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Observation of HF Plasma Wave Spectrum at Ionospheric Level
Using Sounding Rocket S-210JA-21 in Antarctica

Hiroshi Ova*, Hiroshi Mivyaoka* and Sadao MIYATAKE**

Abstract: An observation of the plasma wave spectrum in a high frequency
range from 0.1 to 10 MHz has been made using the ionospheric sounding rocket
S-210JA-21, launched on July 26, 1976 from Syowa Station in Antarctica. Plasma
wave emissions were observed in two frequency ranges; the first range is from the
UHR frequency to the Z-mode cut off frequency, and the second is a range lower
than the electron cyclotron frequency. The center frequency of the first kind emis-
sions indicates a variation corresponding to the local upper hybrid and to the electron
plasma frequencies along the flight path of S-210JA-21, indicating an evidence that
the emissions are produced in the ionosphere as a result of the wave-particle inter-
action due to the auroral precipitation particles. The intensity of the second type
emissions has been changed in correlation with the electron flux in the 40-60 keV
range that is observed by ESH simultaneously. It has been clarified that the second
kind emissions are plasma waves of the electrostatic origin which are also excited
at the lower ionospheric level by the electrons precipitating along the auroral field
line.

EE: BErr v b S2100A-21 S Ihic PWH X b, FEREEERC
KT HEBER S 7 A~EEBAR7 FAOBAEMTbh. TOER, »rvy rAH
<o UHR REHE»D Z =~ FLLERABEKCHIT TOFR, KIUEFHM 7
e VREBLUT, O200FBC s CTEER= Iy v VARRAIZh.

Bi&ED= 3 v vavTiE, XOREEEHNBEBBTEEOAMEEY L < R
LTED, D=3y vaVRHBENrry VEBETHEINICLDOTHAZ LR
T, FBREO=I vy v VHIAMRCHARAIAETEBF 75 v 7 ALRIELTED,
ThbD=3yva vHABRIRBEHEBCE Y ATRTNT & BB FHEFRAORKE,
THBEBLAVCEWTHREIN TS A~EEITHD ENHBA L.

* WAL A¥EBEEE. Geophysical Institute, Tohoku University, Aramaki Aoba, Sendai 980.
** BEEEKRE¥E. The University of Electro-Communications, 5-1, Chofugaoka 1-chome, Chofu 182.



38 AE R-BEE £ BRAX CGinv s

1. R

HE, BHRCIS 75 A~EHoEEBUSRIBLEBICE > TiTbh s X 5 itis ok,
HMRE7 7 A~BEFET LBV A=THE LRI LT, £ ixEES
BROWE) T — FORFETHZ VWL D D00hD. HIL, F—r 54— AITEEL
TGRS e s Wik, MREIRST R A CETRFF XY, #+ Hza b
#E kHz W3 R&EEO AERFBICE VT 7 7 A~EHHLBHEINTV5 (GURNETT,
1974; GURNETT and FRANK, 1977; Ova, 1979; MORIOKA et al., 1979). LT Zh bEEK
T km OBEEIECKTA2EHNTHEERAL —r 7972 —20RECHLTE
O TABENLEFEY LT\W5 E0RELREE ho0h 5.

Txix, chIFCoOBEBBRAUTIAN LER2 >7c@E 100 km §iEOBHRE VLIt
5 E R EE (100 kHz-10 MHz) O 75 XA<EEHA X7 P ARBBEIL, FoiekF 5%
BRTHEIFRAELRHETLEMT, Eley y PVEIBBWETH>TER. §E, S-210JA-
208z X A BT OB BT A BB THEIFRAY KB L BEREE A< 27 + A
BAINDT, ZhEOWTHUTHRET 5.

2. BW > 27 A
S-210JA-21 EHcEH INCEAER 75 A~EEA2 + A 8 32 (PWH; plasma
wave in high frequency range) @7 v o 7&K 112/~3, ZOEEIZETIL, 100 kHz-10
MHz 12335 FAEEFERO AR 2 b A% 2 EE® (100 kHz-1 MHz 5 X Y 1 MHz-10
MHz) ZH B LCxhEh 250 ms TRGIFHAIT S, ATRBE 5 ¢Vins TEAF I v 7 vV
¥ 60 dB, #i% S kHz ({E\ - AEEHEEH L T) 3 XU 50 kHz (F\ - BEE S L
T) DEEED, 1.2m ORIEIO—HOFA H=AT vTFFIER LTV 5.
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Fig. 1. Block diagram of PWH system on board S-210JA-21.
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3. # W & E
31 A4 FREBORSR
S-210JA-21 S#x, 19764 7 A 26 H 3 k234> (45° EMT), FRFIEM X b R4t LT 82°,
Hrf 315° TITH EFbh, BRRFERE R 1158 km wE L. »7r v F REFRRCET
HHEIL —40r (HESy) BEOBWL 1 5 EOoZHF T, =¥ v bid diffuse a wora DK
BEMAOMRZITERAEA TS, R BT, 594 hiss REHAI hic.

32 RL&OBBICHITITIFIRAINTG A= —

K21z S-210JA-21 SH#ORL x 58, FIORL 1 5 BB - I mEE RIS FE
¥ (UHR BEH, UT Fyar), BF 75 X~AEHFR), L(2) ==V o +F 7 BEHK
(Fz-0), BIUVEFHA 7 vt v VEARE Fr) ORFEREROELERT. ST Fpid
FARCERINL-BFEENES (NEL) i< X 5B RY» 5D, i Fg 13 IGRF 1975
ETFNRESEHEEREZE - TCb. Fygr BXY Fro X b Fp, Fg #HITRA
DORDBZ EMNTES.

Fypr=(Fpt+Fg?)'? 1
Fro=(Fp*+Fg?[4)V2 —Fy/2. )
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Fig. 2. Trajectory and plasma characteristic frequencies along the flight path of S-210JA4-21.
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Apex S5 85 C Fyggr, Fp, F1o 13, 121 3 MHz 2: 5 4 MHz Of, %7: Fg 13, 1.2 MHz 2
ETHY, thbo 77 A<FERAKLL, PWH oBAIREEFERCHTEEhs. £
o212, vy o VDR AOBE R TA ¢ oBLRABTRELTVS. RL xS BIE L,
KgcndHEx PWH X > CHER 75 A~EBRL BAI W HRT, 3ERE
100 km L) EZREI TV 5.

33 BRENLTFIXREBOTAFIvI9RRT ML

7 VT FBE» DS OUARBEICAS F TD 200 e T, PWH X hEBElZh
17 7 ARBEEHDO 10BEO ARy P AVEEHERN3 RS, ThEho =27 A TH i 100
kHz 7>% 10 MHz % CT#HR5[ SN FEH T, HEXERRE v1rk & o T3,

R3ickss AR v BEEEY SEEK 100 km % TOM, % X0 T k& E
100 km PAITFOXET 6-10 MHz i 5 R R EHEELAZE IR TV A, 100
km U ETE, chBRBEHERBC IS L aZHELS. The &g, 400 kHz 225 800
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Fig. 3. Ampligrams of HF plasma wave emissions observed on S-210JA4-21.
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Fig. 4. Dynamic spectrum of HF plasma wave emissions observed on S-210JA-21.

apex A CHEEZECHIIN T, WALMrBHERB Vv L TRETHEEBNTHEERIC
ESCHRD= I vy Y a VTHHEELDND. IBRZhEFMACKRFTHeD, ThE
NDOARYZ b AR LTT7 vT +BBEETD background v A x 2 L3\i- BT, £4 5 3
9 Z2ARZ PADOHICAE SR Li-EREY R4 1TRT. ki, 800 kHz TEDEHH Y — 7
EEBNTOTE, 1 XTH 5. '

K4k T, BEH 1 MHz 3R CHR5| OF %Y T - T\ %%, 100 kHz-1 MHz
¥ 1 MHz-10 MHz O S HUEEE OMCETERER S 5. T ERENTE, BHFRE
REHPNBEZEE LS ThT AT 5D, FIIRAERILEMCTY 7 LTWA5.
DXL F Iy 7 ART P A S210JA21 BHEDEE, ¥ 800 kHz D EHIEEHN O Tk
)4 REMERGER LR RS &, KR 3P0 54 7D 75 XA~EEHRBHIhT V5.
33.1. Typel

2-4 MHz O USRI 5 LB =  » ¥ 2 v CRMCERS R NEL I
hRED Fp (FM) WCIRIE—FKLTWA. LichioT, apex 1o LTSt Fize double
peak % 320 FMEHEEL, BEBEFEEOCEMAMEEMLTED, 203 yva Vv
GHEIR ey FVEBTHEIW S AEEHTHED EEL DIA.

3.3.2. Typell
400-800 kHz D BB BERICIEN B IR#EH= 3 »y v 3 v T Type I & @, EmEH 100 km
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DEDHEBRTREI T WA, BF YA 2 et v VEEKCH LTI, 13213 04<F/Fr<0.6
DRBHRFEERNCHSD (KF 0.5 Fg 2 SR TrT). BTFEER Y —7s723 21368k IV
196 HET=3 v ¥ 3 VOWMIBAELR D ZOBESLKE /b, T apex A/ TIL,
IR E VREL NI RoTWh. T 106-136 RO THAM 2 HEE o # R O
modulation 23R 5B, #o72 LZ © modulation FiL, 136 BB\ CIZLT LS —
FETILIRN.

3.3.3. TypeIll -

Type L, 11 i3 & BBE T ig\  A3EE X 130-166 F3s X 0° 196 B LI I 400 kHz LAF 0 A%
B CTBRAIhD =3 » ¥ o YTZOEREM Type Il = § » v 3 VIZHEFE LTV 5.

34. HFBHAL OIS

RS PWHRIVEMIRI Type LIl =3 » v g YO VRAEE) (@), BLU L1 F
9 7ARZ A (©) &, AR INL ESH KX W BUIhIETEFZ75 v 2 A
(b) LEMIIXRTRT. HRESbix=3x 1% —FifH 40-60 keV (ESH DB E =% 1 ¥ —
Fr VEL), €EuFAIS RLOBTETO7I v 7 ATHD. M5a LU b 2 HErT
5L Typel =3 o> a VOVURAEFHNET 77 v 7 A L3 & A B LVDIZR LT,
Type Il =3 » ¥ g VXM EEZER\ T, £ D background level DZEENIET 7 5 » 7
ADEEIIIER & HEHRIHIE LTV 5.

Type Ill = 3 o > 5 VIEOWTIE, [5b & ¢ L& BT 5 L REX130-166 MicksiT 5 =
9V aVTIRETZ75 v 7ANRBA LTWB0Ex L, 196 BUFED =3 » v 3 VT,
W77y 7 ABMERCHIE L TR Y BETHRF EOBRIIAHARTSS. v L5 Typelll
=3y vOEBIL, KSbIRLikryr v PAYVEILHEIRE T Aa 3B L
RC—FH LTH D, RT3 rr » P EED Type Il =3 » ¥ 3 VICEEBERL
TWwb.

Z Z T3, 40-60 keV 1T % HEIH =2 A ¥ —DBEVETRF L OEHRIT -7, REIT
7558, BBNTHEFROBROENLD, BRIIhiEd=1 v ¥ 31 YORRIIIH keV
BEO=ZAF -3 o THFLREEMELTVWALDEEL bR, LTRSS IR
F=3yvave 40-60 keV ORFETHTFLOMBE RS E VR LVERD 121X, BT
FO=FAF-0RZigdlcdblELbhb. SEOEHAETIE, L keV OETEF77 v 7
A BRT A EBIIER IR TV, 203 ¥ —FHEOERTRT L OB oW
Tk, FEwTE 7.
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Fig. 5.

Comparison of HF plasma wave emissions (PWH) and electron flux (ESH)

simultaneously observed on S-210JA4-21.

(a) Intensity level of Type I and Type II emissions.
(b) Electron flux observed by ESH (40-60 keV for energy range and 75° for pitch
angle). « is an angle between the rocket spin axis and the geomagnetic field line.

(c) Dynamic spectrum of HF plasma wave emissions.
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4. BEREBEOKRE
MR T A HTEHE L O Ex 2 2, KEck\Ci Type LILIII 0% =3 & 5
VORR AN = X AR BT 5.

41. Typel T 3IvS a3

R4wrmEh2@), Typel =3 yvavidey y PRL:SBEHCRIBET 77X~
REFIFE N BERE S > TW52, ZOREHRBERIEOVWTIVFELIBINLLER
6 ICRT. Tirbb, M6 TIML & SEECH olc Fymr, Fp, 38 X0V Froo D&RE
R L, Bill&hic Typel =3 y ¥ 3 VOREIE (MDA -) ZRLT5. BE
# 100 km LA EDERET= 3 v ¥ a YE, BIE Fro<F<Fygr DFBEHACEENTED,
=3 y¥a VOREEEEL, REER km BEOETHEEREY I(RBRLTWS.
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M6 Typel =~3vvavoRiEs X0 Fuur, Fp, Froo R L OBfR. Apex fH3E
D A Hiek T Fp<F<Fyur OFE (v F LK) ATHEELL upper
hybrid &~ FiiX, THCERLT B RIC&ET5E Z =~ FOBEMAERE (Fr-o
C—ET5.

Fig. 6. Bandwidth of Type I emission and its relationship to Fyuyr, Fp, and Fr-, fre-

quencies. The upper hybrid mode wave excited in the frequency range Fp< F<Funr
(shaded area) near the apex of the flight path (point A) can propagate downward,
and reaches point B, where the wave frequency coincides with the Z mode cut off
frequency (Fr_,).
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D Fymr, Fp REEGAG KT 2 RBNFHEFEROBREL, 7R T 0k 1477
SATHRECIEETSZ L TE5. Ticby, M7k Fp/lFu=2, BFIRE 2000 K DR
L7 7 A=dic sl 2 WENHBIRLBEZR S FDIH Ty (STix, 1962) THHE LA
SECHIETH B, TRBEET,

o-k-Ve=n2,(n=0,4+1,42,...) 3)
®» Landau #3s X 0" cyclotron BT IEAGHEEZRF= XA F -2 5 2 =2 L LTR
LTWwW5b., 22 Qe REFHM 7m b v VAREHTHS. Ticbd, Four 25 Fp 1T
DT O RERHEBIL, Bk ¥ —HEORTET & DRI THE LM ik LES 2,
Fp in &> Froo O RERHBIL, o/k=c (¢ IXEE) OHFECEEN54®, ik Landau
HHEEREARTE LS. Lichi->T, BRTHRTFRISEENEEHEIFIN DI, |
Fp<F<Fyur O REHHRTH 5.

EEIZ, ZOWMBCETAEBHNTFHLERCOWT, HR7 7 A< T 104 0K
BEXOBTE—a (BTETFHD) B"HFETLIHECETIEBOMERLHE Lok -
ENRR8THAD. WBID k <7 v VHAZR T2 -2 LT 85° 5 20° FT/RLTWA -
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Fig. 8. Growth rate of electrostatic plasma waves due to the beam instability by the electron
beam with the energy of 2 keV and the number density whose ratio to background
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AT, BRIShic Typel =3 y ¥ 2 v, R6CrTRD, HFA0BHELE
W, BIE Freo 2 b Fyrr Thic FEHBECEY > TWwad. L LI OFERFET
EEBEMEY RET DL, HARO=FAAF -2 ORNTFRLETHD. ZOHE, +—
r S RET HBETR T, koiirikeV 25 10keV 0BT H D, BHITHRINS
b Dk, Fp<F<Fygr D#EFD upper hybrid €— FIETH%. 2% bh, \oicA Fp<F
<Fyar D (M6 THENT vy F LLHER) CHRINCHEBENERL D75 X<l
B, vy oy FOEBIRIWTIE, Fro<F<Fp OBRE®-—F (Z =— Fk) LiEx
RTWBZ ERRT. fezid, M6D A STrTHEE (apex L) TRAE L Fp<F<
Fyur OWIBICH % upper hybrid € — FO P, A BE» S THCEBKT €, Fra
<F<Fp OHBACEEhIAD, HEEHCLTH Skm THCEKR LKL B ACB\\T,
Fro @—%1L, Z =—FEELTRHEINS. Type 1 = 3 » ¥ 3 VORED Fro<F<L
Fyar DEHEWER > TW5HD1E, BED X5k 7w A THBTHZ L3 TEDD, O
upper hybrid £ — ¥ (BB < — F) »OBEEE € — F~OFL, HE FE—FTH5%5
HECBEHLEANBED10THY, BEF 7 A~BENTRET HERERHORE 22 =
ArELCEERLRBEEZ R LTS (Oya, 1971, 1974).

42. Typell T 39 3o

Type II =3 » v g VIXFIAICTHRICBY, 3EF 04<F/Fp<06 O REHHELY D o7
continuous 7z I y ¥ 3 V'€ ESH OB TR F 75 » 7 2 L HERHEARV. Co= 3y
Ve VOERBECELTY, BEERAFELTWDEEL LA keV BHEOMRTETFOH
RAS T\ e D BRRE SRR T3 LIXRETHHH, IROBEHT, loss cone A7ife\s Li
BERFESFL L B TEF (~H keV) B X v iR Ihic Fx LTFTOBEE T — F
(LAF ESLC; electrostatic wave lower than electron cyclotron frequency) Th% EE %2 bh
5.

Thbd, MTD ok ¥4 7275 2058 keV-5+ keV DBF ¥ — 212k b E—aH
REEWETIE, EERTHEIERAL2T > REREEY: Fp T2, FpP<F<Fyur TH5
DR L, Fa T T 0KF<Fr DMEEHBTHERRARITS. Lk TEhIES
BEORERS LT LSF=0S5 Fy EHETRAMEY T, BARKRE 5> {HATE 2.

Fhext L, loss cone 437 5\ MIBEERGER S % O — IR NICRE H AICE
BURHEN % § 07 7 X<h T, F=05 Fy st CRREMBAHET 5 & & 2%t
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AT\ % (YOUNG, 1974; KARPMAN et al., 1975). 7 123\ C Fy FTo » 5 LA,
BERAME T/Ti=10 (222 Ty, Ty 3 TATABIBCEES XOFTHACRE) %
b ORHNERD 1 PO EETHFELLBEALELLD (0, k) BEERLTWS. &
DYHCEDEA FOREER TR, F~05 Fy §iBCARLEEE B Typell =3 o v
a VD ARZ v E X —FT 5.

FEC ESH CHRAII h B TETF O pitch A2, F OBRIEH 50°-130° 12xf L 60°-
80° i e — 2235 b, loss cone Elip s LIZBERFMROEEER R LT W5,

43. Typelll T 3 v 3%

FSwBEELTHEBm LIS, Typelll =3 » v 5 v Tk, BETRT & OBRELXIEE
RITEONT, DLAHE a OWEAE, Tichb e s v VEARIBIIES A &3
ol BARKIE LTS, 2D=3 vy v g VOREERBE LTELLRDZDIE, 1
X, =3y v s VABRBIRREICHK keV BED= XX -k 3 04BORTFHET RS
D (BRIBIEHE IR TWIRWD), ZhicX? €= aBIRLERE UlciER, F<Fg TF
WCIRHIE D ESLC % — FIEAHE S WA-FIREMEA B b . LasL Typel =3 » ¥ g
vici, Typelll =3 o v g vERM LB vV EERR AT (K5SR), BN
FERETELRSHENITDIZ i TEin.

RICHE2ORREMELE LT, »y v MEFBOEEHCHE W Type Il = 3, ¥ 5 VIFFHE,
7 VT FOZEEES, BCERABRUTY - 2230kt ok EXBITORS. Tk
b, MOWCTRTBY vy o VR AY VT ABCEFA BT VT FEBIREDITAE B
X, RAOBHZELTS.

B(t)=cos™! (sing * sinwt) 4)

I 0 A VAREBERTHSL. 1A VORITIE, 0<|sinnt|<1 THHENE, B D&
8% EAIL,

cos~i(sina)<<B(¢)<90° )

THb. XI0L, apex FILICkIFT2 D B OFEE% R LAz b O THER T~ v F L iRIE2S
FhThsn. L2HT, 4 BESLC = - FRZEFEINRTWD LT DL, TOXERFEILT v
T B) &k AA (0) ER—FHLBECRKE D, ESLC = — FEDO 5 BRI,
BleW7 5 A<~0EE LTRANTEL bR S.
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9 FAER-ALTVFF, AV VEIBIORIEHRADOERE{KR. a: ACVEERIEE
DisTA. B: FAX—-AT VT FERIREDOKTA.

Fig. 9. Geometry of the dipole antenna, the rocket spin axis and the geomagnetic field line.
a: Angle between the rocket spin axis and the geomagnetic field line. pB: Angle
between the dipole antenna and the geomagnetic field line.
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Fig. 10. Range of B and the frequency of ESLC mode wave with maximum reception
efficiency corresponding to B.

1+R

cos? om=(——§—~) Z—(1—Z)D—Z*R (6)

7ciE L, R=Fp*/Fy®, Z=F?*Fy?, D=me[m; $icdob, MINCRTHED 12D 6 128 LCTR
BRIk OREICEKFET —BICEESD. LikeddioT, B=0res(—F) D42 ESLC
E-FRIZI L TR ZEHIROBV-RERDBKIODAHRD Ay —A+D X H5CHRES. Tis
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