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CONSIDER Nows A3 ASPECIAL CASE PLAnNE
ProgressIvE WAVES DEFINED BY THE VELOCI7Y
PoTENTIAL IV DEEP WATER (For siMpuiaiTy) ¢
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AN ALTERNATIVE FoRM FoR THE ENERGY FLUX ()
CROSSING THE CLOSED QonJTROL SURFACE Sl¢) I3

SRTAINED BY INVOKING BECNOV wi's geovATIONY IV

“THE SECOND TEEM . RECALL THAT
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THE ALTERNATNE FORM
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Qo THE ENERGY FLUX ACROSS St IS GIVEN BY
THE TERMS UNDER THE INTEGRAL S1GN. THEY
CAN BE COLLECTED IN THE MORE COM PACT FORM *
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UOTE THAT PU) MEASURES THE ENERLY FLUX
INTo THE VOLUME N{¢) o THE RATE of GROWTH
OF THE ENERGY DENSITY S(+4)._

WE ARE READY NGW TO APPLY THE ABOVE FoRrMUUE
TO THE SURFACE WAVE PROPAGATION FPROBLEK.

BREAK S INTO (T3 CoMPOWENTS AND DERNE
SPECIALIZED FORMS oF Pi) PERTINENT TO BAcH._
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THEREFORE OVER Sg ; ‘P = AS
ExPECTED. NO ENERGY CAN FLOW |NTO THE
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THIS CASE Wil BE OF INTEREST LATER 1N
THE COGURSE WHEN WE ConsSIDER SH1PS
MouIn G WITH ConSTANT veroty (J. _

THE FORMUWAE PERIVED ABOVE ARE VERY
QENVERAL Foe PWEEWAL FLOwS wiITH A FREE
SUERFACE AND SoL10 BOUNDARIES , WE ARE Nou™

READV TO APPW THEM TU PLANE PROGRESSIVE
WANES. |
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7T Fowows FROU THIS EXERCISE THAT
THE MEAN EWERKY FLUX OF A PLANVE PROGRESSIVE
WAVE (S THE PRODPULT OF TS MEAN ENERGY

DENSITY TIMES A VELOQTY WHHlH EWRUALS
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WE CALL THIS THE GRovP VELOCGTY of
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A HoORE FOrRMAL PRoo F THAT THIS I3 THE
VELOATY WITH w H1cH THE EWVERGY FLLX OF

PLANE PROGRESS) VE WWAVES PROPAGATES |5
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et TERMS OF © (A3 HAVE BEEN (VELLECTED.
NoTE THAT wlTHIN LINEAR THEORY , ENVERAY
DENSITY AnD EWERGY FLUX ARE QUANTITIES
OF O(AZ). IF HICHER-ORDER TERMS ARE

KEPT THEN (WE NEED TO CONSIDER THE
TREATMENT OF SECoN - 0OROER SURFACE WAVE
THEO RY, AT LEAST. (SEEMEL) .
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CoN SIPER Two PLANE PROGRESSIVE WAVES
OF NEARLMY EAQUVAL FRELQRUVENVCIES AND HENCE
WAVENUMB ERS . THEIR TOINT WAVE ELEVATION
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THESE ARE THE NOPES oF THE BlI-CHrO HATIC
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\oTE THAT RAYLEIGHS PROOF APPLIES
EQuALLY TO WAVES N FINITE DEPTH OR

DEEP WATER AWND IN PRINCIPLE TO ANY
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THE FOGHULAE FoRr THE ENERGY FLUX
DERINED ABOVE ARE VERY GENERAL AnD
Fog PUTENTIAL FLOW NONLINEAR SURFACE
W AVES ‘TM‘T ARE NOT BREAKIVG CONSTITUTE
THE EWVERGY ConJSERVATION PRIN CjPLs-

FNERGY FLux (PowEr) N PUT INTp THE

Froto DoMAIN BY ANY MECHAMISH ) WAVEMAKER

WIND (INV ACONSERVATIVE HANNER) , A SHIP
ov AN FLOATING Bopy HUST BE RETREVED'
AT SOME DITANCE AwAY. DERIVIVG
EXPRESSIONS OF THE ENERGY E) v RETREIED
AT YINFIMITY" 15 A pow ErFUL METHOP Fop
ESTUMATING THE WAVE RESISTANCE OF

SHIPS (MORE On THIS LATER), THE coAve
PAMPING OF FLOATING Bopics ETC.

YET, THE ONLY GENERAL w Ay OF
EVALVATING WAVE TORCES ON FLOoATING
BODLES (MoOvVING OR NOT) OR ON SOL)D
BOUNDARIES IS BY APPLY/IVG Tye
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