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The results are reported of measurements of the comparative compressibility of copper, cadmium, 
and lead at pressures up to 15 Mbar. The following densities were reached at these pressures: 
19.97 g/cm 3 for copper, 22.77 g/cm 3 for cadmium, and 33.61 g/cm 3 for lead. 

ExPERIMENTAL information at very high pressures 
is now obtained using strong shock waves. Determina
tion of the absolute values of the pressure and shock
compressed density requires, as reported in[l-3 1, inde
pendent recording of two parameters: the shock-wave 
velocity and the mass velocity of matter behind the 
shock-wave front. At high shock-wave amplitudes, the 
second parameter is found from the velocity of a striker 
which produces a shock wave in the target (sample). At 
the currently achievable striker velocities of ~ 14 
km/sec, the range of absolute measurements is limited 
to pressures of ~10 Mbar. 

The use of the reflection method[ll to carry out 
comparative measurements avoids the difficulties as
sociated with the requirement of highly symmetrical 
acceleration of strikers to high velocities without 
causing any heating. This makes it much easier to 
reach the range of extremely high pressures and to ob
tain, using very strong shock waves, E4 l information on 
the relative compressibility of various materials at 
pressures of a few tens of megabars. 

The reflection method is based on recording the 
velocities of a shock wave as it passes through layers 
of the investigated substances. One of these substances 
is used as a standard. The present paper reports the 
results of measurements of the relative compressibil
ity of lead, copper, and cadmium at pressures of 
~15 Mbar. We determined experimentally the velocity 
of a shock wave during its passage through layers of 
lead (70 mm thick), copper (80 mm), and cadmium 
(70 mm), as shown in Fig. 1. 

The motion of a shock wave was recorded by four 
groups of electric-contact pickups, whose signals were 
applied to the plates of cathode-ray oscillographs with 
a driven sweep. The high symmetry of the motion of 
the shock wave and fairly large thicknesses of the in
vestigated samples made it possible to record, with a 
given accuracy, the wave velocities in the investigated 
metals. The time intervals, recorded by pairs of con
tacts, located along different diameters, differed by 
not more than 0.5%. 

The direct results of experimental determinations 
of wave velocities are presented in Fig. 1. After the 
reduction of these values to the boundary conditions 
between different metals (using a calculated law of at
tenuation of shock waves), the wave velocities were 
found to be (D in km/ sec): 

Pb-Cu boundary: Dpb=14.64. Dcu=17.82 

Cu-Cd boundary: Dcu=17.47. Dcd=16.08 

Following Al'tshuler et al., E4 l we used lead as the 
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FIG. I. Schematic representation of the samples and the results of 
measurements of the wave velocities (in km/sec) in lead, copper, and 
cadmium. 0 represents experimental points. 

standard substance, and we obtained its dynamic adia
bat at 2: 10 Mbar by graphical extrapolation into the 
range of theoretical solutions. According to our esti
mates the indeterminacy of the position of the adiabat 
along the density axis at P ~ 15 Mbar was D.. a = ± 0.04 
(where a = pjp 0 , p is the density of the compressed 
metal, and p 0 is the initial density). The part of the 
dynamic adiabat, extrapolated in accordance withE4 l to 
~20 Mbar, was described by the following equation in 
the P-a coordinates: 

pr£0' 2 cr(cr-1) 
P- ' - (1.-1)2 (A/(1.-1)-cr]' 

where C~ = 2.81 km/sec, ;\ = 1.222, 4 Mbar :S P :S 20 
Mbar. 

The subsequent interpretation of the results was 
based on the usual plots[l-31 in the pressure-mass 
velocity diagram (Fig. 2 ). The initial state of the 
standard was found in this diagram from the intersec
tion of the wave ray P =Po PbDPbU (Dpb = 14.64 
km/sec) with the interpolated dynamic adiabat of lead. 
The state of copper was determined from the intersec
tion of the wave ray of copper P = PoCuDCuU (Dcu 
= 17.82 km/ sec) with a segment of the mirror image 
of the dynamic adiabat of lead. The procedure for the 
copper-cadmium pair was similar. The parameters of 
the experimental points are given below: 

Cu, po = 8.93 g/cm~: 
Cd, Po=8.64g/cm. 

1>. 
km/sec 
17.82 
16.08 

k;;;/sec P. Mbar 

9.85 15.69 
9.98 13.87 

p, g/cm3 

2.236 19.97 
2.635 22.77 

The initial states of the screens were as follows: 
in the first case (lead screen): 

DPb = 14.64 km/ sec, UPb = 9.70 km/ sec, PPb = 16.1 Mbar; 



RELATIVE COMPRESSIBILITY OF COPPER, CADMIUM, AND LEAD 631 

km/sec 

FIG. 2. Determination of the shock-compression parameters of cop
per and cadmium by the reflection method. e: I), 2) Initial states of 
shock-compressed lead and copper samples; 1-1 '), 2-2') expansion 
curves of lead and copper. 0: I'), 2') shock-compressed states of copper 
and cadmium (Din km/sec). 
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FIG. 3. Shock adiabats of copper, cadmium, lead, and iron at pres
sures up to 20 Mbar: * - our results; 0, e, and thick lines- absolute 
values of the dynamic compressibility taken from [1- 3• 5); thin continuous 
lines- relative compressibilities of metals (the shock adiabat of iron is 
taken from [4 ) ); chain curve - interpolated adiabat of lead according to 
[ 4 ); dashed curves are the extrapolated parts of the dynamic adiabats of 
copper and cadmium. 

in the second case (copper screen): 

Dcu = 17.47 km/sec, Ucu = 9.58 km/ sec, Pcu = 14.95 Mbar. 

The accuracy of the obtained results was governed 
by the error in the lead adiabat and by the experimental 
errors b.D/D in the determination of the wave veloc
ities. According toC4 l; 

~P=+(cr- 1){[ flcrstand ]z+(l:lD)2+(/1D)2 }''• 
P - ~ani'(! staiid 1) D D stand 

(a =p/p 0 ), For copper: we found that t::..pjp = ±0,02 
and for cadmium, t::..pjp = ±0.03. 

Figure 3 compares the results obtained, presented 
in the pressure-relative compression coordinates, 
with the absolute measurements of the shock compres
sibility of copper and cadmium reported in[l• 2 • 5 l. Com
pared withC 2 l, the range of pressures investigated in the 
present study was ~1.73 times greater for copper and 
~1.65 times greater for cadmium. The shock com
pression reached in our study was approximately 11% 
higher than the corresponding values reported in [21 • 
The same diagram includes the shock adiabats of iron 
and lead taken from [2 , 3• 51. It is evident from the figure 
that the compressibility of the four elements being 
compared is very different. The steepest adiabats are 
those of iron and copper, which are elements with 
relatively small initial atomic volumes and large bind
ing energies. The highest compressibility is exhibited 
by lead. The cadmium adiabat occupies an intermediate 
position between lead and copper or iron. 

At pressures of 20 Mbar, the densities of iron, 
copper, cadmium, and lead increased by a factor of 
2.32, 2.34, 2.80, and 3.11, respectively; the specific 
energies of shock compression were 72, 64, 74, and 
60 kJ/ g, respectively. 
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