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Abstract

EquationsdescribingtheSurfacewavesofthebinarystarsarestudieｄａｓａｎａｎａｌｏｇｙ

ｔｏｔｈａｔｏｆｗａｔｅｒｏｎｔｈｅearthExcepttheweakgravitywave，suchwavescanbe

nonlinearonesAsisexpected,theequationsofthesurfacewaveintherotatingframe

ofreferencearouｎｄｔｈｅｃｅｎｔｅｒｏｆｍａｓｓｏｆｔｗｏｃｏｍｐonentsarereducedtotheso-called

Korteweg-deVries(ＫｄＶ)equationandnon-linearSchr6dinger(NLS)equationacoord

ingtoits"depth，，、AsiswellknowntheseequationshavethesolutionofsolitonThe

solitonscancausevariouskindofactivitiesofbinarystarsystemsespeciallywhen

theyareseｎｔｔｏｔｈｅｏｔｈｅｒｃｏｍｐｏｎｅｎｔｏｆａｃｌｏｓｅｂinarysystemthroughtheinner
Lagrangianpoint．

１１ntroduction

Accordingtotherecenｔｒｅsultofastronomicalobservations,morethanhalfofthe

starsarethougｈｔｔｏｂｅｍｅｍｂｅｒｓｈｉｐｏｆｓｏｍｅｂｉｎａｒｙｏｒmultiplestarsystems・Therefore

studiesofthestructureandevolutionofnotsinglestarsbutstellersystemshave

becomeimportantforthepurposeofunderstandingtherealcontentofGalaxyandthe

Universe、Ｆｒｏｍｔｈｅｐｏｉｎｔｏｆｖｉｅｗｏｆｓｔｅｌｌａｒｐｈｏtometricobservations，wecouldfind

variouskindofactivitiesthatarenotyetunderstoodcompletely､Ｔｈｅａｉｍｏｆｔｈｉｓｐａｐｅｒ
ｉｓｔｏｆｉｎｄｏｕｔｔｈeequationswhichdescribethenonlinearbehaviorofthesurfacewaves

likesolitonsolutionsBeforepreceedingtotheequationitself，wedescribethe

hydrodynamicalpropertiesofthesufaceofstarsinsection2whereweshowthe

incompressibilityisvalidlnsection3，wegivebasicequationdescribingthesurface

waveintherotatingframeofreferencelnsectｉｏｎ４,wederiveanequationdescribing
thepropagationofthesurface（shallow-water）wavewhichcanbereducedtothe

so-calledKorteweg-deVries(ＫｄＶ)equationwhosesolutioniswellknownassolitons

Inthefinalsectionwementionabouttheopposite（deep-water）ｃａｓｅＡｌｓｏｓｏｍｅ

ｃｏｍｍｅｎｔｓａｒｅｇｉｖｅｎｆｏrfurtherdevelopmentofthetheory．

２PropertiesofmatteronthesteUarsurface

lnordertoapplythetheoryofgravitywavetothesteUarsurface,wemustbesure

thattheconstituentmatterisincompressibleltcanbeprovedinthesimilarwaytothe
caseofpre-recombinationuniverse．
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Theequationofstateofthestellarmaterialisacombinationofgasandradiation

Asthetemperatureofitiｓｔｈｏｕｇｈｔｔｏｂｅｈｉｇｈｅｒｔｈａｎｔｈａｔｏｆｈｙdrogenrecombination

(approximately3000K),thepressureofgasandradiationarewrittenasfollows：
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whereぴisaThomsonscatteringcrosssection,ＲｇｉｓｔｈｅｇａｓｃｏｎｓｔａｎｔａｎｄＴａｎｄｌｏａｒe

temperatureanddensity,respectively・AsthetotalpressureofthematteriｓＰ＝Ｐｂ

＋Ｅ－，thesoundvelocitycsis

．←馬二V三二(3)
Thislastrelationisvalidfornormal(mainsequence)starsliketheSun

ToCalCu………Ⅲydefmedas器一念,wemSertthesol…lueo
intothesequantities､Ａｓａｒｅｓｕｌｔｗｅｏｂｔａｉｎｆｏｒｔｈｅｃｏｍｐｒｅｓsibilityas

lO-15cm2/dyne

Thisvalueismuchsmaller(byapproximatelylO-1o)thanthatofwaterontheearth・

Accordinglythevalidityoftheincompressibilityonthesurfaceofstarsisguaranteed．

３Basicequations

TheEulerequationwhichdescribestheflowofionizedgasinthebinarysystemsis

筈十2面×汀一m-▽`｡-Ｍ， （４）
ｌｏ

－＞

whereQisanangularvelocity,ａｎｄ①Ganddgaregravitationalandrotationalpoten‐

tialsgivenasfollows,respectively：

Ｗｃ=肱GpWo=一合(X:+Y勘）（５）
Theequationofcontinuityis

芳十pdMr=0（６）
ＡｓｗｅｃａｎａｓｓｕｍｅｔｈｅｉｎｃｏｍｐｒｅｓｓｉｂｅａndirrotationalflowforZ7＝ｄｉｖ①,/,ａ

△①＝０， (7)

ｗｅｏｂｔａｉｎ

等十音+会'…'慰十`｡+`｡+`-０（８）
Ｈｅｒｅｊｉｓｄｕｅｔｏｔｈｅｒｏｔａｔｉｏｎｏｆｔｈｅｓystemwithrespecttotheinertialframeof

referencegivenbythefollowingequations：
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－ヶ

ＷＩ＝２Ｑ×▽①，▽21ルー０． (9)

Ａｓｔｈｅｓｕｒｆａｃｅｏｆｔｈｅｓｔａｒｉｓｔｈｅｅｑｕｉpotentialones,weadoptadifferentcoordinate

systemfromthecaseontheearthThemostusefulsystemiscylindricalone(γ,0,2)，

wherez-axisisparalleltothatofitsrotationThenwetakethefollowingcoordinate

systemwhoseoriginｉｓｔｈｅｃｅｎｔｅｒｏｆｍａｓｓｏｆｔｈｅｓｙｓｔｅｍ：

ｊｒ＝而８，ｙ＝γ－ハ，ｚ＝ｚ，

Here,weassumethesurfaceofthestarisasphere．［Fig.１］

(10）

４Equationsofthesurfacewave-thecaseofshallow“water，，

Let〃(妬,Ｚ,/)describethesurfacewaveAccordingtothefollowingkinematicbound

arycondition

器=Ｍ=y-〃(Ｍ')， (11）

ｗｅｇｅｔ

鶉=寄十器嘉 (12）

Aty＝－ん(bottom)，

（grad①ルーＯ

Ａｓｙ＝０denotestheequipotentialsurface,fromEulerequationweget

(13）

Ｙ

Ｘ

FiglCoordinatesystemadoptedfodescribingthesurfacewaves．
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等十会((等)2+(鶚)2)+"+`=ｑ (1０

wheregisagravitationalaccellerationatthesurface(radiuwb).Atfirstweconsider

thecaseshaUow-"Water''､Asusual,wetaketheso-calledGardner-Morikawatransfor‐
mation：

ど＝ｅ''2Cr-Co/），γ＝Ｅ３'2/・

Here,eisexpressedbWb(depth)ａｎｄﾉｾ(ｗａｖｅnumber)ａｓｆｏｌｌｏｗｓ：

E=〃ん2.

Ｎｏｗｗｅｅｘｐａｎｄ①(velocitypotential)andi7asthefollowingseries：

①(妬,y,/)＝ｅｌ/2[①(1)(５，y,r)＋e①(2)(５，y’て)＋…]，

ヮ(妬,/)＝ｅ[〃(1)(E,『)＋E〃(2)(５，『)＋…]

(1,

(1０
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１
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Ｉ

Bymakinguseofthereductivepeturbationmethod,weobtainforj7(1)

等十器筈十÷M鶚-Q(一考"鶚+鵲)-０ (1９

→

whereQisthez-componentofQ・ＴｈｅｌａｓｔｔｅｒｍｉｓａｄｄｉｔｉｏｎａｌｔｏＫｄＶｅｑuation・
However,iｆｗｅｄｅｆｉｎｅｒａｓ

卿=’叩一等Q，

wegetthefollowingequatioin

幕十鵲瞥器十÷ヒルM)叢=０

(20リ

(21）

ＴｈｉｓｉｓｅｘａｃｔｌｙｔｈｅｓａｍｅｆｏｒｍａｓｔｈｅＫorteweg-deVries（ＫｄＶ）equation，whose

solutionissolitarywave(soliton1)．

５Discussion-thecaseofdeep“water,,andothercases

Formajorityofthelobe-fillingcomponentsofbinarySystems,itisratherrealistic

toconsidertheoppositecaseof“deep-water',ｗａｖｅ(noactualbottom).Totreatthis

problem,ｗｅｍａｋｅｕｓｅｏｆｔｈｅｐｒｏｃｅｄｕｒｅｆｏｒｄｅｒｉvingtheenvelopesolitonAtfirst,we

assumethepotentiaMinthebasicequationofmotionEq（８）isconnectedwiththe

KeplerianrotationfrequencyQ，ｉｎｓｕｃｈａｗａｙａｓ

ｊ＝ｇ'77．

ＴｈｅｎｆｒｏｍＥｑ(9)andtherelatioM～”{ｊ(ん0％－⑩o/)},ｗｅｇｅｔ



SolitonsontheSurfaceoftheBinarｙＳｔａｒｓ 135

9-2｣:;ｑ

Weintroduceasmallparametere～|ﾉﾔｰﾉﾔCl,andanotherG-Mtransformationgiveｎ

ｂｙ

ど＝ECr-Cgot），『＝Ｅ２/

andfurthermorethefollowingseriesexpansion：

CD

〃＝Ｅ(７(1,1)(５，『)＋c､c)＋E2(〃(2.0)＋〃(2J)Ｅ＋〃(2,2)Ｅ２＋c､c)＋…，

①＝ｅ(｡(1,0)(5,y’て)＋‘(1,1)Ｅ＋ｃｃ)＋E(｡(2,0)＋ｄ(2'1)Ｅ＋…)＋…）

(23）

(24）

where

Ｅ＝exp[/(んojr-の/)］

and

CUC＝①(ﾉｾO)．

SubstitutingtheseintoEqs(8),(9),(10)ａｎｄ(11),weobtainthefollowingNonLinear

Schr6dinger(NLS)equation，

ｶﾞｭｨ;;LL+“ ０２〃(''1）
＋〃'７(''1)'2〃(''1)＝0 (25）

ｒ２

withthedispersionrelation

の0-↑/755ｍ了万,c"=号p-tanhM

andformulaofthegroupvelocity

(2０

。．｡=鈴[｡+１Ｍ('-.2)１ (27）

Theexplictformsofthecoefficienｔｓﾉαａｎｄしarenotgivenherebecauseoftheir

tediousnessNLSequationhasasortofsolitonsolutionsuchas

器`exw竿`）〃(''1)＝Asech

Finallywementionaboutthemostspectacularcaseofclosebinarystarsystems

whereonecomponentfillstheso-calledRoche-lobe(commonequipotentialsufaceof

thetwocomponents).Inthiscase,thesolitarywaveswillsurelybetransferredtothe

othercomponentthroughtheinnerLagrangianpoint・Ｔｈｅｔｒｅａｔｍｅｎｔｎｅａｒｔｈｅｃｕｓｐ

ｓｅｅｍｓｔｏbedifficultbutnotsohopelessThestudybyKakutani1）ｏｎ“Tsunami'，ｉｓ

ｕｓｅｆｕｌｆｏｒｏｕｒｃａｓｅＨｅｄｅｒｉｖｅｄｔｈｅfollowingsolitonequationfortheshallowwater

caseoftheunevenbottom：
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鶚十M.'筈十｡鶚-．祭りＬＯ
Theproblemishowweinterpretthe“bottom，'､Ｏｕｒｃａｓｅｓｅｅｍｓｔｏｂｅａｃｏｕｎｔｅｒｐａｒｔ

ｏｆｔｈｉｓｆｏｒｔｈａｔｏｆｄｅｅｐ“water''､Ａｔａｎｙｒａｔｅｓｏｌｉｔｏｎｃａｎｂｅａｍｏｄｅｌｏｆｆlare-likelight

curvesobtainedinsomeclosebinarysystemsdetectedbythehigh-speedphotometry
(SeeTanabeetal2),ａｎｄＭａｒａｒｅｔａｌ３)）

Reference8

１）Ｔ､Kakutani,ＪｏｆＰｈｙｓＳｏｃｏｆＪａｐａｎ,Vol､130,No.１，ｐｐ､272-276(1971)．

２）Ｋ・Tanabe,Ｏ・Ohshima,Ｋ､Kosaka.Ｆ胞形Actjzﾉﾉ10ノノ〃ＡＭＱｚﾉ"”Ｖｂ"α/九0？w腕,Astrophys・Ｓｐ・
Sci,ＶＯＬ174,ppl55-158（1990)．

３）Ｔ､Ｍ､Ｋ・Ｍａｒａｒｅｔａｌ,AstronAstrophys・ＶＯＬ189,ｐｌｌ９（1988)．


