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Abstract

Long ocean wave (surf heat) has been analysed following Part 1 (Fujinawa
et al., 1976). We have analysed time series data of an envelope of incident
swell e(t), long period surface elevation 7(t), offshore and alongshore velocity
components of flow w(t), v(t) observed at the marine observation tower which is
situated at the point with depth of about 20m and distance about 1km from
the shore. Analysis revealed following points.

1) Relations between various statistical wave heights (maximum waveheight,
gignificant waveheight, mean waveheight) are nearly linear also in case of incident
wind waves with slightly different propertional coefficents compared with those
in case of swell.

2) Energy spectral density function Prz(f) of the surface displaccment 7(t)
due to surf beat has two distinet peaks, whose frequencies are highly stable
during observational periods. Cross-spectral data analysis suggested that those
wave components are travelling edge waves.

3) The long ocean waves duc to inhomogeneous radiation stresses (Longuet-
Higgins and Stewart, 1964) has been observed. Phase-shift between an envelope
of incident wave and this long wave, and wave height of the long wave are in
good agreement with those of the prediction.

4) Tt is shown that edge waves are developed by the resonance mechanism.
Dominant wave numbers of the radiation stresses S;; and wave mass trans-
port M, arc proven to correspond to the wave number of resonant edge waves.

1. £ans

BYE (PR - M - L, 1976 DESIMT ol &k, 12343) ioknT, =7 ¥
— FOEHEERIB U, FoTRELELT, v—7 ¢ U= FOKRUTE ORFEOM O BE

* RS L PR
oo w7 e SRR AR CLR AR )
DR SO 2 TRIESE

—111—



B Sz B SR RGT £ v 2 — DRSS LTS 197T4ES 7

TN, WO OBMERE RS S DI T, F—7 - U— FOBEE, F—a Dz

FVETEITSC, IOEMCRTLC LTS I kTN L 5T, Ra0#
HOBRIL, —7 « ¥ FORREEILSHC, BRI Tl 2 i (R i A
RS LRATRR) R AMELEZ L THhof. Livl, Liesu Tt ofRILs
Praniehote, CORETE, FROGKER HHEE, KAMESON>OREFID X~
7 RNGREAT ST, b7 - U= OB REET 5, Rk, WEBEYBELOD,
=7 U FOFBE - BEOBMEAWM UL DS, FoER ERITS. fols, FaaMEEF
DIGIZ LT B0, ANERFABENE 50 OBETH DA, BERMEORHEOW
EbT-7eDT, ¥ =7« E— D2

~7 P AGROBEREWT AN, A gl
s, BROBET, $—7E— b

DKELEB ORI E 5 T T B ¢ =

xﬁ«f&&:&m?& e
2. ASHEARROBE (B — :

7 - E— b Ot BT

B 1lix, +—7 « U'— [ OAKLIE "t B s w ¥ G

o (U/10) #i5sm HOy & RAR ™
. - . . B1 #—7e—} @!K [EEEh O N HO . -
m HL, FolEEERT DTHB. (L/10) drkiers Hi%y & OBAFR S ER 2 EIR o
MEEORT Y X OREE, 5habo Ba)

. Fig. 1 Relation between maximum wave height

B L DETIE o W ML H®,, and (1/10) heighest wave height H),, of
BT surface displacement 7 due to surf beat (in

case of wind wave).

HE==1.2HG, (1)
Tdh-CHREOME 121, 5hh ol

B OME 14 72T 255 /b3,

Thit, BB PH,) ©B\T, 5k
Hy oRXVET, Shhofae, 3

I T EoECLDIckh - Tl o b ;
ZRLTWES g

20, ESAEREDEGE EDY i
~7 B o RkHE HO. &, R
(H&ﬁ%&%fma&@%%%%f% ®2 HO, » (13 H&£ES HY OB
oehs. coMie, dhvom T e T s
GLHEDATIYEINZ G, WED surf beat (in case of wind wave).

—112—



BT BT (4~ 7 « & — 1) o (TD—3EMR « @M« 5

IR e BRI,

HY.=18HY, (2)

S5HH OEEOREOME 2.0 X h TEFEE 2,

B3k, ‘AR Hi: b, THEA HY LoBHY 30 Thh, MEOBELE

LFER,
Lz,
ERbENDL., DOFKoE 4.1 11

temd

ih)

JEA WAV LG H

HE A 1H® (3)
A2 h OEFEOME 4.3 X LERREN X,

—F, B4, hEoLHEE LT, Q/10) RS HY 28F-C, 1/8) HFHEELO
e~ D TH S,
50D DFHRICHNTAT Y X OREHVIE {, HROSMLEK PriH,) o, X%

4 |/'. ! L _ i

u b A n

[
HWOIMM W VEDT K L
e

o)

my

B3 HD, LTFHES A LoBE

Fig 3 Reclation between H®

max

and mean wave

height H of surface displacement 7 due to

surf beat (in case of wind wave).

k2]
sAF 56
=
= A .
-
£y 7
® o
-
H ol
» P
g o .,/,/-“
2 it
@ 7
> ] 2 S w
/J/ By 5 1428 3
) b = i I N
n n Fl k) 0
)
i} =[N WAL HE [ ]
CL/LTY SIGNI-T2eNT WA HEIGHT watr‘r

B4 HY, = HY, ol

Fig. 4. Relation between (1/10) heighest wave

height H{,, and significant wave height H

1/3

of surface displacement 5 due to surf beat

(in case of wind wave).

— 113 —

ETHHLERRLTVS., WEOH
RAHMBCHIE L CERT 2 &,

HY=142H®,  (4)
Elcdh, COMBROEE DM 1.42 11,
540 OFEOME 1.6 i~ 1 EfR
B E s,

Hbit, +—7 « E— koA {rgEHE
o (1/10) Heim Hi%w EFEHES
HO L olliEh R+ 4D Ths, Wi
ORI, TEA,

HY,=333H% (5)
EFRbENS.

BE#ic, M6k, (1/8) 4 #ms
H) »F¥m B b oRant
b DTHDH, Hh & HY L oigix
EURIY it

HY==230 (6)
LleoT, FHOE23 1%, 5hho
BEOHELIRAILTH S,

PL#ieTs s, BEEOMH I
EBThL, ¥—7 - ¥— FOBEEHOK
BOMCIL, (2IERB OB 7
B, MOATYEFOREIL, Shbho
WE IV ThEL D, iR



[ B SRR T o & — FROHRG

BoRExix, £1loRslL, BR
EEEREC LS, dhb oBEn
LRl b 28I liRo & & & H KE
W (110) AR BLEC LIcEAC
k. (B HH|IEEIL 5 b o k& LEIn
ek & <, THESE, LEIRME
(1/83) Faeitm & FHEmo ki, BiRo
BEoL oL,
Lo,

A

S5hh DEEOL OTE

Thuak, =7« E— FDAKIEEE)
OYEES P(H,) 1k, AFES SR
DEETLERBOLETL, A7) —&E
D% L2 L hEiD.

Fx OFEwmN O EE RO
b T X, R PH) £01
OFPHAND 2L ERORE LT 5. K,
ARHEEN S D E X AT P(H,)
BELLREVSERNEETH -T2 D
i, S0k ZARMRRMBIRV. AR
ERSA A0l &, BAEEYIRE
L7k IR e KREVDIL, &
KOWEHIKEN T2 EHTFT S O

G
-y

SO R, B PAH) OFREE
Ve & RS B % s b AR,

LTS 19TTE3 1]

W
1AM ST e ITTG ”L !”‘ R

Fig. 5 Relation between (1/10) heighest wave

i)

YA W HELGH A G

height H%,, and mean wave height HW
of surface displacement » due to surf beat
(in case of wind wave).

sk 6
o
b
. ///
n b ‘/,-"’
~ *
T,
5 = -
>
- o )
- B = 230
o =
pil | | | |
a n 1 X =
CL3N CIGHIE (LT W AT -i“.‘ fem)
H6 HY & HY &0
6 Relation between signifieant wave

Fig.

height H{, and mean wave height H®

of the surface displacement due to surf
beat (in case of wind wave).

F 1 H—v e £ FPOREETO S BHEOBIRO AR S 2 DT L, BR

DI b

Table 1 Proportional coefficients between various mean quantities of the surface

displacement due to surf beat.

Note differences between values in case of

incident wind wave and those in case of incident swell.

swell wind wave
Hl,'ll) H],'ﬂ H Hl,‘lu Hl'fs I‘_lr
Hses 1.4 2.0 4.3 1.2 1.8 1.1
Hi 1.5 4.3 1.42 4.33
Hiys 2.3 2.3
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8—6 0.00175  0.00525 170 360 2.1 158 9.0

(7-2), (7-3), 82 =201 —ADEECITFIUGEBEE T, (7-2) oY) —2T
iz, Hlor—2of@EH, hoBsch~~1T, HENiz &Eﬁ%ﬁﬁiofﬁb,VU—f
(T-3) Tit, fi R BR27 FABE P f) b, fi ©BF b 222 MEE P(f) &
@&ﬁ@@ﬁﬁ[%ﬂtﬁﬁpﬁ-w.x,&U—f(&%fﬁ,ﬁﬁﬂﬁflﬁﬁ(Qx
S N AGFR OIS, WoEET T, EHCEE S

=~ 12 =



[RSrbh S pbersili e v 7 — RS 179 197773 A

K2k, BlLBIVE2DORA I A0 C— 7ok s, 227 vEE P, P(f)
DEDOEET LTS, ZoEMhbbMB L5512, VYU —X B1)~B6) ick\u i,
P(f) & P(f) ok, #EuienELu, Fcbb, Zo8BcE - TiE, X2 k2 Ams
WISV DB SRR, F—7 - U= FORENRE L0, IELoh L
TWaAI EiTits. 3k, o LE

LD HAREC T BB, P(fy) TEHEL Lof e
5 B, b Kilig
AL N7 VEBEFER LI DTH S, ?fly i L’ﬁ‘gj
v =X 81 vy —% (8-6) Tig, 3 QK@"X
= A Ls !
SEOT FAF 2 20 KF EEC LT Sk 4f F :
LER) DERBBIC LIS, 2 ¢ | o
FADEAKEL BT 25, 1 5b i
L ko, ) —Z T OHH it B T S S
3 2
BELIT<EETHD, ) —x 8T, "’ an)m
FrEQUENCY 3
WHrEELTIT BB Tths, v U —X B 38 -k — r DRMEFH D= FF—
. ) « Ay P AREBEL Pro(f) 20w
7 _1h - bRl Lo RE
(T-1) & (T-1) 1%, ABEROF AN — 2B BE P TIEEAE L1z b 0.
LRI A OB IR LT b, AT b SR DR AR LT
P _ a &
[ 86 smbinZ L9, ZToma Fig. 38 Spectral density function P*,(f)
MBI P () ik, Mt b % normalized by the value P;.(/f:) at the
- secondary peak of energy density fune-
L T B, tion P..(f). Note high similarity dur-

BT e Em hDRAL R Z DT ing decay stage (series 8-1~8-6).

U7z @iz, Munk (1962), HfEs (1971) sk 5. Munk @Sy, 2 krroe—7r
DL, TRV —EENEATHE, -, BELOHT OB T A ETE,
Fea UL ool — s 2o fox 2 b ARBERL TS, FLT, Fh
BORMIL, HBRICL o CETRg- TwT, 80~100 Fp, 38~47T L Fh4 DPA L 5
ERE S,

89 ik, BIEH S, fi mBITA RS2 BmE P(f), P(f), +—7 - E— O3
Wifc k& s Hify, BLOARMEROKE S HY OFMELETLELOTHS. H20
E—2 DR VEED, BLOTHICHEST, BORCBATAE bk, Ak
RPKRERKCET AN, BRExr L -Cws, —F, Blor—rox <2 7 LV EE
P(f) ok, AHEROKREESAFERKCETSE AUECRAERS, Hloc—2 f
R DR 7 AEE PR A, GIOREN D, BAEY & 5085 £ CToRME, 72
Wizl 10 TR 20 LT, B2ovY—2r fo WRITLRLA M7 ABEM, 575
DI TRERTEREE LB Uiy, fods, ASTMBARAR S /05 ¥ 08 Lo, 10 mrfe
BETdhh, BEE fiiclih a2 r 7 VBE P(f) 2, fiicksih g2~ b7 v PUA)

—128 —



PR ED BRI (h— 7 « 2~ 1) O (ID)—FERE - W - 355

T, KEvoT, =7 - E—FD
2L LCOREEN, BIE—EOHEY &
LDk, P 2325 g o foRECAT < /e
o<v6.#ﬁ,ﬁ§%%@m.ﬂﬁ)&
P(f,) ok -EDXITHEOT, AH
HiRAVNE IR AL, FEEN L 0F
JEE b, fo OELRCHAETHhE {75
hiZied, ok, TaEELLCE
ROBEEFRCLREBRLZETHD, KE

5 =
b 03

|
\
)

{{8]
u3

(]

04 -

T

~1 1o

(s)

FGHER SPECTRAL DENSITY P (F1 ), (Fp )(cn2 £ sec, )
wave Heent Hoyupp o

CEUREL. HER f oS DA L m |
b : : L 10

WA P =PRSS B - kiR e by
HNECLETHAL IOXHCRVE (B B 39 ASfERoKRE S Hy, +—7 « £~
” s e ’ 5 A HBP 7 e -
BB L5 g at 300 m RE) 25, 2o PSRRI 8 iy
WSS k MJ% RED) FDARY D — 2 DE P(f), P(f)
Eowhavis (FHRECHELT) TR DAL

. % 3 - : . . Fig. 39 Evolution of the incident wave

VF DS LA oD X4

BRI, B RS DI height H{Y), of swell, significant wave
Lo on, FTbiciksod, H50 height HY, of surface displacement due

to surf beat and values of spectral

Yo X ey i [~ 3
3 OLAATRT — FOEE) L DT densities Prr(f1), Prc(fy) of the two
T e, —EfFCHzBRE TS dominant peaks of spectral density fune-
- tion Prr(f) of surface displacement.
L#HEZbBRS. The component at the secondary peak
Bl 5 T R¥— U —r oL, with frequency f. starts to develope
earlier than that at the first peak.
K2mbbrbidr, Bloe—r7T, Moreover, f; component attains an equi-
F1=0.00204-0.00025 (Hz) librium value before the incident swell
attains its maximum wave height. In
EIEE BTV, —F, B20iolx the decay stage, the two components

. ; decay in proportional rate in accordance
fs=0.0061::0.00038 (Hz) with the existence of similarity of

FETELOL O, TRk X < energy spectral function Pz(f).
oTwb, LasL, WIFnt 1HL b
2VEETHAILBHEL . B2oOY— 2 OfKEE £ X, FEOFIEIZ T, e RE
Ml fbE R LT 5, 0 —2 T 7k 0.00475 Hz BlEETh L0, U —X 8 TiL,
0.0050Hz R fiid 2 5 Lo icicd, 1 o 84 #RThb5 L5, AREROTY
A, BBk TN s Tl Y, KNEBOEEEL T: L, b 7Tik
HEANZ s T b, CoOABOTHE, Rod~ickdE 20— 7 o AR~
DR HIE LT B Db bl

ks, ¥—7 « E— bofEEm HY 75 AREROKS Hi © 1.5 R lhfld
HZt#mliz (I o 20), +y—7 « E— DAL ASTE, Z o0 LY — 2%

—129 —



[ELLBE SRl oAbl = v 2 — PR, BE1TT 197743 1)

FoTWaBDT, ZOZODE—7 T2 “BE” b, AHEROKEE HP, 15
FICHHT DL THEIRS. FAEE i, o ootieTs ‘& HP, HP %

HP=vP(f)af,

HP=vP(f)af:
TEDBHIECTE, AL, Afe &, 23 7 voe— 7 OFEETHSL. - 2Rt
HP, HPY ARERONES HY, L OBFRE2FLCONK 40 THEH, ks, HLor—
DALY AL, AL AOESRE

HILDT ELE VR CoORSOEE e

L HS, o 156 Fr B2 2510 B ki

2B, B2ov—spaloBETT T s
HDLKIETEL TV oDT, LToBRBCH 30 !

s AP LA HCTw3, Blo 3,

E— 7 DEFEOBEITIE, RERE W I o

BIEOMc, Zo&h LEERRET bR g e

. ENCIEIs X 5T, AT L o TR f badg Con

BET AN, SRoR e 0 JHEROKES K by
ZDT, $—7 - ¥— hOLEELTOK ORExS HP, HP Lotk HP, HP
s 3 Hf L AMEHOKE 2 HO, &0 i i S Gk L R

B L, siaEolsm HP UL HP) & Fig. 40 Relation between the incident wave

AMBIRONE Hije £oBR, 2CF e
LTl CHLABRFwETIL . the cnergy speetral density function
F=7 U FOKATABN O DA ) s B 1 RO TN
NVEBTORESE, BFTofidns s L oo, proportion to (H{)"".

Fex DRBE LiflTik, =2 (Riz="2)o

B LIz RZNF— « E— 2 BFET L. ChEMRADTHS 50, — 2T i AR
AL PABERRERE ST, COLRCENRETVWLSENELLNE, FIT,
AFHEROZ FAF—2-27 MR TCRB Z LT A, ZhxER Lo, K41, 42
THB, ¥YV—& (T-1), (I-1) OFHFCIIALHC 2O -7 0o 0nH Ll T 5.
LA L, FhLMEoEfifoBockyetit, Kabbnd X f=0.07Hz riaic
—OOHEB LI R A O — s B RS i b o T T, M -7 f=0.12Hz
%E@ﬁ&ﬁ@%2@1*w¥—-E—&mﬁ«hxbiqfva.%Lmzoﬁz@ﬁ
~7ORE S, BEYEPRIE—ETHS. —F, M40 mbibhbi5iE, $—7 -
E—FOZToD T 3 )b F— o E—=7 L4 ARKEOBCME- T, #ERHREBCE~T, K
ZllaTuwh, DLEDESENE, —7 « E— bD =27 Fd# P (f) o 2 (3Lt

— 130 —



PR S RIFIIE (v~ 7 « &— 1) O (ID—B4E - M0 - 9558

108 ) 106 -
» Fowil
® 7.0
a T-12
o 7-3
5195 - ,\; W
z =
i | g whi
&L ¥ |
|
102
10,1 ]
Freauewcy ¢ (N, ) Fazoueney £ (Hp )

41 AHEEO=F A F = A2 b AHE B 42 ASHERO=FLF— ALy b AEE
Pl f) (0~ & (T-1)~(7-3)) P (f) (v ) =X (8-1)~(8~6))

Fig. 41 Energy spectral density function Fig. 42 Energy spectral density function
Pi(f) of incident wave (series 7-1~ P..(f) of incident wave (series 8-1~8-6).
7-3). At the earlier stage spectral den- During this stage there is only one
sity function has two peaks but soon dominant peak corresponding to incom-
the main peak with lower frequency ing swell from a typhoon for away from
dominates over the component with the observation point.

higher frequency.

=) Y= RH LD, ARKROT ALY —« 227 bAATIOMELEERE S L
TWAD TR I E i3,

Longuet-Higgins and Stewart (1964) %, ASHERIC £ 5
T, REREROBTTHREILY, DNELEHOFH TS5 X eRVGENEET LS
LER Ui, ARKBOMET Ao radiation stress # S, LT 52 %, ZoOREGEOK
fir 9 ¥,

radiation stress = I -

pv::——éﬁi—— (23)
gh—c;

ERBLEND., D2, 0 KOBE, g EANGE, ¢ LkBRoBEETHS, KIE R
DURNE L, REEREAED L0 & FiTIT,

9

. 3ga’
s 2w*h* @

Licdh. I, o (AR OBREEE (0=2-f) T, e REETHL. ZOBBETRELT,
HIEHEEINTCERN L 5 0% T THR, SIENSFRAB TS, EABETEET S

—131 —



[Hr sl SRt = v & —BREGh ST L9TT4ES A

Ay, FA Green OERNZHES 2L

alec b1/
THHEMD,
nech™**
El AR, PEORETIE,
fec k2

ElrsTtus (I oFE 83, H2 iIkmLo 20 %5 +—7 - E—rOREE, K
EXT 2ROV CRBTECHELGRLUA). L LD LS IR Ty —7 » U — b2 %
ELTCWAETEELIE, BADOHMETIXY—7 « E— FOKRMED ART b, TD0FE
BE LIt — 2B THLhb, HOED 27 PucLbicd b T2
Vst Tk nion D EiTe s, 43, 44413, AHEROAKR ) oty — - 2
A7 VBN Pee(f) R L0 THA. T IT, GIER e) Sk, ARBEIRCHE
5 ANEEN R CE) - LT,

o SURF 7 N l“: sie 8
ENVELOPE Epeare
= 7= ]'
AFo]
+7-3
o7-3
1o W't
;105- jéus‘ |
- = i
%mz- ;102-
£ £
| L
. w0t s Tt 107! 3 0 w? !
Freouency F O ( Hz ) IREcuEncy F( Hz )
43 AQHER O WHERE e(t) D7 — oAty 44 ABIB OGS e(t) DY — ALY
b AR Pru(f) (0 — & (T-1)~(7-3)) P AR Pyp(f) (00 — & (8-1)~(8~6))
Fig. 43 Energy spectral function Pgex(f) Fig. 44 Same as fig. 43 cxcept series 8-1~
of an envelope e(t) of surface displace- 8-6.

ment %(t) of incident wave (series 7-1~
7-8). It is remarkable that there is no
stable dominant peak at the frequencies
fi, fo of the peaks in the surf beat
spectrum Prz(f).

—132—



TR 5 BT (v—7 « €= 1) Otk ID—HkHE - W - W
1
T,
L LELOTHDL, EHEEE T, L LT, 0EAEo, Ihbbhb X oig, A~7 b
LOBHEECE 2, HLBEOREEC = F ¥ —OMEAH 5 L 5 e fiicitic-Tw
fou F LT, AfEKR et) DAY b Pee(f) i3, $—7 - ¥ — FOKMET 7(@)
DALy FASTT Py FEUTIRAEL. ZhbL, +— 7« £ — 4 Longuet-Hig-
gins and Stewart (1964) 23E 2 7o L - TEICBETL2LOTHE S L E 2 5O HEE
ThhH, L\aZ kb,
(ii) WHHEEHOT FLF— « 227 b

e(t)y=

T,
g 12®) | di (25)

T, METHOAL7 FAOEEEHNL, Thicl-T, ¥—7 - E— FOMER
IoWsrciraThA Y. B BIS, HEEED w ks, v RGO FAF —« A<7 b
43745 PoolF)y Pep(f) %, ABHEIROR et) L% —7 « B — FOKMER 9(t) Oz ~2 »
AT Peg(f), Po(f) &—FBiom Lz, SRS EFTFRM L O, KAEE DR~ 7 My

10? \ma 10°] 1f
szates 7 - 1 Py sertes 7 - 1 + P
N i
a Fop e
0P, 4 oy
&8 ° P
s A
T N i0? wir O e - 1"
s P . o ] Y "
i e S / B Ayl
~ -. ] e P8 !
o 'y i LSk
5 | ] CO) g
= A gty
- ;" \“ﬁvbi\"\ 1
w! ot e A bl qu
Sy e o WL
[ v AN

r
+
+

=
=
T

Ao

._
=
T

POWER SPECTRAL DERSITY P lr) . Py [F} ( ol - sec, )

Pones SeecTeaL Dewstre Pected o B tR) L it - sl )

Foagr SeecTRAL DewscTy PoolFd . Poo(ed

POWER SPECTRAL DENSITY FOG(F)

m“J- ‘/ 1o e S NN | O | SRR | N g5
1
0.0025 0.0050 7.0075 £.0100 0.0025 0.0050 0.0075 £.0100
Tacauency £ (Hy ) Frecuency £ ( Hy )
B 45a 4 —7 » U FOREEE (P, i B 45b [4 45a @ U (¢ v — X T-17)
MDA W O (Poo), BT Fig. 45b Same as fig. 45a cxcept series
Wy (Ppp) D= FF— o A2 bk, I5 7-1.

YO8, AARER O ERERO AL 2+ (Prg)
(9~ (7-1)

Fig. 45a Energy spectral density fune-
tions. Prr-surface displacement due to
surf beat, Pyo-offshore component of
veloeity fluctuation u, Ppp-alongshore
component of velocity fluctuation v, Prz-
envelope of incident wave (series 7-1).

—183—



EElLT B JEREF B = v —FYE R

L]

2

=)

POWER §PECTRAL DENSITY Poo (), Peelr} Con? £ sec, )

¥ & 108
SERIES 7 - 2 + Fee
- P
4 Pog
o Prp
1% g
IE &
& -
J &
E
N 5
E
5 o
- E
E [3
af
4
=}
2 "
ot C
=
w &=
< -
W E:
] z
-] =
2 3
F
E 5
£ 2
0t & =
e &
& 3
-] &
2

Fig. 45
T-2.

L
0,0025

1
0,0050

FrEQUENCY

Sl
0.0075

e

.
T

45¢ [ 45a ML (v - 7-2)
¢ Same as fig. 45a except series

103 - 16
series 8 - 1
*‘éh + P |
#a B0 ™
A'ﬂ! J b
# : 4k
] a4 o0
-~ R e N < B
= £ o 3 \\ £ By * Por
B owlf/ PAWAT R
. Vs g
- %
z e
£ g
% -
= z
B "
"
£ z
2 H
& &
i
k4 i
= ML i
101 e 10!
0.0025 0.0050 0.0075 0.0100
Freauvewer F € Hy )
45e [ 46a WML (0 — A 8-2)

Fig. 45e Same as fig. 45a except series

8-1.

— 134 —

Power Sesctrar Dewsirv Puo(F) L Pouled (el / sec, )

=

LTS 19TTH 3 )]
1w . i
series 7 - 3 + P
. PLL

=
R

.4
S
o

=
™

L _ he?

0" ! -
0,b025 0.0050

Freauesey F (H; )
¥ 45a 1R T (0 — = 8-1)
Fig. 45d Same as fig. 46a except series

= 454

0,075 0.0100

T-3.
103 106
senves 6 - 2
+ Pee
LT
o Fﬂﬂ
» \. S * P
Y L .
12 AN M Jw

i
=]
o

b
=1
=

i t

10

1 2

107t
0.0025

0.0050
Freauency F (1)

0.0075

Bl 45f [X 45a iZ[F 10 (v v — & 8-3)

8-2.

Power Seectasl DEMSITY P (E) TR IS eod - sec, )

Fouer Seecraal Dewsity P (e) , P ted Cenl o sec, )

10
a,0109

Fig. 45f Same as fig. 45a cxcept series



TS BRIE (=7 o ©— 1) O (TD—BEE « I« 358

10 106 0 F..,F
senies 8 - 3 sertes § - 4 |
P +Pee + e
P " . o P
wt W | B PLL
v, i & a
£ \ AP o et ey
/ = ! . P oA oy A " Pon
b AT e
102 ' "~ 4 0" R

[

=]
=2

=1
F

=]
=
=]
=]

Power SeectaaL Denstry Peo(F), B te) ol - sec.
Powen Sescteal Lensite Peu(F) 4 P () Cov o osec,

Poser  SpecTraL Dewsrsv PootF) o PO F) Cod 7 see, )

Power SeECTRAL DEMSITY Poq (=) , Pppie) € et/ see, )

101 | | 1 102 m*lu L I L \’*IDZ
0.0025 0.0050 0.0075 0.0100 0,0025 0.0250 03015 10,0100
Freavency F (Hz 3 ( el / SEC.). Freouency F (Il ) owt / osec,)

45g [E45a AU (U —A 8-4) E 45h X 46a A (v — & 8-5)
Fig. 45g Same as fig. 45 a except scrics Fig. 45h Same as fig. 45a except series
8-3. 8-4.

3
0 — of 12 —— b
SERIES B - 5 SERIES & - 5—1
+ Py + P |
. Py s Py
A Fuu & Pog
T A . P
P * ee “F Y
102 ; 10° WA f s
£ na

=
=

1°

=3
1=
&=

Foner Specrasl Dewsity Polr) o Poote) { e 7 sec, )
Power SeecthaL DewsiTy Ppe(e) o P (R tent - sze, )

Power Sszctanl DENSITY Poo(F) 4 Pp(F) (o / sec.)

Forer SeecTAL Dewsivy Pe(r) , P (F) Cen? v sec, )

wt ok e o2 0 z = \?
0.0025 0.0050 0.0075 0.0100 €.0025 0.7030 0,0075 0.0100
Freavewcy F L H; ) Freoueney. F (H
B 451 ¥ 45a Al D () — X 8-5) 45 X 46a i@ L (> — % 8-6)
Fig. 451 Same as fig. 45a except series Fig. 45j Same as fig. 4653 except series

8-b. 8-6.

— 135 —



LBy SRR v 2 PR BT L9TTH 3 H

SICHFET L2 (ik=2) O 3xAF—DBAADH 5 ARECEUT, Hihoz L7
FAGrHT PoolS), Prp(f) CE—2PEELAGCETHD., BADEHL LW BEIDR
F—=ATOKRDEEZ, F&ELTREEOEITH A5 I, KUEEEO - 7oL ¥ — i fiE
EREORAEEITIT, M HhoaSs P Ac b 2 AmAX —OlESS BT Ch B, Lo
HB, FERTEE S Ll Tt =7 « U— FOKMEEHR—FREVEX () —
X&) d, TRCHRIBE LA EE O 2 aF—n Y — 72, 5L, kOEH
L, &L CRNEM A bR o K18 T o' L JWly) THBEWS Z Lok b,
CHTH BB, RUEFOAE X LHEFLEHOAZ S LOBEBCRE AT VX1
ook, MEOCBBRSEEMWLLO TR, RAZRUARER:E LTS 2 L X BHEE
ML OTHENLTH TV 2 LTl s,

B 46 iR LIy, F—7 « ©— b OKRMEEOER Lo o — « 22y
i PE(f) oot Fth s, F8IEEV ) —ZnsHE LT 5. 0oL E- T,
MElZ B AT L o0 C, BHAENERERAC— 2780 LIkaEh Licit-Tu0 3
2, IO B T IIEE B LR DS. [ 4T &, WO u pkS (0 YY) O L
7 PNVIREGT PoolS) %, Y— 7 DN L0 S X CHRE LR LT, KRS

Lo

F)

00

o

NomwaLizen PoweR Spectran Dewstre P

NommaLizen Power  SPECTRAL DewsiTy

0.01 + .01
I ; I \ L 1 L ! . 1 . B
0,0025 0.0050 0.0075 0.0100 8.0025 0.0050 0.0075 0.0100
Frecuency F HZ ) Freavesey F o ( Hl )
B 46 - — 7 — FORAZEEIOIER B LI B 47 FOEOREIAL AN DM (wD1EH
ZHNLF e ALY L EE P, fbLic=FnF—« 222y p VEE P¥,
Fig. 46 Normalized energy speetral density Fig. 47 Normalized energy spectral density
function P¥, of the surface displacc- function P%, of offshore component of
ment due to surf beat. The horizontal velocity fluctuation . Similarity is not
coordinate is taken in linear scale, so obvious as in case of P¥,.

— 136 —



W EE s BRI (v— 2 ©— ) oF: (ID—IEE « I - 45

T A 46 AT B &, BEL - B—EORBEHCHD LD XDl e ],

Bz, TR AR -0 — 2 OIDITHEOBC L - Tt i, LD @RERTE,

FEAAED 227 PRk LCOEBIROS, AKNEBOLH LSS ENRE
W his, K48 ik, BRI v ke (P ) oLBbLT e — - AT bk
B Pl OFLERLTHS. HH
Phiz 2 Luvonik, w RaOBELRILTH
T, A2 NVEEOEBREICKITS
TR, o SinEsF=oofob T,
BELAREV, v kR b7 g,

w R OBE L itiE - T, KAEFD R~
Fr DBl EH2 0w — 2 OO RE
g T, 2L FADEENITIE—ETH
L. w A OB, KRAEEO R~

()
=

NomMaL(ZED Powek SPECTRAL [ENSITY l‘F; f
=

PAOELOE— 2 TOT 30X —

BRI E < fevDis, v S OBRA
i, CoEEO ALy PV EBEOHER,

L_ : Eloe—yERCOR~A7 MEEOE

s ;*wa;:]E]SEf f-<zan‘;ﬂ?5 o G Ao k& b, ZHUE, v RO D

H 48 FOEORCET R ARORS () OF Aaie b OESY (w RO HAO) 2AKATA
Lo F e~ A2y P AEE Pip

Fig. 48 Normalized energy spectral density EA ko I ERY - T oo &

function P¥, of alongshore component Exbhp, A—oEAXRADIL, B

of velocity fluctuation. WEC BT AL LA Sy PR

DEHNKE VD EOBK LTS T B ETHBD, ¥ U —X 85), 8-6) @, Wiz

ek o F I B D, BREEO 227 by BESIC ST D NS L THB. v

WAy, 7 RAOBACE, S0 X CEERRETRL. ik, v B ORMESROEE)

DR M DR OSBRI AT O LB RRT A L O THD.

EHEE Rz~ broBrbd, RAOEBIORMIEERT 501, RIKE (V-
7o U 1) R RS EEICEE S, B B 5\ IR LT b SRR AT L e
BHEVS L EARBSND, SAEEERCEThD. BlH 5L RROEHMIRIC S
T, COLHICHCELhAVERS TS I L NERTHIUE, RIS R RA T L
OWBAEETL L MR L e b\ 2 Litie s, COEOTLARE D
B A>T\ B THAS 2. F 29, 80 \RLAL 5T, ALhoRSE, AMBEROK
BOKEX EpTE D OMEEE- TS, EAKEVERGILASAEL, AELEFEVELR
WAL, BOSTYERDBLNNI D KE VO THETE\5%, WOTREBEE & MR

0.01 —

— 137 —



(BB S RhE b v % ~ TSl 178 197743

B CHECENRY By, oA OBE LCo BB, #2058 1km Bhi- -
TH D, WEI R BELES B00m (MLOBPT L2 b b0, ﬁ’#iﬁ}f—i/ﬁ’bﬁ:i"@&
MEﬁ@ﬁ%ﬁﬁ%ﬁtﬁ@utﬁmﬂh%ﬁﬁfac&u&é.:mﬁh@z#—wm?
CORNDRSFIE T VRS0 D DRI TRENL T 5 A K BIEAEL RS
ZCoTH, =7 E— O T OB LITs T o b

(i) Zr=a 22y faic kAT

RT, ABEBRODEMROMRT e@), KEIEE) 700, FHETHOR ult), () O
DI RA AT ST ERIT T, =7 « E— FoES 5 I F oIS L 0 S
STRE 5.

B49 b, BEROGKIR e() L RAMEKOKMER 1) Loy w2y LA @i
STONIAAOTh O BRI 6u(f) THD. BN OKMES - RSk -
OAFAREEETAND 2 203, BN oRESE2 O BE-CH 5. Munk (1949) < Tucker
(1950) 7¢ KDM@ Tix, MMADEL MEBAMLC TR, S F TOMIEOREL S, +—
7 U= Mo EOREDRN & 75 ARERO BT ST LB RIZME - T, A D BN
KROEBAPEZ o T B Edibiats, T, $—7 « E— FOTHAE — (2, OO
%K%ﬁﬁﬂﬁﬁ%h(b%:&%%%bt E i, ARIRIROEKE e(t) &+ —

1) LORFEL LTOMHOBEREHNTL, E1E L oChntELLRD.

Longuet-Higgins and Stewart (1964) 28] mawc L1 L 5 o, AMEROEEOBIE
(GLEHR et) DARF X TNRINED) 1ofho T, Do b b LIAMEH 7, 2EET S
TS 5 2 (EBCEET 2 2 L 2 R0FR). o, BlCkT 3 AREROLIEE

THES TRATIZERAMKLEZSRD., KRVEFD 2227 b aidi Pulf) oflow
=7 BIEECH S OBREEREIC BT A ARKBOERIC - (4% radiation stress

b -— —_—

2

AT 7w
o \/ ﬁ. ¥

e
‘; ;;»‘”{W\ \h-.\}:;/\

1k wg™t

I . -
0 0.0025 .00 2,075 f.0100 0,025

Frecurscr F CH )
49 ABBE O TR et) L — 7 o 2 — F DKTR 5 OROEHOTH by
DA
Fig. 49 Phasge-shift distribution ¢z.(f) between an envelope elf) of incident
waves and surface displacement 7(¢) due to surf beat. It is noted that ¢z.(F)
is near = rad. in various frequency domains.

—138 —



Wi E s B (r— 7« ©— b)) o8k (ID—EM0 » [ -

O R DA RS & T AREEE TR L ELBRAN, LR TSRAL AN
fe4 5. Bic, Munk (1964) Hic X% &, BAMIEAMERT 2RI AS T2 L trap &

AW (e T &, #bIREvici S bk (leaky wave) A LEL LV, A
RO A et) LARNET () ORFHERE MBERMIZIH~NS 2 Lin k- T, RAEZE

ﬁﬁﬁﬁﬁlowaﬁtxéi.QMM:%%J%K,%ﬁ7-E—b®%1®EHa (fi=

0.0025 Hz) i
Ppr DTN ELTLD, B2~
0.0075 Hz sE0CHO ~rad (2
(f==0.002Hz) iT
B —75E < (f==0.006Hz) i\ Th
) — & (8-5), (8-6) =\, oY —
o lrad IE < of b E - €, mrad.
HLER T TwBIZ & (FiilR LT
LAY AEHERS, 20X 5T, REE

B & A - ofAAERE, ORI &
S TS IS D TR L, FREREAC AT
BLOTHDH bbb

50 1%, WiRoO@AMR elt) £, P <
D Lo EE ) L ooz —t—u
v ADEBE A R R LOT
BHa, FEEREC BIEE L, ARBERS
#—7 « E— bOKRMEBID AT — = A
2 kAL Blcnsyy—x (-1, (T-
Y iwERE L AL, =2
SRS, RELVEEETR L TW A O
. f==0,0025, 0.0030, 0.0065, 0.008 Hz
EE rh ORfiOY — 2 b 5. f=
00026 Hz e —7ix, +—7 - —FD
KMEED 2Ly FrDElow—7 10
b Em AR, LT,
LR i DE 20— OMEE, Y-

DIEED 15 O

o—t—

7-3—%@%1£%2@t~7®¢%®

Bk d s, FLT, 3, 40—

R L AiHE dpr L, mrad.
THE e o0, lrad. BEOKE ok s, f=

WS T, DB 2T 5. ol KEEEOE L O

<“®Nﬁk¢uﬂmnﬁ&#M””WELCLioL%%T%

v ) — & (8-5), (8-6) i=k\ T, ot LE - T, —1rad.

2
L

S3FLs FLT, f=0.0040Hz Hichm b

FGid koTwh o, 2

b+

o o~
[
[

0.75

CoHERENCE

I b 3 1 1
0.0025 0.0050 0.0075 00100

Freaency T CHy )

B 50 AMHEROGMSH e(l) E—7 2 =}
AR A () OBl e - v A TE ¢
g

Fig. 50 Coherence distribution 7%,(f) be-
tween an envelope of incident wave e(t)
and the surface displacement %(f) due to
surf beat. Note several peaks in the
distribution 7%,(f). They are situated
nearly in the frequency domain where
surf beat cnergy Prz(f) is small. Note
also the existence of large coherence in
a higher frequency region.

—139 —



FSTBG SR S £ v 2 — B 1T 19773 A

7k, KALEEO ST — - 227 PABEONS CHEBICHE LTV S, Tibh, B
Wik, KRACEE) 5(l) LA el) EDar— vy Ryl Offik, KFEEO ST — %
<7 bk P OfE LR EIOBRIC > T b i, W49 BA L, a—t— v R rh,

DR ECEFEHESR BT SO ¢ay, i3, rrad. [T RITL, Tk, MAAHIZ o -
TWT, HWRODSVHEFED L ETiL, AR e®) CHIRT 25 —7 « ©— b OKMAE <,
REVEHOEEITE, $—7 « E— FOKMOENHIELTAZ LTS, ThABLDE &
#v5, Longuet-Higgins and Stewart (1964) o5 t &0, EHOBEE - T, Do
O E LR O BN EECEET L ARSI AL, 2 —b— 1R b oD
E—272HLHD0L, T elt) DT —« 227 b Py pd, Bikguod Lo, 27 b
HopfmlTlsh (M43, 44), —F, #—7 « E— bOKMD AT —« 2 27 0 b
P (f) » B -hne— 228005 (036, 3) b Ths. +—7 .« F— |
DIRALETY O T 0 F — D& OGRAJEE I B\ Tk, JEiR o radiation stress @47
£ 5 KR 7. 25, -fﬁ!ﬁﬁji'ﬁ?-'—it’\"’C*H?f"l‘#ﬁ-lj(% CIEBOT, =7 « U— FORMAE
O FNX 227 CEEGH Pu(f) L, a—t—vr 208 riulf) Ak o
it s0Ths.

KIZPEROKEZEL S —7 « E— DA SLHEATH AV I —X G- D icEALTRLE
5. IOBAEODA—k— Ly RO 15(f) O&FE LToRMIE, ¥ —X (71, 7-1)
DLOITELHTGL, BIDE, ¥—7 - E— FOFE2 0 — s K2 —
b= R pialfy) OfABECETHE. L, YU —% @1 2 BHT, 8-1) 55
B4 DY —XETOEDONLH NEVBRBCREENTL L ThB, 275, Y I —X (81
DEE O you(fo) 28 - FAE . T LT, BOBMEERETHELY ) —X (8-5), (8-6) mi
i, COE—=ZhE<itaT, /A X LSBT e d, & OMEEEEEO A
75 ¢u(f) O, BA49- /A5 X 52, rrad. I 93 A E T rad. <o T
DI ELTHECIET B,

Tucker (1950) > Munk (1949) ik, BREEOK/NCHE- THEENC AT 5 KA 15 %
T e U= b EEBLIDTHEH, SETCOHKADBITC LIIE, F— 7« ¥ — Mo
5IKALAED 9(t) vk, ZoSMT, BRIEL TOREROMERERMCES L 9, I, &
FED RN HESZfE - T % radiation stress @37 BAE LT DS pa 2hz 4
DB T B LRSS, LT, ANMEROEHKSE et) & HHECEIET 2008,
e & 7 DEESTHY, TLT, ZON 1, L1k, Longuet-Higging and Stewart (1964)

DR L 5T, “Z 03" To radiation stress L CEIRLTED, A0S rad.
Eleh. ofodic, M 49 T, GG et) ¥ —7 - B FORMET pt) oz —t
— LAy OREGEHT, HAOE ¢y 2 rrad. T O TEE, —F5, FRoEE
I THRELMAWGICHES SR 2 CH 5D s ZEMEER ) 2ik, BN

Ly

— 140 —



Wi ft s> BAMRE (v—7 « 2 — b)) OffE D3 - b - JET

Ch., LSO, FEECRWT 1 XA LS 5AGROMRT 0) &, fEht
DOMELICETBER (e) ik, A—oboTidicd, MHEALUTZASZNLTHS.
WA TIES Lim o C, BAEOEIEO b EEAER T 2E0 D T, KEO
B tobis, FHOEAEIERT S, oL, EOEBOM DRI WE o T
5. B TRE S B 5 PHEACEET 2 PEROBHS s D, LT, d
mI o) L ys & OMNAOEL crad. 27 bR, SO LS REEoR®, $-7 - B
OB 20— 7T, ABERAKEGEEC2—t— Ly ARKRELD, LGN
FAZH lrad. Lo b O BB RN L LT,

51 1k, WROAKRE et) LIECRCE/LES wlt) Loa—t— L v X O
() AR LL 0 THS, REEEERCE TR, 2—— vy AVRE L, TOFEE
OB T-ONEES, HiRo radiation stress (FOBFTTO) 0, 1TLALHERBRTHL Z
LRAELTWA, FLTEAELER (f=0008Hz) i=x\ T, £LRERLI—L—LVVAD

ENRZT RS, 23—k — by XD

OE R s A o X 5 iR,
e7-1
+7- P ke e(t) FakfrgEE) () Eoffoa —
Tt e L RO redf) ST B
- s Mt oI kbl Z0EEEE
Vb T A AR T o SBEIO AT b Oy
(T BRREE) 23, TOBHTBIT 2IROFED
G BEASELRKE LT2LF
0,50 — i j"{_J 5
28 i )
i ﬁ\‘ & 5213, AFEE et) Liflioomis EIT
ke FeRRAY o(t) & OMID = — - Ly X 0
8 4 :j\ J‘ + ;I h‘:‘ 1

it o h i."‘*{% | i 13l f) BH LTV B, 1helf) ORI,

3 i ,’Jl F” t/\ | 7he OERICHATHE hRELps, aff
N Nﬂ FN AT IR \ 2 LCOBRREITG B, FEREIRC
’X\ '-"'"!\gd& ;g/f\.r J"v\-f‘-:\_T\:/' LRI, w R OBA LT X S,

0.0 0.00%0 0.0075 oo pgdiation stress OO FABHRAEN D &

Fresuercy  § (wg ) — i B ;

B 51 AMEROMEE () rithopcafr  Bbha Lol AHBERSIERCHER
g:mr&: (W) EOMDI VYA TR D g5 ThD Db, EOMER

if » ;

Fig. 51 Coherence distribution 7%, between an  JHIZ/ /0 ) FATTH 70 & HEZRS. L
envelope of incident wa*..re e(t) and ‘the off- Fopio T, BOLDE XAERCEVES
shore eomponent of velocity fluctuation u(t). ) )
The coherence 7%,(f) is large in the high  iZ(X, i Vot RBEME S A T AT

frequency region where i%,(f) is large. Al JOEO RS VERT, radiation

— 141 —



FESZPTSM A« v &« — IR #179 197743 A

e s ey
T = 7-1
+7-1 +7-1
& e 8-1
0.75 -
0,75 —
s
0,
0,50 |-
a8 AR
“ ; | f\ 5
v e [T A
AR S GRS E (ISA
2 LI L ™V S W
st ) }y Rt N
| 1T A ol |
k P 0 DR i |
I T\ by s A
\ fl‘*j A _J@f.“ € !‘Jﬂ ‘ LY \ \l
i RN Sy T\ B% o 5
AV M W
g 0,005 0.0075 0.0100
0,0025 0,0050 0.0075 0.0100 Freauency (K, )
s s BB =7 e e DI () &
B 52 SR O W e(t) &AL B AT RCERL T ORS () &O/D 2—
Ry () FDED e — vy A 7L, B — VYA T, D4
i Fig. 53 Coherence distribution 7% ,(f) be-

Fig. 52 Coherence distribution 72,.(f) be-
tween an envelope of incident wave eff)
and the alongshore component of velocity
fluctuation w(f).

tween surface displacement 7(t) due to
surf beat and the offshore component of
velocity fluctuation w(f). There exists a
frequency region with large value of
2 ,(f) near 0.0075 Hz.

stress DANWKDEITHIA (2 FI) (BT 500 TR <, BECETRH N @ &
B LT B0 b ROBEO RN RS 5 I AT R8I b 40T % L e X h
&

X 83 bk, AMEH) () LHAORCEALAFNORS ull) EoBoa—r— 1Ly 2o
DA T5() ZIF LI DTHD. +—7 « E— FOKEDOT ZAF¥—2L7 b Py, Ok
L ABECERC BT, rhe DHAVINE <, ZOBRKEERC B 5 KT ORI E A
BT OEENL, KRB R LWL DOTHS Z Edvbnd. LT, &R
BT S 7he DEBREVZ E0LYITTS L, ZOWIC BT 2 kOEENL, Kb, RiE
DRUEENZES L OTH-T, BB~ L 5z, ZHhitX, radiation stress DZERTY,
BEMIRIE B BB ULl bh .

Bl 54 1%, REMEOKNEE 1) RO w Ry & OBORAEDTAONE duolf)
IR LI O THD. IIE D DS B DL OO0, VIEETIIMHEO R ¢o(f) 2 e in

— 142 —



PR tE o BT (-7 « £~ 1) OFelE (LD—BEl « W « 8500

Mve, B, MBS RHET A L, BANMEMNC BT ST~ Ly A rle DANEFOEBICE
T, TR dre OEMNE RV D EAEE SRS

B 55 ik, ¥+—7 « £'— FOKMEE) pt) Lh 0BT v iS5 (P pliy) Lo=
—b— VL ADGH 7if) FFRLILOTH S, BRLFENLEOR, V=7« E— FOK
MBI O T F A F— « 227 i Pu(f) OFE 20— (f==0.005Hz) 35010 %k 5
TI—b—Lr R (o) DIEAKRECZETHES (&Y ) — A0 RET OS5 L D).
FOfEE, 0.5~0.9 23 RELLDTHS. -0 REEERIC s okoETR, KNS,
=7 B rOELOY— B EAR LRI UREIZLZLOTHE Z &b, i
B, COHEFIMNRECHTCED, Thabbr ey FRE TR LAHESRS. W B Oy
LU LDa—b—LrADNT ) ®#RBE, ¥—7 « €= bDOKMD AT b A Py
DE— 7 ORI, i ORE X, /A XLSAFEETNS, ZooEd, o

ORGP RCETCESETEE LD D EOEITH S, —F, FREom M (=
[ s 7-1
b sodrut +7-1
il e o 3-1

4%J(, { pap, )

AR T
;//j
2
LP
o5
=

CoHERENEE

PuAgE - SiHIFT

/”\ .G ¥ I
2 4 \ 0,25 ! : ,“;' ‘R]“"" 1 :
{

L 1 . 1 1
0,0025 0,0050 0,0075 0.0100

0.0025 0.0050 0.0075 0.0100

Freaucnzy  f o CH ) Freauency 1 (Hy )

54 47« E— FOKNET) 7 ROk Bl 65 —7 - v P DRAAE)y DR
’Tﬁ?ﬁcﬁm]ﬂ)mz (v) & o Hofflnd R Ty (v) LMoz —c—1 v A
M dro OIA e OO

Fig. 54 Phase-shift distribution ¢:4(f) be- Fig. 56 Coherence distribution 72,.(f) be-
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Series S Prp(fr) Pri(fr) 75:.(fR) PN fz)

(H,) (em*®-gee.) (em*-gee.) (cm?-see.)
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7r==—0.32a°

EELbhbrehs

S BBRAHBIREOMN —0.8211, LTHRADORS —0.83 1005 < b+ B ESEL
M CT, RS D T, ERECL, ARRBOREOBEC (o, BRSO
KALZEBN A FIET 5 L v+ 5 Longuet-Higgins and Stewart (1964) OFAEAFEGFE S fn 2 &
. ST, radiation iofk5 HEEED 5 B, AL < T DKL OEEE MY (wave
set up, wave set down) 7%, WS OWBA A CHESNL - EDidops s Tontops, Hegk
TAORG B SRR SENRATHE. i, okt TOEHEFETZE
MBBH, T 1T (24) ROBEELE A 72t Th 5

V=7 - U= bDOKMEI X7 A A Pl f) CI3BR L v — 7 TR 5 0 & %
ALz TLT, ThEMRCFTCETT 5Ty FIC L AL O LEL bR A L 4EL
20 ZITH, ey FEOERCOWTRL iﬁ.%ﬁ%%%mof.wﬁwaﬁ%%*m

Fou

7y

[

— 158 —



WIS BRAAE (v—7 &= 1) ofE (ID—BE - [E - 8

ik, B K on SEEOESE s xESTE S ow, TR X 51T, WK
ik, BADIBE L L) RERRCIEERE L - Tt L, =y FERORIES
MZAT ISBE» TR (™) WX {5 T0ADT, ns|lk|™ oflickTS
TEE AT 8 HEAThEIWTHA S, EH E ZRDBIZIE s DLETH - TIFR
kR AOTHLM, Tk, 1 o 10 22E LT,
5=0.08
5 s DZOECHT DT v FIROSFHEAR (T5) AARLAD)E 60 THb.
=7« ¥— 01O — 7 OFEH 0.002Hz THEHOT, ki,
1,900m (n=0 o+ %

L

)
5700m (n=1 o} %)
Fich, SETOFH+OBHERIC X

I hiE, TEEEOERENRSIL, T
g ans 2km T B, T— FEAKE LDk
| WEAKEL AL L, HIfITTR L

Lo, BT 2oy T oS
radition stress S,;, ®4r O L D
BB E L LR EREETD
L, 5700m X\ ofEIRKETEL S
Hrxhs, LizhiaT, Floy—

Perton T

B lﬁ 1; & s IDE—FRI0THSLELLIS.
60 ki sm008 mEAD o0 spnsy  BENHE QORI ¥RD L, 7
il OEE 1L,900m b ET ¥ 55573
Fig. 60 Dispersion relation of edge wave in . e
case of slope angle s=0.03. 7, AERERAFCES Coh TR

LT, FRCRE I TICIE 5 DT,
WEROR IS, HECCETLLIE(CRBTHAS.
—, =7 E— rDFE20E— 7 DFEKRYE f,=0.006Hz 20Ty FEoKER,
280m (r=0 ® LX)
550m (n=1 & %)
L= 1,100m (n=—=2 o r X)
2200m (=3 ot &)
LEHE NS, HoERANT FoER»LT 5L, <8 OEDE—FHTH-THI LD
THhoh, 83) MEFRThEbid X 5, radiation stress S,; OFEOGH glx) &= v
FHEOBHAEHOBEOR S CRbENDIER 5, PKRELRVE, B n - FEIREkh
e, Faiz, 50LCH, ¢ CEL THELDEREYE - T 2D TV, 2= £

— 159 —



BB SRR v & — B IR 197743 A

|

b Ll

Bl 61 PR - AT (f - € Fbd
% radiation stress S;; % wave
mass transport M, OFAHERW L/
M

Fig. 61 Reasonable distribution fune- . L "
tion of ‘radiation stress’ S;; and Bl 62 = FEOERmONEaOST. o AL T

IEHE (wF=k|2) LThES

0

Xl.

wave mass transport M, due to the

deformation of incident wind wave Fig. 62 Distribution of wave height of cdge wave
near shore. =z, denotes a point of in the offshore direction. =, coordinate is nor-
wave breaking. In the surf zone malized by the wave number k.

Si; might be largely consisted of
turbulent motion caused by wave
breaking.

=0 ZHE T, g0 EEZZ00EhTES. S BHERT AT, ¢k, 5,—0 &
P % ORO EZMTHRKRA LB L 9 I Hifie 61 CHERMIR L BIC s T D
DTRILNIEA D I, ZO LA ha LCw5 & &, BEEHo®, BT LT ([
628H), n=1 oF— Ficx+ 5EAECIIENH D DT, . 1% By T 5 L2
TehbFHabhd, £5T2L, #HREE2O—7Ox » FRLH0T—Folos#z
TXL, EEi,
L=280m

b,

S, U= OFEENITE T E o TEVKTESR TR T RN hoERs BT
A&, HAEOKEES 1,900m 1L, 280m file> radiation stress o4fint, HIEY
HH, EavhEwtEmb, RE{h->TRKERD, RBCRETS T, fiFshic:
Lichkn, Thbt, AFKROBHCESTAER, BEolkini & 208 (L ) OH
7o D I EENT 1222240 B, radiation stress DM OEMEHS @RI D Z L AR
5. G 1970 oERERL L, HPLY (=e EE/iEviERE) © 2 Fofikiz
U, hofHE (hy: oK) 2 2FREENMTS (=180 0k %), LP % -EET5
Ly by i DBEEL, wy SHECEMTZ LT EA L, FUHTZIHX
h TV MOERNEMES £, h/HP 26 EREORHI LT - T, ZOESTIL, BHEA
OBEPVNI BT E R D 2 2infe s, T LTh, AFRESSETRIE, TR

— 160 —



BB RAIRME (5 — 7 « €= b) %k (TD—EHR « 1 « 3

By ETL D KIBCE T 2 LBz e bl THAH S, 15 L, radiation stress
DRERBOBEOREER PRI Lok, PHEFOREROREEL VS 2 Linird, =
D EEBRLRELEROMAT TR, SHROPEH> Loy,

FEOREI XL OREIE LcFliciz, Nagata (1964) ofll@sid 528, R EiE0KE
I B ) 42 0.20~0.60 THo T, £OEZL, BEO2~5{ETHLE 5. ARER
DIMEISF LT 5 L, PEL80m 27ch, R=5 345 L, WERR 1L70m kksT,
ﬁ&@ﬁﬁLt%~7-E—h@&ﬁlﬁMmr%%L<ﬁy.L%L P Eo#iEs Lo

=) OE— AT ST TH L. F—7 « E— FOKRMERD 227 k40T
DD~ OHLHEGSHEL (19T LS LT A, HE0RE T, ASEBOLRR
Ol D AR (GAE HEFOE) 12 b b b, B+ 2 BRI T, Shn

LELD L, WEOMLAOEE NG TV SO il N, Teofe, AMER
DAY FPACENT, HEOL oIS, o0 — 2 835 E LA SEERN O« — 21z

ST B P T - L FEEL 20, LabBEEZMCLTV3E L, Brofds
DBREAMZZ OB LI KE S 2 FE o2 LdEx bRk (ks B3, Frssims
Wk, DDRECCOTRREZDE L AAT LD, T0hbTHEAIN THEGD L
REBDLIBDELEIMIR > TITLTHA Y

2T, BT, Ak, =7 s E— FOKMERIO R LY M A0 — 2 o B
T DHANEELT, T3V X—%Fle-THD, HELOE—FoOx o FELERIhL -
ExRic. —HT, Ty FEOKE R CHTHRBEOLTN BV THBE LAy, SFT
ERERENT—F 2T, I Gl COZODI EAFELEVGMAENTRSLNE
BB,

BOE—Foxy FEoEs, KT aMEn i,

H® gk
Lich, h=sx, THLHMD,
H® . g-khis

Ehn. colsAlE, amCiET T o FHOBES TH ST, BAOWELTWS LS
ISHEER M/ 512i), radiation-stress BXE)IC X 2 HEY, KIEC I L EREKL XD
fodis, HEIA TV 2 Thornb, FOFROLHIC, =y FEOREOLHE, #

HECEA&RE-TuLeBbis, M 6313, Lal, cokofckErEiL <, &%
mme%*?&o,mmm‘Hmmlﬂ)m%?éwZ%m@%ﬁﬁaawlﬂ)%&
b0 THB, A (1975) ik, Eo0EMCKT AREAREEINT VM, = 2Tk
Fx 0BT <, ARERR S hO O LOTHEAEERCST AT~y Ohefvi
flsoofiik, R B S EREOBGFHEICIE, BAaOTELLES BIX, BLF RS

]

—161—



[ v B SR R v 2 —BRgERE TS 19TTEB ]

Sk, AFhERASEREA B (R T X
i, =7 e E— b ORMEEI XSS b

I e T LE 9 b bmhio\s,

Munk (1949) @ F — % Tk, A-37 hant
FahThuvs, BN 2~845L015C
Lk, T9,=25 4L L, FHiZ zero-up-
cross MER T o Afdbic, Fan
BEREDIC M - T A 2.0 B o RGBT
T, JHEg TE #5654 & Lic. [ 63 &R
B, WaxOHESNLYIHEETELL
ZEpbhB, Tilobb, R ITESRL
foEERAS, AT X —RRh s
THazy FRTharELTLFELREY
Zk, MBI ST,

0.1} ;‘;?P
(]
0.01 -
4 Gopa (1975
o Mung (1949
0 PRESENT
0.00L :
0.1 1.0 10

exr(-ku/s)
63 HO=BH)* Lt Lz &0 L
e *e L DRtk
Fig. 63 Relation between 5and exp (—kh/s),
where 5 is the proportional coefficient in

- th lati H® :‘,’ Hs )5,
Suhayda (1972) & L 52, #—7 « £ — e relation H{#,=8(H),)

AT trap ahvcwvE— K (leaky ®—F) OEHEEELRISVRELTR LS.
FiE BT, S OREOKE 7T,

p=alo)Jy(m)e ,  x=20vu,/gtans
EFRb Ak, BRIk B T,

7= alo)(J(Xsp) sin ka,+ Jo(Xsp) cos kx,)e™ ,
L3445 (Suhayda, 1972), =iz, Ji@) ik, B ROy e LOBEETH D, ale) &
WoOKkESHELT. X Xy i, PEORLLD o BETHLH, 0<Xep WTE, Jol)
DE S EL BT WESARYEELC, ANTE0 227 bABES DL E,
AT PVGTRCENTED I L2705,
Titte 4 C, BAENREREFo. Fio, Pl Ebam bR, AHERBEDO R~
P ASTAETES L Th, 227 bANTIAE & B BRI, BREKREDRIZL -
T, RESTLBOT, BlETF—EOTITHLLV I HEEHS.
R27 R AGHRORE G2 B R f B,

M, v gh
w— M
F=—

k=a/~ gh

I, ToEScE, AT Ao Y—2

M,=2.41, 552, 8.65

LBz BbRALMA (1975) oT, HrOWEEEERALTRL L,
fO=27%10"Hz, f=6.2x10"Hz, [f{¥=9.7x10"Hz

Floh, LR,
fi0=1.0%10"*Hz,

FP=35x10*Hz, [f{¥=b5.25x10"°"Hz

— 162 —



PR S R (-7 .

6000 |- 28

0 2000 4000 £000
PLLEfp) (cnz-sec.}

64 —7 e bDZRAF— 0 A2 |
ADE2DE— 7 DFEE LSBT 5 A
A7 PAEEORE X P(fy) &, ASHE
WD ﬁ?ﬁﬁ" o T, RETHERMINAE®
KEE PYNL) (=001 Pep( /) & OB

Fig. 64 Re]atlon between energy spectral
density P,.(f:) at the second dominant
peak of energy spectral density function
P (f) of surf beat and energy spectral
density P{%( f:) which corresponds to the
foreced long wave due to the mechanism
of Longuet-Higgins and Stewart (1964).
PR is several times smaller than Pr.( /%),
which is another evidence that the long
wave component corresponding to the
secondary peak f: is an travelling cdge
wave.

WEEF2BOIEENS L Z A s, Hiz
JERR fe TIRREC R E MR
IR RITH S,

BT v & 48

2Ly b P (f) o — g a1,

9. # B

EA Lo B8 b ik
(1) ASHEROBEIRME E Y
LE O BN, 3
BOHETRE .
Fia b 2EEERE .
(2)  BHROBEHEOFEO MG,
TR,

LkoE L T
ni-i),

Shb g AL, F—7
EREOBESR D STE, A0 T Y S oRER,
Iﬁki&lnﬂ‘!ﬂ”ﬁ E Lk &,

B~ b)) O (T —EEHE - [ - B

, REZCETOMEND LN, 4 —
F—tf-Th5
Suhayda (1972) iz, A3 2 5 M &
LT, AFBEGR © JLETSERT HE ER
(Hasselmann, 1962) i L - T3ET 54,
OEFELTE. Linl, FHxDEEITE,
AHEROFME, b—7 U= FOAH
AVELIEE S (LHTEA E) o ¢, Hasselmann
DA = AL THEER L I RELE
AT A L xE L, ToT, &
a4 F O Pk iR L 7z Longuet-Hig-
gins and Stewart (1964) o A & = X 4T
LARMMEATEROZEE LT, TR
B tAl L T4, M 64 0%, -7 - ¥
— POKMEF DT ZAF— « AT P
D 20— OBERCRT 5 8E A
Po(f) &, & O #{F . TR,
LA
THLETHINLZRAMEDOR <7 b
g PR # L4 D THB.
RaE, PENS) & Puf) X 9B
{, =7+« ¥— % leaky +=— FOEE
E— boukfugiEhy b, o

&, KfEEE O L F— .

Longuet-Higging % o A H =X 4

N

o E— b
FLRAE o 3
BEDONE X2, ShhoBELsokrl

SHah DEh L, BUROEHEIZOVTHNL,

— 163 —



B B SR 2 v 2 — WIS LTS L9TT4E3 ]

13 (5429) 18 3.0
HyelHip=41.4 (A ) H@JHM-JLS H,../H={3.2
1.29 (Rayleigh 410 , “1_64 , 262
1.30 2.1 AT
HyofHin=11.25 HipislH=123 H,,/A=118
1.27, 2.0, 1.60

Ets otz fods, Rayeigh offoHEE LT, Vo7 Aofts 20 & LifErBEicE
VRY Sl

(3) A 100 $7:5 1,000 # % ToOFECADRTH SR, AFEROKRENT
DEFBBRIAE - CHET HHNOEHOKE ST LR 4T 72, TORR, &

A RO

2.0 (k fin) 4.3 1.5
HuwdHin=1{1.8 (BCEARRS)  Ha/H=4{3.7  Hyo/H=4{14
2.5 (B TR \6.3 . 1.7,
3.1 2.3
H,,0/H=12.9 H,,/H={2.05
13, a7

T bR A L S TSR OBBRNTIET 5 C AW BNC I » . EROMOEL, KL
EEOHE L, RELHOHE & TRHMCRA - TR), F& LTHELEIERE - THED
DPARNEB E LR EEDOLOTH B Z LAVFR E NI
(4) ABEBROKEE HEy L4—7 - ¥— FokEEFORES HY L oflci,
H{%=0.2807(H (70> in HEEEHIETET 528 (D, MEEH oK 28 L0,
HOH, =015  (c.g.8)
HH,=+0.08
0B IZIERBOMGESAE S, AR 2 BR O AT - o fE R, BTk
s, KA A 5 BB AR K E KEL, RICEARRSZ R TolE, ELELT
FLitd B LI e — FTh D L S
(6) AHERBS LUV —7 « E— bOKMES), RELEONTREOMY (HEkEY
e B ORGP RIERIT ) o T,

13 see= 1'%, <17 sec 85 sec< T, <135 see
120 see<< T, <<180 sec , 70 sec<s T {75130 sec

R EAST A
(6) KAEBO A7 sy, BELIE 20— 2% Tk, LORERL,

— 164 —



TR S R (=7 0 &= &) ofd (1D - R - 3470

fi=2.0X10"* Hz, f,-5.0x107%Hz THh- T, Ch®Eid, FEdifts o8 L

(7) AHBEROKRE 2ORAMAY &> TUEOBEH B TE, ¥~7 - E— bk
BB D 2 ~7 FAGd Pul(f) R E TR,

(8) %—7-E—L@K&%@uﬁnL,ﬂuﬂflmﬂ%@.ﬂﬁ}i0$<%éL,
RO R @ R RIEA & AT a A L Y, AFERAEILRE (o Th, 2F—
Rl O 4l o

(9) V=7« U= r@2AAT PADEBLIC C— 7RIS B RO EL, TR,
AR OEED L6 Tl 4.

(10) Longuet-Higgins and Stewart (1964) OM#AI- L - T TR I 5 EEMEL, +
— 7« U= FPOTREREE L VS, HEOTFRLAESTEAT S E0ETESR, L
%l%&ﬁ@&ﬁ@k%ét@%ﬁm MRS ERAC L IRE Y ©H o,

(11)  JREEBD R 27 bk, KEEBOTh &3, Bico Tk, KRUERAHE
I CEE R DEB O XA HWHRERTH D 2 LVHE L.

(A2) #—7 « €~ OKMEED R LY PAGA Pu(f) ©¥— 28t a0,
T trap Eh, PG THITT 5 v FETH S

(13) A%ﬁﬁ@%muxﬁé%hu&af%%f%ﬁ#ﬁﬁ(Kﬁ%@%ﬁé%@)&
AT Z BB Lz, TOfE, radiation stress (S,;), wave mass transport (M,) @i
AT B D SO EEEBC IR T 2 = v FRAKMET O L/ BRER Lk Bs 2 &
Vily YR ol

(14) @BHLic=» FEoE— K2 0 2HES R, HEE, 1L,900m 3 X007 380m & HEE
Ehife. ZOffx, Nagata (1964) DR RICEAT HHEEE L CLABY R LT
BH5.

10. & &n &

=7 - U= MCET LY, — =P oo ChieT A BAEFLTLT, BELo
FADFRZSE DM st okl = o FEOBBRINE 9/t T\ %5 @ 4, radiation
stress S;; 7o XS THOEKH AN FEICEELL O, S, OMFRAOSTINE S
feo T b ody, BRAVHEBRBCSZ L X0 0 CONFERBEN LSBT 200, &
VEEN R I CELR SRR ST 2 ME LRI F 0 X S TR A MIFE L T BSOS
WMo SEMHT s mELME: Ebh 5,

g £ X B

1) Bowen, A.J. (1969a): The generation of longshore currents on an plane beach. J. Mar.
Res., 27, 206-15.
2) Bowen, A.J. (1969b): Rip Currents, 1. J. Geophys. Res., 74, 5467-78.

— 165 —



17)
18)
19)
20)
21)
22)
23)

24)

25)

FEINBE JERtapbil = v 2 =B 9917 197743 H

Cartwright, D. E. and M. 8. Longuet-Higgins (1956): The statistical distribution of the
maxima of a random function. Proc. Roy. Soc. A, 237, 212-32.

Eckart, C. (1951): Surface waves on water of variable depth. Marine Physical Laboratory
and Seripps Institution of Oceanography, Wave Rep. 100, Ref. 51-12.

MRk, WIHGETE], R &L (1976): RIS BRI (v— 7 » &~ b)) @fiE (). B
B SR 2 v 2 — BT eSS 16 5, 159-91.

Gallagher, B. (1971): Generation of surf beat by non-linear wave interaction. J. Fluid
Mech., 49, 1-20.

GRS (1970): RO IC T, ARSI, 4T 180 5,

FHEEE (1975): KM s 2RO AT, EEEETIER s, 95 14 7%, 573 5, 59-106.
Guza, R.T. and A.J. Bowen (1976): Finite amplitude edge waves. J. Mar. Res., 34,
269-93.

Guza, R.T. and R. E. Davics (1974): Exitation of edge waves by waves incident on a
beach. J. Geophys. Res., 79, 1285-91.

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

Hasselmann, K. (1971): On the mass and momentum transfer between short gravity
waves and longer-scale motions. J. Fluid Mech., 50, 189-205.

SLTEESE < FRE OH - R ® (1971): BREOASs P AREHE (1D, Qi EREE
+ v R TR, & 5%, 81-7.

Kajiura, K. (1964): On the bottom friction in an osillatory current. Bull. of the Earth-
quake Res, Imst., 42, 147-T4.

Longuet-Higgins, M. 8. (1970): Longshore currents generated by obliquely incident sea
waves 1. J. Geophys. Res., 75, 6778-89,

Longuet-Higgins, M. S. and R. W. Stewart (1964): Radiation stresses in water waves;
a physical discussion, with application. Deep-Sea Res., 11, 529-62.

Munk, W. H. (1949): Surf beats. Trans. Ameri. Geophys. Uni., 30, 849-64.

Munk, W. H. (1962): Long ocean waves. The Sea, 647-63.

Munk, W. H., F. Snodgrass and F, Gilbert (1964): Long waves on the continental shelf;
an experiment to separate trapped and leaky modes. J. Fluid Mech., 20, 529-54.
Nagata, Y. (1964): Observation of the directional wave properties. Coastal Engine. in
Japan, 7, 11-29,

Reid. R. O. (1958): Effect of ecoliolis force on edge waves (I). Investigation of the normal
modes. J. Mar. Res., 16, 109-44.

Suhayda, J. N. (1972): Experimental study of the shoaling transformation of waves on
a sloping beach. Ph. D dissertation, Univ, California.

FEENT, BANEE, LA dh, SRR (1971): W Mok R AMEO BN, B
Bk, No. 130.

Tucker, M. J. (1950): Surf beats; sea waves of 1 to 5 min. period. Proc. B. Sec. A, 202,
565-73.

Witham, G. B. {1976): Nonlinear effects in edge waves., J. Fluid Mech., 74, 353-68.

(1976 £ 10 H 26 [ ERZR)

— 166 —



