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ABSTRACT 

Resonant interaction processes in the surf zone are marked by an ano- 

malous dispersion property (dc/df > 0) as it is well known from reso- 

nance absorption processes of electromagnetic waves in dielectrics. 

INTRODUCTION 

At least since 1974 there has been an increasing number of publications 

dealing with so-called anomalous dispersion properties observed from 

deepwater wind waves (RAMAMONJIARISOA and COANTIC, 1976; LAKE and 

YUEN, 1978) as well as from waves in areas of transitional and shallow 

water depth (MASSEL and CHYBICKI, 1980; BOSCHING, 1978). Most of the 

respective experiments are carried out by estimating the cross correla- 

tion or the cross spectral density functions from the signals of some 

wavegauges placed in the wave field appropriately. 

From investigations in a large wind-water facility for deepwater wind 

waves for instance the most striking departure from theoretical values 

consists in the phenomenon of nondispersiveness dc/df = 0 especially 

at "phase-locked" higher frequency components with phase velocities 

close to the dominant wave celerity, see Fig. 1. There is, however, 

another deviation to be seen describing an anomalous dispersion 

dc/df > 0 in the low frequency range coincident with rather small energy 
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densities. By contrast, the author's privious field investigations in 

the surf zone at heavy storm surge conditions have shown an anomalous 

dispersion property dc/df > 0 in the whole energy containing frequency 

range  (BOSCHING,   1978 a). 
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Fig. 1: The variation in phase speed of spectral components 

measured by RAMAMONJIARISOA (1974). 

The theoretical phase speed c = g/2irf and the spectral 

shape are also shown. 

The anomalous dispersion of low frequency components in "deepwater" 

wind wave spectra is often attributed to the presence of wave groups 

travelling with the appropriate group velocity (PHILLIPS, 1978). It is, 

however, doubted by the author whether the longer period frequency 

components can really be regarded as deepwater components even in a 

"large" wind-water facility, and moreover it is questionable whether it 

can be distinguished between phase velocities on the one hand and group 

velocities on the other hand both in the same plot based on spectral 

analysis. In the following it will be demonstrated that resonant inter- 

action effects are responsible for an anomalous dispersion property to 

occur in the very shallow portion of the surf zone. The present contri- 

bution refers to measurements priviously evaluated in detail by the 

author, see BOSCHING (1978 b) . 
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ANOMALOUS DISPERSION OF SURF ZONE WAVES 

Frequency Domain Data 

In the upper parts of figures 2 and 3 two sets of synchronously measured 

energy spectra of water level deflexions are to be seen both characte- 

rizing different wind and water depth conditions at stations 100 m and 

85 m distant from the shoreline respectively in a coast perpendicular 

measuring profile on the isle of SYLT/North Sea. 

Although that measurements had been carried out at heavy storm surge 
2 

conditions coherence y    is quite good at the energy containing frequen- 

cy components (about y    = 0.8 and y    = 0.7 respectively). In this cases 

the phase velocity was calculated from the phase information of the 

transfer functions plotted below. 

As to be seen from the graph at high coherence values the phase infor- 

mation can very well be approximated by a linear regression 

$(f) = *n + a • f (1) 

in which a • f is due to the distance of the two measuring stations 

Ax = 15 m, and it can be shown from the conversion into phase velocity 

applying 

c(f)=-^^-f (2) 

that the magnitude of the positive portion of $ decides on the degree 

of the anomalous dispersion property dc/df > 0. 

As was found by the author in 1978 the anomalous dispersion gets more 

distinct with the water depth decreasing; hence, the magnitude of * in 

Fig. 3 is greater than in Fig. 2: 

*, > *•, (3) 
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Fig, 2: Spectral functions of two wave gauge signals at a high tide 

water level. 

Gauge distances from shore 100 m and 85 m respectively. 
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Fig, 3:    Spectral functions of two wave gauge signals at a low tide 

water level. 

Gauge distance from shore 100 m and 85 in respectively. 
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There is, however, another phenomenon to be seen from Fig. 3 represen- 

ting a very shallow water depth condition. Obviously a peak shift to 

lower frequencies has happend on the rather short distance of Ax = 15 m 

in the upbeach direction, and additionally an increase in the maximum 

energy density can be watched. This fact also comes out clearly from the 

magnitude of the transfer function, if its inverse values are considered 

at high coherence only, resulting in an average value of 

H2 = |Hn100n85] = 1.53 (4) 

Similar energy shifts to lower frequencies due to decreasing water 

depth are also to be seen from spectra published by SONU, PETTIGREW and 

FREDERICKS (1974) and GODA (1975). By contrast, at the condition of 

Fig. 2, marked by a greater water depth, energy density decreases from 

station 100 m to station 85 m accordingly resulting in an average value 

Hl = IHIIOO'W = °-99 < 1 

Time Domain Data 

Increasing wave periods in the upbeach direction (in accordance with a 

peak shift to lower frequencies) could also be detected in the time 

domain from synchronously taken strip charts. 

Figures 4 and 5 show the results of a zero crossing evaluation technique 

applied to the data of 6 and 5 measuring stations respectively still in 
operation in the same coast perpendicular measuring profile at normal 

weather conditions. 

Besides the wave heights here the wave propagation velocity is plotted 

with reference to the water depth, the wave periods and the wave length 

respectively. Because of the lack of space here only two things shall 

be pointed out with respect to broken waves. 

After breaking the wave deceleration is less than before breaking, and, 

as a consequence of an increasing "wave period", there is an anomalous 
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dispersion characterized by dc/dL < 0. The details of that measurements 

are also given in BOSCHING (1978 b). 

ANOMALOUS DISPERSION OF ELECTROMAGNETIC WAVES 

From electromagnetic waves it is well known that an anomalous disper- 

sion of frequency components is due to a resonance phenomenon (reso- 

nance absorption in dielectrics). If one has an electromagnetic wave 

propagating through a medium made up of a number of oscillators (elec- 

trons or ions) per unit volume one gets a complex refractive index 

n* = n - ik (6) 

in which n is the real refractive index (also representing phase velo- 

city) and k = n • K is an absorption quantity (also representing the 

amplitude response near resonance). 

As to be seen from Fig. 6 both components vary with wave length. By the 

equation (6) it is stated that resonance, absorption and anomalous dis- 

persion are combined effects. If an incident component wave has nearly 

the same length or frequency as an oscillator of the medium resonance 

occurs. The oscillator absorbs the energy from the forcing incident 

wave. At resonance absorption represented here by k is a maximum, and 

in the vicinity of the spot of resonance always an anomalous dispersion 

dn/dL > 0 corresponding to dc/df > 0 (or dc/dL < 0 or dn/df < 0) 

appears. In a light spectrum this means that the sequence of spectral 

colours here is the inverse to the normal case: refraction of the red 

colour is a maximum instead of the violet colour. It is because of the 

coincident maximum of absorption that we are not as familiar with this 

kind of dispersion as we are with the normal dispersion property. In 

liquids and solids, due to molecular collisions and strong intermolecu- 

lar forces, the absorption and dispersion curves become very  much 

broadened, the broadening being very  irregular owing to the varying 
molecular force field. Additionally damping is an essential quantity 

as it is true to all forced vibration processes. 
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Fig. 6: Absorption above and below a region of anomalous dispersion 

centered about the resonance wave length 

Moreover it is well known from thin film optics that dispersion proper- 

ties depend on the actual film thickness, see for instance MAYER (1950). 

With respect to the transmission of light through a gold film it can be 

seen from Fig. 7 that an anomalous dispersion property gets more dis- 

tinct in the visible spectrum with the film thickness decreasing. At a 

rather thick film (solid line) the visible spectrum is dominated by a 

normal dispersion whereas at a very thin film there is an anomalous 

dispersion in the total visible spectrum. 
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Fig. 7: Variation of dispersion properties at transmission of light 

through gold films with respect to decreasing film thicknesses 
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DISCUSSION AND CONCLUSIONS 

Formerly the author was able to deduce an anomalous dispersion property 

combined with a peak shift if to lower frequencies from an equation 

2 • [c(x) - c ] 
&f = fo • TT^^Tlxr = f(><) - fo       (?) 

see BOSCHING (1980) in which f and c are the component frequency 

and celerity respectively at a known position in the surf zone, and 

c(x) < c and f(x) < f are caused by a superimposed (accelerated) 

current at a certain position on the same wave beam nearer to the shore. 

Vice versa a positive frequency shift can be produced in applying 

c(x) > c . The author is still convinced that superimpored currents do 

have an important effect on wave deformation processes particularly 

taking place in the post breaking zone. For example in the lower part 

of Fig. 8 there are shown some additional spectra measured synchronous- 

ly at stations 100 m and 85 m from the shore. If the respective sets of 

spectra are connected with the coast normal component of the mean resi- 

dual velocities measured at station 85 m (see middle part of Fig. 8) 

actually different frequency shifts can be seen. In the present case 

there is 

a) a negative frequency shift (red shift) 

combined with a seaward directed residual 

current (see first set of spectra), 

b) almost no shift in correspondance with minimal 

residual currents (see second set of spectra) and 

c) there is a positive shift (blue shift) coincident 

with a coastward directed residual current 

(see third set of spectra). 

As, however, the additional phenomenon of an increasing energy density 

in the upbeach direction, especially at 'jery  low water depth conditions 
(first and third set of spectra), can not be explained in applying 

equation (7), in the following the question is considered whether the 

above demonstrated combined effects of resonance, absorption and anoma- 
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Fig.  8:    Different frequency shifts by superimposed accelerated resi- 

dual currents with respect to the onshore-offshore direction 
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lous dispersion, known from electromagnetic waves, also apply to surf 

zone characteristics. 

In order to get a better understanding of that mechanism an inspection 

of the response characteristics of a single degree of freedom oscilla- 

tor can be helpful, see Fig. 9, 

As an analogue to the above shown transfer function this is also sub- 

divided into magnitude and phase. The amplitude response characteristic 

as well as the phase characteristic both are plotted with reference to 

the frequency ratio 

f 
forcing frequency _ _f ,„, 

n  natural frequency  f * ' 

instead of the frequency as it is used at the transfer functions. 

Both components are significantly marked by the actual damping rate D 

which is well-defined by the respective families of curves. 

Applying this model to the surf zone the forcing frequencies are those 

coming from offshore, and the volume of water present in the surf zone 

is characterized by some eigenfrequencies. 

A similar concept is well known from edge wave investigations (GUZA and 

BOWEN, 1976; CHAPELL and WRIGHT, 1978). 

In order to check its validity in the following it is tried to compare 

the response characteristics of Fig. 9 with the transfer function data 

of Fig. 2 and 3 respectively, both representing different wave condi- 

tions and different anomalous dispersion properties. 

If the values H^, ^ and H,,, $2 are transferred to Fig. 9 conditions^) 

and:2)can be differentiated by suitable damping rates D and correspon- 

ding frequency ratios n. 
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Fig. 9: Response characteristics of a single degree of freedom 

oscillator 



ANALOGOUS DISPERSION PROPERTIES 169 

At condition(T)a distinct amplitude and phase response can not be dedu- 

ced because transfer function magnitude does not differ much from unity, 

and the phase angle is far from being $ = 90  . Amplitude and phase cha- 

racteristics  (H,  = 0.99 and <t>,  = 38.5°)  in this case get together at a 

frequency ratio 

ri1 = 0.46 < 0.54 (9) 

corresponding to a damping rate 

0.5 < Dj < Jill (10) 

Herewith  it can be concluded that damping dominates  in this case. 

By contrast,  at condi tionf2)marked by a transfer function magnitude 

appreciably greater than unity (H~ = 1.53)  and a larger phase angle 

(*2 = 52.38)  it is found a frequency ratio 

n2 = 0.74 > 0.70 (11) 

and a corresponding damping rate 

0.25 < D2 < 0.5 (12) 

Hence, from this analysis there is an indication that resonant interac- 

tions including anomalous dispersion are more likely to occur in the 

surf zone at lower water depth. 

This result, however, is infact in accordance with the above shown 

example from thin film optics, see Fig. 7. Moreover the analogous be- 

haviour of electromagnetic waves at resonance absorption and surf zone 

waves is underlined by the fact that the ratio film thickness devided 

by light wave length is similar to the ratio water depth devided by wave 

length in the post breaking zone. 
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