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越波による防波堤背後への波高伝達率  

合田良美・竹田英章・守屋義一  

概  要  

遇披の打ち込みによってl坊披墳の背後水域へ伝達される披高について，広範囲な実験を  

行ない，直立堤および混成堤について次の実験式を得た。  

昔＝0り1－Sin芸（孟・β）］  

ず●   
たゞし，仇は伝達披乱仇は入射波乱剰ま静水面上の天端高で】係数αは2・0，係数β  

ほ0．1～0，5の値である。また伝達披の波形分析から，伝達披ほ周期T，了γ2，7ソ3，．  

の披列が合成されたもので，各披列はそれぞれの披速で進行することが明らかにされた。  

なお附録として，造波水路における二次披峯の移動現象について実験例を紹介した。  

●●  
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thewavetransmissionratio・Rec 

with submerged dilくeS O壬1arge widths．Their experimentalconditions are rather  

limited，however，thus mal【ingit di疏cult to draw the generalconclusions onthe  

problem of wave tTanSmission over breal【WaterS．  

A series ofexperimentshave been undcrtaken at thePortand HarbourResearch  

Institute since1961in order to obtain the systematiclaboratory data on the wave  

tTanSmission ratio Etnd to construct areliable design diagramfor harbourengineers，  

Since most of breAkwatersinJapan are Of composite type，teStS have been made  

witllmOdels ofverticalwal1andcomposite breakwELterS．The prescntreportdescribes  

the results of theselaborEttOryinvestigatiollS．  

■●  2．ExperimentalArrangements  

The experiments differred from others at two aspects：鮎stly，tlle uSe Ofawave  

basin witllfourinside channels，and secondly，the controle ofwave cllaraCteristics，  

especia11yofrelative 

Thefourtestchannels，eaCh o．48mwideand16，5mlong，WereSetuPin awavc  

basin of20mwide and30mlong asshowni】1Fig．1．Atthe shore－Side ends of test  

channels and basinitself，WaVe absorbers ofpermeable typewhichwere composed of  

rubble stones aI】d shavings of stainless steelwere provided；the water couldflow  

through the absorbersfrom the channels to the basin and vice versa．  

This arrangement had the followlng advantages over the conventionalclos■ed  

cllannelsystem：   

1）S；nce the waves reflectedfrom modelbreakwaters are dispersed toward the  

broad area of the wave basin，eXPerimeT）tS Can be continued withoutinvok－  

ing serious multi－WaVe reflectionsin the wave basin，  

2）Since the water area of the basinislarge and the both ends of eacllteSt  

channelare open，the waterlevelat the sea side and harbor side of a model  

breakwater are maintained at the same heights during arun．  

3）With four testchannels available，fourmodelbreakwaterscanbe tested atthe  

same time for one wave condition．  

The丘rst characteristic，however，COuld not be fu11y exploited、because there still  

existedsome secondarywavere月ectionsfrom the side walls of the basin and others；  

the wave conditionsin test channels were slightly differentfrom one channelto  

others．In thelater phase of experimer）tS，a WaVe absorbing mound of4m wide  

andllmlong was provided at the center of thebasin and onlyone test channel  

was usedinorder to assure the better controle of test conditions，  

As for the controle of wave characteristics，the wave period was so adjusted  

that the relative water depth h／L would be one of the fo1lowi】1g Values：  

－ 5 －   
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somc rellccLe（1wavcs which were superimpose（luponillCident waves．the】1eighLs Of  

incident and rcLIcctc（1waves were calcula亡ed wi亡h tlle COnVentionalmetho（lbased oll  

the smallamplitudewave theory；the average of thc maximum and minilnum WaVe  

heightslocated half－WaVelength awaywastaken astheincidentwaveheightsHIand  

theone－halfdifferenceof thcmaximumandminimumheightswastakenasthere8ected  

wave heights H7l．Although this heightHzlgives a measure ofrenectwaves，itis  

smaller than the actualheight ofre凸ect waves because of負niteampli亡udeeffect（see  

GodaandKakizaki1966）．Theheight oftransmittedwavesHrwhichwere prodLICe（1  

bywaveovertoppingwastakcnastheaveragevalueoverthemeasurementdistancefroln  

therearofmodelbreakwatertothevicinityofwaveabsorbers，becausethetransmitted  

waveheightvariedslightlyfr■omlocationtolocationaswilLbediscussedinSection3（5）．   

In the problem of wave transmission due to wave overtopping over composite  

breakwaters，the bllowing seven quantities govern the phenomenon principally：the  

incident wave height H［，the transmittcd wave height HT，the water depth h，the  

incident wavelength L，the crown height of breakwater above tlle mean Waterlevel  

R，the crown width B，and the water depth above the top offoundation moundd．  

Allthese quantities have thc dimension oflength．According to the Pi－thcorenl，  

the problem can be expressed as the relation among six（seven minus one）non－  

dimensionalparameters．Among severalpossibilities，the following non－dimension－  

arization was adoptcdin the present study：  

●●  

，÷，告）  （1）  
払＝ 昔＝¢（孟，  

β  d  
エ・、 エ・  

Aswi11besceninthefo1lowingsections，Eq．1isconsidcredtobethemostpractical  

form to express the ratio ofwave trElnSmission ovcr composi亡e breakwaters．  

3．Wave Transmission over VerticalWallBreakwaters   

（1）ModelI】rekwaters  

Models of verticalwa11breakwaters were made of wooden boxes with balance  

welghtinside of them．Thewidth was fixed at B＝40cm afterinvestigations of  

actualbreakwaterdesigns，butthellelglltWaSVariedfrom25to80cmfortenmodels  

tested．With an application of modcIscale ofl／30，these dimensions areequivalent  

tothe breakwaters of12mwide and7，5to24m high at the water depth oflO．5  

to15m．With thesame modelscale，tlleincidentwaves are translated to the waves  

Of O．9to9m highwith periods of4．4to15．2seconds．   

In addition to these modelbreakwaters，a thinverticalwallmade oftwo steel  

plates of9mm thick was employedin order toinvestigate the effect of breakwater  

widtllupOn the wave transmission ratio．The verticalwallwas丘xedatthechannel  

bottomwith anchorboltsanditsllelghtcouldbevariedbychanging the positions  

Of bolts connecting the two plates，  

－ 7 －   
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h  

y  

submerged breakwaters as the wave steepnessincreases，but the  

r  

r  

In Fig．2wit  

l）e affected also b  

ratio decreases for  

ratioincreases fo  

with the parameter 

pear．Alltheexperimentaldatagatherthemselves around the followingexperimental  

f（）rtnula：  

互ゝ＝＝Oj［1－Sin意（一昔＋β）］  （2）  

inwhich the best丘tting values ofthe factorsαandβare2・2and oL5，reSpeCtively・  

Equation2clearlyindicates that the ratio R／Histh占predominantfactorforthe  

Ⅷ 1J－1∴＼∴‥：∴∴∴二1こ∴∵1‥一三、、：∴∴■∴1tい∴－－－∴＼J   
troducedinthepaperbyJohnsonetal．（1951），areShownaswellastheexperimental  

data．But the agreement with the experimel－taldatais not good；eSPeCially the  

theories cannot predict thewavetransmission overemergedbreakwaterswhichhave  

the transmission ratio of as much as40％．T毎discrepancybetweenthetheories  
andexperimentsis rather expected，because the theories presume the continuity of  

smallamplitude wa．ves over a breakwater，While the actualphenomenonisbetter ex・  

plained as the wave re－generationprocess by tlleimpact of overtopped orover且own  

Water maSS；the predominant role Df the ratio R／Hin the wave tranSmission ratio  

i11ustratedinEq．2alsoindicatesthattheassumptionofsmallamplitudeisimpractical．、  

（3）Variation of WaYeTl・anSmission Ratio with Respeet to Wave Characteristics  

Allthe experimentaldatawhicllarelistedin Tablelwere analysedin the same  

way asin Fig．3for each relative water depth．Equation2was then appliedfor  

each one to yield the following best hting values of tlte factorsαandβ：  
I、■  

ゐ／エ＝0，5 α＝2．2 β＝0．7  ゐ／エ＝0．14 α＝1．8 β＝0．4  

ゐ／エ＝0．3 α＝2．2 β＝0．5   ／乙／エ＝0．10 α＝1．8 β＝0．5  

ゐ／エ＝0．2 α＝2．2 β＝0．5   Jz／エ＝0．07 α＝1，8 β＝0．3  
（3）  

The above resultsindicate a slight differencein the nature ofwave transmission  

ratiofortherelativelydeepwaterwavesofh／L＝0．2～O．5andfortherelativelyshallow  

water waves of h／L＝0・07～0・14・This difference resultsin alittlelargerratio of  

wave transmissionfor thelatterwaves thanfortheformerinthecase ofsubmerged  

breakwaters・The differencein the wave transmissionratiois very sma11，however，  

in the case・Ofemerged breakwaters，Which are moreimportantfortheprotectionof  

harborsthansubmerged ones．From a practicalpoint ofview，the efEect ofrelative  

water depthisconsidered negligible when the wave trElnSmissionratiois expressed  

－ 9 －   
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missiollratio sl10wS a dccreasewith山e decrcase of the relative wave helglltH／h  

illtlle range OIH／h＝0～0．2andseelnStOapprOacllKT＝OaLH／h＝0・In therange  

of H／hlarger than o．2，howcver，the、VaVe tranSmission ratiois almostconstanL  

Thus，itis concludcd Lhat Lhe relation betweenKralld R／His notaHectedbyH／h  

or H／L exceptfor the case where the wave heightis sosmallthatthe approximaT  

tion o壬smallamplitude wavesis wellapplicable．  

（4）E躍如ofI‡reakwater WidtII  

Figure5also sllOwSthe variation ofwave transmission ratio due to the break－  

water width as wellas the variation with respect to the ratio H／h．Open circles  

indicates the data on the thin wallof o．9cm thick（B／h竺0）and closed circles are  

those on regular breakwaters of40cm wide（昂／h＝0．8～1．1）．With theincrease of  

thebreakwaterwidth，thetransmissionratioclearlydecreasesfrom about oA5toO．33．   

Theeffectofbreal【Waterwidthwasfurtherinvestigatedforvariouscrownheights  

as shownin Fig．6；the relative water depth was h／L＝0，14．Itis clearly shownin  

t  

R  

H  

Fig．G．E凪）CtOfI‡托akw乱鹿rWidtllllp（InW礼Ve Tran8missionIlatio  

Fig，6thatthethin brcakwater ofβ／h＝Oproduceslargerratios ofwavetransmission  

forawiderange ofR／Hthanth早WidebreakwatersofB／h＝0．8～1．1．Thefactorsα  

andβ0董Eq・2forthedataofthethinbreakwaterarefoundto beα＝1．8andP＝0．1．  

Incomparisonwith the case ofwide brealこWaterS，thethinbreakwaterhasadecrease  

Ofo3in terms ofβand anincrease ofabout O．1in terms ofKT．  

Such differencesin the wave transmissionratiodue to the breakwater widtllCan  

be explained from the behaviour of overtopped water mass．When the breakwater  

is very thin，OVertOpPed waves are observed to drop onto the water surface behind  

tlle brealⅣater aS a maSS Of waterwithout dispersion・This drop ofwatermass  

－11－   
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inwhicllC，▲denotesthecelerityofthen－thharmol－ic componentwave．Thephase  

angle O允is constant，depending upon the orlglnS Of tandxonly．By comparing  

Eqs・5and6，the followlng relation between pn andxis obtained：  

やル＝竿（古拙）  （7）  

Thecelerity of tllen－thcomponentwaveis now calculatedlrom any two measured  

Values oト鞠aS：  

2花  ∬2－∬1  
C．▲＝  （8）   

r 〔平作（∬2）－平作（∬1）〕／謁  

Thephaselagsofthe harmollic components ofthe wave pro丘1es shDwnin Fig．  

8were examined graphicallyifthey heLd the relation ofFq．7．Asseenin Fig．9in  

whichthevaluesofp，．／nofthefundamental，SeCOnd，andthirdharmonicsareplotted  

against x，the relations between勒／n andxare welldescribedwith straightlines．  

The propagation celerities of the component waves are easily obtained from the  

slopes of these straightlines and with Eq．8；the celeritiesobtainedareingood  

agreementwith those o董smallamplitude waves having the periods of T，，＝Tソn．  

Thisagreementisagoodindicationthat anumberofwavetrainswiththeperiods  

Of T，Tソ2，7ソ3，7ソ4∴．are gene王ated by theimpact of overtoppedwaves and  

each wave train propagatesindependentlywithits own celerity．Equation6there－  

foreis appLicabLe to the system bftransmittedwaves．The amplitude of each wave  

train，however，does varyfromlocation tolocation as seenintheexampLeofFig．8．  

Similar phenomenon has been observed in the case of travelling secondary wave 

crestsin wave channels（see Appendix）．The amount ofsuchvariationsin the am－  

Plitudes ofcomponentwaves，isfarbeyondtheerrorsin measurements and analyses．  

Tlle trains ofcomponentwaves are00nSidered tointerfere each other and exchange  

their energleS during their propagations．  

¢●  

4．Wave Tran＄mi＄＄ion over Composite Breakwaters   

（1）叫odelBreakv8鹿rs  

Modelsofcompositebreakwaterswerecomposed o董adouble－Walledsteelbox and  

three wooden slopes ofdifferentsi2：eSaSShownin Fig．10，The height ofsteelbox  

couldbevariedbychangil－g tl－e Pinl－01esfor bolts and nuts．Thewidth was丘Ⅹed  

at B＝40cm（B／h＝0．8）asfor tlュe models ofverticalwallbreakwaters．Thelleights  

of壬0undation mounds were selected at the values o董d＝15，25，and35cm董or the  

water depth o董h＝50cm（d／h＝0，3，0．5，and O．7）．The crown offoundation mound  

was20cm wide and the mound slopes werel＝3董or the sea side andl＝2for the  

llarbor side．  

The mounds were made of wooden boards so as to minimiz，e the frictionalloss  
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Experiments were conducted atthe constant relative water depth of h／L＝0■14  

withvarying wave heightsand crown heights for each modelof composite break－  

watershownin Fig．10．The selection ofrelative water depth at h／L＝0・14was so  

lTlade，because the conditionsunder which actualbreakwaters are designedand con－  

StruCted oftenyield therelative water depth around the above value・In addition，  

thelittleeffe■ctofwavecharacteristicsuponthewavetransmissionratio oververtical  

wallbreakwaters gave an expectation that tlle effect would beノalsolittle for com－  

P（〕Site breakwaters．  

（2）E飴ctofMo11nd‡IeigIltllpOn Wave Transmission Ratio   

Tlle丘rstexperimentofcompositebreakwaterswasmadewithtllOSe Ofzerocrown  

lleight so as toinvestigate the efEect of昂／h upon tlle WaVe tranSmission ratio（see  

Table2for experimentaldata）．As shownin Fig．11，the wave transmission ratio  

0．I  O．2  0．3  0・4  

上  
0・5  

h  

Fig．11．E蝕ctofA（ound EeigtltattdWaYeIIcigllttlpOnWavcTransmission  
Ra岨00▼er C（lmp（ISi血Breakwa由一   

OVerthe high mound brea．kwa．ter ofd／h＝0．3is affected by the existence offounda－  

tion mound，Showing themaximumtra．nsmissionratioaroundH／h＝0．350r昂／d＝1．2．  

Atthat condition，it was observed thatwa．ve brokein the veryfront ofthe vertical  

wall，OVertOPPedthewallveryhighandsplasheddown ontothewatersurfacebehind  

the wall．   

In the case ofbreakwaterswith medium andlow foundation mounds of d／h＝0，5  

ando．7，the effect ofmoundupon the wave transmission was not slgnificant；the  

wave transmission ratiois almost the same asinthe case ofverticalwallbreakwaters  

Shownin Fig．5．One reasonfortheinsigniLicance ofmound effectis thelimitEltiol－  

intheheightsoftestwaves；thewaveshigheIioughto breakuponthemediumand  

－17－   
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1owioundation mounds could not be produced．The conditions of constant mound  

slopeandcrownwidthalsoyieldedlesspossiblitiesofwavebreaking overfoundation  

mound，because the moundlength decreasedwith thelowering ofmound height．  

These80ndexperimentofcomposite breakwaterswasconducted with the crown  

height of5to20cmabovethe meanwaterlevel；the results ofthe experiments are  

illustratedinFig．12．Inthe case ofthe high moundbreakwater ofd／h＝0．3，tl－ere  

exist certainwave heights which produce thelargest ratio ofwave transmission for  

a given crownlleight o董breal【Water，aS alrcady showninFig．11．The wave trans・  

1nission occursevenovera highcrown o董凡／H＞1．5，POSSiblybecause ofthe董orward  

moエロenturn O董rushing waves over the high mound．Inthe case oLthemediumand  

low mound brealⅣaterS the effect ofmound becornesless，because the dcformation  

Ofwaves overthe moundsisweaJ（．In general，thewavetransmission overcomposite  

breakwatersis greatly afEected by the degree o董wave deformation over the founda－  

tion mound，eSPeCially by the possiblities oL wave breaking over there．   

（3）ⅥbYe Tra工場mi駆iom Ra壷00Ver C（ImpOSite Breakwaters  

The solidlines shownin Fig．12illdicate the calculated valued o董Eq．2ntted  

to the experimentaldata．The董actorsαandβfor these curvcs have the董01lowing  

values董or good Ltting：  

●
 

め／ゐ＝0．3 α＝1．8  

4／み＝0．5 α＝1．8  

4／み＝0，7 α＝＝1．8  ‡   
（9）  

Forverticalwallbreakwaters these factors have thevalues o董α＝1．8andβ＝OAIor  

the wave condition ofh／L＝0．14as seenin Eq．30r Fig．5．These values are the  

sarnewiththose oithelow moundbreakwater ofd／h＝0．7；thatis，the wave trans－  

mission ratiois the samewithverticalwa11breakwaters・With a medium or high  

foundation mound，however，COmPOSite breakwaters produces greater wavetransエロis・  

sion than verticalwallbreakwaters．   

Theamountofincreasein wave transmissionrati｛）depends upon the degree of  

wave de董ormation overthefoundationmOund，beingaffected by the relativelength  

andheightofthe moundtothe wavelength andwave height，etC．Because ofsuch  

various factors related，a minute design diagram or experimentalforrnulainclusive  

of allthese血ctors concernedis di侃cult to be established・For practicalpurposes，  

however，thefollowingvalueso董αandPinconnectionwithEq．2areherebyproposedニ  

α〒2．O P＝0．1for high moundbreakwaters  

α＝2．0 β＝0．3 for medium moundbreakwaters  
）  ＼⊥リノ  

α＝2．0β＝0．5f。rl。Wm。。ndbr。akwat。rS  

The ratios o董wave transmission calculated by Eq．2with thevalues of Eq．10are  
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experiments witllregl11ar trains oflong crested waves，teSted two－（1imensionallyin  

wave cllannels of uniform sectior）S．Thc phenolnenOllOf wave transmissiollOVer  

actuall）realくWaterSismorccomplicatedthanthatinalaboratory．Theirregularityin  

waveheightsandperiodofactualseawavesisonecomplexity，andtheshortcrestedT  

nessofseawaves havingawiderange o董wave directionisanOther complexity；the  

effect of such complex nature of sea waves upon the wave transmission remains to 

beinvestigatedin the董uture．Theamountofwaveenergypasslngthroughtherubble  

mound of a composite breakwateralso needs to be clari丘ed．p The re丘nement ofthe  

knowledge aboutp the phenomenon of wave transmission over breal【WaterSwi11be  

achieved through these clari丘cations，  
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WaVe PrO創e varjeswithrespecttolocation and the wave height also sllOWS a Varia－  

tionalongawave channel；thewaveenvelope shows a kind of beat asifthereexist  

SOme reLlected waves，although the beatlengthis severaltimes tl－e WaVelength，   

2．Theappearanccofsecondarywavesislimited，110WeVer，tOtherelativelyshallow  

water waves withlarge wave heights．Ila testis carried outin a region where  

therelativewaterdepthh／Lisgreaterthano．15，nOSeCOndarywavewi11be・Observed．  

Figure A－2show早eXPerimentaldata on the appearance of secondarywave crests  

QOヰ  OP8  088  0JO  q12   0．何  
上  
L  

Fig・A－2・AppearanceIJimit ofSccondaryWave Crestsin且Test Channel  

during testsin awave channel，33mlong o．5mwide，andl．Om deep．The theo・  

reticalcurvein the丘gurewas originally given byMiche2）expressedin the董01low－  

ing董orm：  

（抑エ）。riti。al＝左sinム2（2汀ゐ／エ）tanb（2打力几）  （1）  

ThcLormation ofa secondary wave crestis somewhat theorcticauy expected as  

SllOwn by Miche．The proGle of五nite amplitude waves off〉ermanent tyPeis cx．  

PreSSedinthe form o董Fourier’s series：  

（2）   暫＝AICOS3＋Azcos20＋A3COS30＋・  

wh訂e：♂＝2汀（喜一呈）  

Al，Az，A8，． ＝function of月1エandゐ．  
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Fig．A－3．Celerities of朋aill乱md Sト巳COIldary WaYe Crests  

water depth decreases．These tendencies support tlle aSSumPtion that thc pllenO・  

menon ofseconda∫yWaVeSisduetoindependcntwavesofhigherfrequerlCies，because  

higher harmonic components o董awave pro五1eincreases with anincrease ofwave  

steepness and with decrease of relative water depth．   

It sht）uld be mentioned here that the amplitudes of componenL waves are r）Ot  

COn占tant during their propagation，however．As seenin tlle reSults ofthe Fourier  

aLnaLlysisshowninFig．A－1，theamplitudesofharn10niccomponentsvarywithrespect  

tothe distance x．This suggeststheexistenceofinteractionamOngCOmPOnentWaVeS  

while travelling with their own celerities．  

4，Anotller pOint o董interestin tlle teSt WaS the appearanCelengtl－Ofsecondary  

wavc crests，Or the distance between two successive appearance points o王secondary  

WaVe CreStS．ThislengthisacharacteristicolTeforwaveswithsecondarywavccrests，  

because the wave properties vary regularly with thislength．Wave heights，WaVe  

PrOmeS，and other properties should beinvestigated atleast over one appearance  

length ofsccondary wave crests．   

TlleaPPearallCelength ofsecondarywavesis constant along a wave channclfor  

glVen WaVeS．Thislengthisrelated to thewavelengtllaSa董unction ofrelativewater  

depth and wave steepness．Wllen the ratio oL thc appearancelength to thewave－  

1ength C／Lobtainedinthe experimentwas plottedagainst therelativewater deptll  

h／エwiththerelativewavelleightH／hasaparameter，a VeryClearrelationshipwas  

Observed・Figure A－4shows the experimentaldiagramfor the ratio o董appearanCe  
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Observedinwave channels thatthewaveenvelopes talくenalongthechannelsshowthe  

beat－1ikeva工iationswithrepetitionlengthlongerthan the wavelength．Suchbeat－1ike  

phenomenamaybeexplainedin EISimilarwaywiththeassumptionofin伝nitenumber  

Ofindcpendentwaves．The onlydifferencebetweentwo phenomena willbe the fact  

tllatlligherfrequencywaves are notla工ge enOuglltO prOduce secondary wave crests  

in the case of beat－1ike phenomenon・  

5．The去bove analysisis dealing withsecondarywaves actually observed．The  

reEISOnWllySeCOndarywavesarebroughtforthina wave channelis not understood．  

But the phenomenon of secondary wavesisl10t a peCuliar onein a particular wave  

Channel．Ithas been observedin manywave channels andwavebasinswhere waves  

weregeneratedby sinusoidalmovements ofwavepaddles；themostofpaddlemotions  

containedlittlellarmOnic components・This suggeststhat the sinusoidalmovement  

ofwavepaddleitselfmightbeacause ofsecondarywave appearance．Waterparticles  

ncELr a WaVe paddle are forced to move sinusoidally byit，While proper movements  

Of water particles under 屯nite amplitude wavesin relatively shallow water arelike  

those given bycnoidalwave theory：i．eリIarge displacementsinshort duration under  

a wave crest and smalldisplacementsinlong duration under a wave trough．The  

discrepancy between forced movements and proper ones of water particles seems to  
bring forth secondarywavesinawave channel．Ifa cnoidal－WaVe－1ike－mOtion canbe  

given to a wave paddle，the Lormation of secondary wave crests may be suppressed．  

6．Summing up tlle above results，the following conclusions are made on the  

Phenomcnon ofsecondarywaves：   

1）Asecondarywavecrestappearsinawavechannelundercertainwavecondition．  

2）A phenomenon of secondary waves callbe explained by the assumption that  

the wavein a wave channelconsists ofinfinite number ofindependent pro－  

gressive waves，the frequencies of which are n－times the hndamentalone，Or  

thefrequency ofwave paddle mption．  

3）Tlle aCtualvelocities oisecondary wavesllaVe tlleValuesbetween the celerity  

Oftwicefrequencywavesandthat ofthrieefrequencywaves．Thisresultsup・  

ports the above assumptlOn．  

4）Adiagramfor theappearanCelengthofsecondarywave crestshas．beengiven  

experimentally．  

●ll  

●l↑  
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