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SummorV-The noises originating in vacuum tubes and the attached circuits 
are investigated theoretically and experimentally under three headings: (1) shot 
effect with space charge, ($) thermal agitation of electricity in conductors, (S) noise 
(rom ions and secondary electrons produced within the tube. 

A theoretical explanation of the shot effect in the presence of space charge is 
given which agrees with experiment insofar as a direct determination is posttible. 
It is shown that the tubes used should be capable of operating at full temperature 
saturation of the filament in order to reduce the shot effect. 

In the computation of the thermal noise originating on the plate side of a vacuum 
tube, the internal plate resistance of the tube is to be regarded as having the same 
temperature as the filament. 

Noise produced by ions u,'ithin the tube increases as the grid is made more 
negative. 

With tubes properly designed to operate at temperature saturation it is possible 
to reduce the noise on the plate side to such an extent that the high impedance 
circuits employed on the grid side of the first tube of a high gain receiving system 
contribute practically all of the noise by virtue of the thermal agitation phenomenon. 

INTRODUCTORY 

I
T has long been realized that there is a limit to the amount of am

plification which may usefully be employed in a circuit containing 
vacuum tubes, and that in the absence of static this limit depends 

upon noises which arise in the . circuit itself. Of these noises, those 
which come from run-down batteries, poor connections, vibration, and 
microphonic effects, either within the vacuum tubes or in some part 
of the external circuit, will not be discussed here since their remedy, 
although not always easy, is obvious. With these eliminated from con
sideration, there remain several distinct ways in which noise occurs in 
the circuit. 

In the first way noise is produced by irregularities in the stream of 
electrons from the filament to the plate of the vacuum tube. In the 
absence of space charge this noise has been termed by Schottky the 

"schroteffekt," or "small shot effect," from the analogy which the flight 
of electrons from the filament to the plate of a vacuum tube bears to 
the spattering of small shot fired from a shot gun. The simple term 
"shot effect" will be used in this paper to denote this noise either with 
or without space charge. 
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