
452 D.A. Conrad and D. G. Shellhorn: Zero-Shift in Galvanometers Ingenieur-Archiv 

omitted in developing (18). Runs based on equation (18) yielded shift positions which agreed 
closely with theoretical predictions, thus confirming the validity of the various assumptions of 
the theory. 

To verify that  the zero-shift observed in practice was caused by the mechanism studied in 
this paper, tests were made of the actual galvanometer and of a model ten times actual size. 
Because of difficulty in measuring certain of the parameters, namely, a, D, R and ~, the corre- 
lation was only qualitative. However, in both cases, when the theory was used to compute the 
unknown parameters from those measured in the tests, the results were physically possible num- 
bers, thus supporting the conclusion that  the mechanism studied here was indeed the cause of 
the observed shift. 

4. Summary and Conclusions. In this paper a theory has been developed for zero-shift of 
galvanometers subjected to mechanical vibrations. The differential equatious have been presented 
and reduced to a form similar to those previously studied in the German literature, but with the 
addition of damping torques and periodic torsional spring-constant variation. Solutions have 
been developed for the shifted equilibrium positions, and their stability established. The results 
are presented in a set of curves suitable for predicting shifts in galvanometers of similar confi- 
guration. 

The results show that,  for zero-shift to occur, both unbalance and large lateral motions are 
required, and that  damping and other factors substantially affect the amount of the shift. The 
requirement of large lateral motion restricts significant shifts to frequencies of lateral resonance 
of the galvanometer suspension or supporting structure. The reduction of either unbalance or 
lateral resonances will reduce zero-shift substantially. 

Correlation of the theory with analog-computer results confirmed that  the assumptions made 
in developing the theory were satisfactory, and experiments performed on actual galvanometers 
confirmed that  the mechanism presented in this paper is indeed the cause of observed shifts. 
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