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ABSTRACT

The application of the effective medium approximation (EMA) to the

muffin-tin model of liquid metal is considered. The triple correlation

function is included in the expression for electrical resistivity. Good

agreement with experimental data can tie expected for liquid noble metals.
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I. INTRODUCTION

It is known that the most promising approach to the description of

the electric structure of liquid metals is Roth's effective medium approximation

(EMA) (Roth 1971*). The results for the density of electron states in liquid

metals are beginning to be obtained and in general they are in tetter agreement

with experimental data than those given "by other approximations (Husiman et al.

198l). For the triplet correlation function EMA leads to superposition

approximation. The recent test of its accuracy for liquid rubidium (Banssl

et al. 198l) showed a good agreement of calculated moments of current

correlations with the results obtained from molecular dynamics.

A complete derivation of EMA expression for resistivity has been

presented very recently in a paper of Roth and Singh (1982). Their result

includes all multiple scattering effects but seems to be rather difficult for

numerical evaluation. In this paper we propose a simplified EMA formula for

the resistivity of liquid metals which takes into account the triple correlations

only. The preliminary computations for Cu and Ag indicate a right trend

towards the experimental results.

II. FOSMULA FOR THE RESISTIVITY

We follow the same procedure as that used for the derivation of the

self-consistent quasi-crystalline approximation (SCQCA) formula for resistivity

in the paper of Gorecki and Popielawski (1982) and therefore we sketch only

the main points of our analysis.

Two basic assumptions about the system are:

i) The electron-ion interaction is described by the muffin-tin

potential such that i t s muffin-tin radius R ,̂ is less than "hard core" of

radial distribution function g(r) ( i .e . g(r) 5 0 for all r

i i) The electron-ion interaction is weak enough so that the Rubio-

Ashcroft-Schaich result can be used (Rubio 1969; Ashcroft and Schaich 1970).

This assumption also permits us to use:

a) The limit I •+ 0 (E is the self-energy) in the final expression

for resistivity;

b) the nearly free electron model for conduction band.
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For mathematical simplicity we also assume that the E — does not depend on

the value of k . It is not very critical to our final formula as it is

taken for the limit I -+ 0.

According to ii) the resistivity p is siven by the following expression:

where m is the effective mass of electron, 11, is the momentum of electron

having an energy equal to the chemical potential u = E + Re£
+ - - -

and W(u ,y ,k,k') is the vertex function.

When Hie self energy is known the vertex function can be obtained from

the Ward equation (PopielawsKi 19T9). How we consider the expression for E

involving terms up to third order in self-consistent scattering operator t

(Watabe and Tonezawa 1975)

(2)

where n is the ion density and h(R,R') denotes the total correlation function.

After many algebraic manipulations we can get the vertex function up to third

order of T matrix as:

(3)

Comparing the above result with the expression for the vertex function

of SCQCA (Gorecki and Popielawski 1982) it may be noticed that the first term

of (3) leads to Ziman |t| resistivity fonaula p

just the triple scattering contribution to resistivity for SCQCA

Now let us notice that due to full spherical symmetry of liquid metal,

the formula for resistivity (l) can be written as follows:

and the second term is

When we substitute the third term of (3) into (U) it becomes clear that this

contribution to resistivity is equal to p . The fourth term of (3} is the
sc

most difficult to handle, but it could be simplified by evaluating T matrix

and exponents in real space. Then the integration on q. space can be done

using the formula (Beeby

-- turn lc, j
(5)

where

k2 = kF _ ̂""••

and the result is

9Ci5-t!) h^M^^Ot^Ckf,^)

(6)

-3-



where C^ axe the Gaunt numbers. III. FINAL REMARKS

Finally the expression for resistivity may be written as follows

(in the limit I •+ 0):

(7a)

where

From the numerical point of view the terms(Tb) and (7c) are rather easy

to calculate. The difficulties In (7d) are connected with sixth order integral

ds dt which happens to be convergent, but treating it numerically for

eitperimental radial distribution function of liquid metal requires tedious

computations. Here we only estimate its value by the Gauss method of Integration

and we obtain that for both silver and copper it3 absolute value is less than

1 uiicm.

The input values of phase shifts are the same as in the paper of Gorecki

and Popielawski (1982) although now we use the experimental radial distribution

function and structure factor (Waseda 1980). For copper it gives p - 26,5

P = 3 0 3 uficm; p = -5 .3and p = -2.8 and for s i l ver P = 30.3 ' uficm;

The experimental values of r e s i s t i v i t y for Cu and Ag are 21.0 u£Jem and

19.0 liQcm, respectively (Waseda 1986).
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