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Thepresentpaperdealswiththenumericalinvestigationofrealraysin
anunma9netizedcollisionalionosphericmodel，describedbymeansofa
singlerecombinationChapmanlayerwithanexponentialprofileforthe
co11isionfrequency･Ｔｈｅｐｒ巳senceofdissipation，１eadingtoacomplex
dispersionrelationhascausedgravedifficulｔｉｅｓｉｎｔｈｅｐａｓｔ･Ｔｈｉｓｉｓ
ｄｕｅｔｏｔｈｅｆａｃｔｔｈａｔｃｏｍｐｌｅｘｉndexofrefractionandgroupvelociｔｙｄｏｎｏｔ
ｖａｎｉｓｈｉｎｒｅａｌｓｐａｃｅ９ｈｅｎｃｅｔｈｅｈｅｉｇｈｔｏｆｒｅｆｌｅｃｔｉｏｎｃｏｕｌｄｎｏｔbedetermined･
Thisisobviatedherebyusin9arecentraytheorywhichextendsHamiltonos
equationstoabsorbingmedia，ｓｔｉｌｌｕｓｉｎｇｒｅａｌｓｐａｃｅ－ｔｉｍｅ．

ResultsofITnchinecomputationsforvariousabsorptionconditionsare
graphicallydisp1ayed･Ｔｈｅｍｏｓｔｉｎｔｅｒｅｓｔｉｎｇｒｅｓｕｌｔｌｓｔｈｅｆactthat
absorptiondoesnotappreciablydistorttheraypath，evenundersevere
conditions・Thisaddscredibilitytoprevlouslyusedheuristicapproximations．

Ｎｅｃｏｎｓｉｄｅｒｔｈｅｐｒｏｂｌｅｍｏｆｒａｄｉｏｒａｙpropagationinamodelionosphere
describedbyasin91erecoI1binationChapInanlayerwithanexponential
collisionfrequencypr℃file･AccordinglytherecombinationChapmanlayeris
describedbytheelectrondensityfunctlon

N=NmaxexP{[l-x-exP(-x)]/2)，（１）

whereNmaxisthemaximaldensityan｡，asSumingthesunatzenith，

ス」櫟（２）
herehistheheightghmaxcorresponｄｉｎｇｔｏｔｈｅｈｅｉｇｈｔｗｈｅｒｅＮ＝Ｎｍａｘ，Ｈｉｓ
ａｎｏ１Ｆｍａｌｉｚｌｎｇｓｃａｌｅｈｅｉｇｈｔ･Inourexamp1ehmax=105Ｋｍ，Ｈ＝８Ｋm・The
collisionfrequenCyisdescribｅｄｂｙ

ｖ＝ｖｅｘ． （３）
O

wherev＝ｖａｔｘ＝Ｏｉｓａｍｅａｓｕｒｅｏｆｔｈｅａｍｏｕｎｔｏｆｃｏｌｌｌｓｉｏｎ５．Ｔｈｉｓｉｓａ
Ｏ

ｔｙｐｉｃａｌｍｏｄｅｌｆｏｒａｎＥ１ａｙｅr、

Ｉｎｇｅｎｅｒａｌａｌｉｎｅａｒｍｅｄｉｕｍｉｓｄｅｓｃｒｉｂｅｄｂｙａｄｉｓｐｅｒｓｉｏｎｅｑｕａｔｉｏｎ

Ｆ(ki,い,xi,t）＝０，ｉ＝1,2,3,（４）

wherekiarethecomponentsofthepropagationvector，ｕｉｓｔｈｅ（angular）
frequency，ｘｉａｒｅｔｈｅｓｐａｃｅｃｏｏｒｄｉｎａｔｅｓａｎｄｔｉｓｔｈｅｔｉｍｅ・Theray
equationSinanabsorbingmedｉｕｍａｒｅｇｉｖｅｎｂｙ
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wherelm，Redenotetheima9inary，ｒｅａｌpart，鹿spectively･TheboundaU9y
conditionlmvi＝OandthepresenceofBiensurethatｔｈｅｒａｙｐａｔｈｉｓ
ｃｏｎｆｉｎｅｄｔｏｒｅａｌｓｐａｃe-time･

Foranunma9netizedcoldp1asmawithcollisionswetakethephysicalmode】

岸,ｗ"小為)-,。（`）
WhereUpiSthePlaSmafreqUenCy，PrOPOrtiOnaltON，andUiStheCOlliSiOn
frequenCy，ａｓｉｎ(1)，（３）respectively、Themediumisconsideredtobe
timeindependent，henceallpartialtimederivativesｖａｎｉｓｈｉｎ(5)．Time
varyingionosphereswillbediscussedelsewhere・ＩｔｆｏｌｌｏｗｓｔｈａｔＲｅｄｕＪ/ｄｔ
Ｏ０ｉ．ｅ、，Ｒｅｕ＝ｃｏｎｓｔ･ａｎｄｏｎｌｙｔｈｅｌｏｓｓｔｅｒｍｌＩ１ＲＡｊｃａｎｃｈangealongtneray
Path．

Nehavecomputedtheraypathsaccordｉｎｇｔｏ(5)，subjectto（１）-(3)，（６）
byusingafourth-orderRunge-Kuttasubroutinewithpredictor-corrector，
ＨＰＣＧ･Ｔｈｅｒａｙｉｓｌｎｉｔｉａｌｌｙｔｒａｎｓｍｉｔｔｅｄｆｒｏｍａｈｅｉｇｈｔｏｆ６５Ｋｍｇｉ．ｅ、，
ｐ砲cticallyinfreespace，ｗｉｔｈｓｔｅｐｓｏｆＯ､04.10-6sec、Thismeansspace
l9鷺Val:二gf＝鞭?WqeroflolMJntiTtb○rayFisw§TTwitiii刑冒..TOH6銃eric
1ayer，thEorEticallyBi＝０，butinpracticethecomputationentailsveYy
smalldifferences，１eadingtoerraticundependablenunhers･Thereforethe
losstermin（６）ｈａｓｂｅｅｎｃｏｍｐａｒｅｄｔｏｔｈｅｒｅａｌｐａｒｔａｎdunlessacertain
densityhasbeenreached，ｔｈｅｃｏｍｐｕｔｅｒｈａｓｂｅｅｎｉｎｓｔｒｕｃｔｅｄｔｏｃｏｎｔｉｎｕｅａｓｉｆ
ｔｈｅｒａｙｐｒｏｐａｇａｔｅｓｉｎｆｒｅｅｓｐａｃｅ．

Anotherproblemencounteredinthecourseofso1ving（５）ｗａｓｔｈｅｆａｃｔｔｈａｔ
ａｎａｌｙｔｉｃｅｘｐｒｅｓｓｉonsforderivatives，ＣＯmparedtoderivativescomputedby
differencesogaveinferiorresults･Thecriterionusedhereistheray
velocityasitreemergesfromtheionosphereintofreespace・Resultswe泥
ｃｏｎｓｉｄｅｒｅｄａｃｃｅｐｔａｂｌｅｏｎｌｙｉｆｉｎｆｒeespacetheraypmpagatedagainwith

ill:｡；蠕;扉f:卜:H:勝:;bfn:x;:､:瀞！;d･鵬鵬oiftlMied淵allﾘﾃﾞs(3)
wereconducivetolargererrors．
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lIearemoreconcernedaboutthefolｌｏｗｉｎｇｐｒｏｂｌｅｍｇｆｏｒｗｈｉｃｈｗｅｆｏｕｎｄ
ｏnlyambrute-forceI0solution・Nediscoveredrightawaythatthe
computationof（５）candivergefromwhatoneexpectsanalytically，duetq
aninherentinstabilityexistingintheformalism、Ｉｔｉｓｅａｓｙｔｏｓｅｅ，by
inspectionof（５）thaterrorsincomputationwillgivｅｒｉｓｅｔｏａｆｉｎｉｔｅ
ｎｏｎ－ｖａｎｉｓｈｉｎｇｖａｌｕｅｏｆｌｍｖｉ・Ｔｈｉｓｉｎｔｕｒｎｉｓｔｈｅｎｉｎｃｌｕｄｅｄｉｎｔｈｅｃｏｍｐｕｔａｔｉｏｎ
ｏｆＢｉＤｗｈｉｃｈｌｅａｄｓｔｏｅｒｒｏｒｓｉｎｔｈｅｌａｔｅｒｓｔｅｐｓ・Ｔｈｉｓｉｓｔｈｅｎｉｎｄｉｃａｔｅｄｂｙ

ｔｈｅｆａｃｔｔｈatlmviissteadilygrowing、Theprocesscanbesloweddownby
usiｎｇｓｍａｌｌｅｒｓｔｅｐｓｉｎｔｈｅcomputation，however，itappearedmoreexpedient
toadjusｔｔｈｅｐｈａｓｅｏｆｋｉｅｖｅｒｙｌＯＯｓｔｅｐｓ，ｓｕｃｈｔｈａｔｌｍｖｉ＝Ｏagain・These
changesinkilvereverysmallａｎｄｗｅａｒｅｓａｔｉｓｆｉｅｄｔｈａｔｔｈｅｙｄｉｄｎｏtinterfereし１１口皿U￣ＩＩＩＫｉｗｅｒｅｖｅｒｙｓｍａＩＩａｎｑＷｅａｒｅＳａＥ１ＳＴＩｅ０

Ｈｉｔｈｔｈｅｐｈｙｓｉｃｓｏｆｔｈｅｐｒｏｂｌｅｍ，Ａｓａｎｏｔｈｅｒｓａｆｅｔｙ
ｉｎｓｔｅａｄｏｆｖｉｉｎ（５）ｉｎｔｈｅｅｑｕａｔｉｏｎｆｏｒｄｕ/dt．
Ｗｉｔｈｔｈｅｐｈｙｓｉｃｓｏｆｔｈｅｐｒｏｂｌｅｍ，Ａｓａｎｏｔｈｅｒｓａｆｅｔｙｍｅａｓｕｒｅｗｅｗｒｏｔｅ Revi
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