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BBenoeHue

N3nyyeHune n npnem anekTpomMarHMTHbIX BOSTH aHTEHHaMK B nnasme
SBNAETCS OQHOM U3 aKTyaribHbIX 3fIEKTPOANHAMUYECKNX 3a4a4, UMEIOLLINX
OOCTaTO4YHO LUMPOKOE NMPUMEHEHME NPU aHanNmM3e afeKTPOMarHUTHbIX
BO3MYLLIEHNA B KOCMUYECKOU 1 NabopaTtopHon nnasme. Hanbonswunm
NHTEPEC NPW aHanuse rnosis N3nyyYeHnst AMNonbHbIX aHTEHH NPeACTaBNAT
Te obnacTn 4acToT M NPOCTPAHCTBEHHbLIX MacLUTaboB, KOTOPbLIM OTBEYAKOT
Hanbornee curnbHoe BNMSHME BPEMEHHOW N MPOCTPaHCTBEHHOW AMcCNepcun
Ha nonga usnydeHus. lNpexae Bcero, 3T0 Pe30HAHCHbIE YaCTOTHbLIE
NHTepBanbl B MarHUTOAKTUBHOW Myia3me U B OBUXKYLLENCA N3OTPOMNHOW
nnasme, B KOTOPbIX Ancnepcust NposaBnseTcd ocobeHHOo spko. B HacToALlen
Ooknage aHanu3npyrTcst OCODEHHOCTU SNEKTPOMAarHUTHOrO NONSA aHTEHH B
9TUX YaCTOTHbIX MHTEpPBAarax, korga BnuaHne nnasmbl IBNSIETCA
CYLLLECTBEHHbIM U NPUBOAUT K KAYECTBEHHbBIM OTIINYNAM CTPYKTYpHI
N3ny4aemMoro rnosig OT COOTBETCTBYIOLWMX CTPYKTYP B BaKyyme nnun B
cuTyaummn, brnmskux K Hemy. AKLEHT genaeTcsa Ha aHannae nosns U3ny4yeHus
NpPX UMMYNbCHOM MU3NYyYEHUN rTAPMOHUYECKOro curHana, korga adpdexTbl
BPEMEHHOW N MPOCTPaAHCTBEHHON ANCNEPCUM OKa3bIBAKOT CYLLIECTBEHHOE

BIMNAHWUE Ha 3al€PKKY N paclsibiIBaHNUE KBa3UrapmMoHUYECKOIro UMnyribca.
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OEDIPUS-C two point experiment in the polar ionosphere
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Whistler wave refractive index, experimental conditions




Experiment parameters

Parameter Value

Wave frequency, f 0.025 MHz
Plasma frequency, fpe 0.300 MHz
Gyrofrequency, fce 1.200 MHz
Temperature, Te 5000 K
Debye length, 14.4 cm

Driving point current, lo 5 mA
Monopole length, L 9.5and 6.5m
Separation distance, r 1190 m
Separation angle, 5.0°

Payload altitude 650 km
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MmMnynbc Ha npnemHon aHTeHHe (TAL= 898s)
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MmMmnynbc Ha npnemHon aHTeHHe (TAL= 928s)
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CnekTporpamMmma npMHMMaemMoro curHana
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CTpyKTypa nons BOJTHOBOIO ny4ka
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« - DOHeprus n3nyyeHus NepeHoCUTCs BAOMb PE30HAHCHOM NOBEPXHOCTY;
- MpynnoBas 1 dasoBast CKOPOCTb BOMH OPTOrOHarbHbl APYr APYTY;
- BonHoBoe none cnabo cnagaeT ¢ poCTOM PacCTOSAHUSA OT McTouHMKa;

‘L'

- BoniHoBOWM nakeT aBngaeTca cynepnosnumnein nnocKnx BosH, Geryu_fmx
NpeMMyLLECTBEHHO, B OQ4HOM HanpasreHnn (BOOSb KOOpAUHATHI
OpPTOroHasibHOM K pe30HaHCHOW MOBEPXHOCTN).



BbiBoab! N3 doopmyn

N3 npuBegeHHbIX hopMyr crieqyeT, 4To dOpMUPOBaHNE UMMYNbCca N3NTyHYEHUS 3aBUCUT OT
BENnU4YMHbI Ge3pasmepHOro BpeMeHu ¢/4r . Hanpumep, yctaHoBneHne rapMoHUYecKoro
(cTaumoHapHOro) curHana, ecnn 7 —« | NPOUCXOAUT Ha BpeMEHaX ¢/ gt >>1MN0Ccne BKIHYEeHUS
nepeparyvka. lNpouecc popmmpoBaHns Nons N3nyvyeHns BormMsm pesoHaHCHOro KOHyca npu ero
BO30Y>XAEHUN NPAMOYrOfbHbIM UMMYNbCOM OOCTAaTOYMHO cnoXeH. OH 3aBUCUT, KOHEYHO, OT
pacnpegeneHns 3apsiia Ha aHTeHHe U ee reomeTpun. ATo 00YCNOBNEHO TEM, YTO B
PMKCUPOBaHHYIO TOYKY BONNU3M pe30HaHCHOW MOBEPXHOCTU MPUXOANT MHOXECTBO
NPOCTPAHCTBEHHbIX TAPMOHUK C Pa3fNYHbIMN 3HAYEHNAMM BOSTHOBOMO YNCia k., W rpynnoBoMu
CKOPOCTbHO U, =g . NHTepdepeHumsa aTUX rapMOHNK NPUBOANT K KépTMHe nons,
onucbiBaeMon npueBeaeHHbIMY dhopmynamn. MMnynbsCc pe3oHaHCHOro Nons He SBAAeTCA
NPAMOYroSibHbIM, HECMOTPS Ha TO, YTO 34eCb YYUTHLIBAETCS TOMBbKO NIMHENHBIN YS1EeH pasrioXeHns
ANCNEPCUOHHOIO COOTHOLLIEHUS NO YacToTe, T.e. ANCNEPCUOHHOE pacnfbiBaHNE HEe YYUTbIBAETCA.
CTpykTypa nons B (pMKCMpPOBaAHHOM TOYKEe NpocTpaHcTea ( 7. ),B MOMEHT BpemeHu t
onpegensieTcs cynepnosvumen npoCTPaHCTBEHHbBIX rAPMOHMK C BOSTHOBbIMUY YMCIIaMU, Nnexatluumm
B MHTepBane OT Hyns ( B KBa3nctaTtM4eCckom npubnmxeHnmn npum k., —>0.00 -
1 B uHTEpBaNE T <1 no .k, = (t-TOKKAK MAKCUMYM & (o T
NPOCTPAHCTBEHHOM CMEKTPE UCTOYHUKA MPUXOANTCH Ha rAPMOHUKN C XapaKTepHbIM BONTHOBbLIM
4YMCnom , XapaKkTepHoe BpeiMs hopMMpoBaHUSt UMMYNbCa PE30HAHCHOTO MNonsi B
TOYKe paBHO BpeMeHIf FpynMnoBOro 3anasabiBaHUs 3TUX rapMOHMK

t,=qr/L Pasymeetcs, oopMyrbl 45 3reKTPUYECcKoro nosis cnpaseanusebl Nnb Npu
AO0CTaToOYHO 60oNbLUMX BpeMeHax, COOTBETCTBYIOLLMX MPUX04yY B TOYKY HabnogeHUs KOpoTKNX
(anekTpocTaTU4eCcKnx) BOSH, KOTOpPbIE N ONpeaenstoT CTPYKTYpY nons.



YucneHHble rpacpmkn amnnmtyabl ormbatoLen umnyrnbca B YCoBUAX PakeTHOro
akcnepumeHta OEDIPUS-C.

JleBbin pucyHoK cooTBeTcTBYyeT TAL= 855s, anutensHocTb nMmnynsca T=0.3mcek paBHa 10
eauHuL, 6e3pasmMepHOro BpeMeHwU;

[MpaBbin pucyHok cootBeTtcTByeT TAL= 930s, anutensHoctb umnynsca T=0.3mcek paBHa
30 eanHuny 6e3pasmepHOro BpEMEHN.
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Spectrogram of the 25 kHz signal received near the resonance cone,

the strong signal with clearly modulated amplitude between 700-750 s
is of interest here



* In case of a quasi-continuous wave incident on the antenna in a narrow solid angle
around its group velocity direction it is necessary to transform from the wave vector
space to the coordinate space with the aid of the relation

W (w,kAwAQ. =1 AQ(AQ coskMv )

The angle between phase and group velocity is obtained from wave number surfaces
defined by the dispersion equations

2 12 2.2 274 2, 2
ki =ko, /o +D%k; -o,/c
for lower oblique resonance waves, and by

(a) —ku) —kvi kv —a); =0

for Langmuir waves in a streaming plasma
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Electric field excited around the resonance cone by the transmitter, at the receiving point
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Observed (solid line) and theoretical (broken and dot-dash lines) open circuit voltage V
on the receiving antenna versus time at 25 kHz, ‘dot-dash’ (close to the bottom) from
conventional theory, ‘broken’ from the novel approach



This result confirms what was inferred from the OC experiment, namely that the effective
length of an antenna can exceed substantially its geometrical length, in this
particular case observed at 25 kHz, Leﬁ, ~ 30 L.

The open circuit voltage reflects the multiplication of radiation patterns of both the
transmitting and the receiving antennas. In our case of V-dipoles each pattern shows five
resonance cones emanating from the four antenna tips and the gap. This means that due
to spinning of payloads the recorded voltage changes rapidly between maxima and
minima on time scales of about 1 s, which results in remarkably good agreement of
experiment and theory both in amplitude and spin phase, taking into account that we are
looking at one minute of space measurement.
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2001-02-20, S/C 1, starting time: 00:18:00.400
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Spectrogram showing a narrow band emission at 31 kHz with an amplitude well above the
quasi-thermal noise with cutoff at 30 kHz (upper panel), and its waveform (lower panel), on
the two CLUSTER spacecraft, SC1 is at a distance of 608 km downstream and to the north

of SC3
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