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ABSTRACT 

Observations made with an array of wave sensors reveal significant differences between 
the high-frequency regions of spectra measured on different days. These differences suggest 
that the idea of a universal equilibrium range may not be strictly true. 

On the basis of dimensional arguments, Phillips ( 1958) deduced that the 
power spectrum of wind-generated ocean waves should contain an 'equilibrium 
range' having frequencies somewhat higher than the frequency of maximum 
energy, in which the energy density, S(f), depends on frequency,/, according 
to a universal law with the form 

here oc = - 5, and K, although constant, is determined empirically. It has 
generally been considered that the available observational evidence supports 
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Run number ... . .. . ..... .. ... . 
Date (1967) ........... ... .. .. . 
Number of sensors ..... . 
Wind speed (m/sec) ........... . 
Wind direction, true ....... . 
Surface current (cm/sec) ....... . 
Least-square fits 

for frequencies between (Hz) . . 
K cm, Hr 1-IX .. . . . .. .... . 

Table I. 

April 11 
9 

4.6 
110° 

3 

0.77-3.08 
6.32 

IX. .... . . . . . . . . . . . . . . . . . . . . . . - 4.45 
for frequencies between (Hz) . . 0.77-1.64 
K cm' Hz- 1-a. . .. 6.51 
IX . . . .. .. . .. . . . . 

Dur11tion (minutes) 
- 4.50 

10 

2 
April 13 

8 
4.7 
125° 

7 

0.68-3.1 I 
5.33 

- 4.68 
0.68-1.75 

5.32 
- l.73 

6 

3 
April 25 

9 
6.4 
110° 
15 

0.68-3. IO 
8.54 

- 4.68 
0.68-1.74 

8.45 
- 4.50 

10 
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4 
April 28 

9 
5.6 
110° 

7 

0.87-3.10 
9.91 

- 4.54 
0.87-2.23 

9.22 
- 4.27 

6 

such a law and gives a value of around 8 cm2 Hz4 for K (calculated from data 
in Phillips 1966: chapter 4); observed values of ix range from - 5.5 to -4.5. 
Such observations have usually consisted of several series of measurements at 
a single fixed point, with the scatter between runs being considered a reflec-
tion of statistical uncertainties due to sampling. The observations described in 
this note have been based on simultaneous measurements, using several surface-
height sensors, so that the statistical uncertainties associated with a given run 
can be estimated from the variability among these sensors. 

The sensors used are of the capacitance wire type, with the actual sensing 
element consisting of a I-mm-diameter Teflon insulated wire passing vertically 
through the water surface. Changes in the capacitance between the wire and 
a ground due to changes in the height of the water on the wire are used to 
modulate the frequency of an oscillator, and the resulting signal is recorded 
directly on magnetic tape. On playback, an FM discriminator produces an 
analog voltage that is then digitized. 

The power spectra are computed digitally, using a program based on the 
discrete Fourier transform. The side bands of the 'spectral window' associated 
with the transform length are reduced by smoothing the Fourier coefficients 
before computation of the power spectra (Bingham et al. I 967 ). The spectrum 
has been defined so that its integral over positive frequencies only is equal to 
the variance of the data. 

An attempt has been made to determine the inherent nonlinearity of the 
sensors by using a dynamic calibration method in which the effects of a si-
nusoidal wave train are simulated by moving the capacitance wire orbitally 
(i.e., the wire remains vertical while every point on it describes a circle about 
a horizontal axis) through a still-water surface. The signal$ thus produced 
were recorded and analyzed in the same way as the field data. 

Observations were made on four days at the Spanish Banks platfor:m of 
the Institute of Oceanography at the University of British Columbia. Wind 
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Figure r. Mean wave spectra times the fifth power of frequency. Shading indicates 95°/0 confidence 
intervals; the broken line is a calibration spectrum. 

speeds and directions and other information are given in Table I. For these 
wind directions, the fetch directly upwind was about 5 km, with the maximum 
fetch of 8 km occurring in a direction of 65° true (see Gilchrist 1966). The 
water depth was about 3 m for all observations. The mean spectra for each 
run, as computed from the spectra obtained with the individual sensors, are 
shown in Figs. r and 2. A calibration spectrum for a simulated wave of r o-cm 
amplitude and 2.0-second period also indicates both the frequency resolution 
of the analysis and the relative importance of the higher harmonics introduced 
by the sensor nonlinearities. Table I also gives the results of the least-square 
fits of both a and K to portions of the observed spectra. 

The shading in Fig. r indicates the expected 95 °/o confidence limits for 
the mean spectra for each run. These confidence limits were calculated for each 
frequency band by assuming that the spectral estimates determined from the 
individual sensors are normally distributed about their mean; the following 
relationship was then used to compute C(95°/o), the 95°/o confidence limits : 

where S is the standard deviation of the individual spectra about their mean 
and N is the number of sensors. Although no quantitative tests have been 
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Figure 2 . Log-log plot of mean wave spectra. The broken line is a calibration spectrum; the parallel 
solid lines have a slope of -5. 
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performed, qualitatively, it appears reasonable to assume that the spectral 
estimates are normally distributed. 

It is apparent that the spectra shown are significantly different from each 
other. The value of K varies from run to run, and ex is not - 5 and is probably 
not constant. This contrasts with the idea of a universal equilibrium range in 
the wind-wave spectrum and suggests strongly that this idea should be relegated 
to the role of a useful simplification. 

It is not difficult to think of possible explanations for the variability in the 
high-frequency side of the wave spectrum. At the site where these observa-
tions were made, the directional distribution of fetch is such that the direc-
tional properties of the wave field may change with changes in wind speed and 
direction so that the efficiency of continuum nonlinear interactions in re-
distributing wave energy may also vary. Another possible source of variability 
lies in the relationship between the discrete nonlinear effects associated with 
wave breaking and the total energy density. The observations used to compute 
the spectra described here are being studied in terms of these effects . 
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