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Experimental Study on Strong Interaction between
Regular Waves and Wind Waves—I*

Mitsuhiko HATORI**, Masayuki TOKUDA**T and Yoshiaki ToBa**

Abstratt: The interaction between mechanically generated regular waves and wind waves is
experimentally investigated in a wind-wave tunnel. It is shown that the growth process of

regular waves is divided into the four distinct stages as follows:

(1) almost independent

coexistence of wind waves and regular waves, (2) attenuation of wind waves with simultaneous
growth of regular waves, (3) rapid growth of regular waves after disappearance of wind waves,
and (4) transition of regular waves to wind waves after the wave breaking. At the second
stage there is an apparent relation between the attenuation of wind waves and the growth of
regular waves. This fact suggests that there is some strong nonlinear interactions which
transfers energy effectively from wind waves to regular waves.

1. Introduction

Experimental studies on the evolution of
regular waves under the action of the wind
were at first attempted mainly for the exami-
nation of Miles’ linear instability theory (MILES,
1957) for wind-wave generation. For example,
SHEMDIN and HsuU (1967) and LAT and SHEMDIN
(1971) obtained a qualitative agreement with the
theory, in the observation of the air flow and
the pressure distribution, but BOLE and HsU
(1969) and MIZUNO (1975) reported that the
Miles’ theory underpredicts the real wave growth
from the measurements of the spatial growth
rate of regular waves. On the other hand,
MITSUYASU (1966) reported a peculiar nonlinear
phenomenon, i.e., wind waves riding on regular
waves attenuate with increase of the steepness
of regular waves, and very little is known about
this interaction.

As to the wind waves, several nonlinear
characteristics have been intensively studied in
recent years. The first is the weakly nonlinear
interaction among component waves as studied
by PuILLIps (1960), HASSELMANN (1962) and
others. The second is related with the peculiar
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behavior of the phase speed of component waves.
This problem was discussed by RAMAMON-
JIARISOA (1974), RixkmsHi (1978) and others;
and MASUDA et al. (1979), MITSUYASU et al.
(1979), and also TOKUDA and ToBA (1981), have
shown that it is essentially due to the forced
waves, or to the effect of the non-sinusoidal
shape of dominant waves. The third is the
nonlinear modulation and the low-frequency
shift by an instability of the wave train, as
studied by LAKE et af. (1977) and LAKE and
YUEN (1978). The fourth is the strong non-
linearity associated with the local wind drift
on individual waves or by wave breaking, as
studied by BANNER and PIiILLIPS (1974), TOoBA
et al. (1975), OKUDA et al. (1976, 1977), KAWAI
(1979) and OKUDA (1981).

In view of these variety of processes occuring
in the system of wind and wave, the evolution
of regular waves under the action of the wind
is reexamined in the present study. The ex-
periment includes a wide range of conditions
from the generation of high frequency wind
waves superimposed on swell like regular waves
to transform of regular waves into random
waves. A new phase of interaction is pointed
out to occur between the regular waves and
the wind waves, when the frequency of both
the components become close to each other. It
is a phenomenon which may not be understood
by the existing theory of weakly wave-wave
interactions. This is the reason that we use
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the term of strong interaction.

The extension of these experiments must be
useful not only for further elucidation of the
mechanisms of wind wave generation, but also
for the improvement of wave prediction models,
especially when wind waves and swells are
coexistent.

In the present paper, to avoid confusion,
regular waves and local wind waves are termed
as the regular wave components (expressed by
the suffix R) and the wind wave components
(by W), respectively.

2. Experiments and analyses

The experiments were performed in a wind
wave tunnel of 0.6m wide, 1.2m high and 20m
long with a water depth of 0.6m. A schematic
picture of the air intake portion of it is shown
in Fig. 1. Regular waves were generated by
a [lap-type wave generator located at 2.15m
upstream of the air inlet, and introduced through
mesh fiiters located under the transition plate
to obtain smooth sinusoidal water surface before
being subject to the wind action. The transition
plate 1.05m long with a slope of 55/1,050 is
fixed at 4.5cm above the mean water surface
at the air inlet to allow the passage of the
regular waves under it. The fetch was measured
from the end of the transition plate. Two
permeable wave absorbers were installed at the
upstream of the wave generator and the down-
stream end of the tank.

Measurements of the surface displacement
were made with capacitance type wave gauges.
The experimental conditions are summarized in
Table 1.
two kinds of wind speeds were used, where the
reference wind speeds U'>=7.5 and 10 ms™! were
measured at the center of the entrance of the
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Fig. 1. Schematic picture of the air intake

portion of the wave tank.

presents values at Stn. 0, Experiments of pure
wind waves were also carried out for the two
wind conditions in order to clarify the effects
of regular waves. Waves were measured at
seven stations listed in Table 1(a) for all combi-
nation of regular wave and wind conditions.
Wave records at the Stns. 1 to 6 were suc-
cessively taken with a single wave gauge. In
order to check the stability of regular waves,
the surface elevation at Stn. 0 was measured
by another wave gauge during the whole period
of the measurements at the six stations. The
range of variation of the regular wave height
Hy during the experiments is shown in the right
end column of Table 1(b). The ranges of vari-
ation were smaller than 0.2 cm for all cases or
smaller than 1025 of the mean values except
for the case T1HI.

For each wave data, a record with 40.96s
length was digitized at every 0.02s, and power
spectra were calculated by the fast Fourier
transform (FEFT) method. The raw spectra
were smoothed by a triangular filter function.

Table 1. LExperimental conditions. (a) Seven
stations at which wave records are taken. (b)
Characteristics of regular wave: period 7T,
wave height H, at Stn. 0, steepness H./Lgp
and the deviation range of Hy during the
experiment. fc) Wind conditions. The U»r
represents the reference wind speed near the
entrance of the tunnel.

(a)

Stn. No. 0 1 2 3 4 5 6

Fetch(m) 0.05 1.80 3.80 5.80 7.80 10.80 13.80

(h)

Regular Period Wave Wave height
wave T height S;Zesg range
symbol (s) H,{cm) {cm)
T1111 0.55 0.55 0.012 0.44~0.59
2 1.29 25 1.26~1.33
3 2,20 43 2.15~2.30
T2111 0.70 1.30 0.017 1.21~1.33
2 2.20 29 2.15~2.31
3 3.50 45 3.43~3. 65
T3H1 0.45 1.45 0. 046 1.36~1.51
(c)
Ur(m s™) 7.5 10.0
ux{ms™!) 0.39 0.55
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The smoothed spectra used hereafter have a reso-
lution band of width of 25/128 Hz. Since the
filter leaks the energy of regular wave compo-
nent, which have a discrete line spectrum, into
four points near the frequency of regular wave
component fg, the energy of regular wave
component Ep is defined as the sum of spectral
densities at these four points. Other errors of
regular wave energy may be mainly due to the
exclusion of the regular wave harmonics. For
the case of no wind, the error was about 2 %.
The reference wave heights of the regular wave
component Fp were calculated from the relation
Hu= +v8E; where a sinusoidal form was as-
sumed ior the real wave train. The steepness
of reguler wave component dr is defined as
Hpr/lLp. where the wave length Lp is estimated
from the frequency of regular wave component
fr following the linear theory.

The mean wind profiles were taken with a
pitot-static tube at Stns. 1, 4 and 6 for the
conditions of no regular waves and of the
regular wave T1H2. The [riction velocities uy
were estimated from these velocity profiles by
assuming the logarithmic velocity profiles, The
results indicate that the regular waves tend to
reduce . slightly, say, 5%5. On the contrary,
MIizUNO (1975) reported an increase of u, in the
case asscciated with the breaking of regular
waves. Though a detailed investigation of the
wind field will further be necessary, an average
value of u, at three stations for the case of
pure wind waves is used as a reference friction
velocity for simplicity in the present paper.
The reference friction velocity are listed in
Table lic).

3. Results
8.1. Description of four stages in the growih

process
We start with a description of the growth
process for two typical examples. Fig. 2 shows
(a) wave records and (b) power spectra at several
fetches for the regular wave TIHl (T'=0.55s
and Hy;=0.55cm), and U,=10m s™!, The wave
records indicate that the regular waves are
unaffected by the wind at Stn. 0, but the wind
waves become conspicuous at Stns. 1 and 2. At
Stn. 3, however, the regular waves dominate
again over the wind waves. At Stns. 5 and 6,
the wind wave component disappears and a
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Fig. 2. An evolution of wave records (a) and
power spectra (b) with the fetch for the case
TIH1 (7=0.55s, Hy=0.55cm) for Ur=10m
s™!, Thin dotted lines in (b) show the growth
of power spectra with fetch for pure wind

waves for the same wind condition.
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considerable increase is observed in the height
of the regular wave component.

These evolutions are more clearly seen in the
power spectra in Fig. 2(b). The power spectra
of pure wind waves are shown by thin dotted
The development of wind
wave component from Stn. 1 to 2 is similar
to that of the pure wind wave, although the
spectral peak frequency is slightly lower than
that of the pure wind waves for the same fetch
and wind.
component does not change significantly at these
two stations. From Stn. 3 onwards the energy
of wind wave component decreases compared
with that of pure wind waves for the same fetch

lines for comparison.

The energy of the regular wave

and wind, although the spectral peak frequency
shifts to lower ones in the same way as in the
pure wind waves. At the same time the energy
of regular wave component seems to increase
rapidly from Stn. 2. At Stns. 5 and 6 the
wind wave component is not distinguishable
from the spectral peak of the regular wave
component. In the above state, we consider
the wind wave component to be none.

In order to investigate the evolution that will
succeed the last state of the previous example,
another case T3H1 (T=0.45s, Hy=1.45cm) is
shown in Fig. 3. The regular wave is shorter
than that of Fig. 2, and the wind conditions are
the same. The last state of Fig. 2 is found at
Stn. 2 or 3 in this case. Then, the energy of
the regular wave component once decreases
slightly, and the component evolves into random
waves with a spectral peak frequency lower than
that of the original regular waves fz. The
power spectrum at Stn. 6 has a structure similar
to and a magnitude smaller than that of pure
wind waves having the same spectral peak
frequency under the same wind condition. From
visual observations, it seems that the under-
shooting of the energy level of wind waves from
Stn. 4 onwards is associated with the wave
breaking. Though the wave data at the stage
next to Stn. 6 was not obtained because of the
experimental limits, it can be expected that the
random waves may evolve to have a spectral
structure similar to pure wind waves. The
transition from regular waves to lower frequency
random waves after breaking has already been
reported by MIzUNO (1975).

The above two typical examples indicate that
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Fig. 3. Same as in Fig. 2 for the case T3H1
(T=0.455s, Ho=1.45cm) for Ur=10m s~ L

there are four distinct stages in the development
of the regular wave under the influence of the
wind. Fig. 4 shows schematically the four
growth stages of the power spectrum.
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Fig. 4. Schematic representation of the evolution
of power spectra with the fetch. Number in
parentheses and lines with an arrow head
indicate four stages of the evolution and their
regions, respectively.

Stage (1):
wave component is almost the same as that
of pure wind waves, and the variation in

The way of growth of the wind

the regular wave component is substantially

negligible.
Stage (2):

component decreases in comparison with

The energy of the wind wave

the case of pure wind waves and simul-

taneously the regular wave component
grows rapidly.

Stage (3): The regular wave component
develops fast after the wind wave component
becomes indistinguishably small.

Stage (4): After the

breakings, the regular wave component

occurrence of wave

evolves into low frequency random waves
which have a spectral structure similar to
Associated with this
transition, the spectral peak decreases once,

the pure wind waves.

and then the wave field will develop as that
of the pure wind waves.

The growth process shows that the coexisting
system of the regular wave component and the
wind wave component is far from a linear super-
Some nonlinear interaction between
the wind wave component and the regular wave
component must play an important role at stage
(2), where regular wave component seems to

position.

20

T T T
Wy 11 12

18 R AL 1

1000--0 % -4 1

—————— Mitsuyasu (1966}

16
14

121

1.0 e

Rw
{
’

0.8 -
[ N
0.4
0.2
0.0
0.

oo 0.07 0.08

Fig. 5. The relative attenuation rate Rw as a
function of the steepness of regular wave com-
ponent dz. The suffixes represent the station

numbers,

develop at the expense of the wind wave
component.

In the fourth stage, it seems that the transi-
tion of the regular wave component to the low
frequency random waves in this experiment is
associated with the wave breaking. However, the
fourth stage is not discussed hereafter, since the
main purpose of the present study is to point
out the strong nonlinear interaction between
the regular wave component and the wind wave
component.

8.2. Interaction between wind wave and
regular wave components

To investigate the interaction further, we

The first is the ratio

of wind wave components to pure wind waves,

which is defined by
Ry =@(fw)/P(fwo) (1>

where @(fw) is the spectral density at the peak
frequency of the wind wave component fyw, and
D fwo) that of pure wind waves for the same
fetch and wind velocity.
value of the wave energy, the spectral peak
density is adopted instead of the total energy
of the wind wave component, since the latter
defined by the summation of spectral densities

introduce two quantities.

As a representative

for frequencies higher than fr includes the
energy of the regular wave harmonics. The
peak frequency of the wind wave
component shifts in a similar way as that of
The ratic Ry is regarded
as an index of the integrated strength of the
interaction and takes values Ry ~1 in stage (1),
Ry<1l in (2) and Ry~0 in (3) and (4).

It has been reported by MITSUYASU (1966)
that the energy of the wind wave component

spectral

the pure wind waves.

in the presence of regular waves is less than
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that of pure wind waves, and that a ratio
similar to Ry decreases with increase of the
Fig. 5 shows Ry
as a function of the regular wave steepness 4.
The dashed line represents the results by MITSU-
YASU (1966). Although the data are rather
scattered, there is a general trend that, following
the line of each regular wave case in Fig. 5,

steepness of regular waves.

Rw decreases with the fetch, keeping steepness
0g more or less constant, and after it reaches
the Mitsuyasu’s line, it moves along the Mitsu-
vasu’s line. This result and the existence of
the already mentioned four stages in the growth
process, suggest that Ry depends not only on
the steepness dz but also on the scale ratio of
the wind wave component and regular wave
component, that is, the ratio of frequency of
the regular wave component fz to that of the
wind wave component fy. IHere, however,
Sfr/fwo is used instead of fr/fw, and we use
this parameter also when the wind wave com-
ponent is absent, for example in the third stage.
The scale parameter fz/fwo increases with the
fetch, since fwo decreases with the fetch and fr
is constant.

Fig. 6 shows the distribution of Ry as a
function of dz and fz/fwo. The value of Ry is

represented by the size of circles. The solid
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Fig. 6. Distribution of the relative attenuation
rate Rw as a function of the steepness of regular
wave component O0r and the scale parameter
Fr/fwo. The value of Rw is represented by
the size of circles. The solid line represents
the contour of Rw=0.5 and inserted numbers
represent the stage of development.

line in the figure indicates the contour of Ry
=0.5, whose neighhorhood corresponds to the
second stage. The figure shows that Ry de-
creases with increase of 8z and fr/fwe. In
other words,the attenuation of the wind-wave
component relative to the pure wind wave be-
comes larger as the regular wave component
steepens and the peak frequency of the wind
wave component approaches to that of the
regular wave component. The border value of
Fr/fwo which diseriminates stage (1) and (2) is
approximately 0.5 for the case of dr of about
0.02, and it decreases with the increasing dz.
After this transition, the wind wave component
attenuates rapidly by some stronger interaction
in the region near the contour of Ry =0.5.
For the region of the steepness dr above 0.05,
the values of Ry are lesser than 0.2 and be-
come almost independent of the parameter
Frifwo.

The second quantity we examine is the
momentum retention rate Ggr, or the part of
momentum which is retained as the momentum
of the regular wave component My to the total
momentum transferred from the wind to the
water, defined, in a similar manner as in TOBA

(1978), by:

1 M=

T ot

Gr= s T=Pally’
where ¢ is the wind stress, pq is the density

of the air and ¢ is the time. Since we are
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Fig. 7. Distribution of Gg as a function of dz
and fr/fwo. The thin dotted line is the contour
of Rw=0.5 and the solid line that of Gr=10 %,
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investigating the change of the energy Er with
the fetch F, the time ¢ is approximately con-
verted to the fetch F, and the momentum Mg
to the energy Er by the relations of the linear

theory, F:%Ct and Mr=Egr/C, where C is

the phase speed of the regular wave component.
The derivative of Er with respect to F is
approximated by the central difference scheme.

Fig. 7 shows Gp as a function of 6z and
Jfr/fwo. To make a comparison with Ry, Gz
is plotted against the same abscissa and ordinate
as in Fig. 6. The solid line represents the con-
tour of Gr=109% and the broken line that of
Ryp=0.5; the two lines approximately coincide
with each other.
with increasing dz and fz/fwo. The tendency
is the reverse of the case of Ry in Fig. 6. This
indicates that there is an apparent relation be-
tween Ry and Gp. At stage (1), where Ry~1
and Gr~0, the regular wave and wind wave
components do not interact appreciably and only

The value of Gr increases

the wind wave component mainly gains the
wave momentum from the wind. At stage (2),
where Rp<1 and Ggr>>0, the regular wave
component gains the energy while the energy
of wind wave component decreases gradually,
At stage (3), especially for the steepness above
0.05, the wind wave component disappears (Rw
~()) and a fair amount of the total momentum
transferred from the wind (about 50 %) is ab-
sorbed by the regular waves. A few negative
values of Gg at this stage can be attributed to
the wave breaking, as suggested by the visual
observation.

Finally, we refer briefly to the exponential
growth rate of the regular wave component
which has been a main subject of the previous
similar works. The exponential growth rate in
this experiment depends on the stage. The
rate is small at stage (1), increases at stage (2),
and then decreases with further increase of wave
height in stage (3). The mean rate from Stns.
0 to 6 is two times greater than that of the
Further, the
maximum value of Gr in excess of 50 %, which
occurs at stage (3), is far larger than that ex-

Miles® linear instability theory.

pected from the linear theory.

4. Discussion
The results in the last section are summarized

as follows. Both the values of the attenuation

of wind wave component Ry and the growth
of regular wave component Gz are related to
the two parameters, 6 and f&r/fwo, and further
Rw and Gg are apparently connected with each
other at stage (2). These results suggest the
existence of some stronger nonlinear process
which transfer energy from the wind wave
component to the regular wave component in
that stage. The value of Ggr is much larger
than that expected from the Hnear theory
especially at Stage (3). This suggests also the
existence of an effective mechanism of momen-
tum transfer from the wind to the regular wave,
the values being much larger than the maximum
value of momentum retention rate (Gu) of 69
which was estimated by ToBA (1978) for the
case of pure wind waves.

HASSELMANN (1963) calculated the nonlinear
energy transfer in a spectrum of the coexisting
system of wind waves and swell. His results
showed that the energy of swell decreases by
the weak interaction among wind waves and
swell, and that the interaction becomes weaker
as the frequency of wind waves approaches that
of the swell. These tendencies are opposite
to the above described experimental results.
PHILIPS and BANNER (1974) proposed a breaking
mechanism of wind waves superposed on longer
waves, which is closely related to the decrease
of the wind-wave energy. However, their
theory cannot be applied directly to the present
situation, since the theory assumes the condition
of fr/fw<€ 1 and the presence of wave breakings,
while in the present experiment the above as-
sumptions are not always satisfied.

As to Stages (2) and (3), it is expected that
studies from the view point of individual waves
initiated by TOKUDA and ToBA (1981) is useful,
and vorticity concentrated region near the crest
studied by OkKUDA (1981) or such a kind of
processes may be related to the phenomenon,
Here there should be some strong nonlinear
interaction where the elements cther than the
irrotational waves may be of crucial importance.
Also, there might be an interaction of the wind
wave component and the regular wave com-
ponent through the harmonics or forced waves
of the regular waves. As to Stage (4), there
is a possibility that the strongly nonlinear effect
studied by LAKE e al. (1977) and LAKE and
YUEN (1978) is partially relevant. A study
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using the individual wave analysis technique
will be reported by IMAI ez af. (1981).

In any case, the phenomena observed in
this experiment are not fully investigated yet.
Further studies will be required to understand
the generation mechanisms of wind waves, and
also to develop wave prediction models applicable
to the coexisting field of wind waves and swell.

Acknowledgments

The authors express their many thanks to
Drs. S. KAawAl and K. OKUDA and other
members of the Laboratory, for discussion during
the study. The authors are also indebted to
Mr. Y. IMAI now at Kokusai Kogyo Co. Ltd.
for his collaboration in the experiments. This
study was partially supported by the Grant-in-
Aid for Scientific Research by the Ministry of
Education, Science and Culture, Project No.
254114,

References

BANNER, M.L. and O.M. PHILLIPS (1974): On the
mcipient breaking of small scale waves. J. Fluid
Mech., 65, 647-656.

BoLE, J. B. and E.Y. HsUu (1969): Response of
gravity water waves to wind excitation. J. Fluid
Mech., 35, 657-675.

HASSELMANN, K. (1962): On the non-linear energy
transfer in a gravity wave spectrum. Part 1,
J. Fluid Mech., 12, 481-500.

HASSELMANN, K. (1963): On the non-linear energy
transfer in a gravity wave spectrum. Part 3.
J. Fluid Mech., 15, 385-398.

Imal, Y., M. HATORI, M. TOKUDA and Y. ToBA
(1981): Experimental study on strong interaction
between regular waves and wind waves—II. To
be published in Tohoku Geophysical Journal, 27.

KAWAI, 8. {1979): Generation of initial wavelets by
instability of a coupled shear flow and their
evolution to wind waves. J. Fluid Mech., 93,
661-703.

Lar, R.J. and O.H. SHEMDIN (1971): Laboratory
investigation of air turbulence above simple water
waves.  J. Geophys. Res. 76, 7334-7350,

Lake, BM., H.C. YUEN, H. RUNGALDIER and W.
E. FERGUSON (1977): Nonlinear deep-water
waves: theory and experiment. Part 2. Evolution
of a continuous wave train. J. Fluid Mech., 83,
49-74.

LAKE, B.M. and H.C. YUEN (1978): A new model
for non-linear wind waves. Part 1. Physical
model and experimental evidence. J. Fluid Mech.,

88, 33-62.

Masupa, A., Y. Kuo and H. MITSUYASU (1979).
On the dispersion relation of random gravity
waves. Part 1. Theoretical framework. J. Fluid
Mech., 92, 717-730.

MILES, J.W. (1957): On the generation of surface
waves by shear flows. J. Fluid Mech., 3, 185-204.

MITSUYASU, H. (1966): Interaction between water
waves and wind (I). Rep. Res. Inst. Appl. Mech.
Kyushu Univ., 14, 67-88.

Mitsuvasu, H., Y. Kuo and A. Masupa (1979):
On the dispersion relation of random gravity
waves. Part 2. An experiment. J. Fluid Mech.,
92, 731-749.

MizuNoO, S. (1975): Growth of mechanically gene-
rated waves under a following wind 1. Rep.
Res. Inst. Appl. Mech. Kyushu Univ., 22, 357-
376.

OKUDA, K., S. Kawal, M. TOKUDA and Y. TOBA
(1976): Detailed observation of the wind-exerted
surface flow by use of flow visualization methods.
J. Oceanogr. Soc. Japan 32, 51-62.

OxuDA, K., S. KAwAlLand Y. TOBA (1977): Measure-
ment of skin friction distribution along the surface
of wind waves. J. Oceanogr. Soc. Japan 33,
190-198.

OkUDA, K. (1981): Internal flow structure of short
wind waves. Parts I, IT and III (submitted to
J. Oceanogr. Soc. Japan).

PHILLIPS, O.M. (1960): On the dynamics of unsteady
gravity waves of finite amplitude. Part 1. J.
Fluid Mech., 9, 193-217.

Puririps, O. M. and M. L. BANNER (1974): Wave
breaking in the presence of wind drift and swell.
J. Fluid Mech., 66, 625-640.

RAMAMONJIARISOA, A. (1974): Contribution a I’étude
de la structure statistique et des mécanismes de
génération des vagues de vent. Thesis, Université
de Provence.

RikmsHr, K. (1978): A new method of measuring
directional spectrum for wind waves. II. Direc-
tional spectrum and dispersion relation for labo-
ratory wind waves in the generation area. J.
Phys. Oceanogr., 2, 411-419.

SHEMDIN, O . H. and E.Y. HsuU (1967): Direct measure-
ment of aerodynamic pressure above a simple
progressive gravity waves. J. Fluid Mech., 30,
403-416.

ToBa, Y. (1978): Stochastic form of the growth of
wind waves in a single-parameter representation
with physical implications. J. Phys. Oceanogr.
8, 494-507.

ToBa, Y., M. ToKUDA, K. OKUDA and S. KAWATI
(1975): Forced convection accompanying wind
waves. J. Oceanogr. Soc, Japan, 31, 192-198.

TokuDA, M. and Y. TOBA (1981): Statistical charac-



Strong Interaction between Regular Waves and Wind Waves 119

teristics of individual waves in laboratory wind structure. To be published in J. Oceanogr. Soc.
waves. 1. Individual wave spectra and similarity Japan, 37.

BIANE: & M3 & DM ERZ B 5 RERRITTSE—I
T B BN, M B M, BT R U

FE: ARKECI T, BEANCR I LASRE &R (DEME & HEE O E i 577, QREOBENI
W EDOBEERAEZTHE<. FOE, HRE RS AERE B OE, QRERBEREOBRIEO 2T ZE, (@
12, D 4 DO BB T 5N E T LD . PO Mg OEEA~OERE. QOB TRk OBRE

R LR ORE L ORI ZEREGRRS Y, Rl b
T80 (AR AT HE AR E < o ¥ - 2 T BRI E
tORERT: W SRR = v — PR e ——

T254 IR THE R, #% 9-2



