 

3. THEORY OF THE DIAMAGNETISM OF A STRONG 
SHOCK WAVE OF A POINTLIKE EXPLOSION 

The diamagnetic perturbation from a shock wave is 
due to the motion of conducting layers of the medium. 
At first, at high temperatures, the radius of the region 
from which the field becomes forced out is very close 
to the radius of the shock wave: 
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and the diamagnetic moment is M ~ r~h• where v is 
the index of the geometry ( v = 3 for spherical symme
try and v = 2 for cylindrical symmetry). With decreas
ing temperature on the front of the shock wave, the re
gion of the eddy currents producing the diamagnetic mo
ment penetrates deeper into the shock wave, so that the 
distributions of the temperature and of the conductivity 
inside the shock wave become important. It is known 
(see, for example, p, 6 J} that the temperature in a shock 
wave is minimal on its front and increases rapidly on 
moving from the front to the center (or line) where the 
energy is released. The ratio of the temperature at 
each point to the temperature T sh on the front of the 
shock wave is given by 

8 = !'___ = F"'i('+'i[~(F- Y+ 1 )]-~'[ _2_(Y+ 1-F)] 
Tsh y- 1 2y (y -1) 2 

{ 2(vy+v+2) [ (v+2)(y+1) F]}-2~: 
X 3v-2-y(v-2) 2(vy-v+2) 

where y is the ratio of the specific heats of the gas and 
F is a parameter connected with the quantity r /r sh by 
the relation 

__!:_ = p-2t(•+2J [ _2_y_ ( F- y + 1 ) ] h 

~ ~-1) ~ 

x{ 2(vy-v+2) [(v+2)(y+1) -F]}-~'. 
3v-2-y(v-2) 2(vy-v+2) ' 

where 
v+1 2 

~1 =fh+ vy-v+2- v+2' 

y-1 ., 
~2 = 2y - 2 + v' ~. = = 1 - 2~,. 2y- 2+v 

From these relations we readily obtain 

8 =(!_)'p,_2_ ( y+ 1 -F)/[~ (F- y + 1 )] 
rsh y- 1 \ 2 y- 1 2y 

from which it follows that e >> 1 only when F 
""' ( y + 1)/2 y. (We recall that the parameter F varies 
in the range ( y + 1)/2 y s F s 1.) Therefore if we are 
interested in the interior regions with T >> T sh• we ob
tain e(r) in the form 

( 
r ) -•i(v-1J T 

8= - <D(v,y)=--. 
Tsh . Tsll(t) 

The rapid growth of the temperature away from the 
shock wave towards the interior causes the main dia
magnetic perturbation to be produced by interior re
gions with high temperature, since the layer of shock 
wave is not only cooler and has a small conductivity, 
but also is thin, Osh ~ rsh( y- 1}/3( y + 1}, and this en
sures a high rate of diffusion of the magnetic field 
through this layer and .from it 

Vn i"::: C2 I 4na(T sh) 1\sh. 

Let us estimate the radius rH of the front of pene
tration of the magnetic field inside the hot layers, by 
equating the radial velocity Vr = rshr/rsh to the rate 

of penetration of the magnetic field 1>: 

Vn::::; C2 I 4ncr(T)I\eff, /\err::::; a I a/= 2T /3T/ = Kr. 

We shall assume that the substance is sufficiently heat
ed so that the conductivity is given by a(T) 
~ AT3 / 2 /Zeff, where A= k3/ 2/m~ 21re2 ln A and Zeff 
is the effective ion charge. Using the well known ex
pression 

8m,(y- 1) ( E ) 
Tsll= (Z + 1)k(v + 2)'{y + 1) 2 p ISh-', 

where m is the mass of the atom, we obtain for the ra
dius of the front of the magnetic field 

{ m,' ( E ) '}(v-1)/o , 1 
ru::::; B(v,.y) Z2(Z + 1), p r;b ', 

a= 4+3v -4y, b=4yv + 2y-7v- 2. 

The effective magnetic moment is 

M ::::; -r 'H ~ { m' ( E ) '} •(v-1)/o _,,;, 

H o Z'(Z+i)' p rsh . 

Using the experimental.ly established long lifetime of 
the magnetic moment M(t) ~ 0, we find, in view of the 
time variation of rsh(t), that the exponent of rsh is 
close to zero, i.e., 4 vy + 2 y- 7 v - 2 = 0. For exam
ple, for v = 3 we obtain y = 23/14 = 1.64 and for v = 2 
we obtain y = % = 1.6, which are quite close to the 
value of y for an ideal gas, y = % = 1.66. But this is 
precisely the exponent possessed by high-temperature 
gases. Consequently, in the case of high-temperature 
explosions, rH and M depend extremely little on rsh• 
i.e., on the time, since the exponent in the relation M 
~ M0r~h(t) is very close to zero. This explains the ex
perimentally observed long lifetime of the diamagnetic 
moment, confirming the high-temperature character of 
the light-spark process, as noted in [9 J. 

We note that high-temperature values of y can occur 
also in those cases when the temperature is lower than 
the energy of the next excitation level (at a large dis
tance to the next level}, or in those cases when there is 
no time for recombination of the plasma or for ioniza
tion of the upper levels of the atoms (rapid expansion). 

Using the coefficient in front of r~h• we can obtain 
the dependence of this diamagnetic moment on the prop
erties of the medium and on the energy release: 

{ m' ( E ) 4 } '(V- 1)1• 

M,=B(v,y) Z'(Z+1)' p . 

For example, for v = 3 we obtain 

M,~ ----- ~ 
~ { m' ( E ) '}'(v-1)1("-''l 

Z'(Z + 1)' p 

1lit is easy to see that in the case of an abrupt temperature distribu
tion behind the shock wave the main perturbation of the magnetic field 
is connected, in accordance with the theory of strong explosions, with 
the minimal radius on which the external magnetic field changes strongly 
(the main contribution to the magnetic moment is made by the small 
radius of the region of integration of the magnetic moments of the cur
rents). For any other distribution of velocities and temperatures, this 
may not be satisfied and the main moment may be produced by the 
entire volume in which the current is distributed. 
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at y ~ 5/ 3 and Z ~ 1. This describes sufficiently well 
the experimental results of the first section of the arti
cle, in which a relation of the type M0 "'(E/p)1'2 was 
obtained for most gases and data are given for M0 of 
two isotopes-hydrogen and deuterium: at the same 
E/p ratios the result obtained was Mn = 2MH (in this 
case y can be assumed to be the same and the ratio of 
the absolute magnitudes can be taken). 

It follows also from the described picture of the 
process that at some instant of time the pressure of the 
plasma in the expulsion region becomes commensurate 
with the pressure of the magnetic field PH~ H2/87T. 
This instant of time can be estimated in simple fashion 
in view of the independence of the pressure p of the 
coordinates inside the shock wave: p = E/4r~h(t)"' pH, 

3 /H2 ...., E11 3 112/Hs 1:r Aft hence rsh.cr "' E0 or tcr p • er 
this instant of time the magnetic field exerts a strong 
influence on a transverse motion of the central part of 
the plasma with r < rH. {We note that this occurs when 
the internal pressure becomes commensurate with the 
magnetic pressure, since the pressure of the thrust of 
the plasma motion is much smaller than pressure inside 
the plasma: pu2 << p. Indeed, pu2 << Pshr;h ~ Psh 
~ p.) 

The slowing down of the expansion and the stopping 
of the plasma can accelerate the penetration of the mag
netic field, i.e., the time of vanishing of the diamagnetic 
moment may depend on the external magnetic field. Al
though the vanishing of the diamagnetic moment can be 
due to weakening of the shock wave (when the condition 
Psh >> Patm( y + 1)/{ y- 1) is not satisfied, the shock 
wave ceases to be strong), or to losses (to radiation, 
heat conduction), it is always possible to choose the 
magnetic field strong enough to make its role in the 
vanishing of the magnetic moment decisive. For exam
ple, at H ~ 3 x 104 Oe the magnetic pressure is PH 
~ H2 /87T "' 30 atm and at such pressures the shock 
wave can still be regarded as strong (i.e., the magnetic 
pressure stops the transverse motion of the internal 
plasma before the wave ceases to be strong, and for ex
timates we can use the solution of the strong shock 
wave). 

The other possible mechanism of suppressing the 
magnetic moment by a magnetic field, by magnetizing 
the conductivity at WH "' vs, calls for much stronger 
fields or temperatures, for in this case the plasma phe
nomena occur at high concentrations and pressures (in
deed, since WH = eH/mc and v = niA/(kT)3 ' 2, we ob
tain magnetization at ni ::5 ni.cr ~ 3 x 1011 H/T3' 21~eV] 
~ 10u;/T3 ' 2[eV], whereas ni > ni.isobar ~ 3 x 10 x 3 
x 10-2/T [eV] "' 1018/T [eV]. Thus, in the region of in
terest to us ni >> ni.cr and there is no magnetization.) 

Knowledge of the time variation of the magnetic mo
ment is important for knowledge of the inductive proc
esses occurring near the perturbation region, for. the 
investigation of the radio emission Ewave ~ n x M/ c~0, 
of the strong action exerted on the plasma by inhomo
geneous magnetic fields F ~M(t)ilH/ilz, etc. 

4. "FffiEBALL" OF LIGHT SPARK 

It was observed in r4, 10 1 that the glowing high-tem
perature region becomes detached from the shock wave, 
and the stage of the so-called "fireball" was investi-

gated. We shall use the expression for the temperature 
distribution in the shock wave to determine the motion 
of the boundary of the region of the strong glow. Let us 
assume that this region is determined by the condition 
T = Tgtow· Then the rgt0 w(t) dependence is obtained 
from 

rglowfrsh = (IDTsh/ Tglow)<•-IJI•. 

Substituting the expression for T sh(r sh), we obtain 

( <1.JmE ) <>-I)/• 1··1{•-ll/• ( E ) <••-•+•ll,. 
Tglow = -- 7sh ,...,_, - tZ(Y-3V+3)/ht 

TglowkP p 

For example, for v = 3 we have 

( E )('7+1)/IS 
r glow ~ P t'<'-TJI'. 

The instant at which the detachment of the boundary 
of the "fireball" from the shock wave is observed can 
be determined by putting rgtowlrsh =a. or by specify
ing a distinguishable jump rsh- rgtow = ~rdet· For 
example, in the former case the temperature of the 
shock wave at the instant of detachment is given by 

Ts~t,(t det) ~ a•I(>-I)Tglow/ Ill, 

i.e., we can have Tsh(tdet) << Tgtow• Thus, the time in 
which the detachment is registered exceeds by several 
times the time when T sh = T glow· This indeed was reg
istered in r4' 10 1. (This can be easily verified by com
paring the time necessary to register the detachment 
with the time of cooling of the shock-wave front.) 

It should be noted that in the employed shock-wave 
models it was assumed that the thermal conductivity 
processes play a minor role, i.e., it was assumed that 
the change of the temperature in each region of the me
dium behind the shock wave is determined mainly by 
the adiabatic expansion and not by the influx of heat 
from the hotter layers. However, for small dimensions 
and not too high temperatures (the initial stage, large 
energy inputs, small densities) the time of heat equali
zation r 2/Ke may be commensurate with the time of the 
process, since at high temperatures the electronic tem
perature conductivity Ke ~ T~2/Zni can be sufficiently 
large even at high densities. In the case r 2 ~ K et we 
can use for the shock wave a solution with zero temper
ature gradient,r81 for which a region of gas at rest near 
the center up to r* = ..Je 2rsh is characteristic and for 
r > r* the gas velocity changes in a nearly linear man
ner: v{r) ~ Vsh(t)(r- r*)/(rsh- r*) (82 = 0.244 for v =3 
and 82 = 0.240 for v = 2). In this case, the estimate of 
the diamagnetic perturbation becomes simpler, since 
the conductivity a = AT3 ' 2 depends only on the time and 
does not depend on the coordinates. The temperature is 
in this case 

T(t) 40, m, { E ) 'I(•+ZJ 
_ t-hf(v+2) 

k(v+2)' p 

and when the strong-perturbation condition rsh > vH is 
satisfied, we obtain 

M ~ rili- (E I p) •l(•+~>t••t(•+>>. 

In the case when the magnetic field has time to pene
trate to the interior 

.7 

J •H M- a r• vdr- arsh v,, .. 
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i.e., 
E <'+•)/(•+2) 

M - ( p) t-(••-•){(•H). 

In the intermediate case, when the temperature conduc
tivity is significant only for a very hot zone whose di
mensions are commensurate with or exceed rH-the 
region of repulsion of the field in a model of a shock 
wave without thermal conductivity, the model consid
ered in [ 5 l is valid. 

In the case of rapid expansion of the spark plasma, 
we can expect non-equilibrium or long-lived ionization 
to last for a prolonged time (the recombination regime 
was investigated for a light spark in hydrogen in [ llJ ). 

Plasma trails due to light sRarks and ionization aure
oles were investigated in l 2' 13 l, We note that the ef
fects considered above can become manifest also under 
geophysical conditions, such as lightning flashes, me
teor explosions, and other high-temperature processes. 

In conclusion, the authors are grateful to Professor 
Yu. P. Rai.zer for a discussion of the results and to 
L.A. Lapin, V. P. Logvinenko, and I. N. Arutyunyan for 
help with the work. 
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