
PHYSICAL REVIB% S VOLUME 25, NUMBER 3 1 FEBRUARY 1982

Structure-factor measurements in He as a function of density
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Measurements of the structure factor 5 (k) for 4He are reported as a function of pressure at

1.67, 2.20, and 4.24 K from saturated vapor pressure to 25 atm. The liquid structure factor is

seen to sharpen and increase in amplitude with an increase in pressure at each of the tempera-

tures studied. Comparison is made to previous results obtained by the technique of neutron

scattering as well as to the theoretical predictions of Chang and Campbell and of Whitlock et at.

The pair correlation function g(r) is obtained from the liquid structure factor by means of a

Fourier transform, and comparison is made to theoretical predictions.

I. INTRODUCTION

The structure of liquid helium has been a subject
of continuing interest since the original diffraction
experiments of Keesom and Taconis. ' These and
subsequent early experiments were designed to
search for long-range order and to test the ideas of
Frolich concerning a possible diamond lattice in the
superfluid state and its disappearance during the tran-
sition to the normal state. In the intervening years
there has been a shift of emphasis away from the
transition region and toward experiments of higher
accuracy so as to provide detailed tests for the
theories of the ground state. Very recently there has
again been a focus on the transition region'4 where
clear spatial order changes associated with the A. tran-
sition have been confirmed. There remains a need
for systemaic data as a function of density at fixed
temperature. This is particularly true in light of the
recent theoretical work of Change and Campbell, '
Whitlock et at. , and Gaglione et at. It is this need
to which the current work is addressed.

We report here measurements of the liquid struc-
ture factor $(k) as a function of momentum
transfer, k, as a function of pressure along the three
isotherms 1.67, 2.20, and 4.24 K. Particular attention
is paid to the small momentum transfer region
k 0.9 A ' and to the region of the principal struc-
ture factor maximum although the full data set cov-
ers the momentum transfer interval 0.2 & k & 5.2

In general the small momentum transfer results
agree with expectations based on thermodynamics in

the limit of vanishing momentum transfer. In the re-
gion of the principal structure factor maximum we
document the increase in spatial order as a function
of increasing density.

In Sec. II we present a brief discussion of the liquid
structure factor and the pair correlation function and
describe relevant theoretical work. Section III con-

tains a limited discussion of the apparatus, A more
detailed description may be found elsewhere. '9 The
results for S(k) and g (r) are presented in Sec. IV as
is a comparison to previous work and relevant theory.
A brief summary appears in Sec. V.

II. LIQUID STRUCTURE FACTOR

The diffraction pattern observed in an x-ray
scattering experiment, is due to a number of factors
but one of the: most important is the spatial arrange-
ment of the atoms in the sample under investigation,
This spatial arrangement is reflected in the pair corre-
lation function g( r ) which gives the probability
(normalized to unity at large values of r ) of finding
an atom at position r if it is known that an atom re-
sides at the origin. In the case of an isotropic, mona-
tomic liquid such as helium g ( r ) is isotropic and
hence one has g( r ) =—g(r) where r is the distance
between the two atoms in question. The pair correla-
tion function is often directly available from theories
of the liquid state.

Measurements of g(r) proceed by way of the
liquid structure factor since it is this which is directly
measured in a diffraction experiment. The intensity
observed as a function of momentum transfer in a

scattering experiment can be written as'

Here A is the Thompson scattering from a single
electron, o-, and 0-; are, respectively, the coherent
and incoherent scattering factors which account for
the fact that the scatter from the two electrons within
a helium atom is not independent, Xaccounts for the
fact that a given sample has many atoms which can
participate in the scattering and T is a transmission
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factor necessary since the main x-ray beam has been
attenuated before it can interact with atoms deeper in
the sample. The liquid structure factor, S(k), modu-
lates the scattered intensity because there is construc-
tive or destructive intereference in the scattered radi-
ation as a result of spatial correlations among the
atoms.

Formally the liquid structure factor is related to
these correlations by a Fourier transform

fO

S(k) =1+p e'" ' ' [g(r) —1]d r

where p is the density of the liquid helium under
study. The approach of this work is to obtain values
for the liquid structure factor through use of Eq. (1)
and the pair correlation function through the inverse
of Eq. (2).

Theoretical predictions relevant to the present work
are few since it has been only recently that detailed
attention has been paid to the density dependence of
the 4He ground state. Theoretical calculations for
several densities have been reported by Chang and
Campbell' for the ground state. In their work,
results for the liquid structure factor are obtained
from an optimum Jastrow function by multiple itera-
tion of the paired phonon analysis. The final result is
observed to be independent of the initial guess for
the trial function. The minimization procedure re-
quires a computation of the energy and Chang and
Campbell' accomplish this by means of the
hypernetted-chain approximation. " For a given
choice of potential this procedure results in the best
variational calculation available within the context of
Jastrow functions. Two potentials, the Lennard-
Jones (LJ) and the Morse-dipole-dipole (MDD2),
were used in separate calculations and detailed results
for the liquid structure obtained for both. More re-
ceritly Whitney and Campbell" have extended these
calculations to serveral other potentials. In addition
work on the inclusion of three-body factors was
completed5 as a first step in enlarging the class of
functions beyond the Jastrow form. In general the
inclusion of such factors results in somewhat sharper
structure in S(k) and improved agreement with ex-
periment.

More recently Whitlock et al. have completed a
detailed study of the Lennard-Jones system with the
de Boer—Michels" parameters as appropriate for He
by use of the Green's-function Monte Carlo method.
The advantages of this method include the fact that it
is possible to compute exactly the ground-state ener-

gy of the system with the potential chosen for study.
The pair correlation function is computed by means
of a reliable extrapolation technique and the liquid
structure factor is obtained by a Fourier transforma-
tion of the pair correlation function.

III. APPARATUS AND PROCEDURE

The apparatus used for the present work is essen-
tially the same as that used for our earlier studies at
saturated vapor pressure. s A detailed discussion of
the apparatus is available elsewhere and only a brief
account is necessary here. Copper Cu Ea radiation

0
of nominal wavelength 1.54 A is generated in a
Rigaku' RU-200PL rotating anode x-ray source and
is scattered from a cylindrical target of 9.5-mm diam-
eter. The scattering chamber has a wall thickness of
0.25 mm and is machined from beryllium of low iron
content. The scattered x rays are detected by means
of an energy sensitive intrinsic germanium device
with an energy resolution of 280 eV. This allows
monochromatization to be done at the detection stage
where attention is focused on Cu Eo, x rays. Vertical
and horizontal resolution of the diffractometer is
measured to be 0.3' or about 0.04 A '.

As has been described previously, the diffrac-
tometer incorporates monitor counting devices to
correct for main beam intensity changes during the
course of the measurements. In addition the data are
self-consistently normalized by reference to repeated
data sets with the same temperature and pressure
which are interspersed throughout the course of the
complete data collection.

The target samples of helium are liquified from
high purity gas" and allowed to stabilize at the select-
ed temperature and pressure for at least an hour prior
to data collection. Temperature is measured by refer-
ence to a calibrated germanium resistance thermome-
ter' and pressures are measured by means of a tem-
perature compensated Heise gauge which has been
tested against a dead weight pressure gauge and
found to be accurate to +1 psi over its entire 0—600-
psi range.

To obtain the structure factor of interest from the
observed intensity requires the use of Eq. (1). This
cannot be done directly due to the impossibility of
counting the precise number of atoms N which act as
target atoms. Rather, in a second measurement in

the same apparatus, scattering is observed from neon
at 77 K and 1 atm pressure for which S(k) =1 to
within 0.4% for all momentum transfer values of in-

terest. The ratio of two equations of the form of Eq.
(1) is then formed' ' and NH, /NN, is eliminated in

favor of pH JpN, since N = p V for each substance.
Here p is the number density of the target material
and Vis the target volume which is the same in each
case. The liquid structure factor for helium is thus
determined in terms of the ratio of two measured
scattering intensities the known scattering factors for
helium' and neon and the transmission factors2'

and number densities. ' In the case of neon the
densities were computed from the virial equation us-

ing the second virial coefficient as given by Dymond
and Smith. " Other factors such as multiple scatter-
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ing corrections have also been considered in the
manner previously reported. s

The structure factor values reported here has been
forced to unity at large values of the momentum
transfer, a procedure which required no more than
a 5% correction at the largest momentum transfer
values in most cases and usually considerably less.
The imposition of this physical condition on the data
is sensible but was necessary in our case due to diffi-
culties, we suspect, with the main beam intensity

which was observed to slowly decrease between x-ray
tube filament changes. The effect of this procedure
in the region of the principal structure factor peak is
no larger than 0.3%. As we have discussed in detail
previously, the overall errors in this work are about
4% although the difference between two structure
factor values is known to considerably greater confi-
dence, perhaps 1%.

IV. RESULTS
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The liquid structure factor has been determined at
five densities along each of the isotherms 1.67, 2.20,
and 4.24 K. A numerical tabulation of the results is
presented in the Appendix. In general the structure
factor is observed to behave with an increase in den-
sity in a manner consistent with previous observa-
tions by others. That is, the principal structure factor
maximum is observed to increase and grow sharper
with an increase in the density. The location of the
maximum is also observed to move smoothly to
larger values of momentum transfer as the density is
increased. This behavior is illustrated in Figs. 1 and
2. In Fig. 1 the raw S(k) values as obtained in this
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FIG. 1. Experimental liquid structure values obtained in
this work in the vicinity of the principal structure factor
maximum. The smooth curves drawn through the data are
.guides to the eye and do not represent any theory. The
numbers beside the symbol identification refer to the densi-

ty in kg/m3.

FIG. 2. The height S~ and position k~ of the principal
structure factor maximum as a function of density for each
of the temperatures studied. The lines are from the work of
Chang and Campbell (Ref. 5) including three-body factors
for the Lennard-Jones (dashed lines) and Morse MDD2
(solid lines) potentials. The crosses are the Monte Carlo
predictions of Whitlock et al. (Ref. 6) for the Lennard-Jones
potentials. Both theoretical works are T =0 K calculations.
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work are presented. The smooth curves drawn
through the data points are merely guides to the eye
and have no other significance. The maximum value
of S(k), SM, and the location of the maximum in
momentum transfer k are shown for each tempera-
ture as a function of density in Fig. 2. Also shown in
Fig. 2 are the theoretical predictions of Chang and
Campbell' for the case of the Lennard-Jones (dashed
line) and the Morse (solid line) potentials for the
case where three-body factors have been included in
the calculation. The Morse potential is seen to be irl

better agreement with the data than is the Lennard-
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Jones. This preference for the Morse potential over
the Lennard Jones is consistent with earlier work at
saturated vapor pressure. Also shown on Fig. 2 are
the predictions of Whitlock et al. based on a Monte
Carlo calculation with the Lennard-Jones potential.

The comparison between the experimental results
and the theoretical predictions is more fully presented
in Fig. 3 where the general agreement with the Morse
potential is clear. Again here the predictions of
Chang and Campbell' are those which include three
body factors.

Data at small momentum transfer are shown in
Fig. 4 for each of the temperatures and densities stud-
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FIG. 3, Comparison of the experimental structure factors
at 1.67 K and three densities with the T =0 K calculations of
Chang and Campbell (Ref. 5) and Whitlock et al. (Ref. 6).
In the work of Chang and Campbell we have selected the
three-body calculations for comparison.

k(A')

FIG. 4. Experimental liquid structure factor values for
small momentum transfer. The intercepts at k =0 are ob-
tained from Eq. {3). The density values in kg/m are shown

beside the appropriate symbols.
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ied in this work. The data generally extrapolate
smoothly to the zero momentum transfer limit

S(0) = lim S ( k) = pks TXr = pe T
k —+0 mc

(3)

f(k) = —k[S(k) —1)2
(4)

and this comparison is presented in Fig. 5 where the

where p is the density, k~ the Boltzmann constant, T
the temperature, XT the isothermal compressibility, y
the ratio of specific heats, m the mass of a helium
atom, and c the velocity of ordinary sound. The
S(k) values shown on the intercept in Fig. 4 have
been computed from the right side of Eq. (3) using
known values of y and c. The expected quadratic
dependence of S(k) as a function of k for small
values of the momentum transfer is consistent with
but not confirmed by the present data.

Data to which the present results as a function of
density can be compared are sparse. Henshaw car-
ried out an extensive series of measurements at vari-
ous temperatures and densities but did not publish"
complete tables of the structure factor values.
Nonetheless, comparison to his work can be made
through use of the function
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maximum value of f(k), f, is shown as a function
of density. We have included in the comparison the
recent work of Mozer et al. and some of the sat-
urated vapor measurements reported recently by
Svensson' and co-workers. There is a general con-
sistency among the various results but the detailed
agreement is imperfect. Agreement is best between
the present work and that of Mozer et at. particular-
ly for values of f .

Results for the pair correlation function g(r) have
been obtained from the liquid structure factor values
through use of S,(k) and the inverse transform to
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FIG. 5. The maximum value f~ and location k~, of the
function, f(k) =2k[S(kl —t]/n for this work (solid sym-
bols) in comparison to the work of Henshaw (Ref. 27)
(0, V, A, O), Mozer et al. (Ref. 28) (x, +) and Svensson
et al. (Ref. 29) (~, ~, O).

FIG. 6. The pair correlation function, g(r), at 1.67 K
(solid line) as determined from Fourier transform of the
smoothed liquid structure factor, S,(k) (Table II). Also
shown are the predictions of Chang and Campbell (Ref. 5)
(dashed line) and Whitlock et al. (Ref. 6) (dots).
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Eq. (2). S,(k) is obtained from the experimental
values S(k) by smoothing and interpolation to
reduce the scatter in the data and provide data of reg-
ular spacing over the momentum transfer interval
0 ~ k ~5.1 A '. The experimental data were extrapo-
lated smoothly to the S(0) intercept during the
smoothing process. Comparison is made to the work
of Chang and Campbell' for the Morse potential in-
cluding three-body factors in Fig. 6. Also included
are the Monte Carlo results of Whitlock et al. for
the Lennard-Jones potential (dots). The data indi-
cate a deeper first minimum in g(r) than does either
calculation. The position of the maximum value of
the pair correlation function RM appears to be a
smooth function of density (Fig. 7) with no apparent
temperature dependence. Also shown in Fig. 7 is the
amplitude of the principal maximum of g (r), g .
Several values from the saturated vapor pressure
measurements of Svensson et ul. are also shown as
are the predictions of Chang and Campbells and
Whitlock et al. The amplitude of the pair correlation
function is in better agreement with the prediction of
Chang and Campbell, ' but the position is closer to
the prediction of Whitlock et al.

Since these data were collected at fixed tempera-
ture as a function of density, isothermal density
differences of the structure factor values can easily be
obtained. Typical results for the extremes in density
at each of the three temperatures studied are shown
in Fig. 8. In general the results are consistent with
the qualitative conclusions of Mozer et al. ' That is,
as a function of momentum transfer the density
differences show first a minimum followed by a
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FIG. 7. The maximum value g~ and the position RM of
the main maximum of the pair correlation function as a
function of the density ( ~, 1.67 K; k, 2.20 K;a, 4.24 K) for
this work. Also shown are selected results from Svennson
et al. (Ref. 29) (0, 1.77 K; b„2.27 K;0, 4.27 K) and the pre-
dictions (T=0) of Chang and Campbell (Ref. 5) (+) and
Whitlock et al. (Ref. 6) (x).

FIG. 8. Selected isothermal density differences for the
three temperatures studied in this work. In each case the
extremes in density values studied was used in the computa-
tion.

dramatic rise to a maximum. The data at 4.24 K
show pronounced structure at small momentum
transfer due to compressibility effects [Eq. (3)].

A very limited amount of constant density data
(p =170.1 kg/m') was collected during this work and
supports the conclusion that there is a loss in spatial
order on cooling through the X transition. ' '" Fig-
ure 9 shows the evolution of the height of the main
structure factor maximum as a function of tempera-
ture. The behavior is similar to that seen earlier at
saturated vapor pressure and the constant density

p -150.3 and 162.5 kg/m' although in the present
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(fl
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these values scatter in the data have been removed by
a smoothing procedure and the small momentum
transfer data have been smoothly extrapolated to the
intercept given by Eq. (3). In Table III we present
the pair correlation function which results from a
Fourier transform of the smoothed data presented in
Table II. Spurious oscillations for coordinate values
below the first zero r, in g(r) have been truncated
from the table.

FIG. 9. Height of the principal maximum of the liquid

structure factor at p =170.1 kg/m3 as a function of tempera-
ture. These data are consistent with other data (Refs. 3, 4,
27, and 28) which confirm a loss of spatial order in 4He on
cooling through T.

case there is a smaller number of temperatures stud, -

ied. More extensive recent work "at p =171.0
kg m3 is generally consistent with these conclusions
and can be compared in detail to the predictions of
Gaglione et al. 7

V. SUMMARY

We have reported systematic measurements of the
structure factor of 4He at several temperatures as a
function of density. Comparison has been made to
the predictions of Chang and Campbell' and Whitlock
et al. both for the liquid structure factor and the pair
correlation function. Comparison is also made to
previous work by others and comparison is most
favorable in the case of the data of Mozer et al.
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TABLE I. Structure factor values S(k) as obtained directly from the analysis discussed in this work. No smoothing of any
kind has been applied to the data.

k (L-') 145.2

s(k)

153.4

T =1.67 K

159.8 165.3 170.1

0.213
0.267
0.320
0.373
0.427
0.480
0.533
0.586
0.640
0.693
0.746
0.799
0.852
1.011
1.169
1.328
1.485
1.642
1.799
1.851
1.903
1.955
2.006
2.058
2.109
2.161
2.212
2,264
2.315
2.468
2.620
2.771
2.921
3.068
3.217
3.364
3.509
3.653
3.795
3.936
4.075
4.213
4.349
4.484
4.617
4.748
4.877
5.004
5.129

0.086
0.095
0.102
0.111
0.123
0.131
0.141
0.153
0.162
0.175
0.187
0.201
0,215
0.263
0.323
0.422
0.559
0.770
1.063
1.182
1.318
1.397
1.431
1.449
1.443
1.403
1.342
1.283
1.226
1.098
1.014
0.961
0.942
0.942
0.945
0.942
0.985
0.980
0.980
0.983
1.051
0.968
0.969
1.037
0.975
1.014
1.066
0.959
0.990

0.074
0.084
0.091
0.100
0.111
0.119
0.129
0.140
0.149
0.162
0.172
0.184
0.197
0.246
0.308
0.390
0.512
0.677
1.017
1.151
1.301
1.405
1.470
1.522
1.506
1.473
1.395
1.332
1.274
1.134
1.040
0.983
0.988
0.966
0.961
0.954
0.984
0.999
0.981
1.003
1.040
0.989
0.983
1.041
0.983
0.999
1.033
0.992
1.008

0.066
0.074
0.083
0.092
0.101
0.109
0.118
0.128
0.138
0.149
0.159
0.169
0.183
0.229
0.279
0.361
0.484
0.660
0.959
1.096
1.245
1.380
1.475
1.551
1.551
1.507
1.435
1.354
1.288
1.111
1.012
0.962
0.961
0.940
0.939
0.935
0.956
0.950
0.932
0.967
1.032
0.973
0.971
1.043
1.007
1.017
1.061
0.989
0.977

0.061
0.071
0.076
0.087
0.095
0.103
0.113
0.123
0.132
0.138
0.150
0.164
0.173
0.217
0.266
0.345
0.453
0.620
0.902
1.036
1.216
1.352
1.479
1.572
1..604
1.547
1.481
1.405
1.325
1.130
1.041
0.975
0.956
0.919
0.943
0.938
0.962
1.018
0.986
1.003
1.085
1.015
0.970
1.076
0.970
1.004
1.016
1.041
0.978

0.058
0.066
0.073
0.082
0.090
0.098
0.106
0.115
0.125
0.134
0.143
0.154
0.165
0.207
0.258
0.330
0.434
0.577
0.870
0.998
1.170
1.332
1.483
1.606
1.658
1.614
1.522
1.429
1.343
1.141
1.039
0.966
0.960
0.935
0.923
0.918
0.961
0.952
0.942
0.960
1.048
0.963
0.948
1.014
0.959
1.010
1.017
1.000
1.026
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TABLE I (Continued)

25

s(k) T =2.20 K

k (A.-') 146.1 149.9 161.8 172.2 176.6

0.213
0.267
0.320
0.373
0.427
0.480
0.533
0.586
0.640
0.693
0.746
0.799
0.852
1.011
1.169
1.328
1.485
1.642
1.799
1.851
1.903
1.955
2.006
2.058
2.109
2.161
2.212
2.264
2.315
2.468
2.620
2.771
2.921
3.070
3.217
3.364
3.509
3.653
3.795
3.936
4.075
4.213
4.349
4.484
4.617
4.74&

4.877
5.004
5.129

0.106
0.111
0.115
0.120
0.129
0.136
0.144
0.155
0.163
0.174
0.185
0.195
0.210
0.257
0.321
0.408
0.539
0.740
1.060
1.190
1.346
1.435
1.491
1.522
1.489
1.436
1.360
1.290
1.238
1.084
1.011
0.96Q

0.963
0.941
0.948
0.948
0.987
0.974
0.958
0.980
1.023
0.956
0.944
1.037
0.992
1.011
1.006
0.963
1.027

0.094
0.101
0.105
0.113
0.121
0.127
0.135
0.147
0.155
0.168
0.176
0.187
0.205
0.248
0.308
0.389
0.512
0.672
1.031
1.167
1.315
1.432
1.500
1.518
1.494
1.437
1.367
1.295
1.232
1.099
1.033
0.983
1.001
0.975
0.967
0.938
1.016
0.976
0.945
0.974
1.045
0.984
0.975
1.031
1.009
0.982
1.014
0.960
1.037

0.075
0.080
0.085
0.093
0.101
0.108
0.118
0.127
0.136
0.145
0.152
0.162
0,177
0.218
0.274
0.344
0.454
0.5&8

0.915
1.063
1.238
1,402
1,525
1.613
1.628
1.552
1.463
1.36&

1.288
1.108
1.015
0.960
0.957
0.949
0.926
0.920
0.940
0.929
0.924
0.950
1.041
0.963
0.942
1.015
1.007
1.045
0.995
0.973
0.975

0.062
0.069
0.075
0.083
0.091
0.098
0.106
0.115
0.123
0.131
0.141
0.151
0.162
0.202
0.250
0.316
0.418
0.571
0.827
0.966
1.138
1.322
1.504
1.679
1.757
1.730
1.610
1.4&3

1.385
1.142
1.027
0.965
0.954
0.935
0.941
0.919
0.974
0.960
0.96Q

0.986
1.040
0.991
0.979
1.064
0.997
1.015
1.020
0.999
0.970

0.058
0.066
0.071
0.078
0.058
0.094
0.101
0.110
0.117
0.128
0.134
0.143
0.157
0.194
0.240
0.302
0.398
0.547
0.791
0.916
1.095
1.273
1.471
1.676
1.779
1.744
1.638
1.499
1.389
1.130
1.023
0.945
0.943
0.921
0.924
0.908
0.963
0.937
0.916
0.949
1.041
1.002
0.945
1.052
1.000
1.014
0.985
0.976
1.023
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TABLE I (Continued)

s(k) T=4.24 K

124.8 129.5 150.8 163.6 168.4

0.213
0.267
0.320
0.373
0.427
0.480
0.533
0.586
0.640
0.693
0.746
0.799
0.852
1.011
1.169
1.328
1.485
1.642
1.799
1.851
1.903
1.955
2.006
2.058
2.109
2.161
2.212
2.264
2.315
2.468
2.620
2.771
2.921
3.070
3.217
3.364
3.509
3.653
3.795
3.936
4.075
4.213
4.349
4.484
4.617
4.784
4.877
5.004
5.129

0.398
0.355
0.314
0.289
0.274
0.261
0.256
0.256
0.257
0.262
0.267
0.277
0.290
0.341
0.408
0.508
0.651
0.864
1.117
1.219
1,307
1.355
1.363
1.379
1.381
1.346
1 ~ 293
1,255
1.215
1.075
1.024
0.977
0.984
0.960
0.971
0.961
0.998
1.001
0,994
1.041
1.055
0.983
0.989
1.034
1.007
0.987
1.000
1.005
1.006

0.310
0.285
0.261
0,246
0.239
0.231
0.229
0.234
0.232
0.241
0.247
0.258
0.271
0.325
0.385
0.489
0.628
0.844
1.108
1.197
1.305
1.360
1.379
1.408
1.400
1.363
1.303
1.255
1.208
1.083
1.051
0.977
0.996
0.972
0.965
0.965
0.997
1,006
0,993
1.015
1,053
0.958
0.929
1.042
1,004
0,994
0,988
0.986
1.022

0.148
0.147
0.146
0.147
0.149
0.142
0.160
0.166
0.172
0.182
0.191
0.200
0.213
0.261
0.317
0.401
0.526
0.723
1.013
1.137
1,278
1.379
1.462
1.518
1.530
1.502
1.433
1.358
1.306
1.120
1.039
0.976
0.973
0.954
0.967
0.946
1.005
1.015
0.997
1.035
1.062
0.999
0.968
1.080
0.995
1.005
0.992
0.972
1.035

0.104
0.106
0.106
0.112
0.117
0.121
0.128
0.136
0.144
0.152
0.160
0.168
0.181
0.224
0.277
0.349
0.459
0.631
0.903
1.031
1.195
1,324
1.445
1.555
1.606
1 ~ 592
1.525
1.442
1.363
1.146
1.035
0.963
0.958
0.940
0.936
0.932
0.982
0.986
0,997
1.025
1.033
0.997
0.962
1.036
0.978
1.002
1.032
0.950
1.036

0.093
0.097
0.098
0.103
0.110
0.113
0, 120
0.129
0.136
0.143
0.151
0.161
0.171
0.213
0.264
0.332
0.435
0.602
0.863
1.000
1.161
1.304
1.445
1,572
1.635
1.633
1.569
1.479
1.402
1.159
1.039
0.967
0.965
0.934
0.927
0.935
0.968
0,966
0,975
1.038
1.054
0.994
0.971
1.055
1.032
0.995
1.091
0.962
0.991
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TABLE II. Smoothed structure factor values S,(k).

k (A-') 145,2

S,(k),

153.4

T=1.67 K

159,8 165.3 170.1

0.000
0.100
0.200
0.300
0,400
O.S00
0.600
0.700
0,800
0.900
1.000
1,100
1.200
1.300
1.400
1.500
1.600
1.700
1,800
1,900
2.000
2.100
2,200
2.300
2.400
2,500
2,600
2.700
2.800
2.900
3.000
3.100
3.200
3.300
3.400
3.500
3.600
3.700
3.800
3,900
4.000
4.100
4.200
4.300
4.400
4.500
4.600
4.700
4.800
4.900
5.000

0.064
0.065
0.083
0.097
0.117
0.132
0.153
0.175
0.199
0.227
0.263
0.301
0.349
0.408
0.478
0,575
0.692
0.867
1,068
1.302
1.442
1.449
1.348
1.239
1.149
1.075
1.024
0.981
0.957
0.946
0.939
0.939
0.941
0.945
0.953
0,961
0.967
0.974
0.980
0.985
0.990
0.993
0.998
1.004
1.006
1,010
1.014
1.017
1.018
1.017
1.017

0.048
0.056
0.074
0.088
0.104
0.120
0.138
0.158
0.180
0.204
0.236
0.269
0.312
0.370
0.436
0.519
0,622
0.760
0.986
1.282
1.460
a.saa
1.427
1.298
1.198
1.119
1.052
1.017
0.994
0.978
0.968
0.963
0.961
0.960
0.962
0.966
0.974
0.978
0.984
0.994
0.998
0.999
1.007
1.009
1.012
1.013
1.014
1.014
1.014
1.011
1.006

0.040
0.044
0.060
0.074
0.092
0.112
0.130
0.151
0.174
0.198
0.225
0.257
0.294
0.343
0.411
0.497
0.602
0.728
0.936
1.229
1.475
1.554
1.445
1.298
1.197
1.088
1.021
0.984
0.962
0.950
0.944
0.941
0.940
0.942
0.943
0.946
0.953
0.960
0.965
0.971
0.983
0.991
0.999
1.009
1.012
1,017
1.019
1.0a6
1.015
1.010
1.006

0.035
0.042
0.056
0.072
0,089
0.107
0.123
0.142
0.164
0.188
0.219
0,250
0.286
0.327
0.389
0.468
0.571
0.697
0,907
1.209
1.493
1,597
1.475
1.337
1.206
1.106
1,046
1.001
0.967
0.949
0.940
0.937
0.940
0.945
0.952
0.961
0.972
0.986
0.995
1.009
1.018
1.027
1.031
1.035
1.037
1.039
1.039
1.039
1.037
1.029
1.023

0.032
0.040
0.055
0.070
0.086
0,100
0.116
0.132
0.152
0.177
0.204
0.235
0.272
0,318
0.374
0.448
0.543
0.664
0,860
1.14S
1.480
1.659
1.541
1.372
1.220
1.112
1.049
1.004
0.973
0.953
0.942
0.931
0.924
0.924
0.925
0.932
0.937
0.947
0.955
0.967
0.980
0.992
1,000
1,007
1.010
1.014
1.016
1.016
1.014
1.009
1.006
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TABLE II (Continued)

k (A-') 146.1

s, (k)

149.9

T =2.20 K

161.8 172.2 176.6

0.000
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
1.000
1.100
1.200
1.300
1.400
1.500
1.600
1.700
1.800
1.900
2.000
2.100
2.200
2.300
2.400
2.500
2.600
2.700
2.800
2.900
3.000
3.100
3.200
3.300
3.400
3.500
3.600
3.700
3.800
3.900
4.000
4.100
4.200
4.300
4.400
4.500
4.600
4.700
4.800
4.900
5.000

0.100
0.093
0.103
0.113
0.125
0.141
0.158
0.177
0.198
0.224
0.253
0.291
0.335
0.391
0.451
0.547
0.672
0.834
1.050
1.327
1.491
1,500
1.373
1,248
1.150
1.063
1.015
0.985
0.964
0.947
0.942
0.940
0.938
0.938
0.940
0.944
0.95.1
0.958
0,967
0.976
0.987
0.993
1.000
1.005
1.013
1.016
1.018
1.020
1.019
1.016
1.010

0.077
0.078
0.093
0.104
0.119
0.134
0.148
0.165
0.187
0.213
0.245
0.278
0.316
0.372
0.446
0.526
0.624
0.778
1.038
1.309
1.494
1.498
1.370
1.251
1.151
1.085
1.042
1.007
0.984
0.972
0.965
0.960
0.955
0.955
0.954
0.955
0.959
0.962
0.969
0.976
0.985
0.995
1.000
1.003
1.007
1.010
1.010
1.009
1.007
1.004
1.002

0.049
0.058
0.071
0.086
0.101
0.116
0.129
0.147
0.166
0.188
0.216
0.253
0.295
0.342
0.399
0.467
0.548
0.687
0.902
1.221
1.500
1.633
1.474
1.319
1.172
1.086
1.023
0.994
0.976
0.963
0.955
0.946
0.942
0.936
0.932
0.933
0.933
0.939
0.947
0.957
0.970
0.986
1.000
1.006
1.011
1.015
1.017
1.015
1.009
1.003
0.991

0.039
0.046
0.059
0.077
0.094
0.107
0.120
0.136
0.155
0.174
0.197
0.223
0.257
0.304
0.360
0.436
0.527
0.655
0.848
1.130
1.467
1.750
1.656
1.428
1.258
1,116
1,041
1.000
0.976
0.960
0.946
0.939
0.936
0,937
0.941
0.945
0,952
0.959
0.967
0,978
0.992
1,001
1.012
1.021
1.027
1.025
1.025
1.023
1.016
1.010
1.001

0.035
0,037
0.054
0.069
0,082
0.095
0.111
0.128
0.150
0.174
0.196
0.221
0.250
0,286
0.341
0.414
0.522
0.640
0.806
1.102
1.464
1.766
1.645
1,405
1.208
1.105
1.030
0,991
0.961
0.941
0,928
0,924
0.924
0.926
0.930
0.936
0.943
0.948
0.954
0,964
0.975
0.984
0.994
1.002
1.009
1.011
1.015
1.011
1.008
1.005
1.001
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TABLE II (Continued).

124.8 129.5

T=4.24 K

150.8 163.6 168.4

0.000
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
1.000
1.100
1,200
1.300
1,400
1 ~ 500
1.600
1 ~ 700
1.800
1,900
2.000
2.100
2.200
2,300
2.400
2.500
2.600
2,700
2.800
2.900
3.000
3 ~ 100
3.200
3.300
3.400
3.500
3.600
3.700
3.800
3.900
4.000
4.10Q

4.200
4.300
4.400
4.500
4.600
4.700
4.800
4.900
5.000

0,640
0.526
0.412
0.333
0.282
0,259
0.255
0.264
0,278
0.305
0.336
0.373
0.422
0.486
0.573
0.672
0.801
0.955
1.113
1.296
1.379
1.390
1.315
1.226
1.132
1.068
1.031
1.000
0.979
0.972
0.967
0.964
0.963
0.964
0.969
0.973
0.981
0.987
0.992
0.997
1.002
1.002
1,007
1.009
1.006
1.004
1,001
0.999
0.999
0.996
0,996

0.431
0.388
0.326
0.283
0.253
0.241
0.243
0.254
0.274
0.299
0.329
0.365
0.416
0.480
0.564
0.668
0.794
0.936
1.107
1.291
1.389
1.415
1.340
1.235
1.147
1.095
1.059
1.034
1.010
0.996
0.986
0.979
0,977
0.977
0.977
0.980
0.983
0.986
0.992
0.995
1.001
1.002
1.004
1.004
1.004
1.004
1.007
1.006
1.006
1.004
1.002

0.138
0.139
0.141
0.142
0.146
0.154
0.169
0.182
0,198
0.226
0.257
0.294
0.337
0.387
0.457
0.537
0.661
0.811
1,017
1.284
1.451
1.531
1.450
1.322
1.194
1.104
1.053
1.011
0.986
0.970
0.957
0.955
0,955
0.957
0.962
0.968
0.979
0.990
0.997
1.004
1.013
1.014
1.019
1.018
1.018
1.018
1.018
1.015
1.012
1.010
1.005

0.089
0.093
0,101
0.107
0.114
0.124
0.140
0.156
0.171
0.195
0.224
0.253
0.285
0.336
0.398
0.478
0,596
0.740
0.924
1 ~ 175
1.425
1.604
1.536
1.391
1.228
1,120
1,043
0.993
0.964
0.952
0.945
0.942
0.942
Q 944
0.956
0.966
0.975
0.989
0.998
1.005
1.011
1.016
1,018
1.020
1.020
1.020
1.019
1.017
1.013
1.007
1.000

0.080
0,081
0.087
0.096
0.106
0.115
0.133
0.145
0.161
0.183
0.209
0.235
0.275
0.321
0.376
0,459
D.SS7
0.707
0.876
1.171
1.426
1.627
1,592
1,433
1.275
1.132
1.062
1.015
0.981
0.959
0.945
0.937
0.935
0.936
0,946
0.953
0.965
0.977
0.986
0.998
1.009
1.014
1,022
1.023
1.024
1.026
1.026
1.026
1,022
1.015
1.010
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TABLE III. Values for the pair correlation function g (r) which result from a Fourier transform of the smoothed structure
factor S,(k) presented in Table II.

145.2 153.4 159.8 163.5

g(r)
170.1

T =1.67 K

r (A) 145.2 153.4 159.8 163.5 170.1

2.200
2.300
2.400
2.500
2.600
2.700
2.800
2.900
3.000
3.100
3.200
3.300
3.400
3.500
3.600
3.700
3.800
3.900
4.000
4.100
4.200
4.300
4.400
4.500
4.600
4.700
4.800
4.900
5.000
5.100
5.200
5.300
5.400
5.500
5.600
5.700
5.800
5.900
6.000
6.100
6.200
6.300
6.400
6.500
6.600
6.700
6.800
6.900
7.000
7.100
7.200
7.300

0.000
0.018
0.149
0.307
0.479
0.654
0.820
0.969
1.095
1.194
1.268
1.317
1.347
1.359
1.359
1.348
1.327
1.299
1.262
1.219
1.170
1.116
1.062
1.008
0.960
0.918
0.886
0.864
0.852
0.850
0.855
0.865
0.879
0.894
0.911
0,927
0.943
0.960
0.976
0.993
1.010
1.026
1.040
1.051
1.060
1.064
1.065
1.062
1.057
1.049
1.040
1.031

0.000
0.085
0.225
0.385
0.555
0.727
0,891
1.039
l.164
1.262
1.333
1.377
1.397
1.397
1.380
1.352
1.315
1.272
1.225
1,176
1.126
1.076
1.027
0.981
0.939
0.903
0.873
0.852
0.840
0.836
0.840
0.850
0.866
0.886
0.908
0.931
0.954
0.976
0.996
1.015
1.032
1.046
1,058
1.067
1.073
1.075
1.074
1.070
1.063
1.053
1.042
1.030

0.000
0.073
0.213
0.376
0.553
0.732
0.902
1.055
1.182
1.280
1.349
1.388
1,403
1.397
1.377
1.346
1.308
1.266
1.221
1.175
1.127
1.079
1.031
0,983
0.938
0.898
0.864
0.838
0.822
0.817
0.821
0.834
0.854
0.879
0.907
0.935
0.963
0.989
1.011
1.031
1.047
1.059
1.069
1.075
1.079
1,079
1.076
1.070
1.062
1.051
1.039
1.025

0.000
0.051
0.172
0.329
0.512
0.706
0.896
1.068
1,212
1.321
1.394
i.433
1.442
1.427
1.397
1.357
1.311
1.262
1.212
1.162
1.110
1.059
1.008
0.958
0.913
0.874
0.844
0.924
0.815
0.816
0.826
0.844
0.866
0.891
0.917
0.942
0.966
0.988
1.009
1.027
1.045
1.060
1.072
1.082
1.0&7
1.088
1.085
1,077
1.066
1.052
1.037
1,022

0.000
0.071
0.225
0.403
0.594
0.783
0.962
1.118
1.247
1.343
1.406
1.439
1.444
1.428
1.396
1.353
1.303
1.250
1.196
1.143
1.090
1.039
0.991
0.946
0.905
0.870
0.843
0.823
0.813
0.812
0.820
0.836
0.857
0.884
0.913
0.943
0.972
0.999
1.024
1.046
1.064
1.078
1.088
1.093
1.095
1.093
1.086
1.077
1.065
1.050
1.035
1.019

7.400
7,500
7.600
7.700
7.800
7.900
8.000
8.100
8.200
8.300
8.400
8,500
8.600
8.700
8.800
8.900
9.000
9.100
9.200
9.300
9.400
9.500
9.600
9.700
9.800
9.900

10.000
10.100
10.200
10.300
10.400
10.500
10.600
10.700
10.800
10.900
11.000
11.100
11,208
11.300
11.400
11.500
11.600
11.700
11.800
11.900
12.000
12,100
12.200
12,300
12.400
12.500

1.023
1.014
1.007
1.000
0.994
0.989
0.983
0.978
0.974
0.972
0.970
0.970
0.972
0.975
0.979
0.984
0.989
0.993
0.997
1.001
1.004
1.006
1.008
1.009
1.011
1.012
1.013
1.014
1.014
1.013
1.012
1.010
1.007
1.005
1.002
0.999
0.997
0.996
0.995
0.994
0.994
0.993
0.993
0.993
0.993
0.993
0.993
0.994
0.995
0.997
0.998
1.000

1.018
1.006
0.996
0.987
0.979
0.974
0.969
0.966
0.965
0.965
0.965
0.967
0.970
0.974
0.979
0.984
0.990
0.996
1.002
1.007
1.011
1.014
1.017
1.018
1.018
1.018
1.018
1.016
1.015
1.013
1.011
1.008
1.006
1.003
1.000
0.998
0.995
0.993
0.991
0.990
0.990
0.990
0.990
0.991
0.992
0.993
0.994
0.995
0.997
0.998
0.999
1.000

1.012
0.999
0.988
0.97&
0.970
0.965
0.961
0.960
0.960
0.961
0.964
0.967
0.972
0.977
0.983
0.990
0.996
1.002
1.008
1.013
1.017
1.020
1.021
1.022
1.021
1.020
1.018
1.016
1.013
1.011
1.00&

1.005
1.002
1.000
0.997
0.994
0.992
0.990
0.988
0.987
0.987
0.988
0.988
0.990
0.992
0.993
0.995
0.997
0.999
1.000
1.002
1.003

1.008
0.995
0.985
0.976
0.970
0.965
0.962
0.960
0.959
0.959
0.960
0.963
0.967
0.973
0.980
0.987
0.995
1.003
1.010
1.016
1.020
1.023
1.024
1.024
1.024
1.022
1.020
1.018
1.016
1.013
1.009
1.005
1.001
0.997
0.994
0.990
0.988
0.986
0.985
0.985
0.985
0.987
0.988
0.990
0.992
0.994
0.996
0.998
1.000
1.002
1.004
1.006

1.003
0,989
0.977
0.966
0.958
0.953
0.950
0.949
0.950
0.953
0,957
0.963
0,970
0.977
0.986
0,994
1.003
1.010
1.017
1.023
1.027
1.030
1.031
1.030
1.028
1.025
1.021
1.017
0.013
1.008
1.003
0.999
0.995
0.992
0.989
0.986
0.984
0.983
0.983
0,983
0.984
0.986
0.988
0.990
0.993
0.996
0.999
1.002
1.004
1.006
1.008
1.010
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TABLE III (Continued).

146.1 149.9 161.8 172.2 176.6

T=2.20 K

146.1 149.9 161.8 172.2 176.6

2.200
2.300
2.400
2.500
2.600
2.700
2.800
2.900
3.000
3.100
3.200
3,300
3.400
3.500
3.600
3.700
3.800
3.900
4.000
4.100
4.200
4.300
4.400
4.500
4.600
4.700
4.800
4.900
5.000
5.100
5.200
S.300
5.400
5.500
5.600
5.700
5.800
5.900
6.000
6.100
6.200
6.300
6.400
6.500
6.600
6.700
6.800
6.900
7.000
7.100
7.200
7.300

0.000
0.003
0.117
Q.283
0.467
0.656
0,836
0,998
1.134
1.240
1.315
1.361
1.383
1.386
1.374
1.352
1.323
1.290
1.253
1.213
1.169
1.123
1.074
1.024
0.976
0.932
0.894
0.864
0.843
0.833
0.831
0.&38

0.852
0.870
Q.&90
0.912
0.935
0.956
0.977
0.997
1.015
1.032
1.047
1.060
1.069
1.076
1.078
1.076
1.071
1.063
1.052
1.040

0.000
0.072
0.212
0.371
0.540
0.709
0.871
1.017
1.141
1.240
1.311
1.357
1.379
1.382
1.368
1.344
1.311
1.273
1.233
1.190
1.147
1.103
1.059
1.016
0.974
0.935
0.901
0.872
0.851
0.838
0.834
0.838
0.849
0.866
0.887
0.911
0.936
0.960
0.983
1.004
1.023
1.039
1.052
1.062
1.069
1.074
1.075
1.074
1.069
1.062
1.0S3
1.042

0.000
0.071
0.221
0.392
0.575
0.758
0.933
1.089
1.219
1.318

.1.385
1,421
1.428
1.413
1.382
1,341
1.294
1.247
1.201
1,157
1.115
1.075
1.033
0.992
0.950
0.909
0.871
0.839
0.815
0.802
0.800
0.809
0.828
0.856
0.889
0.924
0.959
0.991
1.019
1.042
1.060
1.073
1.082
1.088
1.092
1.092
1.090
1.085
1.076
1.065
1.051
1.034

0.000
0.058
0.202
0.374
0.563
0.757
0.945
1.115
1.258
1.36&
1.442
1.482
1.490
1.471
1.433
1.382
1.324
1.264
1.203
1.145
1.090
1.037
0.9&7
0.940
0.896
0.857
0.824
0.800
0.786
0.784
0.792
0.811
0.839
0.873
0.911
0.949
0.985
1.017
1.045
1.066
1.083
1.094
1.101
1.104
1.103
1.099
1.091
1.081
1.067
1.051
1.033
1.014

0.002
0.095
0.247
Q.419
0.603
0.786
0.959
1.114
1.243
1.342
1.411
1.449
1.461
1.450
1.421
1.379
1.328
1.272
1.213
1.154
1.096
1.039
0.985
0.935
0.890
0.851
0.821
0.799
0.788
0.788
0.797
0.817
0.843
0.875
Q.910
0.946
0.981
1.012
1.039
1.062
1.079
1.092
1.100
1.103
1.103
1.099
1.091
1.081
1.067
1.052
1.035
1.017

7.400
7.500
7.600
7.700
7.800
7.900
8.000
8.100
8.200
8.300
8.400
8.500
8.600
8.700
8.800
8.900
9.000
9.100
9.200
9.300
9.400
9.500
9.600
9.700
9.800
9.000

10.000
10.100
10.200
10.300
10.400
10.500
10.600
10.700
10.800
10.900
11.000
11.100
11.200
11.300
11.400
11.500
11.600
11.700
11.800
11.900
12.000
12.100
12.200
12.300
12.400
12.500

1.028
1.016
1.005
0.995
0.987
0.981
0.976
0.971
0.968
0.966
0.965
0.966
0.967
0.970
0.974
0.979
0.984
0.990
0.996
1.002
1.Q07

1.011
1.014
1.016
1.017
1.018
1.018
1.017
1.016
1.015
1.013
1.011
1.008
1.005
1.002
0.999
0.996
0.993
0.991
0.990
0.990
0.990
0.990
0.991
0.992
0.993
0.994
0.995
0.996
0.998
0.999
1.000

1.031
1.019
1.008
0.997
0.988
0.980
0.974
0.969
0.965
Q.963
0.962
0.963
0.964
0.967
0.971
0.976
0.982
0.988
0.995
1.001
1.007
1.012
1.016
1.019
1.020
1.021
1.021
1.020
1.019
1.017
1.015
1.012
1,010
1.007
1.004
1.001
0.998
0.995
0.992
0.990
0.989
0.988
0.988
0.988
0.989
0.990
0.991
0.993
0.994
0.996
0.998
1.000

1.017
1.000
0.984
0.971
0.961
0.954
0.950
0.948
0.949
0.952
0..955
0.959
0.964
0.970
0.976
0.983
0.992
1.000
1.009
1.017
1.024
1.028
1.031
1.032
1.030
1.027
1.023
1.019
1.015
1.011
1.007
1.004
1.002
0.999
0.996
0.993
0.990
0.987
0.984
0.983
0.982
0.983
0.984
0.987
0.990
0.994
0.998
1.001
1.003
1.005
1.006
1.006

0.995
0.978
0.963
0.951
0.943
0.938
0.937
0.939
0.943
0.950
0.957
0.965
0.974
0.983
0.992
1.002
1.001
1.019
1.027
1.033
1.037
1.039
1.038
1.036
1.031
1.026
1.019
1.013
1.007
1.001
0.996
0.992
0.989
0.986
0.983
0.981
0.980
0.979
0.980
0.981
0.983
0.986
0.990
0.994
0.998
1.002
1.005
1.008
1.010
1.011
1.011
1.011

1.000
0.983
0.969
0.956
0.947
0.941
0.938
0.938
0.941
0.946
0.953
0.961
0.970
0.9&0
0.991
1.001
1.010
1.019
1.027
1.033
1.037
1.039
1.039
1.038
1.034
1.030
1.024
1.017
1.011
1.004
0.998
0.992
0.988
0.983
0.980
0.978
0.976
0.976
0.976
0.978
0.980
0.984
0.987
0.992
0.996
1.000
1.004
1.008
1.011
1.013
1.015
1.016
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TABLE III (Continued)

124.8 129.5 150.8 163.6

g(r)

168.4

T =4.24 K

r (A) 124.8 129.5 150.8 163.6 168.4

2.200
2.300
2.400
2.500
2.600
2.700
2.800
2.9DO

3.000
3.100
3.200
3.300
3.400
3.500
3.600
3.700
3.800
3.900
4.000
4.100
4.200
4.300
4.400
4.500
4.600
4.700
4.800
4.900
5.000
5.100
5.200
5.300
5.400
5.500
5.600
5.7DD

5.800
5.900
6.000
6.100
6.200
6.300
6.400
6.500
6.600
6.700
6.800
6.900
7.000
7.100
7.200
7.300

0.000
0.057
0.170
0.301
0.444
0.595
0.747
0.893
1.028
1.146
1.243
1.317
1.365
1,390
1.392
1.377
1.347
1.308
1.262
1.215
1,167
1.121
1.078
1.038
1.002
0.970
0.942
0.918
0.898
0.884
0.876
0.874
0.878
0.888
0.902
0.920
0.940
0.960
0.980
0.998
1.014
1.027
1.037
1.045
1.051
1.054
1.055
1.055
1.052
1.048
1.043
1.036

0.000
0.070
0.202
0.349
0.505
0.662
0.813
0.952
1.074
1.175
1.253
1.308
1.342
1.357
1.355
1.340
1.315
1.282
1.244
1.202
1.159
1.115
1.072
1.031
0.993
0.960
0.931
0.909
0.893
0.8&3

0.880
0.882
0.888
0.899
0.912
0.927
0.943
0.960
0.977
0.993
1.008
1.022
1.034
1.044
1.051
1.056
1.058
1.057
1.053
1.047
1.040
1.032

0.000
0.058
0.180
0.328
0.493
0.666
0.838
Q.998
1.138
1.253
1.339
1.396
1.424
1.428
1.412
1.380
1.337
1.287
1.234
1.179
1.125
1.073
1.024
0.979
0.939
0.905
0.877
0.857
0.844
0.839
0.842
0.851
0.866
0.885
0.907
0.930
0.953
0.976
0.997
1.016
1.034
1.048
1.060
1.068
1.074
1.076
1.074
1.069
1.062
1.052
1.041
1.028

0.009
0.100
0.221
0.366
0.529
0.702
0.874
1.035
1.178
1.294
1.381
1.437
1.462
1.460
1.435
1.394
1.341
1.281
1.218
1.156
1.096
1.039
0.988
0.942
0.902
0.869
0.843
0.826
0.818
0.819
0.827
0.844
0.866
0.892
0.920
0.949
0.977
1.002
1.025
1.043
1.058
1.069
1.077
1.082
1.083
1.081
1.076
1.068
1.057
1.045
1.030
1.015

0.000
0.063
0.200
0.367
0.552
0.744
0.931
1.101
1.244
1,355
1.430
1.471
1.480
1.464
1.427
1.378
1.320
1.259
1.197
1.137
1.079
1.025
0.974
0.928
0.888
0.855
0.831
0.815
0.809
0.813
0.&26

0.845
0.871
0.899
0.929
0.958
0.986
1.010
1.032
1.050
1.065
1.076
1.084
1.088
1.089
1.086
1.079
1.069
1.056
1.D41

1.025
1.009

7.400
7.500
7.600
7.700
7.800
7.900
&.000
8.100
8.200
8.300
8.400
&.500
8.600
8.700
8.8QD

8,900
9.000
9.100
9.200
9.300
9.400
9.500
9.600
9.700
9.800
9.900

10.000
10.100
10.200
10.300
10.400
10.500
10.600
10.700
10.800
10.900
11.000
11.100
11.200
11.300
11.400
11.500
11.600
11.700
11.800
11.900
12.000
12.100
12.200
12.300
12.400
12.500

1.028
1.020
1.011
1.003
0.995
0.989
0.984
0.981
0.979
0.978
0.979
0.980
0.982
0.985
0.987
0.990
0.993
0.996
0.999
1.002
1.005
1.D08

1.009
1.011
1.012
1.012
1.011
1.011
1.010
1.008
1.007
1.006
1.004
1.003
1.002
1.000
0.999
0.997
0.996
0.995
0.995
0.994
0.995
0.995
0.996
0.997
0.998
0.999
1.000
1.000
1.001
1.001

1.023
1.014
1.006
0.999
0.993
0.988
0.984
Q.981
0.979
0.977
0.976
0.977
0.978
0.980
Q.983
0.987
0.991
0.996
1.001
1.005
1.009
1.012
1.014
1.015
1.015
1.015
1.014
1.012
1.010
1.009
1.007
1.005
1.003
1.001
0.999
0.997
0.995
0.994
0.993
0.993
0.992
0.993
0.993
0.994
0.996
0.997
0.998
0.999
1.000
1.001
1.002
1.002

1.016
1.004
0.994
0.985
0.978
0.972
0.968
0.966
0.965
0.966
0.968
0.970
0.974
0.978
0.983
0.989
0.994
1.000
1.005
1.009
1.013
1.015
1.017
1.018
1.018
1.017
1.015
1.013
1.011
1.009
1.006
1.004
1.001
0.999
0.996
0.994
0.993
0.991
0.991
0.991
0.991
0.992
0.993
0.995
0.996
0.997
0.999
1.000
1.001
1.002
1.003
1.003

1.001
0.987
0.975
0.966
0.960
0.956
0.956
0.957
0.960
0.965
0.970
0.976
0.981
0.988
0.994
1.000
1.005
1.011
1.015
1.019
1.022
1.023
1.023
1.022
1.020
1.017
1.013
1.009
1.006
1.002
0.999
0.997
0.994
0.993
0.991
0.990
0.989
0.988
0.988
0.988
0.989
0.991
0.993
0.995
0.998
1.000
1.002
1.004
1.005
1.006
1.007
1.007

0.994
0.980
0.969
0.961
0.956
0.953
0.953
0.955
0.958
0.962
0.967
0.973
0.980
0.987
0.994
1.001
1.008
1.015
1.020
1.024
1.027
1.028
1.027
1.025
1.022
1.017
1.013
1.009
1.004
1.001
0.997
0.994
0.992
0.990
0.988
0.987
0.986
0.986

' 0.987
0.988
0.990
0.992
0.995
0.997
1.000
1.002
1.004
1.005
1.006
1.007
1.007
1.007
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APPENDIX B TABLE IV. Values for the integral condition, Eq. (4), as
applied to S,(k) and Sy2(k}.

In order to check on the consistency between the
pair correlation function g(r) and the structure factor
S,(k) we have transformed g(r) to get Sr(k). The
values of Sr(k) so obtained are observed to have
minor oscillations at small momentum transfer simi-
lar to those seen in our earlier work' (Fig. 17 of Ref.
8) and a somewhat lower main structure factor peak.
A repetition of the forward and reverse transform,
again removing spurious oscillations, results in the
structure factor Srq(k) which is quite similar to
Srt(k). Figure 10 shows Sr2(k) values in the vicini-

ty of the main structure factor peak on comparison to
theoretical predictions. Reference should again be
made to Fig. 3 for a comparison with S(k) obtained
directly from the experiments with no smoothing or
other manipulation.

APPENDIX C

1.67
1.67
1.67
1.67
1.67

2.20
2.20
2.20
2.20
2.20

4.24
4.24
4,24
4.24
4.24.

p(kg/m3)

145.2
153.4
159.8
165.3
170.1

146.1
149.9
161,8
172.2
176.6

124.8
129,5
150.8
163.6
168.4

—0.688
—0.072
—0.955
—0.592
-1.016

—0.866
—0.818
-1.389
—0.248
-1.279

—0.385
+0.332
+0.365
+0.064
+0.294

—0.691
—0.773
—0.733
—0.665
—0.709

—0.669
—0,781
—0.733
—0.671
—0.713

—0.777
—0.714
—0.703
—0.723
—0.644

A perfect structure factor should satisfy the sum
rule

goo

I = [S(k) —1]k2dk = —1
27K p

Finite experimental data demand the integral be cut
off at the largest available value for the momentum

transfer. Thus, due to the k' factor in the integrand
one must exercise caution in the application of Eq.
(4) to an actual experimental result. Nonetheless,
we have applied the integral condition to the struc-
ture factors S,(k) and Sr2(k) with the results shown
in Table IV.
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