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LHR Whistlers Observed by EXOS-A

Takashi SHiBATA™, Takeo YosHINO*, Yoshiharu NAKAMURA**
and Tomizo IToH**

Abstract: LHR (lower hybiid resonance) whistlers have been found in the
nud-latitude records fiom a bioadband VLF 1eceiver aboard the EXOS-A
satcllite  Characteristics of the LHR whistlers ate the successive enhancement of
dispersion and the frequency resonance, in the vicimity of the local LHR fie-
quency The resonance phenomenon of the LHR whistlers has been inteipreted
as a nonducted propagation of whistler-mode waves with a laige wave normal
angle 1n the magnetospheric plasma, whose density gradient i1s nearly perpendicular

to the earth’s magnetic field
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£ 7 MR OBR R AR Hlodir, ALEEBNO X 5w, EHEE RO/ CHEix &b
RDHEDRHTH 5.
BECHWAHIERIEL2 7 MEROTIG 2 L L2 WE LTV 20, LoREWLL DL
LTk, OGO-1 R TixfNCE Al X 7z MR (magnetospherically reflected) + 1 A 5235
T 5Hh 5 (SMITH and ANGERAMI, 1968) = @ MR &4 & 1%, KIMURrA (1966) iz X %, %
BA A v B R LI Y 7 A~ JLH T @ ray tracing OffE°, THORNE and
KENNEL (1967) 12 X % (K AT 08 D BIRER O b, LOFELS FRIh T D
T, s MERE LTV B0 7001 wave normal angle 2k X <, Licht o CRATET
LHR (lower hybrid resonance) f& {2 D R A8 %2 5 X 5 Is il DA BT ray JjR D
REahsobn, 73A2~BRETERLTCS R1AFETHDEHERIhT%. WT
(walking-trace) sh 4 A 5§ F B2 7 Vol E D 1 D TH A, FOBHBIAESITIEE
FNCIR B DEHFICEF L TR D, A2z FAER & & I AERDY LR35 nsing
tone T, BAZ/Eigs X OMEK L WA /R L C\u-%. WALTER and ANGERAMI (1969) |, T
T EE ML ETORTHEE LY T T 5 L S IlBPE 7 9 A~e7 v AT
ray tracing # 52 7¢\y, WT A 27 DA D A7 P VBHICEBY 52, Sbinc s
D WT kA ASWENLD, 77 XA~ PEEOBECET 2ERZ B oWEEYREB LTV 5.
Kuw XL TakX% LHR (lower hybrid resonance) =4 A5 3 ¥ 12, FEX 7 M LT\ 5%
B ThzLBbhah, TOBMAIPRL, <bLWEHEREHC OV EcRic
A Tuigus (HELLI WELL 1969). = = T, 2@ 2 EXOS-A i X » TH A S 7 LHR *k
1 AFHROHER LML, ThoBRT 200D 1 DORHKER € 7+ 2R 17 5.
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Fig 1  Frequency-time spectrogiam of LHR whistler observed by EXOS-A satellite
Periodical variation of background noise level i1s caused by the interference of sub-
system noise repeated every 2 seconds
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Fig. 2 Southbound path of EXOS-A satellite in Rev. 52. The inserted figure shows its

trajectory in the geomagnetic meridian

EF H~3400-3800 km o %1 T & %725, LHR kA A0 ZEI R0y, L~3.5-27 0
MThy, ThIvEBRETLERETLZEINRT Lo, 0RO Kp i85 2- T,
ORI AMORAMEDS 4 12 LBET, BESRBRETHI-LERBLRS. Lh-T,
LHR k1 252 ZE 3t L, BHEEDO 75 X<H—- ADRE (L~4, CARPENTER,
1966) X h+HARAlD 75 A=BRTHZ EBbhs.
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T, BENMEBREFEABETIC Lch - T, 7, HBAEEIRL2ICERLTED,
Shi, WAL Y Eo falling tone A D A2+ AERDP DRI 5 TN L,
TlhbbDHENPKRE L Lo T AMABED b D, HKBRABERETY A2 b ADbFEAR
b, T L{EEEEL Ri-b0rn K4 Ths, L~3.15 ko LERIHER T B
LHR 1 2 5 DILBEERL, 5.8+02kHz TRIF—FTH 50, ik viE L {HR TIx
Lot b bR L, L>~29 Ty 8kHz Lic-> TV 5. LOHBILRABEEIIMH 65
kHz ¥ TAR#HICH AL, L>27 ToOf 10kHz DfHF T, i LEOFHEIE L b kLA
LTuwb., L=27 OBOHERMBETCOBEFVA 7w b v vEEXIIH 330kHz TH by, 7
7 AEE R MR L RE LA LHR AR O BRIE 722720 7.7kHz BEWC Lk b
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Fig 3 Typical spectiogiains of LHR whistler, arranged in the oider of observation time
and appended with the L values
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Fig 4. Variation of resonance fiequency observed in Rev 52
T, BohrkBEEH 10kHz 58T LHR BER L0 0L @RT 2 - LI HETH
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—FED o-k BBRYRETHERS DL 51D, 22T, o, k B ThThEF+1 7
rbe VEAEREIOCCORERTOEMTIERLLTHS. BAIDOL 512, KT LHR A
e X v EVCEAER R, EBHITRIET X TO wave normal angle THR & 7c v, [BITREE
PACk &7e 20y, LHR BEH L &\ AL T3 resonance cone 23fEZE L, Penik
&7¢ wave normal angle % f§0 & SILIBRB L L 2A[EEM 1 H H. 2Dz Lik, BIFI TR
TBARERD 150, JHAt LHR BERL »EVEERTOHRB LS HEOMRC L » T
& THSH. LorL, K&ix wave normal angle TRif$ % &\ 5 120 T EBILE
Thigh, fek ZE7 7 A<EN, HE VSV TOEEIRERRERTFEL L > Tt X
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Fig. 5 Normalized w-k diagram of the right-handed polarized imode in cold plasma for

several wave normal angles
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50X 5 KRR B TTREMED B 70T, IR, FEEEE oLV v Bk
W, L7enio T, K&7c wave normal angle “CJE 4 7 MEHT AL\ 5 2 &1k, LHR =41
A5 DIBHRHFAT 5700 DORBEFMCTRDH D1 TH&ETREL, BEHOT 7 A~
BT AR OF&MESLER SRS,

LHR =1 25 DEEEKO 1 D070 & LT, MIREDHICIIEERICIL VG TAIICE
FHEAR LY DL 77 APEERTOIEZ 7 VEWREE L 0D, K6 Ths. K
6a 13, BMEESETCHNINS LHR x4 A5 A7 VADHEETHY, WHEIKRSE LT,
LB fr & X DFIRDEWER f1, fv D3 ODWwFH 2 %L, K 6b 0k Hix ray path
i > TW2BENSHLH. 2 2 COHN, JEFRILERKE R LB LKL
TWw5%, Bt LHR kA AT DARZ b BT, LBFEER L b ECEEEED Lo
BEE LTZE IR Twicw o @RS 2700y, HIRREL DR m~FE b T<
HYXONEHRREEYE->TH Y, b, K6b D 350D ray path iIc/m& N5 L o1T, A
BEED R E LV ERE CHBREL R 2 0ELH 5.
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B S, fr, fu DD ray path  OHIDOFIXTh e hIERE L L 282~ L,
IR, B fr DEDOIIE SIS T D ray path %, wave normal F5 & & 3
T, © REE fr OWSKT LB 0L TOEHTERMAI SFRL, EITER—
EDRFE~TAH LILERTHD

Fig 6 Interpretation of LHR whistler (a) Idealized spectrogram observed in satellite,
(b) Ray paths at frequencies [, fr, and fy  Each ray path ternunates at a resonance
point denoted by the open circle in the figure The enlarged sketch in the figure
shows the ray path in the vicinty of the resonance pownt, with wave normal directions
(c) Refractive-index surfaces (not strictly to scale) in the vicinity of the resonance
point  Dashed line 1s perpendicular to surfaces of constant refractive index

A DN, BIFTER-EOERECTA LEG LT NTELILELHD. T ORAE
LHR kA A5 DEFFIT OV TR LA D2, K 6c THDH. M 1,2,3 LfFREL
R R, thth, K 6b OO APICEE LA b DG LTV 5. SR &
BRBA S & D7 TAIEFEICNS L OT, EREAOTRITEF ST AN K LTz EEIC
WL, Lich» T, K&ic wave normal angle % FFOJ X HIBRE L VRS, K6 DHE
Y, BE 3 ORI T o®EE L, BWK o OBTRBTESLE LD, KBRS 5
Tuw 3.

HHR/ETORBERABEH fo 12, TOHFHO, BIR—EOBRMEEMRBRRF AOT
fg0s £, EITRVERA L% wave normal angle Or(f) &2 D, KA Lich > TRE
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Or(fr)=90°—0y (1)
b LR R —E OB MO ERWF e —3 L, 05=0° Lihlibly, L
WIS S 1 & BRI 90° O R EE ALY % A5, 0p(fR)=90° Lix b, JLIBR]
ﬁﬁm%WLHREﬁﬁKMﬁL,%®ﬁﬁ#%V#B?h6&,%htw,%%mLHR
ER X vECRBER TR Az Eicins. oDz by, M4 UrEShc/mP LHR Fj
I T o EBCAEH RS o T B RBRAOMRE, FRRICTHLOTHL. T, A
B Op ORI BAALOLIENFFITNES MR CEB LT HE, 0:(/p) L FEEICHER
fRiCc—E L8 D, HBIL, BEI Db TLH o EDIEME &L ARER TR 52 L1
h. A BT RTTAERCHIET VA 70 b e v EELC T I A ~EEIL,
MENT D E, T 57, RBA—TORPERL LR dicicd, ook

ECABEBER R E LV ERETIBREL D, SV S 6b DRI E AT .
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5. &
EXOS-A #ETHMEhic LHR &4 A% A7 b AT Lick 25, T OISR
i LHR FIB X 0 BV FEE T S 5T b 2 &b te. L OB S A 3T %
7odIZi, WERA I RE R AT 79 A~ BE ARG GET 2 0E1H 5. LHR sk
AATE, DX RBEAMZ -7 7 A~EOm%, EEE, LRI S, K&k

%

wave normal angle T3 2 7 MEHET A1 AT T~ VETHDHEEbI 5.

Rev. 52 TER X ic—i D LHR A 2 7 O EEFAFEHIL, HEIIRIE—EFE CE
LAH@WA~BE) T 51C Lich - T, 2EChic» TEATAEEAERL T2, cnZ &,
BB R MRS 200D RELBEEARDFEE L FEET, BEL, K L {EM~BIG
IR EE A, Bl Twbs LantbolBbhs.

3ME#KICA L, LHR &4 A5 DRI ILEDIKIC rising tone 122543 A H Rico
WL, ZDZEODINZ E LB S TN T2 Tl l, SHROBBETHS.

AT, BETi, LHR w4 A7 DEFHEROERALFEm OTcdIL, 77 A~E%
2= b ERE L TURIREE 2 hons, TR HBAICEVFrCORMBOBE R » oo &
7o iR LI E D ¥ C 4 7c\ . HasHMOTO et al. (1977) 12 L iy, BEO®RE»ZET
5E, WM X piX7c wave normal angle T FITERTEETH B, Lo LFDEHET
b, BIRGERTREHH0IFFICKEL, Lni-T, EORERERIEFI/ NSy
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BoBmAIFE IR, SHIC, ZEMM7cIREEER ], wave normal angle KX s DI ERE
BBIZ L o ThkEL D, HBAL YK X7 wave normal angle DL, HED DT
RFThsEBbh3. 4%, BEHREXEELL, LIVFLVEEMRAILEL IR
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