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TABLE I. Experimental parameters.

Parameters Common to All Experiments

Initial liner implosion velocity, 0.3945 0.0081 cm/ps

Liner —initially 5.25-cm i.r. , 5.38-cm o.r. —stainless steel 304 with 0.0029-cm copper plated
on inside

Sample tube —initially 0.546-cm i.r. , 0.635-cm o.r. —silver.

RRll

Individual Experimental Parameters
Experiment

RR17 RR13 RR12 RR16

Sample material

Initial temperature, K

Initial pressure, kPa

Initial density, g/cm

H2

15.5

281

0.0757

H2

15.8

310

0.0755

H2

16.1

319

0.0752

H2

15.8

310

0.0755

Ne

28.2

248

1.213

Initial magentic-field
intensity, T

Radiograph data:

4.45 6.80 5.98 4.55 6.42

Time of exposure, ps p p2
+0 ~ 04 7
-0.041 11 523-0.043 11.542 ' 11.948+0.010-0.035 11.598+0.050

Sample-tube i.r. , cm

Sample-tube o.r. , cm 0.550+0.03

0.330+0.05

0.462+0. 045 0.466+0.04

0.1585+0.0070 0.328+0.03

0.3268+0.0055

The flash radiograph of experiment RR12 was
taken 0.030 p s before the time T, at which we ob-
served a sudden increase in electrical conductivi-
ty. Because the radius of the sample changes
little during 0.030 ps, the sample radius at T,
can be accurately calculated with the MHD code
if the sample radius at the time of the x ray is
accurately known. We put considerable effort in-
to image enhancement and data reduction of the
BB12 radiograph, resulting in the small errors
shown for these data in Fig. 3.

To test the sensitivity of the MHD calculations

to the EOS of hydrogen, we increased the stiff-
ness (i.e. , the intermolecular repulsive potential,
hence pressure versus density) by a factor of 2,
which changed the extrapolated sample-tube in-
side radius (i.r.) from 0.144 to 0.145 cm. The
difference, 0.001 cm, is small compared to the
standard deviation (0.007 cm) of the radiograph
boundary measurement. The uncertainty in the
time of the radiograph exposure leads to an
0.010-p s uncertainty in the time 1;,which lends
an additional + 0.005-cm uncertainty to the extrap-
olated i.r. The root mean square of all three

TABLE II. Nominal value and variation of extrapolated sample-tube
i.r. , and the resulting derisity, pressure, and temperature of hydrogen
at the time of observed conduction.

Sample-tube
i.r.' (cm)

Densityb
(g/cm )

0-K pressure (GPa)
Metallic Molecular

Minimum d

Nominal
Maximum d

0.135
0.144
0.158

1.24
1.06
0.96

315
200
142

680
420
305

~Measured from radiograph and extrapolated with MHD code (Ref. 10).
~Calculated from sample-tube i.r.' From Ref. 18.
dBased on standard deviation of extrapolated i.r.
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FIG. B. MHD-code calculation of hydrogen-sample
pressure and apparatus radii vs time, with experimen-
tal boundaries from radiographs.
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FIG. 5. MHD-code calculations of neon pressure and
apparatus radii for three different neon EOS's.

resulting hydrogen density and pressure. Figure
4 is a plot of the 0-K isotherms" of molecular
and metallic hydrogen at densities near that of the
observed conduction. The isentrope temperature
and its contribution to pressure above the 0-K
isotherm pressure (200 GPa) are estimated to be
about 400 K and 2 GPa, respectively.

In our experiment with a liquid neon sample,
the electrical resistivity remained greater than
100 0 cm throughout the compression. Because
the EOS of neon is the major unknown influencing
the calculation of the maximum density and pres-
sure reached in the experiment, we made MHD
calculations using the EOS of Ross'4 and two ex-
treme EOS's having half and twice the nominal
stiffness. Figure 5 and Table III show the re-
sults of these three MHD calculations. The EOS
used does not significantly change the maximum
pressure but does influence the maximum densi-
ty. We concluded that neon remains an insulator
up to a pressure of at least 500 GPa and up to a
density of about 9 g/cm'. This agrees with the
prediction, based on the Herzfeld theory of metal-
lization, "'"that neon will remain an insulator up
to about 2000 GPa or more.

Recent theory has proposed ""'9 that hydrogen
might become conducting in the molecular phase
because of band-gap closure before the monatom-
ic metallic phase is formed. Estimates of the
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TABLE III. Variation of calculated maximum density
and pres sure obtained in neon.

Stiffness of
neon EOS

Max density
(g/em')

Max pressure
(GPa)

Half nominal
Nominal
Twice nominal

11.81
9.32
7.M

600
560
510

M. Van Thiel, M. Boss, B. L. Hord, A. C. Mitchel,

possible density of band-gap closure lie between
0.40 and 0.81 g/cm', whereas our results indi-
cate that the lowest possible density for the on-
set of conduction is 0.925 g/cm'. Our experi-
mental results do not rule out the possibility of a
conducting molecular phase but do suggest that
the density at which conductivity occurs is close
to the predicted' transition density of the mon-
atomic metallic phase.

In conclusion, we find that hydrogen becomes
electrically conducting at a density of about 1.06
g/cm', which corresponds to a calculated pres-
sure of 200 GPa in the metallic phase. We find
that neon remains an insulator to an estimated
pressure greater than 500 Gpa and a density of
about 9 g/cm'.
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