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The structure factor S(Q) for liquid aluminum was measured at 703 and 1029 °C in the region
0< Q<15 A™" using neutron-diffraction techniques. A description of the experimental apparatus .
and procedure is presented, as well as the method of reducing the neutron intensity to the structure
factor. The results are compared with other simple liquid metals, and the electrical resistivity is calcu-
lated using the Ziman formulation. Excellent agreement is obtained between calculated and experi-
mentally observed resistivity, both in absolute value and in temperature dependence. This agreement
lends credence to both the measured structure factor and to the Ziman formulation for resistivity.

I. INTRODUCTION

Over the past decade highly successful statisti-
cal-mechanical approaches have been developed
for predicting the properties of liquified inert
gases.! Recently these techniques have been com-
bined with various model potentials and used to

calculate the thermodynamic and electrical prop-
erties of liquid metals.>*® In these calculations,
the concept of a radial distribution function g(»),
or its transform, the structure factor S(Q), and
their temperature dependences are used. Neutron
diffraction offers the most direct experimental
means for obtaining the above quantities,
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In the present investigation theories previously
applied to the liquid alkali metals are extended to
the case of a polyvalent liquid metal. The struc-
ture factor of liquid aluminum is obtained at 703
and 1029 °C. Aluminum was chosen for this study
because it is a “simple” polyvalent monatomic
liquid for which a great deal of experimental data
is available. The results are used to predict the
electrical resistivity and its temperature depen-
dence.

II. EXPERIMENTAL DETAILS

Neutron-diffraction measurements were made at
703 and 1029 °C by transmission through a sample
of aluminum contained in a cylindrical alumina
crucible. The sample was prepared from a MRC
VP grade (99.995% pure) aluminum rod. The
crucible was 99.8% pure alumina (Coors CN-100)
with a wall thickness of 0.176 cm and an inside
radius of 1.80 cm. The effective sample height
(neutron beam height) was 5.08 cm. Heating was
accomplished by means of a cage-wound furnace
element made of 0.020-in.-diam molybdenum wire
(Fig. 1). Three concentric cylindrical cans fabri-
cated from 0.005-in. molybdenum sheet served as
heat radiation shields (Fig. 2). The vacuum fur-

T ALUMINA
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BORON NITRIDE
SUPPORT RINGS MOU\(NBIII)%EENUM

FIG. 1. Furnace element—crucible assembly.
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FIG. 2. Heat radiation shielding.
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FIG. 3. Neutron furnace housing.
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nace housing was constructed of aluminum. Pub-

lished criteria for the construction of high-temper -

ature furnaces®”® were employed where possible

in the design of the present neutron furnace, which
consisted of two main pieces, a cylindrical can,
and a base plate, sealed together by an O ring
(Fig. 3). Aluminum water jackets were welded
around the can above and below the f-in.-thick
aluminum neutron window. Another machined
jacket was attached to the top of the can and sealed
by an O ring. The base plate was cooled by a
cooper -tubing configuration, silver soldered into
the base. The top assembly was fitted with a
quick-connect vacuum port and a quartz window.
The base plate was provided with 14 Conax fittings,
which were used to feed through thermocouples,
current leads, etc. Standard techniques were used
to maintain and measure the vacuum.

The temperature was monitored by means of a
tantalum-sheathed tungsten, tungsten—26%-rheni-
um thermocouple located below the neutron win-
dow and outside of the crucible but inside the
innermost heat shield and as close to the crucible
as possible. Since the temperature probe was not
located in the melt during the diffraction experi-
ment, no structure from the probe itself was ob-
served. During a separate temperature run, the
monitor thermocouple was calibrated against a
tungsten—-3%-rhenium, tungsten—25%-rhenium
thermocouple whose calibration certification is
traceable to NBS. The latter thermocouple was
centered in the test melt.

The present experiment was performed at the
NBS neutron reactor.!®!? The arrangement used
for the crystal spectrometer measurements was
similar to that described by Bacon.!® Standard
collimation procedures'*'® were employed. Scat-
tered neutrons were detected by means of a BF,

TABLE I. Experimental parameters,

Quantity T =703 °C T =1029°C
2.4(&) 2.381 2.377
Q range (7)) 1.1-4.1 0.8—4.4
Mo (R) 0.995 1.004
Q range (A7) 3.8-9.8 4.0-10.3
Ao (B) 0.723 0.698
Q range (A7) 9.3-14.8 9.9-14.5
S (0) 0.0173 0.0263

proportional counter. A low efficiency He®-gas-
filled counter served as the monitor. Detailed
descriptions of both types of counters are avail-
able, ™20

In order to calculate the structure factor from
the measured intensities over a wide range of
momentum transfer @, it was necessary to use
three neutron wavelengths. The (0002) plane of a
graphite crystal in reflection was used to provide
2.4-A neutrons for the low-Q region. The (111)
plane of a copper crystal in transmission was used
to provide 1.0-A neutrons in the intermediate
region, and 0.7-A neutrons for the region of high
Q. For the 2.4-A neutrons, higher orders were
present but were eliminated by placing a 2-in.-
thick pyrolytic graphite crystal, oriented with its
¢ axis parallel to the beam path, between the
monochromator and the monitor. This technique
allowed approximately 70% of the 2.4-A neutrons
to pass while providing nearly total extinction of
higher-order neutrons.

The exact neutron wavelength and counter-arm
zero were determined by measuring the position
of five well-resolved peaks of a copper powder
sample. The maximum uncertainty in counter-
arm position 6, was 0.005°. Table I summarizes
the important parameters of the experiment.

III. DATA REDUCTION

The intensity due to the sample alone is not, in
general, the simple subtraction of the two runs,
with and without sample, In practice, both the
incident and scattered beam are subject to absorp-
tion and scattering in the sample and in the cru-
cible. The presence of the sample changes the in-
tensity incident on the crucible. This change must
be taken into account before a systematic sub-
traction of the data can be made.

The method for subtraction has been outlined by
Pings and co-workers.?'?> The result is

1(Q) = all7, - bI7), )

where I(Q) is the desired scattered intensity due
to the sample, IZ and IZ, are the experimentally
measured intensities, without and with sample,
respectively, and a and b are constants for a given
value of @ which are determined by the geometry
of the experiment. (In the present work, the meth-
od of Pings el al. is modified slightly in order to
yield scattering elements of equal volume, in the
numerical integration necessary to produce the
constants a and b.)

Except in the region of small @ where I, and
bl f are approximately equal, errors due to count-
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ing statistics are kept small by counting for suf-
ficiently long periods. Large errors do occur in
the vicinity of elastic peaks arising from the alu-
ima crucible. The chemical reactivity of liquid
aluminum prevented the use of an isotropic scat-
terer such as vanadium for the sample container.
Ceramic materials, while chemically inert, are
not isotropic scatterers. The practical solution
used in this experiment was to smooth the sub-
tracted curve in the vicinity of the alumina peaks.
In the neutron-diffraction experiment the sample
is irradiated by monoenergetic neutrons of wave-
length A, The observed intensity I(Q) is the in-
tensity at a particular scattering angle, which in-
cludes primary and multiple scattering events as
well as an integrated intensity over all energy
transfers due to inelastic scattering. Also, the
intensity depends on the efficiency of the detection
system, which is, in general, @ dependent. Fol-
lowing the method of Enderby,?® and assuming
coherent scattering in aluminum, one obtains the
structure factor S(Q) from the measured intensity

I(Q) by
S(Q)=CMI(Q) - AQ) - M(Q). (2)

In Eq. (2),I(Q) is the measured intensity of scat-
tered neutrons, C(\) is a normalization constant,
f(Q) is a correction for inelastic scattering, and
M(Q) is a correction for multiple scattering. To
obtain the structure factor, it is only necessary

to evaluate C(A), A(Q), and M(Q).

It is known that as @ becomes large, S(Q) ap-
proaches unity. This fact was used to calculate
C()) for the short-wavelength run. Intensity mea-
surements were made to sufficiently large @ such
that no structure was seen. Unity was substituted
for S(Q) and calculated values were inserted for
Q) and M(Q) in Eq. (2). Then C(\) was that num-
ber that yielded the observed intensity.

The @ ranges of the three different runs at a
given temperature were chosen so as to have
ample overlap between adjacent runs. In the over-
lap regions the calculated values of f(Q) and M(Q)
were inserted along with the observed values of
I(Q). Then the C(\)’s for the intermediate and
long-wavelength runs were chosen so that in the
regions of overlap, values for S(Q) from two over-
lapping runs were the same. A few selected values
of the product C(A)I(Q) are given in Table II,

The inelastic correction first introduced by
Placzek,?* and outlined in detail by Enderby,?® con-
tains a parameter m, whose value is 1 for a
constant efficiency counter and 2 for a counter
whose efficiency goes as the neutron wavelength.
[Enderby’s Eq. (32) gives f(Q) as a function of
the average kinetic energy of the atoms, the in-
cident energy of the neutron, the ratio of nuclear

to neutron mass, and m.] Actually, neither is the
case. In practice the efficiency € is given by

€=1-ed, (3)
where p, is the absorption attenuation coefficient
and Lis the length of the counter. Hughes and

Schwartz?® show that the absorption cross section
in barns for B is given by

0,~610.31/VE,, 4)
where E, is given in eV. But for neutrons,?®

A=0.28600/VE,, (5)
where A is in angstroms. Therefore,

0,=2134.01, (6)

The counter used was 12.750 in. (32,385 cm) long
and was filled to 76 cm Hg pressure with BF; gas
enriched to 96% B'°. Combining this information
with Egs. (3) and (6) yields

e=1_e-1-7’7627t_ (7)
Thus for a given counter
€=1-e™**, (8)

where « is a constant. It is seen that, indeed, as
A gets small

€x~an 9)
and as A gets large

€~1, (10)
But for normal A, € is neither constant nor pro-
portional to A; m is neither 1 nor 2 but somewhere
in between. The value for m, then, is calculated

by
m=2€/(e+€,), (11)

where €, is defined as the € intercept of the tan-
gent to Eq. (8) at the value of A being considered.

TABLE II, Selected values of data-reduction parame-
ters.

Q CIQ) Q) M@Q)
T =703°C
1.1 0.314 0.103 0.191
2.67 2,281 0.072 0,034
4.9 1.396 0.001 0.064
14.5 1.005 —0.069 0.066
T =1029°C
1.1 0.373 0.139 0.179
2.67 2,038 0.108 0.051
4.9 1.306 0.007 0.065
14,5 1.007 —0.060 0.066
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A few selected values of f(@), calculated from
Enderby’s?® formula and Eq. (11), are given in
Table II.

The determination of the structure factor S(Q)
depends on measuring single-scattering events.
However, because the sample material has finite
thickness, double- and higher-order scattering is
always present. Vineyard®” considered plane
samples of infinite lateral extent and assumed iso-
tropic scattering by the sample. Brockhouse
et al.?® checked Vineyard’s calculations experi-
mentally for several coherent scatterers and found
only reasonable agreement. Blech and Averbach®®
made calculations for a cylindrical incoherent
scatterer and checked these calculations experi-
mentally in vanadium (an incoherent scatterer) and
copper (a coherent scatterer). The calculations
predicted the vanadium results but underestimated
the copper results. Cocking and Heard® consid-
ered plane samples of finite lateral extent using
the known or assumed angular distribution of
primary scattering. All the above calculations
assumed elastic scattering and derived results
only for secondary scattering. They assumed that
iflz/f; , the ratio of secondary to primary scatter-
ing, is small, then

fon _ L (12)
I, T,
where I, is equal to I, if S(Q) is equal to 1. There-
fore, the multiple scattering intensity I,, defined
as second order and higher scattering, is given by

1,=1,/1-1,/1,). (13)

In this experiment, multiple scattering was cal-
culated for a cylindrical sample using the angular
distribution of primary scattered neutrons in the
calculations. The observed intensity itself was
used as an approximation to the primary scatter-
ing. Equation (12) was assumed to apply.

The number of neutrons per unit solid angle
scattered from a volume dV for an incoming flux
J, is given by

1,(@ =75 5(@) fe-ntar 1av, (14)

where o, is the scattering cross section, N, is the
atomic density of the sample, L, (L,) is the dis-
tance the neutron travels in the sample before
(after) scattering, and p is the total attenuation
coefficient of the sample. The secondary scat-
tering is given by

J,02N?2
I(Q)= 41—61[—"-

~p (L +L+Ly
X[———z———S(Ql)S(Qz)dV av,, (1)

where L is the distance between the two scattering
volumes dV, and dV,, and S(Q,) and S(Q,) are the
evaluations of the structure factor for the first and
second scatterings.

The ratio of primary to total scattering R(Q),
defined by

1,(Q)
1,(Q) +14(Q)’

is more convenient since calculating this number
obviates normalization problems. Substituting Eq.
(16) into Eq. (2) and solving for M(Q) yields

[S()+A][1- R(Q)]
R(Q) ()

It should be noted that it is necessary to know
S(Q) in order to calculate I,(Q), I,(Q), and M(Q).
An estimate of S(Q) was obtained in the following
manner, First, the three runs at a given temper-
ature, with different neutron wavelengths, were
normalized, one to another. Then the approxi-
mation was made that M(Q) and f(Q) are constants.
Under this approximation, Eq. (2) is linear,

1(@)=aS(Q)+b. (18)

The constants a and b are evaluated by considering
the two limiting values of S(Q). It is known® that
as @ becomes small, S(Q) becomes proportional
to the isothermal compressibility «,,

1im S(Q) =N, ky Tk 1, (19)
Q-0
where & is Boltzmann’s constant and 7 is tem-
perature. Values for S(0) were calculated using
values from the literature for N,® 2 and «,"
and measured values for T. It is also known that

R(Q)= (16)

M(Q)=

limS(@)=1. (20)
Q-
Thus Eq. (18) becomes
S(Q)= Q- S;(()cl])—_ll(g)))‘fl(”)s(o) . (21)
25(
T-703¢C
20V ==e-- T-10%%C

FIG. 4. Structure factor for liquid aluminum.
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TABLE I, Structure factor for liquid aluminum at 703 °C,
Q 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.020 0.026 0.040 0.058 0,071 0.097 0.127 0.148 0.223
2 0.295 0.400 0.557 0.779 1.134 1.663 2.078 2,153 1.986 1.447
3 (1.104) 0.760 0.586 0.436 0.368 0.352 0.330 0.363 (0.410) 0.458
4 (0.505) (0.658) (0.802) (0.930) 1.043 (1.136) (1.213) 1.273 1.343 1.331
5 (1.327) 1.345 1.254 1.215 1.147 (1.099) 1,018 0,947 0.901 0.828
6 0.801 0.766 0.789 0.825 0.853 0.870 0.924 0.977 1.027 1.055
7 1.089 1.131 1.127 1.160 1.149 1.111 1.098 1.119 1.087 1.042
8 0,998 0.991 0.985 0.972 0.966 0.936 0.947 0.963 0.964 0.966
9 0,986 0.990 0.994 0.995 1.006 1.013 1.025 1.034 1.041 1.021
10 1.017 1.006 1.005 1.002 0.997 0.986 0.977 0.970 0.965 0.970
11 0.974 0.976 0.979 0.986 0.989 0.993 0.999 1.002 1.004 1.006
12 1.004 1.007 1.006 1.006 1.007 0.997 0.998 0.999 1.003 0.995
13 0.995 0.997 0.995 0.994 0.998 1.003 0.996 0.996 1.001 1.002
14 1,005 1.012 1.004 1.007 1.008 1.008 1.008 1.006 1.019

S(2.67)=2,175

The necessary ingredients for the calculation of
I,(Q), I,(®), and M(Q) have been obtained. Details
of the calculations of Eqs. (14) and (15) are given
elsewhere.* A few selected values of M(Q) are
given in Table II.

Experimental values for the structure factor for
liquid aluminum, determined from scattered
neutron intensity and the calculated corrections of
Eq. (2), are given in Tables III and IV at 703 and
1029 °C, respectively. The values in parentheses
lie in the regions of large alumina peaks and have
been smoothed. Figure 4 shows least-square fits
to the experimental data, used to obtain the values
in parentheses in Tables III and IV. The curves
are spline functions consisting of cubics whose
first and second derivatives are equal where

joined. It is estimated that errors in the experi-
mental data are about 1% for large @ and about
0.5% at the peak value. The error at very small
@ increases rapidly with decreasing Q.

The error in a given @ value, estimated from
uncertainties in A and 6 is approximately 0.005
A~ at the largest X and smallest 6, and 0.02 A~
at the smallest A and largest 6.

IV. DISCUSSION

Simple liquid metals are characterized by the
symmetry of the main peak of the structure factor?3
Larsson et al.*® observed that the structure factor
for liquid aluminum at 677 °C was indeed symmet-
rical in the region of the main peak. In the present
work the same symmetry is observed. Table V

TABLE IV, Structure factor for liquid aluminum at 1029 °C,

Q 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.039 0.045
1 0.047 0.055 0.066 0.084 0.106 0.132 0.165 0.219 0.271 0.376
2 0.486 0.632 0.821 1.076 1.372 1.670 1.821 1.833 1.629 (1.568)
3 (1.375) (1.159) 0.910 0.822 (0.678) (0.641) (0.653) (0.698) 0.736 (0.811)
4 0.818 0.869 0.934 0.977 1,010 1.070 1:.176 1.261 1.259 1.234
5 1.245 1.327 1.320 1.242 1.154 1.098 1.054 1.037 1.037 1.009
6 0.975 0.958 0.956 0.980 1.008 1.015 1.020 1.030 1.057 1.077
7 1.090 1.084 1.085 1.091 1.094 1.077 1.072 1.083 1.077 1.065
8 1.046 1.026 1.024 1.016 0.994 0.993 0.998 1.017 1.022 1.023
9 1.035 1.037 1.042 1.037 1.029 1.015 1.014 1.016 1.024 1.024
10 1.020 1.014 1.006 1.003 1.003 0.998 0.999 0.993 0.997 0.991
11 0.993 0.991 0.994 0.994 0.995 0.992 0.993 0.994 0.990 0.995
12 1,002 1.005 1.003 1.007 1.005 1.005 1.002 1.000 1.004 0.996
13 1.001 0.999 1.000 0.998 0.991 0.993 1.000 0.996 1.002 1.000
14 1.006 1.004 1.007 1.005 1.004 1.001

5(2.67)=1.879
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shows a detailed comparison of peak and valley
positions and intensities between the Larsson data
at 677 °C and the present work at 703 °C. The
positions of the peaks and valleys and the general
features of the curves are in agreement. The only
noticeable difference is the depth of the first mini-
mum. The minimum in the present work is some-
what deeper than Larsson’s and that of other
simple liquid metals near the melting point.

Egelstaff ef al.’® performed a careful experiment,
specifically designed to measure the structure
factor of several liquid metals in the difficult low-
Q region 0.2< @<1.6 A~. Table VI compares the
present results at 703 °C and their results for
aluminum just above melting (660 °C) in the @
region where the two sets of data overlap. While
the agreement is probably fortuitous because of
large errors in the low-@ data of the present work,
it is nevertheless encouraging.

Okazaki et al.*” reported structure-factor data
for liquid aluminum at 670, 770, and 870 °C. Their
largest @ value is 5.2 A-! and it is not clear how
their data have been normalized. Contrary to all
other available data they report a “smoothed hill
on the left-hand side of the first main peak” and
a “shoulderlike trace on the right-hand side of the
first main peak.” Comparison with the data of
Egelstaff et al., Larsson efal., and the present
work tends to discount the data of Okazaki ef al.

It is interesting to compare the present alumin-
um data to those of other simple liquid metals.
Ashcroft and Lekner?®® noted that

Spma (@) =2.5 (22)

for all simple liquid metals at the melting tem-
perature. They also observed that if the wave
number € is scaled by a factor proportional to the
interatomic distance (~Q/N}’®), the positions of
the first peak for simple liquid metals coincide.
With these two observations in mind, they pro-
ceeded to calculate the structure factor for a hard-
sphere model that depends on one parameter, the

TABLE V., Comparison with Larsson e al. (Ref. 35).

Q &A™ S @
Larsson Present Larsson Present
et a. work et a. work
First max 2.70 2.67 2.20 2.17
First min 3.61 3.63 0.55 0.33
Second max 4.86 4.94 1.22 1.33
Second min 6.16 6.14 0.87 0.77
Third max 7.30 7.32 1.18 1.15

|

TABLE VI, Comparison with Egelstaff ¢ al. (Ref.
36).

S @)
Present
Q Egelstaff et al. work
1.27 0.02 0.04
1.50 0.02 0.07
1.73 0.08 0.13

packing fraction, given by
n=%7N,0°, (23)

where o is the hard-sphere diameter. They found
that for 171=0.45, the hard-sphere model predicts
both the position and the height of the first peak in
the structure factor of simple liquid metals. This
observation suggests that at melting, all simple
liquid metals have a similar structure, viz., that
of a hard-sphere fluid with a packing fraction of
0.45. The present aluminum data at 703 °C com-
pare very well with those of the hard-sphere mod-
el. The value of @,/N}’® for aluminum is 7.1,
while that for the hard-sphere model is 7.0, where
Q, is the position of Smax. Smax for the aluminum is
2.2 while that for the hard sphere is 2.5.

Schiff*® has extended the hard-sphere analysis to
include each peak and valley of the structure-fac-
tor curve, just above the melting temperature. He
picks a packing fraction 7, such that the amplitude
of the nth peak or valley for the hard-sphere fluid
exactly equals that of the actual liquid. The suc-
cessive 7’s decrease monotonically because the
initial rise of the radial distribution function g(r)
is less abrupt than in the hard-sphere case. The
faster the decrease in 7, therefore, the softer the
interatomic potential. Table VII compares Schiff’s
analysis of the x-ray data of Fessler et al.* for
liquid aluminum at 665 °C and an analysis of the

TABLE VI, Packing fraction that matches the struc-
ture factor of a hard-sphere fluid to that of the actual
liquid at the given extremum, The values of the packing
fraction for all but the present work are taken from
Ref. 39.

1st 1st 2nd 2nd 3rd
peak valley peak valley peak

Sodium (Ref. 41) 0.45 0.44 0.41 0.3 0.25

Lead (Ref. 42) 0.47 0.47 0.44 042 041
Aluminum (Ref, 40) 0.45 0.49 0.43 0.40 0.36
Aluminum 0.42 >0,51% 0.46 0,51 0.47

(present work)

2 Packing fractions >0.51 were not available.
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FIG. 5. Temperature dependence of Spnax(@) for simple
liquid metals.

present work at 703 °C. Table VII also shows, for
comparison, Schiff’s treatment for sodium and
lead.*» %% Contrary to the results obtained from
Fessler et al., the present results indicate a rel-
atively constant packing fraction through the third
peak and suggest that the repulsive part of the ion-
ion potential for liquid aluminum is more closely
approximated by a hard-sphere potential than are
the potentials of sodium and lead.

Examination of Fig. 4 shows that as the temper-
ature increases, the peaks and valleys of the
structure factor broaden considerably, the peaks
losing intensity and the valleys becoming more
shallow. This phenomenon is due to the increase
in random thermal motion of the ions with tem-
perature. It is noted empirically that if the tem-
perature is scaled to the melting temperature,
then S, for the present aluminum data and those
for rubidium?' and lead*® all have the same tem-
perature dependence (Fig. 5).

Finally, the present structure-factor data were
used to calculate the electrical resistivity of liquid
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TABLE VII. Resistivity of liquid aluminum,

Experimental
(Ref. 46) Calculated
Pros (€2 cm) 24.8 26.6
P1029 (1€ cm) 29.6 32.3
dp
ar (p2 cm/°C) 0.0148 0.0179

aluminum using the Ziman* formula and an
optimized model potential proposed by Shaw and
Pynn.** The Shaw potential is very carefully de-
veloped from spectroscopic data, taking into ac-
count screening in a way that includes exchange
and correlation effects. It has no adjustable par-
ameters. In the low-Q region, where there are no
data in the present work, a straight-line extra-
polation to S(0), calculated from the isothermal
compressibility, is used. Table VIII gives the
results of the calculation and compares these
values to experimentally measured values.*® As
can be seen, the agreement is excellent, in both
absolute value and in temperature dependence.

There has been some discussion in the litera-
ture?” of the validity of the Ziman formulation for
resistivity. There are many approximations in
its derivation and relatively small changes in
input data can significantly alter the calculated
values of resistivity. It can only be said that as
experimental data for S(Q) improve, and as pro-
posed model potentials become more realistic,
the Ziman formula continues to yield good results.
The present calculations using the measured
structure factor and the Shaw potential are quite
good, lending support to both the experimental
structure-factor data and the Ziman formula for
resistivity.
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In McMillan’s first-order calculation, the transport coefficients obtained are a factor of 2 too large.
Here we do the calculation by including the multiple-scattering contribution. By carefully picking the

cutoff, we get a good agreement with experiment.

I. INTRODUCTION

Recently, McMillan'*?hasused microscopic the-
ory to calculate the transport coefficients of He?
in liquid He*. In his calculation the parameter a,
the deformation potential coupling of one He® quasi-

particle to He* phonons, was chosen to fit one
transport coefficient and had the value a=0, 24.
With this value, the theoretical transport coef-
ficients are in reasonably good agreement with
experiment. However, Edwards has pointed out
that there is a thermodynamic relation between the



