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1. Introduction and summary 

The theory of the stability of a gyroscope which has a right 

circular cylindrical cavity partially filled with liquid has been 

developed by Stewartson (reference 1), who has shown that 

instabilities occur at and near those filling-ratios R  for which 

the frequencies of free oscillations of the liquid filling 

coincide with the frequencies of precession and nutation of the 

empty gyroscope when the mass of liquid is small compared with the 

mass of the empty gyroscope. Then applied to the motion of a 

gyrostat, Stewartson's theory shows that there is an infinite 

number of filling-ratios at which instability is to be expected 

theoretically; but, in practice, it is to be expected that the 

effects of viscosity in the liquid filling will damp out all 

but the graver modes of oscillation, and one of the objects of 

the present experimental investigation was to determine hcv- many 

of the instabilities could be detected. Stcwartson's theory.  • 

also predicts the range of filling-ratios for which the gyrostat 

should be unstable, and a second object of the experiments 

was to verify these predicted ranges. 

The gyrostat used for the experiments is illustrated in 

Figures 1 and 2, and is. described in more detail below. It 

was found that the first two instabilities predicted by 

Stewartson could be detected with certainty (some imagination 

m The filling-ratio is defined to be the volume of liquid in 
the cavity divided by the volume of the cavity. 



being required for the detection of any of the others), and 

that the filling-ratios at which they occurred agreed accurately 

with the theoretical predictions. But the agreement between 

theory and experiment on the matter of the range of instability 

was not as good: possible reasons for this disagreement are 

discussed below, in section 4.. 

2. 	The principal features of the gyroscope  

The gyroscope on which the experimental observations were 

made is illustrated in Figures 1 and 2. The rotor (A, Fig.2) 

had a cavity 18 ins. in diameter and 3i ins. long, and was 
supported by two ball races mounted in a cage (B). The rotor 

was driven through a flexible coupling by a small 3-phase 

induction motor (C) which was also mounted in the cage. The 

motor was fed from a variable frequency alternator, the electrical 

connexions being through same special woven copper wire of 

great flexibility. The cage was connected by gymbal bearings (D) 

to a comparatively massive support, the inner gymbal having 

small lead weights (E) attached, which were adjusted to mice the 

equivalent moments of inertia of the gymbal system the same 

about both axes of rotation. The cage was adjustable in the 

inner gymbal, and was positioned in such a way that the centre 

of mass of the whole system. (without liquid) coincided with the 

centre of rotation, thus making the system into a gyrostat, and 

in this state the moment of inertia about the gymbal axes was 

8.95 lb. ins2. The direct measurement of the equivalent moment 

of inertia of the rotating parts about their axis of symmetry 

would have been difficult, so this moment of inertia was inferred 

from a dynamic experiment in which the frequencies of nutation 

and rotation were measured by stroposcopic means: the ratio of 

these frequencies was 0.112, from which it follows that the 

required equivalent moment of inertia was 0.112 x 8.95'= 1.002 lb. 
. ins. The frequency of precession was very small, and was less 
















