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I. INTRODUCTION

ng the past few years there has been much discussion of
es produced by intense laser irradiation of targets
have been classified according to the following

table (5). ;

Table 1. Classes of Absorption Waves 3
Phenomenon Intensity Propagation Velocity

(Approx.) (Approx.)

Breakdown Wave 103 W/cxn2 “=6 !
Radiation Front 107 105 cm/sec ;
Laser Supported Detonation Wave 1oh 103 ,
Laser Supported Combustion Wave 10h 10
Plasmatron 10 0

In each case t
front supplies
propagation.

combustion wave, subsonic. An optical plasmatron is a limiting case
of a laser supported combustion (LSC) wave in which the laser beam

intensity is J

he absorption of laser beam energy hehind the wave
the energy required to overcome losses associated with
In a detonation wave propagation is supersonic; in a

ust at threshold to maintain the wave stationary. Once

formed an absorption wave absorbs all or a large fraction of the
incident radiation, thereby shielding the target. It is therefore
important to determine the conditions under which absorption waves

are ignited.

In this paper we will be interested in LBC waves, which

occur at rather low incident intensities, and we 'will be interested
in their ignition and propagation at sea level atmospheric pressure.
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II. CHARACTERIZATION OF LASER SUPPORTED COMBUSTION (LSC) WAVES

Most investigations of LSC (and other absorption) waves
have been carried out with laboratory lasers. However, we are
interested in the properties of LSC waves under field conditions
vhere the target areas irradiated are much larger than those in the
laboratory. Since the incident intensities are comparable, some
information obtained in the laboratory is applicable to the field
situation. Because opportunities for performing field experiments
have been quite limited, and control over beam quality not completely
satisfactory we make use of latoratory results to the extent
practicable. We have used two high power lasers (HPL No. 1 and HPL
No. 2) to produce large scale LSC waves and have used the Ballistic
Research Laboratories 2 KW laser and the United Aircraft Research
Laboratories (UARL) 6 KW laser 'n our laboratory investigations. All "~
of these lasers operate CW at a wavelength of 10.6 um.

We can best characterize LSC waves by first describing the
experimental observations.

HPL NO. 1 EXPERIMENTAL RESULTS. Following are the principal observa-
tions concerning LSC waves produced with this laser:

l. There is a bright luminous region ~ 100 cm long and 10
to 15 cm in diameter. Some internal structure is discernible on the
film records. In particular, there is a much smaller central region
which is much brighter than the remainder of the luminous region.
This is the region of intersection of the laser beam with the
luminous volume. The length of the Lrightest region, the LSC wave
proper, is a few centimeters. Spectroradiometer results also attest
to the fact that the strongly radiating region is a few centimeters
long; in addition, we have noted that the shadows formed of nearby
objects are sharp indicating that the main portion of the LSC wave
radiant emission emanates from a small region.

2. Each LSC wave has its highest velocity when first
distinguishable on the framing camera records. (With the instrumen-
tation available for these experiments. the first involving large
scale LSC wave behavior, LSC waves could not be distinguished from
the surrounding luminous region until they had propagated a consider-
able distance from the target; that the LSC waves formed much nearer
to the surface was clearly proven, however, by spectroradiometer
data.) The propagation velocity decays approximately linearly with
distance. The LSC wave peters out, i.e., ceases to be luminous,
wvhen the propagation velocity has decayed to ~ 1 m/sec.
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3. The luminous regioun behind the wave front has a small
upvard acceleration.

L. After an LSC wave forms, action--greatly reduced--con-
tinues at the same location on the target.

5. The luminous region has sharply defined boundaries.
Its structure does not change rapidly; substantial changes occur over
periods of tens of milliseconds.

6. Burning particles are invariably present.

T. No LSC waves formed when an airflow over the target
was provided; however, the lowest airspeed used was Mach 0.1l.

In these experiments intensities were in the range of
20 - 4o l{w/cm2 for the mos* part. LSC waves were formed with alumi-~
num and molybdenum targets at intensities of 20 KW/cm2; they were not
formed with titanium at this intensity, nor in boron or rubber at
25 - 30 KW/cm2, nor in tungsten at 40 KW/cm2. An LSC wave was formed
in tungsten (during a power excursion of the laser) at an intensity
of 90 KW/cme. However, tne intensities quoted are only accurate to
t+ 50% owing to inaccuracies both in beam power and irradiated area.
Also, the number of irradiations was small, so that definitive con-
clusions regarding ignitica threshold cannot be obtained from these
results.

HPL NO. 2 EXPERIMENTAL RESULTS. Since the early experiments we have
enjoyed an additional limited opportunity to produce large scale LSC
waves. We designed new apparatus for studying LSC wave behavior for
the latter experiments. Figure 1 shows schematically a system used
to obtain time, space, and wavelength resolved spectra of LSC wave
emission on each frame of a framing camera record. In addition, we
arranged narrow band pass filters that permitted simultaneous trans-
mission of LSC wave emitted light in two narrow wavelength regions
to a framing camera film. This enabled us to distinguish among the
several sowces of light emission in the LSC wave. It enabled us to
separate target vapor emission from air emission and to learn some-
thing of the transition from a target vapor dominated LSC wave to an
air LSC wave.

Additional observations concerning LSC wave characteristics
obtained with the aid of the equipment just described are as follows:

1. The LSC wave forms at or very near the target in a mix-
ture of target vapor, particles, and air. No air spectra are seen
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initially. Some spectra seen in the case of a 2024 aluminum target,
for example, are: several Al and Mg lines, NaD lines, and AlQ bands.

2. Air spectra ere first seen at distances varying between
1l om from the target surface and 10 to 12 cm depending upon the laser
beam intensity.

3. The Hy line at 6563 g, owing to water vapor in the air,
is an indicator of the transition from a target vapor to an air LSC
wave. This transition takes place over a small spatial region during
a time of several milliseccnds; it takes place on the lower edge of
the LSC wave (the laser beam being horizontal).

L. Air spectra always include O, N, and H lines; N+ lines
are seen sometimes, apparently only at the highest intensities
reached in the experiments, and only near the wave front.

5. The LSC waves upon occasion split into two or three
distinct pieces which sometimes separate by more than one meter; this
behavior is associated with the spatial structure of the beam.

6. The threshold for ignition of an LSC wave in aluminum,
the material for which we have the largest body of results, is ap-
proximately the same as found in the earlier experiments, 20 KW/cm2.

Some variation from the above general behavior is contained
in the experimental results, probably caused by variations in details
of the laser beam behavior. Table 2 summarizes typical characteris-
tics of the spectral results. Figure 2 depicts the behavior in a
specific case.

III. PHYSICAL PHENOMENA INVOLVED IN LSC WAVE BEHAVIOR

Guided by the experimental obrervations, we now wish to
provide a description of the physical phenomena involved in LSC wave
bvehavior and, in the following section, a more tentative description
of the very important, more complicated initiation mechanisms,
concerning which few experimental observations exist.

LSC WAVE TEMPERATURE. After formation an LSC wave is in pressure
equilibrium with the surrounding air. Thus, except for minor pertur-
bations, the pressure may be taken as one atmosphere. This, along
with the temperature to be calculated, determines the degree of ion-
ization; the latter coupled with the temperature and pressure deter-
mines the absorption coefficient for the impinging laser beam.

Since, according to experiment, the laser beam is absorbed over a
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distance of a few centimeters we can determine a range within which
the temperature must lie. Specifically, the relationship connecting
the degree of jonization, a, absorption coefficient, K v? pressure, p,
and temperature, T, is
M T/2
> (r/10°) K
\
alEl = (1)
10.k p“ g

g being approximately constant (= 2.3) over the temperature range of
interest (4). This equation, with p and g tixed as stated, and a a
tabulated function for air (7,8), is readily solved for assumed
values of K v? which must be in the range of 0.1 to 0.7 to be in
accord with'the observed absorption in the experiments. Solving

Eq. (1) under theso conditions, we obtain temperatures in the range
11,500 to 15,200 K.

For the case of air seeded with target vapor we cannot use
the tabulated properties of air. Instead we use the Saha equation
for (single) ionization equilibrium. However, since the degree of
target vapor ionization is large we have modified the usual form of
this equation (6). The calculation of LSC wave temperature proceeds
in the same fashion for this case except that we must now assume
values for the molar concentration of target vapor. So doing, we
find that the temperature, in the case of an aluminum target, lies
between 6000 and 8000 °K. (Aluminum vapor provides almost all of the
ionization, air a small amount, because aluminum has a much lower
ionization potential than any of the constituents of air.)

The calculated temperature ranges are consistent with
several experimental observations. First, for a given temperature
and LSC wave volume, we obtain the power radiated from calcula’ed
curves which have been checked against experimerit in the range of
interest (9). We find that most of the power absorbed from the laser
beam is reradiated. Next, we have calculated spectra emitted by air
at temperatures of interest from results of Biberman et al. (10),
modified to account for geometrical differences. We find that:

1. The radiating volume is "thin"; i.e., almost all of the
emitted radiation escapes the hot plasma exc§pt for that emitted at
wavelengths shorter than approximately 1100

2. The spectral distribution of *‘'ie radiation is cuisis-
tent with spectroradiometer results (measured power radiated in
selected wavelength intervals) for an air LSC wave in the 12, 000 to
15,000 %k range and for a target vapor seeded LSC wave v TOOO K.
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3. An estimate of the total power radiated based on the
calculated spectral distribution is consistent with that calculated
from the spectroradiometer data, assuming the spectral distribution
to be correct (which is consistent with the results already mentioned).

- 4, For some of the LSC waves observed in the experiments
N spectral lines were seen at times near the wavefront (oscillating
on and off, owing to laser power fluctuations); for other LSC waves
no N* spectra were seen. This, taken in conjunction with known air
species concentrations as functions of temperature, suggest that the
Jower and higher LSC wave temperatures are ~ 12,000 and 14,000 °K,
respectively (9,11).

5. The temperatures deduced are in the general range
observed in more carefully controlled laboratory experiments in which
the intensities were comparable while the spot sizes were much
smaller and the observed radiation source was vne limiting case of
an ISC wave, a plasmatron. Using the BRL 2 KW laser (in argon) a
temperature of 13,000 9K has been obtained. Using the UARL 6 KW
laser (in air) a temperature of 17,000 OK has been obtained.

POWER BALANCE. Having determined the relevant temperature range, ve
can make a power balance in the LSC wave. We have shown that the
power radiated constitutes the major portion of that absorbed from
the laser beam. For a given temperature we can calculate the stored
energy, which turns out to be quite small. (There is also stored
energy in the luminous region surrounding the LSC wave, the luminos-
ity being caused by metastable species. We have estimated the
density of this region from its rate of rise in the earth's gravita-
tional field; this, and the fact that it is at atmospheric pressure,
determine its average temperature, ~ 700 9K, and its energy content,
which turns out to be quite small.) Since the structure of the wave
has been observed to change rather slowly, changes in stored energy
have a negligible effect on the power balance. Likewise, calculation
of the thermal conductivity of air at the relevant temperatures, and
consideration of the dimensions of the LSC waves, show that heat
conduction plays only a minor role (6).

Finally, there is a transfer of energy by convection; we
cannot estimute this accurately. We obtain a rough estimate by
calculating thé rate cf air engulfment by the LSC wave using experi-
mentally observed dimensions (cross-sectional areas) and propagation
velocities, and multiplying this result by the energy gain per unit
volume of cold air entering the wave. We find that convective power
trensfer is not small; however, it is not as large as the power
radiated.
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PROPAGATION VELOCITY. The final characteristic of an LSC wave (after
initiation) which we wish to discuss is its propagation velocity.
This, we have observed, decays essentially linearly with distance.
Raizer's theory (U4) provides an expression for the velocity dependent
upon the beam intensity (which varies as the wave propagates toward
the laser since the beam is focused). However, this theory is appli-
cable only to small scale LSC waves where heat conduction rather than
radiation dominates the energy transfer processes. Application of
Raizer's theory to the present LSC wave data results in velocities
much smaller than those observed. We wish to emphasize, however,
that the propegation velocity is only partially determined by coupled
radiation and hydrodynamics: & very essential ingredient is the
initial mass and velocity of the hot gas. This is associated with
the initiation mechanisms to be discussed in the next section.
Briefly, the vapor (and particles) which blow off the target and
first form an absorbing region, receive a velocity directed from the
target toward the laser in the blowoff process. The mass removed
from the target and the time to form an absorbing region depend in
some fashion upon beam intensity and target material; (for large
beams the area irradiated is probably not important.) In addition,
as the absorbing region forms and heats. there is an exodus of gas
from the volume (to maintain pressure equilibrium with the surround-
ings); the interaction of the ejected gas with the target results in
additional momentum of the material in the absorbing region, directed
awvay from the target. This effect can be quite large according to
(one dimensional) calculations by Hall et al. (11). The dimensions
of the initial sbsorbing region, for a given target material, can
vary considerably with incident intensity: according to our most
recent experimental observations of LSC waves, in which we placed
two narrow band pass filters in parallel in front of a lens and
framing camera, the transition from a target vapor to an air LSC
wave may take place within 1 or 2 cms of the target or may occur 10
or 12 cms away from the target (for an aluminum target).

The observed, approximately linear, velocity decay is then
partly caused by the sharing of momentum with engulfed air and part-
ly caused by diminution in beam intensity as the LSC wave progresses
toward the laser. (The latter need not always be true: by focusing
the beam in front of the target, the LSC wave can be made to propa-
gate into a region of increasing beam intensity; we have done this
but, owing to inadequate control over beam quality. no definitive
results have been obtained as yet.) The observed velocity decay
rates of the LSC waves support the above statements as we have shown
by intercomparing decay rates for LSC waves in air formed with dif-
ferent target materials (6). Except for propagation velocity all
of the characteristics of an LSC wave, after the transition from
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target vapor to air has been made, are determined solely by the prop-
erties of air, the target vapor being too dilute to play a role once
the air has been ionized significantly.

IV. MECHANISMS OF INITIATION

Initiation of an LSC wave takes place in some mixture of
target vapor, burning target particles, and air. The transition to
an LSC wave in air usually occurs within 1 or 2 cms of the target
surface; however, when the laser beam intensity is barely sufficient
to support an LSC wave in air, the transition may occur up to 10 or
12 cms from the target. In some ciuses the transition fails to ocecur,
the LSC wave petering out as the target vapor becomes more dilute.

A target vapor-air mixture at the boiling point of most
metals does not have a sufficient degree of ionization to absorb the
laser beam significantly, thereby become hotter. Coms:l.der6 for
exunple, the case of aluminum whose boiling point is 2720 "K. Pure
aluminum vapor at atmospheric pressure does not significantly absord
a 10.6 um wavelength laser beam below a temperature of approximately
5000 “K (12); the mixtures of aluminum vapor and air we previously
considered absorbed the laser beam, over the observed distances, at
temperatures in the 6000 - 8000 “K range. We are therefore led to a
search for processes which can lead to heating of the electrons
(after which these ¢lectrons can cause impact ionization resulting
in a8 rate of gain of electrons which exceeds the loss rate; i.e., a
cascade process occurs, the medium then becoming capable of absorbing
the incident laser beam).

7 o Many mechanisms have been considered for intensities gf
10' W/cm® or higher (13). The levels of interest here are ~ 10% to
105 W/cm2. At the higher intensities the transient pressure at the
target surface can be much greater than atmospheric with the result
that the temperature can greatly exceed the normal boiling point; the
thermionically emitted electrons are then characterized by a much
higher temperature and give rise to impact ionization. Walters (13)
has considered various suggested mechanisms which play a role in this
higher intensity regime. All of the suggested mechanisms appear to
be applicable only at intensities much higher than those of present
concern. On the other hand the role of particles blown off the
target, of which a great many are experimentally observed, has not
been considered. (We have demonstrated (6) that the small particles
keep up with the LSC wave as it forms and moves away from the
target.) That the hot burning particles play a role seems clear
since they are in the vapor-air mixture where initiation occurs while,
as we have seen, initiation does not occur at the target surface.

2k,
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As 18 the case at the target surface, there appears to be
no way the pressure at the surface of a small particle can be raised
sufficiently to increase the particle's boiling point significantly
(in spite of the large swiface tension such particles possess): a
very high pressure is required to raise the temperature appreciably
while, because of its small volume (hence mass) to area ratio, a 1
small pressure gradient within the particle will cause its disinte-
gration. Such disintegrations are commonly seen in metal flames
(14,15) and appear to occyr even more readily when the burning takes i
place in a laser beam (16). Thus the electrons thermionically ;
emitted from the particles do not possess the requisite aigh tempera-
ture. (Their density can be high within a few particle radii;
escape to greater distances is prevented by image charges developed
on the particles.)

COMBUSTION OF METALS. Most metals have high heats of combustion
whicholead to high adiabatic flame temperatures, usually v 2000 to
4000 “K; the actual flame temperature is lower owing to losses (1T).
For example, aluminum has an adiabatic flame temperature of approxi-
mately 3900 °k (18). There has been a great deal of study of the
burning of small metal particles as this is of much practical
interest from several standpoints. The oxidation mechanisms of
various metals differ depending on many thermophysical and mechanical
properties of both the metals and their oxides (15). Again taking
aluminum as an example, an Al503 shell forms outside the oxidizing
particle; oxidation of the vapor emitted by the enclosed boiling
aluminum takes place at the surface of the oxide layer (18). Im
this ca.ag the flame temperature cannot exceed the oxide boiling point
of 3800 K since the oxide decomposes upon vaporization, as it does
for most metal oxides (17). (A layer of Al0 gas can conceivably form
outside the molten Al,03 shell, and this highly absorbs 10.6 um radi-
ation as do some other metal oxides; however, the surrounding vapor
has a high thermal diffusivity, and therefore a large diffusion

the heat capacity of the vapor, which must be heated along with the
absorbing Al0 gas, is large enough so that the temperature rise is
negligible.) }

We believe that a clue as to the means by which high
electron temperatures come about is to be found in the behavior of
metal flames without the presence of a laser beam. It is well known
that electron temperatures can greatly exceed the gas temperature .
and that electron densities can be orders of magnitude greater than
their equilibrium density (19). A plausible explanation for this
has been given by Von Engel (19): During the oxidation process,
products of reaction are formed in excited states. Electrons
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undergo collisions with the excited reaction produacts, part of the
excitation energy being converted to kinetic energy of motion of the
electrons. This is illustrated by the reaction

"

A +e, AV €onnt (2)
where A, e are an atom (or molecule) and electron, respectively, and
the asterisk indicetes an excited state. Making use of the principal C
of detailed balance, Von Engel has calculated cross sections for
several such processes and obtains fairly large values in cases in-
volving electronic excitation.

¥hile inverse reactions occur, the flow of chemical energy
(i.e., the heat of combustion) results in a net transfer of energy to
the electrons causing their mean energy or the electron temperature
to be higher than that of the neutral gas. While Von Engel's illus-
trative calculations do not apply directly to metal-oxident reactions,
it is well known that such reactions are among the brightest chemi-
luminescent reactions (20). The radiation from such reactions
emanates from electronically excited atoms and molecules populated
directly by chemical reactions.

The effect of the laser beam's impinging on the oxidiziag
particles must be to increase the tempersture of the entire system
(it increases the flame temperature by counteracting heat losses):
The absorption of infrared radiation by small particles is generally
broadband (21) in contrast to absorption in molecular band systems.
This absorption is high even for & "good conductor" such as aluminum-
-at the high temperatures in question all of the metals have high
resistivities.

MATERIAL DEPENDENCE. Most of the LSC waves studied have been pro-
duced with metallic targets. We noted in the Introduction, however,
that we did not ignite LSC waves in boron or rubber at intensities
sufficient for ignition in aluminum and molybdenum. Likewise Fowler
et al. (12) have ignited Lsg waves in many metals with a 6 KW COp CW
laser (at intensities of 10® to 107 W/cm--higher than those of -
concern here, yet lower than the intensities at which target plasma
properties rather than properties of the solid target are dominant);
they failed to ignite wood or plexiglas at the highest intensity they
were able to achieve, twice that required to ignite metals. These
materials have low flame temperatures. Pyroceram, composed of
several metallic oxides, ignited LSC waves with the same intensities
as required by theometals. The vaporization temperature of pyroceram
is ~ 2000 to 3000 "K. The possibility exists that the metallic
oxides decompose, then reoxidize at a later stage in the process,
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forming reaction products in excited states. This could lead to
heating of thermionically emitted electrons followed by ignition as
described above. (In all cases the reaction products remaining in
the LSC wave after formation are dissociated into their constituent
atoms, absorbing energy in the process—this after they have been
insvrumental in igniting the LSC wave; we note also that at high
temperatures thermionic emission from insulators can be high (22)
owing to the large decrease in the bandgap.)

CONVERSION TO AIR LSC WAVE. Finally, the conversion of the LSC wave
in the target vapor-particle-air mixture to an LSC wave in air
probably takes place in a straightforward manner. The energy absorbed
by the LSC wave is transferred to the engulfed air as the wave prope-
gates and the target vapor becomes progressively more dilute. The
transition occurs on the lower edge of the wave (for a horizontal
beam). air flowing into the wave mainly at the bottom as material
from the target vapor-air mixture rises.

V. SUMMARY AND CONCLUSIONS

The principal experimental findings and the conclusious
based upon a description of the physical processes which at least
qualitatively explain all of the experimental results are:

1. LSC waves in air form anywhere from 1 cm to 10 or 12 cm
from the target surface depending upon beam intensity and target
material. Typical dimensions of the most intense emission region
are: 2 to 3 cm diameter; 3 to 4 cm length.

2. The absorbing region is first formed in a mixture of
target vapor, particles, and air.

3. Burning particles play a major role in LSC wave
ignition at incident intensities of 10" to 10 w/cm2. In the oxida-
tion reactions electronically excited products form and transfer
energy to electrons thus causing an electron temperature substan-
tially higher than the gas temperature. Cascade ionization follows,
the electrons giving rise to impact ionization at a rate exceeding
the electron loss rate. Details are specific to each target material,
though some similarity in the behavior of various metals is to be
expected.

4, Metals and some metallic compounds ignite L.SC waves at
least somevwhat more readily than do other materials that have been
tried. A low ionization potentiel material favors ignition.
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5. An LSC wave receives initial momentuna directed away
from the target the magnitude of which depends upon incident
intensity and target material.

6. The LSC wave when first formed in the target vapor-air
mixture has a temperature generally in the range of 6000 - 8000 °K.
The target vapor seeds the air and supplies almost all of the ioniza-
tion.

T. After the transition from an LSC wave in the target
vapor-air mixture to an LSC wave in air, the temperature reaches the
12,000 - 14,000 9K range.

8. The air LSC wave radiates a considerable amount of
energy in the vacuum ultraviolet wavelength region of the spectrum.
This radiation is to a considerable extent absorbed in the surround-
ing cold air and plays a role in LSC wave propagation.

9. After formation the LSC wave absorbs a large fraction,
in some cases almost all, of the incident laser beam, thus cutting
the beam off from the target. When one LSC wave peters out--after
reaching a low velocity ambient air currents coupled with diminished
beam intensity result in insufficient power to sustain it—-another
forms near the target, provided the beam characteristics have not
changed. Note: No LSC waves have been formed in the few experiments
in which we provided air flow over the target. However, the lowest
air speed we used in the experiments was Mach 0.1.
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Table 2. Spectral Observations

Spot Strongest
Size Observed
Spectra

Physical
Interpretation

Remarks

3-12 em AlO Molecular bands;
Strong Al lines;
impurity lines
(Ne and Mg)

Vaporization of
aluminum;
chemical combus-
tion of Al vapor
and particles

Emission often
extends many
cms from turget

2-6 Very strong Al line
emission and Na, Mg
line emission

Vaporizetion;
excitation of Al
(and impurities)

Emission extends
a few cms from
target; many KW
of power radiated
in visible region

2-4 N, H, O lines and
occasional N+ lines

Ionization of
the air

LSC wave propa-
gates away from
target

Aluminum target

FRONT VIEW

METAL TARGET—]

FTI7I77777777 W77

LASER FOCUS —
(~2.5 cm)

FROM ABOVE

TARGET INTERACTION ?, \
N/

TRAVELING __ N __
PLASMATRON

[ e

t CONVERGING
LASER BEAM

' SLIT {~ 1mm)

Laser beam power ~ 130 KW

TRANSMISSION
GRATING

SLIT SCREEN

B0

%
FRAMING CAMERA

DUAL OPENING SHUTTER
GIVES 100:1 EXPOSURE
BETWEEN SUCCESSIVE
FRAMES.

Fig. 1. Transmission Grating Measurement of LSC Wave Emission.
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ALUMINUM
YARGET

{a) ¢ <O sec

—
t LASER

!

Note:

t=0

corresponds to
time of forma-~
tion of strong
luminous front
(which formed

{b) += 0.008 "ﬁl'li‘//

{c) 130037
sec

within 1 cm
of target
surface).
TARGET I
ATOMIC LINES
(d) SPECTRA AIR LINES
2 Al 3944 R
goo8 JEAI 39628
) |
, e Hg — 4860 &
50008+ Mg /3]

51&7-I!k

1

e e——
60008 + N s890 & — N— 60088
—O0— 458 R
{ - N — 6483-5 &
= Hq— 6563 &
f=—10 cm —{

DISTANCE FROM TARGET (cwm)

Fig. 2. Sketcheas of Sequence of Events Leading to LSC Wave Forma-
tion and Propagation. (a) Luminous target vapor and oxide particles.
(b) Strong luminous front 0.008 sec after formation. (c) Strongly
radiating air LGC wave separated from target vapor. (d) Spectra
corresponding to (c); strongest emission lines are shown and serve
to distinguish between air and target vapor dominated behavior.
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