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In a number of a r t ic les  devoted to analysis  of s teady-sta te  capi l la ry-gravi ty  waves on the surface of 
a liquid (see for example [1-3]), it is shown that the rate  of propagation of a nonlinear wave depends on its 
amplitude. This relat ionship is expressed by a cor rec t ion  to the rate  of propagation of the main harmonic 
in a dispers ing medium and has an order  of magnitude ~ (ka) 2 (k is the wave vector ,  and a is the amplitude 
of the surface wave). For  the speed of waves on the surface of an ideal, infinitely deep liquid we can write 

c = e 0 [t -{- r162 (ka) ~] (1) 

where c o is the speed of a wave where k a - - 0 ,  ~ = i/2 for gravitat ional  waves, and ~ = - 1 / l s  for capi l lary 
waves. A method for determining the relationship (1) experimental ly for capi l lary waves is given below. 

It is known that in media in which condition (1) is fulfilled, it is possible to achieve such phenomena, 
which have been thoroughly investigated for e lectromagnet ic  waves, as three-dimensional  and t ransient  
compress ion  (or atomization) of wave packets [4]. However, owing to the presence  of a marked damping of 
capi l lary waves,  the use of these phenomena to verify formula (1) has become more difficult. The nonlinear 
nature of this damping leads to the fact that when surface waves are  excited, a movement of the liquid occurs  
in the direction of propagation of the wave [5], s imilar  to the acoustic wind in a viscous medium. In p r a c -  
tice this effect appears  a l ready at values of a / k  ~ 0.01 and determines the variat ion in the length of the p r o -  
pagating wave. Moreover  at approximately these values of a A ,  the excitation of a sufficiently wide wave 
beam is accompanied by the occur rence  of pa ramet r i c  generation (of the la teral  s t ructure  of the wave of a 
subharmonic close to the wave producer) ,  which dis tor ts  the picture of the traveling waves.  

c, cm/scc 

27 

3S ~ 

25 

Z4 
0 

- j  

0.5 1.0 

Fig. I Fig. 2 

Transla ted  f rom Zhurnal t>rikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 2, pp. 164-166, March-  
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The system, the layout of which is given in Fig. 1, enables the above-mentioned difficulties to be 
avoided. Here 1 is the vesse l  with the liquid, 2 is the probe,  3 is the frequency meter ,  4 is the sound dy- 
namic system, 5 is the sound frequency genera tor ,  6 is the gas laser ,  and 7 is the rec iver .  Pa ramet r i c  
vibrations with a frequency equal to half the frequency of pumping occur  in a narrow rectangular  channel 
filled with liquid and vibrating in a ver t ica l  direction.  As shown in [8], the vibrations of the subharmonic 
r ep resen t  two surface waves t ravel ing to meet one another;  these form a standing wave in the region r e -  
mote f rom the ends. The chosen length of the channel is sufficiently great  (equal to about 50 t imes the length 
of the waves of the subharmonic),  and hence the threshold value of the amplitude of pumping was determined 
basical ly by the magnitude of damping of the surface waves.  The amplitude of the surface waves varied 
within wide l imits in proport ion to the variat ion of the amplitude of pumping. The presence  of reflecting 
walls enabled flows of liquid to be fully eliminated. 

In accordance  with formula (1), when the amplitude of the standing wave increases ,  the number of half- 
waves stacked on the length of the resona to r  var ies .  The relationship a A  in the standing wave is measured  
by an optical method descr ibed in [7]. The accuracy  of this magnitude determined from the angle of the 
maximum deflection of the gas laser  beam ref lected f rom the surface of the liquid is severa l  percent.  The 
length of the wave in the resona to r  hp is measured  by photographing a picture of the standing waves in the 
channel and by fur ther  t rea tment  of the photographs obtained on a microphotometer .  In each ser ies ,  con- 
sisting of five measurements ,  the length of the wave is determined as a resul t  of averaging to a fiftieth of 
the half waves of the subharmonic,  each of which is determined in turn as the distance between adjacent 
minima. The constancy of the frequency of the vibrations is controlled by using an electronic frequency 
meter  connected with the vibrating surface by means of an electrolyt ic  probe. The measurements  a re  ca r r i ed  
out in channels of different width, and it was hence established that the influence ,of the side wails on the r e -  
sults obtained can be neglected. 

The relat ionships between the speed of the wave and the amplitude for waves on the surface of water 
(curve 1) and xylene (curve 2) are  given in Fig. 2. The downwards sloping relat ionship c = c {(ka) 2} , which 
is close to a s traight  line is charac te r i s t i c .  The data of Fig. 2 r e fe r  to the frequency of the waves of the 
s u b h a r m o n i c f  = 55 Hz, but a s imi lar  relat ionship c = c{(ka) 2} is also observed for other frequencies in the 
range 30-200 Hz. The difference between the experimental  data and the theoret ical  data expressed according 
to the formula 

is associated in the f i rs t  place with the fact that tabular values of the surface tension coefficient ~ are  used. 
If (~ of rea l  liquids is determined by measuring the length of the wave at small  a A ,  that is, by combining 
the initial experimental  points and the points of the s traight  lines in Fig. 2, then the agreement  of the theo-  
re t ica l  and experimental  resu l t s  improves.  The method given enables the cor rec t ion  to the speed to be 
measured  right up to values of a/X ~ 0.1. Fur ther  increase  of the amplitudes of capi l lary waves is l imited 
by distort ion of the shape of the standing wave and the appearance of instability associa ted with the appear -  
ance of pa ramet r i c  generat ion of a la tera l  wave in the channel. 

In conclusion it must be s t r e s sed  that the negative sign in formula (1) must lead to automatic focusing 
of the final capi l lary wave beam (in this sense the surface of the water  is equivalent to the optical medium 
in which the amplitude cor rec t ion  [4] to the dielectr ic  permeabi l i ty /x~ > 0). However, a breaking up of the 
initial beam, which is charac te r i s t i c  for the defocusing medium with Ae < 0, is observed experimentally.  
This effect, which is not taken into account in [1-3], as we have pointed out above, is associated with the oc-  
cur rence  of an intense flow of liquid in the direct ion of propagation of the surface wave. 

The authors are  grateful  to L. K. Zarembo and V. A. Krasi l 'n ikov for their useful discussion. 
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