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In the rare earth metals the ionic magretic moments are
coupled via the conduction electrons. This has often been

1,25 34 4 In this work the ef-

studied for the golid state.
fects of a liquid structure and of a short mean free path are
evaluated. Although precise empirical data are lacking, the
results clearly show that at high temperatures the short mean
free path drastiecally decreases the paramnagnetic Curie

temperature s which however is larger in the 1liquid compared to

the solid state.
The coupling between two lon spins has the form
i _
- 2 2, 2 ,
1,, = [n7 T34 |(e-10% B (2, By ) 0y 74 (1)

where Z is the valenoy, ~| /2 the exchange integral between a

4f and a conduction electron, g the Landé factor, (g-1)F; the
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component of the spin directed along the argular momertum of
the ior i, 1 km the wave number correspording to the Fermi
energy p. For an infinite mean free path A, Foo(x)= x4

(x cos x - sin x) is the Ruderman - Kittel furction. When A
is finite, F, 1is the integral expression giver by Kaplan (ref.
5, equation 19 multiplied by (4w Kﬁ ry™1y,

In solids the total interaction energy is a stm of (1)
over all lattiqg positions. In a liquid this erergy is
cbtained by integrating (1) over the radial distributiorn fure-
tion. Thus in the presence of a magnetic induction B along
the z-direction, the energy per lon in the paramagretic reglon
becomes
E = —g py, BCI,D + (97 278/ (g-1)2 <7 58 s (2)
where My i1s the Bohr magneton, <...> the statistical average.

The structure factor is

S =5 w2 LI (3)
j#0
for solids, or

o0
S =.f 47rr253(r) F(2 k, r)dr ' (a)
0

for liguids, p(r) being the atomic density at a distance r
from an ion. The paramagnetic Curie temperature ir the Weiss

approximation becomes

T, = =377 27 $(g-1)7T(3+1)/ (kg ) (5)
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(kB is the Boltzmann constant).

p(r) can be determined by x-ray or neutron diffraction.
For liguid rare earths however, these data are not available.
We shall construct a distribution fuentior with the assumptior
that two elements with the same crystal structure at high
temperature have similar distribution functions in the liquid
state. Thus, given 4ﬂ'r2 PA(r)'the radial distribu*ion fune-
tio#-for a liguid A, and a scale factor o = (poA/poB);*”x;whﬁre
Po is the atomic density, the proposed dilstribution in the
liquid B is am@r)® a™p,(@r). is a test the radial distriby
tions proposed for Cs based on the data of Liy Na K and BRb 6
agree with the empirical distribution better than 4 and 6% re-
garding the positions of the first and second peak, respective
ly, while the heights show a disagreement of 184 in the worst
7

case. Since G4 has a b.c.c. gtructure at high temperatures,

we use the data of (Cs.

The mean free path varies slowly at high temperatures. A
value of A= 5 X has been quoted for the solid phase 40 Ka~
plants expression EA(Z ka) has beer evaluated with ar  elec-

tronic computer.

The structure factor S is ar irvariart of the scale trang
formation. For the b.c.c. structure and A= oo the sum is
o
krown 3. In the case A= 5A the sum has beern evaluated to the

8th

were carried out graphically up to R.65 X, which is beyond the

nearest neighbour. For the liquild state the integrations



334

second peak .of the radial distribution, In the case A=oo,
an integration up to infinity using a constant density was ad-
ded, which gave a contribution of 10%, This could not be dome
for finite A, where, however, thls correction should be much
smaller. The Curie temperature depends on [qz/}l= 0.014 ev.

This parameter was obtained from the value fﬂ= 0.314 ev, 2 and

from the density of the high temperature solid /.

Table 1 shows that a short mean free path stronglis
diminishes the interaction both in the solid ard 1liguld state.
On the other hard the liguid structure Increases the irteracé-
tion. It should be mentioned that several of the data assumed
for the ligquid state are taken from the solid, ard that e.g. a
shorter mean free path in the liquild state may somewhat reduce

the discontinuity of Tc on melting.
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A oo 5 A

s Teo g Te
Unit 104 | %k 10~4 oK
9011aP°¢ | 25 130 7.8 a1
Liquia | =73 390 ~30 160

Table 1l: Structure factors and paramagretic
Cm@etwmmﬂmmesowamlhﬁwnathmh
temperatures caleulated for infinite and fini

te mean free path.
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