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New and promising problems in the physics of high pressures have been re-
cently under discussion. These include problems of obtaining superconductors,
metallization of dielectrics, and particularly the production of metallic hydro-

_gen and others.

The experimental research necessary for the solution of these problems is
limited by the maximum pressures attainable with contemporary laboratory equip-
ment. These pressures, obtailned by Stagic compression, do not exceed several
hundred kilobars in static compression!).

Yet the solution of the problems indicated above calls for pressures ex-
ceeding several megabars. Pressures up to 10 Mbar can be obtained at present
in shock waves by using explosives. There is, however, one clrcumstance that
limits the use of shock waves 1in many problems of high-pressure physics.

The processes in shock waves entail a change of entropy. The substance be-
hind the shock wave is therefore strongly heated. This makes the degree of com-
pression of the substance in the shock wave much lower than under static com-
pression at the same pressures.

Thus, when solving the problems indicated above, where the decisive factor
is in essence not the pressure applied from the outside by the degree of com-
paction of the substance, the advantages afforded by shock waves that produce
high pressures are to a considerable degree illusory.

A promising possibility in this con?ection is the conversion. of shock-wave
compression into isentropic compression®’. It then becomes possible to obtain
with the ald of shock waves a high compression of matter, not attalnable in

" modern laboratory practice.

We consider therefore the problem of propagation of a shock wave in a
medium with variable acoustic characteristic, and then determine the law that
this characteristic must satisfy in order to convert shock-wave compression into
isentropic compression.

We use an equation of state of the type given by L.D. Landau and K.P,.
Stanyukovich, in the form of a sum of two components that characterize the elas-
tic properties of a cold body and the thermal pressure of the atoms [2]. The
argument of the exponent of the volume in fthe elastic component is assumed to
be equal to 3, and the Gruneisen coefficient is assumed equal to 2. For sim-
plicity, we consider a substance with a variable specific volume Vo, but at a
constant initial speed of sound co and a constant Grueisen coefficient.

Since the shock wave produces a variable entropy, it 1s convenient to carry
out the calculations in Lagrangian coordinates, taking the mass m per square
centimeter between the input surface and a given point as the coordinate. Then
the equations of motion take the form

(dv/at) =( c2/vD (oY /om , (1)

1)Ther'e are data on static compaction of glass and quartz at a pressure
exceeding 2 Mbar [1].

2) pt not too high a temperature, the isentrope in a solid is close to the
isotherm.

183



A atm

3105+
-5
1%L
ﬂ A1 ) 1 / L
= 1ot Mt ¢ sec

Fig. 2
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Fig. 1. Distribution of the pressure as a function of the mass.

Fig. 2. Time dependence of the pressure for m = 0.52, 1, 1.53, 2, 2.5,
2.95, 3.52, 3.75, and 4 (from left to right, respectively).

v /dt =dv/dm, (2)
where V is the specific volume, v the velocity, and c? = (BP/ZBp)S:const (S is
the entropy). The equation of the Hugoniot adiabat assumes the very simple form

Po=(e2/V IV =V /(2V, =V, (3)

where Rf and Vf are the pressure and specific volume on the shock wave front.

We express with the aid of this equation the veloclty of the shock-wave
front and the velocity of the substance on the front.

The distribution of the density as a function of the mass is assumed to be
Po=p; L1~ (m/m) 1L, (4)

This form is highly arbitrary. All that matters 1is that the density must
increase as the wave propagates, and that the expansion in powers of m/me must
not contain a linear term. In the concrete calculations we assume mo = 5
deg/cm?.

The shock wave 1s excited by detonating a sufficiently thick explosive
layer in contact with the medium at m = 0, so that the pressure on the com-
pressed substance 1s constant.

The initial change of pressure in the shock-wave front is described by the
expansion

pf;Po( - 1L46(mp/my)?), (5)

The calculations were performed with a computer using an expliclt differ-
ence scheme [3] and led to the following results (Figs. 1 and 2):
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When the density is increased the shock-wave amplitude vanishes at m = 3.5
deg/cm?*. The succeeding compression is isentropiec. Figure 2 shows the compres-
sion curves for this case as a function of the time for different points.

We have thus shown that the conversion of shock-wave compression into isen-
tropic compression is feasible in principle.

We are grateful to G.M. Gandel'man for advice on the choice of the equation

of state and to Kh.S. Kistenboim for indicating an effective method for numeri-
cal calculation.
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