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BOLTZMANN THEORY AND RESISTIVITY OF METALS

Philip B. Allen [*
IRRMA, PH-Ecublens, CH-1015 Lausanne, Switzerland

Abstract

Often Boltzmann theory works very well. Since the underlying basis of
the theory is firm and well understood, we usually understand when it should
work and when it should not. This article reviews the theory with a special
focus on resistivity of real metals. The formal theory is carefully worked out.
The Bloch-Griineisen formula is derived and its limitations are examined. A
method is explained for extracting the coupling constant A¢ from resistivity
with the help of band theory.

L. INTRODUCTION

Figure 1 shows the resistivity [1] of Ti, Zr, and Hf measured at temperatures
up to 300K. The shape of the p(T") curves is characteristic of ordinary metals
in which electron-phonon scattering gives the temperature dependence. The
solid lines are fits to the measurements using the Bloch-Griineisen formula
[2]. This formula is an approximate solution of the Bloch-Boltzmann equation,
with the additional approximation of a Debye phonon spectrum. This works
very well for reasons that will be explained. The fits have three parameters:
the residual resistivity pp which shifts the curves along the vertical axis, the
Debye temperature ©p which scales the curves on the horizontal axis, and
a third parameter, Ay/w?, which scales the curves on the vertical axis. The
fitted values are given in table 1. py is sample dependent and not particularly
important, The value of ©p varies depending on which temperature interval is
fitted. Here I chose compromise values to fit approximately the whole interval
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