






































1976] Garrett: Langmuir circulations 129

In summary, the x-vorticity of the rolls comes from 1) creation of z-vorticity

since wave dissipation is a function of y, and 2) the tilting of vertical vortex lines
by the downwind Stokes drift of the waves.

8. Experimental tests and other applications

The theory developed in this paper accounts for many of the features of Lang-
muir circulation, but further observational tests are required. Perhaps the most
important test of the theory will come from an investigation of whether the greatest
wave dissipation occurs at maxima of the downwind velocity U, i.e. in the con-
vergences of the Langmuir circulations. Myer’s (1971) observation of greater wave
amplitudes inside the convergences than outside makes this appear very likely, but
further tests through, for example, aerial photography of the location of whitecap-
ping in relation to convergences, or measurement of turbulence levels cross-wind,
are desirable. It would also be useful to check in the laboratory or field that waves
refracting through a surface current exert the calculated forces (3.10,11) on the
mean flow even without dissipation.

The interactions of surface waves and currents discussed in this paper are rele-
vant to more than Langmuir circulations. For example, swell propagating through
any current jet will tend to create a convergence or divergence there, depending on
the relative direction of waves and current, and may enhance the jet if breaking
occurs.

9. Conclusions

The interaction between waves and currents appears capable of generating
Langmuir circulations through a feedback process. Large scale cells are the fastest
growing, but smaller scales tend to have a stronger transverse circulation relative
to the downwind flow, and so may be the first to appear. The mechanism is closely
tied to the overall dynamics of the mixed layer, in that the details of the cells depend
on properties of the turbulence in the water. The cells in turn, as first stressed by
Langmuir (1938), may play an important role in the deepening of the mixed layer.

We stress not only that mixed layer theories must take account of Langmuir
circulation, but also that observational programs should not assume horizontal
homogeneity. Any observational platform that is swept into a convergence will
measure atypical statistics of waves, turbulence and other properties.
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