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HIGH FREQUENCY SPECTRUM OF OCEAN WAVES:!
By

WALTER H. MUNK

Scripps Institution of Oceanography
Unaversity of California
La Jolla, California

The subject “Motion in the Ocean,” assigned to me by President
Bronk, includes fish, Aqua-lung divers and density flows. For a
very good reason I must confine myself to motion of the water itself.
Further, I will limit myself by considering only that part of the motion
of ocean water that can be associated with surface waves. It is
nearly, but not quite, the irrotational component of the motion.
This of course limits the subject, but not so much as you may think.
It is by no means impossible that some processes previously explained
by turbulence—the oceanographer’s way of saying that he doesn’t
understand—are part of the surface wave problem? and that the
Gulf Stream would be only a fraction of its present magnitude if the
high frequency tail of the surface wave spectrum, the wavelets and
the capillaries, were to be wiped out by an oceanwide slick resulting
from a diatom bloom of impossible proportions.

The evidence for the latter statement was an experiment performed
by Keulegan in a closed flume and repeated by Van Dorn in a 200 m
long model-yacht basin. If Tipe, SurFf, or some other detergent
with a suitable oceanographic name, is sprinkled on a water surface
over which a wind is blowing, the capillaries are quickly damped.
This in turn has two effects: (1) The momentum transfer from wind
to water (stress) is significantly reduced at all but low winds, and
(2) the larger waves present, though not directly affected by the
detergent, fail to be regenerated.

Apparently the tiny waves play a disproportionately important
role in the problem of wind stress as well as in the generation of the
more prominent parts of the wave spectrum. This was the beginning
of a three year study.

The Spectrum. Let me first review what we mean by spectrum.
Suppose we record against time the elevation of the sea surface above
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mean sea level, z(f). If we use a tide gauge, we automatically dis-
criminate against waves and swell in favor of the longer period (lower
frequency) oscillation of tides. With a standard wave recorder we
record waves and swell, but the instrument is rather unresponsive
to capillaries, and perhaps to tides as well. Each instrument has its
working range of frequency. Consider now an ideal instrument
which is tuned with equal sensitivity to some narrow band of fre-
quencies, from f, — 14 f to fo + 14 &f, but which does not respond at
all to frequencies outside of this band. We now record the elevation
of the sea surface (relative to mean sea level) through this spectral
window. This gives us a wiggly record z,,(f). The mean value of
27, 1s zero and is not interesting. The mean value of (27,)* is not zero
and is interesting. It will be designated as S(fy) 8f, where S(fo) is
the spectral density of the surface elevation (or simply, the spectrum)
for the particular central frequency, fo, to which our instrument was
tuned. We now tune to a different frequency, fi, and get a value of
S(fi); by tuning to many such frequencies we generate the entire
spectrum.

For our purposes it is more convenient to consider the spectrum
S(k) generated by an instrument tuned to a certain limited band
of wave numbers k, where k¥ = 2r/wave length. For example, the
pitching motion of a ship is responsive to neither capillaries nor tides
but only to wave lengths of the general order of the length of the ship.
In actual practice the best way of determining S(%k) is to measure
S(f) and to make a theoretical transform. As a result of the work
by Pierson and Neumann at New York University we have a fairly
good idea of what S(k) looks like (Fig. 1). It is peaked near
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Figure 1. Schematic presentation of the spectra of elevation, slope and curvature as a
function of the wave number k (units cm—). A slick has the effect of dissipating the parts
of the spectra lying to the right of the vertical band.




































