A Centribution to the Theory of Magnetoresistance
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Sommerfeld and Bartlett Fave snown that  the elementary tbeory of
conduction which assumes the existence of a mean free rath gives a non-zero-
longitudinal magnetoresistance, when the quantization of the electronic pathes in the
magnetic field is taken into account. Tn their computation they obtained a quadratic
Cependence of the change of re51stance A P=p— P, with the magnetic field H.
Their result is ) ) '
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Now it is interesting that one can obtain also the observed reriodic variation
of the magnetoresistance from their {formulas, if one computes the sum appearing

in the expression not by the Euler-sum formula-tut by the Poisson-sum’ formula.
. The enerpylevels of the electrons the magnetic field II, which we assume -in

the Z-direction are
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where p, is the momentum parallel to the field. Denoting by f, the undisturbed
Fermidistribution S -
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and by v the velocity of the electron, Sommerfeld and Bartlett write the electric
current I in the electric field F parallel to tie magnetic field
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Here 1 is the mean {ree path.
Thus jwe can write with v=( ZE)

21 LH afo

R S

1-cxf 2

n=o

JHere we. introduce E as a new integration variable and obtain,
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In this expression now we introduce the explicit expressmn of f, and find
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Here now we use the following abbreviations
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and get
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Because of the limits the first term vanishes and the remaining integrals are now

computed with the Poisson-sum formula.
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with this we get then
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Here we exchange the order of integrations and find
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Here we compute now
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Because we need the expression mostly for large values of e we replace the upper
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limit in the last integral by infinite and: get
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This is the value of the integral, when n is differnt from zero. For n=0¢we" get
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Substituting these values in the expression: for the current and’ takking together the

terms with positive and negative n we obtain.
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Here we carry out the differentiation with Téspect to g, ifi the first term and’ get.
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Here now we introduce the assumptior that /8 is a very large number

Then the integrals can easily be computed
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For the computation of the integral
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Thus we obtain our integral as the real part of the considered one.
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Wlth this the electric current takes the form
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We use the abbreviations
)= 16z %ﬁ?ﬂc and I, for the current in vanishing magnetic field.

Thke Fermienergy ¢ can be expressed in terms of the Fermienenergy &, in

vanishing mangetic field in the following way.
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Here | is the mean free path corresponding to the Fermienergy . We compute
it here in terms of the mean free path 1, corresponding to &. We assumé‘that 1
depends on the energy only and get
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Here we introduce the abbreviation
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We find then with
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Therefore the resistance p in the magnetic {ield and that p, without magnetic

field stay in the relation
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Here the {irst term is that obtained by Sommerfeld and Bartlett. The second
term gives a periodic variation superimposed upon the first one. Such variations
kave been found in experiment for strong magnetic fields and low temperatures.
On account of the many approximations made in our computatin, it is doubtful,
if our result gives a satisfactory representation of the experimental results. However

it is interesting that such a simple model gives these variations.

(1) A. Sommrfeld und und B.W. Bartlett Phy. Z.36, 894, (1935)
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