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The results are given of the determination of the relative compressibility of water at pressures ""14 Mbar. The experimental 
data are compared with the calculated dependence as obtained on the basis of the quantum-statistical Thomas-Fermi model. 

AT the present time, computational methods for de
termining the equations of state of high-temperature 
and high -density media are based chiefly on models in 
which the statistical description of the electrons of 
compressed atoms is used (the Thomas-Fermi 
model).Pl For simple homogeneous matter (for exam
ple, metals with a large number of electrons), the 
statistical approach is entirely correct. At the same 
time, for light materials (po 'S 1 g/cm3 ), the validity 
of the use of such solutions is far from obvious. Fur
thermore, the Thomas-Fermi model is not adequate in 
the case of chemical compounds, in particular those 
consisting of atoms with strongly different properties. 
In particular, for water, the presence of hydrogen is 
taken into account by artificial procedures, for exam
ple, by the "smearing out" of its oxygen atom over the 
sphere or by generalization of the nuclei and electrons 
of hydrogen together with the electrons of oxygen into 
an oxygen-like atom.£21 

From the viewpoint of testing the validity of the 
theoretical solutions in the region of high pressures, 
the possibility of the direct comparison of the computed 
and experimental data on the dynamic compressibility 
of the materials is very attractive. Unfortunately, the 
range of detection of the shock compressibility of 
relatively light materials, in particular, water, by 
absolute methodsr3 • 4J is limited by a number of reasons 
to maximum pressures in the range 1-2 Mbar. Fur
ther progress in the scale of pressures is possible at 
the present time only with the use of relative 
methods,[s-7] based on the proved interpolation of the 
shock adiabat of a standard substance. Aluminum can 
serve as such a material for water. In the coordinates 
of pressure (P) and relative compression ( O" = p/ po, p 
the density of the compressed material, po the initial 
density), the dynamic adiabat of aluminum can be 
represented in the form[ 7J 

p,C,'2 [ J. ] -2 
P= a(a-1) ---cr 

(J.-1) 2 J.-1 

with the values of the constants: po = 2.71 g/cm3 , C~ 
= 5.28 km/sec, A = 1.218, The arrangement for the 
current measurements consisted of the recording of 
the successive passage of a strong shock wave through 
a block of aluminum of thickness t:.. = 160 mm (screen) 
and a layer of water t:.. = 80 mm. The excellent sym
metry of the wave permitted us to determine its 
velocity (D) with the necessary accuracy (the error did 
not exceed 1% ), 

The determination of the parameters of the com-
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Comparison of the calculated (Thomas-Fermi) and experimental 
adiabats of water: 0, e-data from [ 7• 9 ], .&-results of present research. 

pression of the water from the known wave velocities 
in the screen and in the specimen is carried out on 
P-U diagrams (the pressure and mass velocity of 
motion of matter behind the front of the shock);[3J the 
initial states in the aluminum screen are fixed by the 
intersection of the wave ray poAlDAl with the adiabat 
of aluminum (the transition from the coordinates 
P - O" to P - U is brought about with the use of the 
laws of conservation of mass and quantity of motion: 
P = poDU and O" = D(D- Ut1), the pressure and the 
mass velocity in the water are determined by the point 
of intersection of the wave ray p~2oDH20 with the 
isentropic expansion of the aluminum.u Inasmuch as 
small damping takes place in the experiment in the 
shock wave traveling along the investigated sample, the 
comparison of the wave velocities indicated above was 
carried out on the common boundary of separation of 
the aluminum and water. The transition from the mean 
values of the wave velocities (referred to the mean 
thickness of the samples) to their local values on the 
boundary of separation was carried out by means of 
the introduction of small computational corrections, 
which take into account the damping of the waves, 

The initial parameters in aluminum were: DAl gr 
= 36.40 km/sec, UA1 = 25.55 km/sec, PAl= 25.2 Mbar. 
For water we obtained the following parameters: 

tl As estimates show, the position in the P-U plane of the isentropic 
expansion is practically identical (in the range of pressures and mass flows 
of interest to us) with the dynamic adiabatic of aluminum, as a conse
quence of which we have used the latter in their construction. 
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D = 43.95 km/sec, U = 32.42 km/sec, P = 14.25 Mbar, 
p = 3.815 g/ cm3 • The error in the determination of the 
water density, rsJ associated with the experimental in
accuracies in the recording of the wave velocities in 
the screen and in the sample, and also with the inde
terminacy of the standard adiabat of the screen (we 
take 6-aAl RJ ±0.1) amounts here to 6-p/p RJ ±0.03. 

The experimental data are compared with the re
sults of£ 8• 91 on the drawing in the coordinates pressure
density. The computed shock adiabat, obtained by the 
Thomas-Ferm method, is also shown. For the calcula
tions, it was assumed that the ionized atoms of hydro
gen were generalized among the electrons of the oxy
gen-like cell; their nuclei were taken into considera
tion according to Boltzmann statistics, and the elec
trons, as usual, according to Fermi-Dirac statistics 
(the same as was done in the case of the calculation of 
the cold compressibility of water).£ 21 To the general
ized pressure of the electrons and hydrogen nuclei was 
added the thermal pressure of the nucleus of oxygen as 
an ideal gas. The calculated shock adiabat (see the 
drawing) lies somewhat to the right of the experimental 
data, the extrapolation of which falls in well with the 
calculated dependence for P 2: 400 Mbar. However, 
taking into account the accuracy of the experiment, we 
can assume the calculated dependence as valid even 
for much lower pressures (~50-70 Mbar). 

Thus, the applicability of the Thomas-Fermi model 
for finding the parameters of compression of light 

materials in the indicated superhigh pressure range is 
indicated by the equality of the computed and experi
mental dynamic adiabats. 

The authors are grateful toM. P. Stadnik for the 
numerical calculations that have been carried out. 
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