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Circular Trajectories in Linear Wave Theory

Capillary-gravity waves propagating at the free surface of a liquid are driven by a balance 
between the liquid inertia and the tendency of the system, under the action of gravity and 
surface tension, to return to a state of stable equilibrium. The dispersive nature of capillary-
gravity waves is responsible for the complicated wave pattern generated at the surface of a 
liquid by a moving disturbance such as a partially immersed object (e.g. a boat or an insect). 
Since the disturbance expends a power to generate these waves, it will experience a drag 
called the wave resistance. In the case of boats or ships, this drag is known to be a major 
source of resistance and important efforts have been devoted to the design of hulls minimizing 
it. The case of objects small relative to the capillary length has only recently been considered.   
In the case of a disturbance moving at constant velocity there is a minimum phase speed 
under which the wave resistance cancels out. It has recently been demonstrated  that just like 
accelerated charged particles radiate electromagnetic waves even while moving slower than 
the speed of light, an accelerated disturbance experiences a nonzero wave resistance even 
when propagating below the minimum phase speed. The special case of a uniform circular 
trajectory is a situation of particular importance for the study of whirligig beetles (gyrinidae). 
Their characteristic circular motion is believed to facilitate the emission of surface waves in 
an isotropic manner in the purpose  of echolocation. The aim for the student during this 
research work will be to perform further theoretical calculation of the surface profile and 
wave resistance in a similar situation to that aforementioned. He will focus on the 
characteristics of the surface displacement and wave resistance and compare to the pure 
gravity wave result. He will also study the effect of reflexions in regard of future experiments 
from a specifically developed collaboration. A possible opening of this work would be to 
consider the analogous quantum case of a Bose-Einstein Condensate perturbed by a repulsive 
optical barrier. The student is required to have good analytical skills and a good knowledge of 
hydrodynamics.
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