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THERMAL AGITATION OF ELECTRIC CHARGE 
IN CONDUCTORS* 

By H. NYQUIST 

ABSTRACT 

The electromotive force due to thermal agitation in conductors is calculated by means 

of principles in thermodynamics and statistical mechanics. The results obtained 
agree with results. obtained experimentally. 

D
R. J. B. JOHNSON! has reported the discovery and measurement of an 
electromotive force in conductors which is related in a simple manner 

to the temperature of the conductor and which is attributed by him to the 
thermal agitation of the carriers of electricity in the conductors. The work 
to be resported in the present paper was undertaken after Johnson's results 
were available to the write� and consists of a theoretical deduction of the 
electromotive force in question from thermodynamics and statistical me
chanics.2 
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Consider two cond uctors each of resistance R and of the same uniform 

Fig. 1. 

temperature T connected in the manner indicated 
in Fig. 1. The electromotive force due to thermal 
agitation in conductor I causes a current to be set 

R up in the circuit whose value is obtained by dividing 
l[ the electromotive force by 2R. This current causes 

a heating or absorption of power in conductor II, 
the absorbed power being equal to the product of R 

and the square of the current. In other words power 
is transferred from conductor I to conductor II. In 

precisely the same manner it can be deduced that power is transferred from 
conductor II to conductor I. Now since the two conductors are at the same 
temperature it follows directly from the second law of thermodynamics 
that the power flowing in one direction is exactly equal to that flowing in 
the other direction. It will be noted that no assumption has been made as 
to the nature of the two conductors. One may be made of silver and the other 
of lead, or one may be metallic and the other electrolytic, etc. 

It can be shown that this equilibrium condition holds not only for the 
total power exchanged by the conductors under the conditions assumed, but 
also for the power exchanged within any frequency. For, assume that this 
is not so and let A denote a frequency range in which conductor I delivers 
more power than it receives. Connect a nOh-dissipative network between 
the two conductors so designed as to interfere more with the transfer of energy 

* A preliminary report of this work was presented before the Physical Society in February, 
1927. 

1 See preceding paper. 
, Cf. W. Schottky, Ann. d. Physik 57, 541 (1918). 
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