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ABSTRACT

The damping rates of capillary waves (wavelength = o.52 cm) were measured on fresh
seawater sampled under various oceanographic conditions. The collected water contained
varying quantities of surface-active organic materials capable of adsorbing at the air-water
interface and altering the sea-surface properties. Simultaneous measurements of wave-
damping properties and film pressure indicated that the damping coefficient began to rise
at a film pressure of a few tenths of 1 dyne/cm and increased to a maximum value of from
0.39 to 0.44 cm~* in the neighborhood of 1 dyne/cm. As the film pressure was increased
further by compression of the surface film, the damping coefficient decreased to a value of
about 0.26 cm* and became constant when the film pressure had reached 2 dynes/cm. In
marked contrast, the damping coefficient measured on the clean seawater surface was
0.08 cm*.

Thermal currents and rising air bubbles were studied as mechanisms for the transport
of film-forming material from the bulk water to the surface. Large increases in the rate of
surface-film accumulation occurred when these transport processes occurred. Under static
conditions the adsorption rate was quite slow since it was controlled by molecular diffusion.

Introduction. The accumulation and compression of natural surface-active
material at the air-water interface result in the creation of a sea slick. The
surface film of organic material is only one molecule thick, and when it is
sufficiently compacted it damps the capillary surface waves. The resulting
average wave slope is thereby reduced, the light reflectance from the slick
area becomes somewhat different from that of the surrounding water, and the
film-covered area becomes visible. Sea-surface slicks may also be artificially
produced by pouring various oils onto the water. Fish oils and oxidized pe-
troleum products have been commonly used to: calm wind-generated capillary
waves, improve the transmission of light through the water surface, and
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reduce the breaking of waves and surf. Interesting accounts of the history of
sea slicks and wave-calming oils have been published (Davies 1962, Banting
1932).

9gor)ne marine investigators (Dietz and Lafond 1950, Lumby and Folkard
1956, Cox and Munk 1955) have measured the film pressure “in situ” of
many naturally occurring sea slicks by using the spreading-oil method of
Adam (1937). Film pressures in many slicks were quite low (2 to 10 dynes/cm);
this suggested that the damping of wind-generated waves can occur with
only partially compressed monolayers of surface-active materials. Ewing (1950)
has discussed the mechanism by which internal waves generate surface com-
pressional forces of sufficient magnitude to create slicks by packing the ad-
sorbed organic molecules at the sea surface.

Laboratory studies have demonstrated that capillary waves can be signifi-
cantly damped by insoluble monolayers at very low film pressures. Garrett and
Bultman (1963) found that the damping increased abruptly to a maximum
value at a low pressure of 0.5 to 1.0 dyne/cm. Further compression of the
surface molecules (increasing film pressure) did not increase the wave-damping
effect. On the other hand, damping by soluble surface-active substances passes
through a maximum value at higher film pressures of 4 to 6 dynes/cm (Davies
and Vose 1965). There has been no direct quantitative measurement of wave-
damping characteristics on seawater as a function of the film pressure of
natural surface films.

In the present study, the wave attenuation rates for capillary waves on
freshly collected seawater have been determined. Simultaneous measurements
were made of: The damping rates and film pressure as a function of the com-
paction of the surface film, the time required for the damping effects to be
initiated by the aging surface film, and the effects of thermal convection and
air bubbles on the rate of transport of surface-active material into the air-sea
interface.

Apparatus. Seawater samples were collected at various depths and locations
in the Bay of Panama and returned within 30 minutes to the seaside field
laboratory. 'The water was transferred immediately to a rectangular Plexiglas
tank (72.8 cm long, 12.2 cm wide, and 13 cm deep). The dimensions of the
tank were selected to provide sufficient depth of water for the study of proces-
ses that transport polar organic material from bulk seawater into the air-sea
interface. The experimental system (i) generates linear capillary waves of
controlled frequency, (ii) measures their amplitudes, (iii) provides means for
the addition and removal of insoluble monolayers from the water surface, and
(iv) allows the film pressure (F) to be measured and controlled. The assembly
in Fig. 1 is patterned after a device described by Schooley (1949). A 60-cycle
signal generated by an audio oscillator was amplified and fed into an electro-
mechanical transducer that vibrated a linear knife edge in the surface of the




































