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13.10 The Einstein-Nernst relation

If a particle of mass m carries an electric charge q and is exposed to an
electric field E, then in addition to viscosity � v/B and random bu↵eting
f , the constant force qE acts on it
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The mean value of its velocity will then satisfy the di↵erential equation⌧
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where ⌧ = mB. A particular solution of this inhomogeneous equation is

hv(t)ipi =
q⌧E

m
= qBE. (13.140)

The general solution of its homogeneous version is hv(t)igh = A exp(�t/⌧)
in which the constant A is chosen to give hv(0)i at t = 0. So by (6.13), the
general solution hv(t)i to equation (13.139) is (exercise 13.19) the sum of
hv(t)ipi and hv(t)igh

hv(t)i = qBE + [hv(0)i � qBE] e�t/⌧ . (13.141)

By applying the tricks of the previous section (13.9), one may show (ex-
ercise 13.20) that the variance of the position r about its mean hr(t)i is
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where hr(t)i = (q⌧2E/m)
�
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if hr(0)i = hv(0)i = 0. So for

times t � ⌧ , this variance isD
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Since the di↵usion constant D is defined by (13.134) asD
(r � hr(t)i)2
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we arrive at the Einstein-Nernst relation
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qB
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in which the electric mobility is µ = qB.


