sion effect. The fact that resonance photons can be
transmitted by a thick crystal is due to the unique fea-
ture of the suppression effect, namely, the fact that the
effect depends on the thermal vibrations of the nuclei.
To see this in its proper perspective, we note that, in
typical cases of the Borrmann effect, the residual ab-
sorption factor connected with the thermal vibrations of
the atoms is about 5% of the normal, If an analogous
situation were to be characteristic for the suppression
effect, then the residual factor would be 3 in our case,
which would result in a reduction of the recoil-free com-
ponent of the beam transmitted by the crystal by a fac-
tor of roughly 6-7, as compared with the corresponding
quantity in the incident beam.

The authors are greatly indebted to Yu. Kagan and
A. M. Afanas’ev for useful discussions, to K. P.
Aleshin, M. A. Volkov, and I. B. Filippov for extensive
technical assistance, to A. M. Artem’ev and E. P.
Stepanov for placing at our disposal the equipment for
the Mossbauer analysis of the scattered beam, and to V.
V. Mostov for help in this research.
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Melting curve of hydrogen up to 10 kbar
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The melting point of molecular normal hydrogen was measured by the piston-displacement method. The
range of the investigation was extended beyond those used by others, to P, = 10 kbar and T,, =112 K.
The molar volumes of the solid phase on the melting curve were determined experimentally.

PACS numbers: 64.70.Dv

Experimental data on the melting of hydrogen at high
pressures are very skimpy. There is only one 1930
study, in which the melting curve of hydrogen was mea-
sured up to 5 kbar. ™’ In the remaining studies®?’ the
pressure did not exceed 3.6 kbar. This large gap in
the experimental material, compared with other sub-
stances, 5! is attributed to experimental difficulties
faced when the hydrogen density is increased at high
pressuresm and to the well-known hydrogen brittleness
of steel at temperatures above 120 K.

We present here the results of measurements of the
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melting point of hydrogen of purity 99.8% up to 10 kbar,
The initial hydrogen had an equilibrium ortho-para com-
position at room temperature.!’ The measurements
were performed with a cylinder +piston type of apparatus,
in which hydrogen precompressed to 2 kbar was fed
through a capillary with the aid of a thermocompressor
and a gas booster. The high-pressure vessel was ther-
mostatically controlled with an automatic temperature
regulator accurate to +1°. During the time of the ex-
periment, we measured the displacement L of the piston
as a function of the applied load F at a fixed tempera-
ture. The melting was revealed by the discontinuity of
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TABLE I. Temperature T,,, pressure P,, and molar volume
of the solid phase V,,; of molecular hydrogen on the melting

curve.

Experiment| T K P kbar | pimeothyp | v emimole | Vi oo
cm®/mole
174 5.0 5.2 144 14.25
1 84.0 6.2 6.0 13.8 13.81
90.6 6.9 6.8 13.4 13.42
99.0 8.0 8.0 128 12.94
1T 714 3.2 3.2 (14.25) 14.25
112.0 9.8 99 124 12.29

the piston displacement on the L(F) plot. The melting
pressure P, was defined as the average of the values
obtained when the load was increased and decreased.
The pressure was determined accurate to + 0.3 kbar.

The results of two measurements in a high-pressure
vessel of beryllium bronze (experiment I) and in a ves-
sel of EP-637 steel (experiment II) are shown in the
second and third column of Table I. The fourth col-
umn lists the smoothed values of P,, calculated with
Simon’s equation by least squares from our data:

Pn=al (Tw/13.96) —1]. 1)

where a =0.2972 kbar, ¢=1.6991. These constants cor-
respond to P, =54.2 kbar at T,, =300 °’K. For compar-
ison, we present calculations in accordance with the
data off*%51, At T=300 K they yield melting pressures
68.5, 66.6 and 56.1 kbar, respectively. Figure 1 shows
the melting curve of hydrogen plotted in accordance with
(1). The points up to 5 kbar were taken from™’, and the
higher points from our measurements.

To determine the molar volumes in the beryllium-
bronze vessel (experiment I) we measured, besides the
volumes on the melting curve, also the compressibility
of hydrogen gas at room temperature at pressures up
to 8 kbar. These measurements have enabled us to
determine the amount of hydrogen contained in the high-
pressure vessel in this experiment, since the pressure
dependence of the molar volume of hydrogen at room
temperature is known.'” The obtained molar volume V,,
of the solid phase on the melting curve is listed in the
fifth column of the table (experiment I). For the steel-
vessel measurements (experiment II), the molar volume
at T=112 K, given in the fifth column, was determined
from the ratio of the volumes at 112 and 77.4 K, under
the assumption that V,, =14.25 cm®/mole at T,,=77.4 K

FIG. 1. Melting curve of molec-
ular hydrogen: ® —our data, o—
data of!],

o
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4
La{1+B o)

FIG. 2. Dependence of the molar volume of crystalline hydro-
gen on the temperature and pressure according to the melting

curve. 1) Formula (2), 2) formula (3), ® —our data, © —data
oft8=111

(see below). The accuracy with which the volumes were
determined was +0.2 cm3/mole.

Figure 2 (curve 1) shows our data (see the table, ex-
periment I) on the temperature dependence of the molar
volume of hydrogen in the form V, =f(InT,). The figure
shows also the data of'®*1? on the functions V,(T,,) of
para-hydrogen and normal hydrogen, respectively,
plotted in the same coordinates.

As seen from the figure, the plot is linear:
Vme=A;—B, In T, cm*/mole, )

where A, =37.28 and B, =5.297 cm®/mole. The depen-
dence of the molar volume on the pressure can be used
by using the Simon equation. Substituting 7', from (1)
and (2), we get

Vme=A;—B;1n (1+Py/a), cm®/mole , 3)

where A,=A, -1n13.96 =23.32 and B, =B,/c =3.117
cm®/mole. This relation is also plotted in Fig. 2 (curve
2). The smoothed values of V, calculated from Egs.

(2) and (3) are given in the sixth column of the table.

In conclusion, the authors thank Academician L. F.
Vershchagin for constant interest and support.

DEach experiment took approximately 24 hours. Before and
after the experiment, control measurements were made of
the compressibility of the sample under pressure at liquid-
nitrogen temperature. The values agreed within the limits
of experimental accuracy. This can serve as an indication
that, within the limits of experimental accuracy, the possible
changes in the para-ortho composition are insignificant, and
also that there was no leakage of the sample during the mea-
surement cycle.
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The leading nonasymptotic terms in the Migdal equation of state are determined by the e-expansion
method to order €2 The contribution of the additional terms is related to the susceptibility of the system
and is proportional to x~2/”. The equation of state is determined by the expression Hy®+"'”

= @o(MX*"")+ co(MxP'") x~2/". The functions ¢y(m) and ¢,(m) have a simple form and are determined

by formulas (3.5) and (4.4).

PACS numbers: 64.10.+h

1. INTRODUCTION

Substantial progress in the description of critical
phenomena has recently been achieved. Using a method
developed by himself, Wilson'!! has found the first terms
of the e-expansion for the critical indices to order &2
(e =4-d; d is the dimensionality of space). It was
found that the coefficients of £ and €% are small and for
€ =1 give values of the indices that are close to the ex-
perimental values. This circumstance served as a stim-
ulus for the determination of other universal quantities
too. The first three terms of the £-expansion of the
equation of state of the Ising model were determined by
Avdeeva and Migdal, and also by Brézin, Wallace and
Wilson, 2!

However, it is essential to note that the results of!??
are applicable only in the immediate vicinity of the crit-
ical point. As we move away from it there arise addi-
tional terms, "*! a knowledge of which is important for the
following reasons. First, they give the possibility of
determining whether the experimental investigations are
being carried out sufficiently close to the critical point,
and, secondly, they give the possibility of describing the
substance in a wide region about the critical point. We
shall discuss these questions in more detail.

The techniques of present-day experiments in the study
of critical phenomena make it possible to obtain reliable
results (with error ~ 0. 1-1% for the specific heat, for
example) near the transition point, down to values of
t=(T~T,)/T, of the order of 10°*~10%, ™ where T is the
temperature. On the other hand, since it is known that
the theory is asymptotic in character, the fitting of the
experimental data by the corresponding power laws,
which define the critical indices, is usually carried out
for |#1 $1072-10"!. The best critical-index values ob-
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tained in different experiments for different substances
frequently do not coincide (cf. ?), even though current
theory requires them to be universal. The principal in-
accuracy in their determination is evidently associated
with systematic errors—in particular, with the use of
the pure-power, asymptotic laws in the whole range of
the fitting. But it is completely unclear beforehand
whether any particular region of measurements is asymp-
totic. The natural criterion for applicability of the as-
ymptotic laws in the analysis of the experimental data is
that the nonasymptotic terms be small compared with the
experimental error. Strictly speaking they should be,

to use the terminology of mathematical statistics, in-
significant, i.e., systematic (albeit, possibly, small)
deviations of the experimental points from the asymptotic
dependences should be absent. Thus, taking nonasymp-
totic terms into account should lead to a more rigorous
appraisal of the degree of universality of the experimen-
tally obtained quantities.

The other topic in which the determination of nonas-
ymptotic terms can play an important role is the descrip-
tion of the behavior of matter, e.g., a liquid and a dense
gas, in a wide interval of the parameters of state. In
such an approach, as was noted inm, the universal scal-
ing equation of state in the critical region can be used as
the “zeroth” approximation. It is found that in practical-
ly the whole region ¢<1 and |Apl|=1(p=p.)/p,I<1 the dis-
crepancies between the asymptotic dependences and the
experimental data are not large and can, apparently, be
described by the introduction of non-asymptotic terms.
The important point here is that these turn out to be uni-
versal to the same degree as the asymptotic equation of
state, 363

The first results in the determination of the nonas-
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