PLANE PROGRESSIVE UNEAP WAUES

AS TLYSTRATED IN THE FIRST FEw SUIDES,
RECLLAR TIME-HARMONIC PLANE PRO4YRESSIVE
LWAVES ARE THE FUNODAMEUTAL SOILDIN 4
Riock \N DESCRIGING THE PROPAGATIEW

O SVRFACE WAVE DPSTURBANCES 10 A
DETERMINISTIC & STOCHASTIC SETTING AND

(N PREDICTING THE RESPONSE OF FLOAT/IVG
STRUCTURES IN A SEASTATE.

THEY SATISFY THE ROVUDARY ~VALLE
PRORLEM !
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THE CLAST CoNDITION IMPOSES A 2ERDL NGR MAL
LU X Co NO(TIOEN ACROSS A SEAFLOHTR oF
ConsTANT DEPTH , H ,



THE RELATION BETWEEN LD AnvD XK IS
K NowN AS THE Dis peE RSton RELATI&W
OFTEN WERITTEN IN THE FORM 3

o) = QCK)

S%CK) DEPENDS o THE FHYSIKs o F
THE WAVE PROPAGATION FRO BLEM
UONOER STU pY.

\nv THE CASE OF SouvD PROPAG A Tiown N

D = O /<. S;(t)

WHERE &€ 18 THE sSPEED of SeunDd .
THe ABOVE REMUTIGN SUVGCESTS T HAT AwL
SOUNVD WANES IN A MEDIUM LOWTH 1SOTRo e

CRoOPERTIES PROPAGATE tN\TH THE SAME

PHASE SPEED REGAPDLESS ofFf THEIR
FEE QLVENO! O W AVE LEN QTH. THESE
ARE KNown TO BE NonN—DISPERSIVE WAUES

SURFACE WAVES ARE DISPERSIVE Siwvee

S ) IS 4 NOVUWEBAR FunCcTIon oe )
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BY DERNITION, RECO AR PLANE PROGLRESSIVE
WAUES ARE SOCH THAT “THEIR FREE SORFTACE

ELev ATION 1S DEFTINED A-PRIOR] AS Follows:

:CX,'I:):: A COS(wzl;~k'x)
= A IRe {Q ——l;}<><+4'w{-§

OR SCHEMATICALLY -

¢ = PrAse VErociTy (CREST S PEED)
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WHERE A 1S AN APRIOR! KNGWN WAVE
AVPLITUDE AND THE WAVE FRERUEULY AND
WAVE NMUMBER (W, k) PAIR HAVE THE SAME

DE FIMTIONS AS IN ALL WAVE PROPA GATI16wy
PROBLEMS | NAMELY 3 |

[ = 2T - wave PERI1OD
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RY VIBTUE ©F THE DEFIN |ITION OF THE
WAVE CLEVATION OF A PCLANE PROGRESSIVE
REGCOAR wWAVE | LWWE STEK A QoM PATIBLE
DEFINITION OF THE RESPECTIVE VELOCITY

PotTenT7AL . LET @

b= ARe { goxzye™Y

THE FROBLEM REDUCES To THE PEFINITION
OF (x3) AND THE DERIVATI g OF THE
APPROPRIATE DISPERSIBN RELA T/'aoW) BETWEEN
W) AnD K So THAT THE UNECAR BOVNDARY

VALWE PPORLEM 1S SATISFE £D.

REfoRE PROCEEDIN G WITH THE ALGE 8&34)
CERTAIN UNDEﬁLY!M& PRINCIPLES ARE
ALWAYS AT cDOR -

@ LINEAR SYSTEM THEGRY STATES THAT
WHEN THE I1VPUT SICNAL 15 o ot
THE O&JTPUT SIGuAaAL MUST ALSD BE

HARMOM (& AND wiTH THE SAME
FREoLED Y



@ T ASSUME THAT A SoLUTION ALWAN S
EXSTS, cTHERwISE THE STATEM ENT ST

HYStUCAL AND /OR MAT HE MATICAL

ALVE PRO BLEM 18 FLAWED,

e P
RBouwn PARY V
NF WE CAN FIND A SocruTionv N HOST

CAsES | T 13 THE SotuTion, S S PLY

Tey oJT SowwTicWs THAT MAY MAKE
SENSE FROM THE PHYSICAL PotnsT OF VIEW,

® |G THE BOUNDARY VALULE PROBLEM IS8
SATISFIED BY A COMPLEX VELO Q1 Ty

POTENTIAL THEN 1T (S Atso SATISFIED

BY (TS REAL AND (MAGIVARY PARTS

IN OLR CASE WE Wit FIRST DERIVE

THE BOUN DARY VALUE PRORILEM SATIS FIED
BY THE CoMeLEx POTENTIAL P (X, )
AUD THEN WE wlitt TRY THE PLAUSIGLE

REP RESENTATIOW .
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|'T Foutow$ LPON SURSTITUT/ON IN 7THE
ROUN DARY VALUE PROBLEM SATISFrep BY

qﬂ(x,%,t) ,THAT LP (%, 2) 1S SUBJIECT
To:
| v
N LP L‘?Xx'-"‘{%z 0, -HS=Z (o

_LP%:’() ) _:__lq

ALLowiNg TOR ¢

LP(X 2)= W (2) €

|T FoLLows THAT W(%) 1S SuBTECT TO,

— Wb+ g b T, E=o
"4)%% “kZWI)=O) —-H L2 L0

v"\.}f,%co) Zz=-H

VERIFEY BY SIMPLE SOBSTITUT (0 THAT :



s cosh Kez++H)
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i
SATISRES THE FIELD EQUATION Weo-k =0,

THE SEAFLoor conp! Tlov Yy =o, ZT=-~H AND

Tw € FREE SURFACE cONDITIoN j ONLY LHEWN
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® = Sgktahknl
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SO BY ENFORCUNG THE FREE SVURFACE CONDITIen
WE HAVE DERIVED THE DISPERSIGN RECATI W

FOR. RECVLAR WAVES IN FINITE DEPTH.

X X
RECALL THAT: coshx = € _+€
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S\‘WX‘!Q(: = se——
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THE RESVILTING PLANE PRBDGRESSIVE WAVE
VELOCQCITY POSTENTIAL TAKES THE FORM 2



b (x,2.£) = A m{ iy coshkle+it)
{ W cosh EH

0 _tkx +iw6t§

VER IFY THAT UPON SOBSTITUTIOW

-g\:_ A M€ e"i x-a—iwé}

THE CORRESPONDPING FLow VELOUTY AT SOME

FPornT = = (x,2&) 1N THE FLuiD DOMNAIN oR ON

Z =0, Z=_H 1S SIMPLY QIUEN BY :

V-

THE ULINEAR HY pROPYNAMIC P RESSFUR
TO THE PLANE PROGRESSIVE W AVE ) tJ HTCH
MUST BE ADDEP T THE H Y PROSTATLL, IS
_ ehid
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FRrom THE CLAGRANMGIAN KINEMATIC RECATI oWV

cl; —
+) = VC{> (}’,,z’:)
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WE MAY OBTAIN Oﬁowmay DIFFERENT AL

EQuATIONS GOVERNING ’§ (£). MARKING A
PATICOLAR PARTICLE LTIt TIHE [FLOID AT REST,

—J

SO THAT §‘ ()= X, WE MAY WRITE!

- -— C—
F)= X + AT L)
‘t —e
O(E)
LWHERE X 13 THE PARTICLE PoSITI6N AT REST
—
AND AT 18 TTS DISPLACEMENT DUE TO THE

A

ARRIVAL" OF A PLANE PRPOGRESSIVE WAVE.

OPON sOBSTITUTION IN THE €& OATIONU &F
MOTI e

d A% N
PraINA A B
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Sivee dx
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ON BOTH S/IDES , (T Foltows THAT

=0 . KEEPING TERMS 0 F O (e)

dag .
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THIS EQQATION WHEN FORCED BY THE
VELOCITY VELTOR THAT coRrRResPoON LS TD

THE PLANT PROGRESSIVE LWAVE SoLUTIon
DERIVED ABC)VE) LEADSs TO A MHARMONIC
SotuTion ForR THE PARTIcLE DISPLACED
TRATECTORIES A% (&) = (A§,, A§g) W H IC 1+

ARE Circv LAR L LEFT AS AN ExgrarSE].

|F SECOND~ORDER EFFECTS ARE INCLuDED
THE PARTICLES UNDER A PLUANE PROLGRESSIVE
WAVES AlSO UNPERGCO A STEADY ~STATE
DRIFT kNVOWwN AS THE STRRES DRIFT,

(T CANn BE EASILy MODELEYD BASED &N
THE APPROACH DESCRIBED AGOVE

BY SUBSTITUTINLG SE COND-ORD ER

EFFECTSE CMISI1STENTLY IN7TO THE
RICHT-HAND S1I0E OF THE EQURATION
OF MOTIoN (SEEMH)Y.



T (SPERSION RELATION [N DEEP %

CHALLOW WATERS

IN FTINITE DEPTH .

= g E Favh kH

o foi wsz K ﬁMLEﬁ
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TH1S 1S A NONLINEAR ALCERRAIC EQUARATIOM

Exe W = KH 0OHICH HAS A Du)@UE SELUT IOV

AS CAN BE SHowN QRAPHICALLY

"{‘Q\ALW ;. MoONOsTONICALLY INCREAS)I NG W TH
AN ASY M PTOTIC VALVE oF 4

2
SZ/ D HYPERBOIA MONOTONICALLY
nJ
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VNIQUE REAL RoOT W*(SZ) CAN ONLY
RBE FOUND NUMERICALLY . YET T ALWAYS
Ex(STS AND THE [TERATIVE METHO DL THAT
MAY BE |MpPLeMENTED ALWRYS CONVERGE

RApIoLY.
: 2. 2.
Given (W, H) = W*Z-SZ=‘*15’—“‘)5 w ¥= £H
= Wy wiR) o 9= FEE .
A W *(2)

30 GIUEN THE WAVE FREQUENCY ) —

1IN DEED WATER & 11 - &

+au h ki =1
=D L_ . DEEP WATER
w = g 5 DISPERS! oM
RELATI N
PrAse seeep: C= O - WO _ T
e w>3 <O
OR c-._+ _ 3T
2 2w

PERiep T<=]0 seas s APP Rox waTELYy 18,471
OR ABAT 3 kNO'TS./



O FTEN WE NEED A QUICK ESTIMATE OF THE
LENGTH OF A DEED WATER LWAVE THE PERIOD
OF W HICH W& CAN MEASVPE ACCLURATELY COUTH

A STOPWATCH, (WE PROCEED AS FolLLows.

C = ) = , BY PEFIVITION THE PHASE
K Speeo IS THE RATIO OF
A - THE WAVELENGTH OVER
= T THE PERIOD, U THE TIHE

(T TAEES ForA CREST
1o TRAVEL THAT DISTANCE

Qo THE WAVELEWGTH of A DEEE wATER LIAVE
1S APPROX/ MATELY THE SWUARE OF (T3

Co A WAVE o)ITH PERIOD T <= |OSews 1S ABoJT
(SO m Lowg oR ABSOT 41X o+,

[N THE LIMIT OF SHALOW WATER § KH—=>0

+Ou(r\l¢H ~ bH

poo o = gk (kH) = %z';ﬂl—l



Or

X =-c- Q;@l—(

<

THUS , ACCORDING TO LINEAR THEORY
S HALLOW LWATER WAVES BEOME NONDISPERSIVE
AS (S THE CASE WITH ACQOUSTIC W AVES.

O NFORTUNATELY, Non LINE AR EFfF ECTS
BECOME (MHMPORTANT (N THE LIMIT &F

SHALLow WATER AND HUST BE CAREFLLLY
BRE TALEN (INTO AcCCondT. SOLITONS AND
LOAVE BREAKING ARE SOME MANIFESTATIOLS

ot MGWLH\;EAEITI. (see ML),

THE TRANSTION TROM DEEP TO FINITE DEPTH

(WAYE EFFECTS OCCURS For VALUVES OF

KH <7C . CHEcCKk THAT o

'{*cw% 7
avo Foe EH=70 = ZH .7
A
H_- 1
= =5

so For H/ANY, OR £H > 7T we

ARE EFFECTIVELY DEALING w (TH DEEP W A TER.



