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THERMAL AGITATION OF ELECTRICITY IN CONDUCTORS 

By J. B. JOHNSON 

ABSTRACT 

Statistical fluctuation of electric charge exists in all conductors, producing random 
variation of potential between the ends of the conductor. The effect of these fluctua
tions has been measured by a vacuum tube amplifier and thermocouple, and can be 
expressed by the formula 12 = (2kTj-1I')jo'" R(w)[ Y(w)[2dw. I is the observed current 
in the thermocouple, k is Boltzmann's gas constant, T is the absolute temperature 
of the conductor, R(w) is the real component of impedance of the conductor, Yew) 

. is the transfer impedance of the amplifier, and w/2 1r = f represents frequency. The 
value of Boltzmann's constant obtained from the measurements lie near the accepted 
value of this constant. The technical aspects of the disturbance are discussed. In an 
amplifier having a range of 5000 cycles and the input resistance R the power equiva
lent of the effect is lf2 / R = 0 .8 X 10-16 watt, with corresponding power for other ranges 
of frequency. The least contribution of tube noise is equivalent to that of a resistance 
Rc = 1.5 X lO·ip/l/-, where ip is the space current in milliamperes and I/- is the effective 
amplification of the tube. 

IN TWO short notes1 a phenomenon has been described which is the result 
of spontaneous motion of the electricity in a conducting body. The 

electric charges in a conductor are found to be in a state of thermal agitation, 
in thermodynamic equilibrium with the heat motion of the atoms of the con
ductor. The manifestation of the phenomenon is a fluctuation of potential 
difference between the terminals of the conductor which can be measured by 
suitable instruments. 

The effect is one of the causes of that disturbance which is called "tube 
noise" in vacuum tube amplifiers.2 Indeed, it is often by far the larger part 
of the "noise" of a good amplifier. When such an amplifier terminates in a 
telephone receiver, and has a high resistance connected between the grid and 
filament of the first tube on the input side, the effect is perceived as a steady 
rustling noise in the receiver, like that produced by the small-shot (Schrot) 
effect under similar circumstances. The use of a thermocouple or rectifier 
in place of the telephone receiver allows reasonably accurate measurements 
to be made on the effective amplitude of the disturbance. 

It had been known for some time among amplifier technicians that the 
"noise" increases as the input resistance is made larger. A closer study of 
this phenomenon revealed the fact that a part of the noise depends on the 
resistance alone and not on the vacuum tube to which it is connected. The 
true nature of the effect being then suspected, the temperature of the re-

1 Johnson, Nature 119, p. SO, Jan. 8,1927; Phys. Rev. 29, p. 367 (Feb. 1927). 
2 The possibility that under certain conditions the heat motion of electricity could create 

a measurable disturbance in amplifiers has been recognized on th'eoretical grounds by W. 
Schottky (Ann. d. Phys. 57, 541 (1918)). Schottky considered the special case of a resonant 
circuit connected to the input of a vacuum tube, and concluded that there the effect would be 
IilO small as to be masked by the small-shot effect in the tube. 
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