
---.. -.~ ----------~----------~-

1040 GENERALOV, ZIMAKOV and KOZLOV 

[ 
r 
r 
t 

l 

L 
[ 
r 
I 

J 

] 
-, 

1 
~~----~--------

FIG. 2. Oscillograms of emission (top) and absorption (bottom) of 
xenon in the region of A = IO.6j.L, PI = 3 mm Hg, interval between time 
markers 6tL = 66.7 j.Lsec; a-M = 11.2, b-M = ) 2.7. 

in Fig. 2. On each of the oscillograms are given the 
distributions of the absorptivity (lower curve) and of 
the radiation intensity (upper curve). At some instant 
of time (marked by a pulse from the piezoelectric 
pickup), the shock-wave front arrives at the sighting 
windows, followed by a gradual growth of the emission 
and absorption signals. After a certain time, which de­
pends on the Mach number of the shock wave, these sig­
nals reach their maximum values, and subsequently de­
crease. 

Since the emission and absorption of the radiation by 
the plasma behind the shock-wave front at A = 10.6 iJ. 
are connected principally with free-free transitions of 
the electrons, it follows, as will be shown below, that 
the profile of the square of the electron density dupli­
cates in the main the shape of the oscillograms of the 
emission and absorption. Bearing this in mind, it is 
possible to explain the oscillographic curves qualita­
tively. 

The sensitivity of the method developed here does 
not make it possible to trace the appearance of the elec­
trons in the region of atom-atom collisions, but the 
region of cascade ionization, accompanied by a sharp 
increase of the emission and absorption of infrared 
radiation, is registered with sufficient reliability. The 
time delay in the appearance of the cascade behind the 
front of the shock wave depends on the Mach number of 
the shock wave. After the equilibrium state (the maxi­
mum on the oscillographic curves) is reached, the gas 
begins to cool in time, the density of the electron de­
creases, and consequently the emission and absorption 
of the plasma decrease. 

Since the time of establishment of the Maxwellian 
distribution for electrons, under the conditions of our 
experiments, is approximately 10-11 sec, which is much 
less than the time required to reach equilibrium ioniza­
tion, we can use Kirchhoff's law for a quantitative 
analysis of the results. 

For a homogeneous plasma layer of thickness I, the 
connection between the radiation intensity I and the ab­
sorption coefficient K' is given by 

l(v, Ttl = Ivp(Ttl (1- e-X'I)i (I) 

Here IlIp(Tt ) is the intensity of black-body radiation 

(erg/ cm2-sec-sr), Te is the electron temperature, and 
K' is the absorption coefficient corrected for the stimu­
lated emiSSion, i.e., K' = K(l - exp [hll/ kTe)), where 
K is the true absorption coefficient. It is known that the 
quantity 1 - e-K'l is equal, under the conditions of a 
continuous spectrum, to the absorptivity of the sub­
stance A(II, Te). Therefore expression (1) can be re­
written in the form 

1('1, Ttl = 2hv3 

c2 -'eh""'Y;::-::~T:-. ---:-1 • 
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(2) 
A(v,Tcl 

Formula (2) will henceforth be used to determine the 
profile of the electron temperature T e from the data on 
the emission and absorption of the plasma. It was as­
sumed here that at the maximum of the oscillographic 
curves, the temperature T e is equal to the equilibrium 
temperature calculated from the conservation law, the 
equations of state, and the Saha equations. 

Knowing the dependence of T e and K' on the time, it 
is possible to determine the electron density profile "e. 
To this end we use the formula for the absorption co­
efficient with allowance for stimulated emission: 

16n2e2 n.'( 1- e-hVI~T.l 
')I.' = --=-------'----''-----'-g, 

3l'3 ch(2nm),l. (kT.) 'I. 
(3) 

where g is the Gaunt factor and the remaining symbols 
are standard. 

Different authors [9,10l give different expressions for 
the Gaunt factor. However, the calculation based on 
these formulas for the conditions of our experiment 
yields approximately the same value (g ~ 2). 

We now find the connection between the ionization 
rate (dne/ dth and the change in the number of electrons 
behind the front of the shock wave, which is due to two 
causes-the change of the gas density and the ionization 
processes. We start from the continuity equation for the 
j-th component of matter in the volume element: 

dni = ani +v ani=_nj~+ (dni) 
tit at ax ax cft" i' 

(4) 

where v is the velocity of the volume element of the gas 
and (d~ / dt)j is the rate of the ionization process. 

For a steady-state one-dimensional flux behind the 
shock wave, from the continuity and energy-conserva­
tion equations 

p,D = /l2V, 

and the equation of state 

p = (11. + 1/.lk(T. + ~T.l (6) 

Under the assumption that (p J p,)2 « 1, (5/ 2)kT 1 

« maD2/ 2, and ~Te « Ta , we can obtain the following 
approximate relation: 

dll. = m.D2 ( dn.) , 
dt 5kT. dt i 

(7) 

where PI and P2 is the density of the gas ahead of the 
jump and behind it, D is the velocity of the shock wave, 
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