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On an Instabitity of JSurface liaves.

M. Schuter1) has described a sudden change of the wave pattern
occuring in the neighbourhood of a wave‘genefator. Under cer-
tain conditions,suddenty transverse wavggbappear the period

of which is double the period of the progressive waves, If

a ptunging sphere is used as generator, under certain conditicne
waves with radial (instead of circular) crests appear.

As until now a theoreticalrfoundation of this phenomenon
has not yet been given; we have tried to find out at Least
some of the conditions necessary for a sudden change of that

“kind.

The apparent'gravity of any surface particle in a progressive
wave of amplitude @ and frequency a&ér- is the sum
of gravity 4 = 7&’{m/;‘and kinematic acceleration &2 =—aw: #uat
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The free surface condition for a superimposed flow with
potential 95‘ is thus )
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2 being the vertical coordinate. Nov,if
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is the potential of a standing transverse wave in a cross
section ogiy's;jB of the tank of breadth>35‘/

1) M. Schuler, "Der Umschiag von OberfLaohenweLLen"
ZAMM 13 (1933) 443 - 446.
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the free surface condition can be writteh as a Mathietw
equation '
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where from (3)
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It is known that instability occurs when the natural

period of the "oscil lator® TA'iB about twice the period
of excitation T;; more exactly: when
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- QW ;%%?L being the maximum scceleration

or, which is the same, the maximum wave slope of the pro-
gregsive wave. Vith regard to the wave_Lengths we have
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In consequence the first condition of instabitity may
practically be written as
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A second condition results from the damping of the
"osecillator” which in the plane wave-formula (3) hae
been neglected and which cannot easily be found. In
other connection?) we have shown that in the case of
a damped oscillator the acceLerationVZ;'must exceedva

Limit
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where /‘2- and /4&,4 are subsequent amplitudes of the

free damped oscillations (with a time difference of ore
period). '

Under these conditions a small disturbance will suffice

to cause a change in the wave pattern, characterizesd

by feeding up transverse waves with energy taken from

the progressive wave. This process probably will begin

at the wave generator where -the vertical acceleration

is greater because of the additional flow necessary

to satisfy the continulty and surface conditions at

the plunger. A steady state will be attained finally
either by breaking of the transverce waves, which means
energy dissipation and consequently a reduced height of =he
progressive wave down the tank or by detuning the natural
reriod of the transverse wave at finite amplitude withou

reduction of the amplitude of the progressive wave,

2)"RoLL Resonance in a Transverse Swell" by Dr. H. Beumanu
prepared for publieation in the "Journal of Ship Resevrdl .

Hamburg, August 4, 1959 1
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