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Fig. 5. Propagation diagram for internal inertial waves, including 
current vector helices. A break in the helix indicates that the velocity 
vector v is passing behind the wave number vector k at that point. The 
z coordinate increases positively away from the ocean surface. Cs is 
the group velocity vector. 

Coriolis frequency f. Two helices are also shown in this figure, 
having axes aligned with the wave number vectors k. The 
helices describe at a given time the path taken by the tip of the 
velocity vector v along the direction of phase propagation. 
(From the assumed incompressibility of the wave, k. v = 0 
always.) 

To an observer looking down from above the origin in 
Figure 5, it is clear that the helices rotate in opposite senses 
depending on whether k is directed toward positive or negative 
z values. Furthermore, the sense in which the velocity vector 
moves around k (that is, the polarization of the helix) is 
uniquely related to the direction of k or of Cs. For clockwise 
polarization of a helix, as one looks down, k is directed up- 
ward and Cs downward. For anticlockwise polarization, 
k points down and Cs up. Therefore according to the spec- 
trum of Figure 4, most of the waves observed have a phase 
propagation direction k which is upward and therefore a net 
energy propagation direction which is downward. If the waves 
had as much energy moving upward as downward, as in a nor- 
mal mode, one would expect linear polarization on-the 
average; that is, A,, = Ca. 

The two-wave composition of Figure 5 can be used to repre- 
sent the hodograph of an internal wave of any frequency 
between N and f. Thus the spectrum of Figure 4 results from 

the superposition of all of the internal wave components. The 
ratio of the clockwise to the anticlockwise spectrum is a func- 
tion of wave frequency and vertical energy flux. The frequency 
decomposition of the profiles, required to estimate vertical 
energy fluxes, has not been done as yet. However, as is 
revealed by Figure 1, the vertical structure of the profiles is 
dominated by waves near the local inertial-diurnal frequencies 
and to a lesser extent by the semidiurnal tide. Therefore we in- 
terpret the dominance of the clockwise energy spectrum to be 
the result of inertial waves having downward energy propaga- 
tion. 

There is other evidence to support the above result. For ex- 
ample, an examination of the time series of 20 drops shows 
that the phase planes of the observed waves do appear to be 
moving upward in time. This would imply that k is indeed 
pointed toward the sea surface for these waves. 

Further analyses of the profile series will seek to describe the 
frequency composition of the observed velocity structure and 
to estimate vertical energy fluxes. 

SUMMARY 

From our examination of this time series of vertical profiles 
we have come to the following conclusions. 

First, as Figure 1 shows, a significant part of the velocity 
variability in these profiles is due to internal waves with 
periods near the local inertial frequency. Such variability is 
always present in the profiles. 

Second, a WKB normalization scheme for taking into ac- 
count variations of wave amplitude and wavelength with 
changing Brunt-Viiisiilii frequency appears to be appropriate. 
This normalization gives profiles which are more uniform in 
amplitude and wavelength than the original profiles. 

Finally, the fact that the group velocity vector appears to be 
directed away from the sea surface indicates that the energy 
source for these near-inertial waves is located at or near the sea 
surface. 
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