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Observation of HF Plasma Wave Emissions at Ionospheric Level
Using Sounding Rockets S-310JA~1, 2 in Antarctica

Hiroshi Oya*, Hiroshi Mivaoka* and Sadao MI1YATAKE**

Abstract: Observations of the plasma wave emussions 1n a high frequency
range from O 1 to 10 MHz have been made using the 1onospheric sounding rockets
S-310JA-1, and 2, launched on February 13, 1976 and on February 10, 1977, re-
spectively, from Syowa Station in Antarctica The observed HF plasma waves
are characterized by the electrostatic electron cyclotron harmonic waves generated
by the beam-wave interaction in the 1onosphere

The flight of S-310JA-1 rocket was carried out after the termination of a sub-
storm effect, where the drifting electrons were making enhanced precipitation near
the rocket path; enhancement of the HF plasma waves was remarkable at UHR
(upper hybrid resonance) frequency and in a frequency range lower than the ele-
ctron cyclotron frequency associated with nonlinear wave-particle interactions.
The S-310JA-2 flight was made during the particle precipitation of a diffuse aurora
where the HF emissions were weaker than the case of S-310JA-1, due to soft pre-
cipitation of particles

BE. ey o b S310JA-1, 2 SIS S/ PWHIZ D0, Tl
HEFRZ 451 % HE IR A~ 2 b roifisfibhie T4 7 m b e v
LUF R EEUE s = 0 UHR JHE RGBT I oM K= ¢ o > a visRilx
Nz chon=z i s ryaviilikeVry 0BT 75 72420675, 2
D= F—~KEOETETICLS e — 2 RNLEEDHE, WX i BEMET
A7mnbrvEEE2ONL 1 HIO25RTHMINICARY PO,
FNTEROFEMINZBTAY VAL —AT7 24 ADHBIZE S TED, chbo
AU, S X, SRR NS B0 B SN T A WS 5 Ol e ey
25,

.7
BUREREE L, active 7¢ 7 5 A < VB DA AET B UK T, HTFT AR, 75 A0
(B&J) R HAPEH ORGR, Ll DR b - B x FET 5. 2 OB D 9%, VLF g

* J\JL}\ LR LR 4@1{’ % #'=  Geophysical Institute, Tohoku University, Aramak: Aoba, Sendai
980

*r RS HELY Unmiversity of Electio-Communications, 5-1, Chofugaoka 1-chome, Chofu 182




No. 64. 1979)  Fgiv o v + S-310JA-1,2 BENT I 7 A RSBk OB A 31

oW TIE, I ETHE S BAIIh TS, Hics 100kHz 235, 2-3 MHz I E % il /e
W LI ER O FER T, BEEBOHERC X > THRARTRTIEE Ko T\ 5. —F, HES
T, botBEOEVHEKRTREAT HABHBELIEDLRTHT, R, BB <
N OFREFOBEFRRIL, ROM, BHOKNELLIZTh T, 6, S-310JA-1 X O
2 B L oT, ZONBTHELRERN L ELINB LR, UTZORELHE
T5.

2. glly 257 &
PWH (Plasma wave 1n high frequency range) Z2ED 7 r v 7 K% X 1 IL/x7 (72L&
BDBE). = DBIHIZEE CTIX, 100 kHz-10 MHz 2% 3 5 ABRFER DO 2~ 2 b3 2 B
i (100kHz-1 MHz 3 X 0f 1 MHz-10 MHz) =538 L, T3 -Fh 250 msec TR [2H1

S-310JA-1_PWH_

-0 PWH-1 (11,

1 S-310JA-1 S &I hic PWH o7 e » 7 [
Fig 1 Block diagram of PWH system on boaid S-310JA-1

#F 1 S310JA-1 Sk Lo 2 SHci#s hic PWH O
Table 1 PWH parameters on board S-310JA-1, 2.

!l S-310JA-1 S-310JA-2
Frequency range (Low) 0 1-1 MHz (Low) 0 1-1 MHz
(High) 1-10 MHz (High) 1-10 MHz
Sweep time (Low) 250 msec (Low) 250 msec
(High) 250 msec (High) 250 msec
1st IF frequency 10 7 MHz 30 MHz
2nd IF frequency 455 kHz 455 kHz
Band width (Low) S kHz (Low) SkHz
(High) 50 kHz (High) 40 kHz
Sensitivity S 1tVims 2 uVims
Dynamic range 60 dB 60 dB
Sensor 1 2mx2 dipole ant. 1 2 mx2 dipole ant.
Telemeter channel (PWH-L) IRIG #11 (PWH-L) IRIG #13
(PWH-F) IRIG # 4 (PWH-R) IRIG £ 7
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3.1. S-310JA-1 SHOBARR
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Fig 2 Spectrum of HF plasma wave emiussions observed by S-310JA-1, during one sweep
peiiod fiom 0 1 to 10 MHz
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Fig 3 Amphgram of HF plasma wave emussions observed by S-310JA-1, during total
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Fig 5. Spectrum of HF plasma wave enussions observed by S-310JA-2, duiing one sweep
period from 0 1 to 10 MHz
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Fig 6. Peak frequency of the spectrum of HF plasma wave enussions observed by S-310JA-2
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33. WFBRLOMGE
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PfalE2 DRL & 5 0%l 350 BAL E TIIFHRBML TV 2012/ L, 2O HF fif=3 » >
a VEELRFRICHEAEML WS EBHLn Lt (NTHR). T2 5HOMRL &
SKFICiX, UHR = 3 v ¥ g VOBIINIRL » 584 120 5 5 170 Bi2hid T, it
h 1.14keV B L 1.76keV DEF 7 5 v 7 AD enhancement 23 % Z & 23 ESL 12X » T
BHIh A (X 88M]). chiy, UHR =3y v a VORHALE ISHIELTWB, 25 Lk
BRI, 1 5EE X022 ZECHRASh CEBREOMRIZZ W b H keV O = %1 ¥ —
VY ODBETEFIFEL TV BT LB AR LTW 5,
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S-310JA-1 and dispersion relation of electrostatic electron cyclotron harmonic
waves (ESCH waves)

BEYOHEH N 7 vV F AP LT 90° IcF B DM ENETFYI 7= e viEeE
~FELTRALGHRLTWAZ LA REL T3, HIZ 2<F/Fy<3 Ti¥, UHR FEEH

WA TSR v v a VARBIZRTW B2, chd 8o Easbix, 0 28
60°-85° DHBEDHBIIBF VA 7e be vEE—FK LT\ 5,

42. EAREEICETDIFREHRAR

1 SECTBUMINLETY 77 b e VEERIEHE SIOLhLUTOREEGCETS
TiyvaVRDOWTE, LTORRA =R aN iD= v v g v ERNTI UTHEL
1375 o Tnisly L LEREREERTHRB L, E—ARBEC LS 0 LRERFHE
PEOARREIC L D=3 v v avD2EEANREL TS AREELKE W, S EBIRRH, -
y FIN T 53 1L, BET O S0 FoEE TRERGE (TU/Ty=10) % 3 OEiRE FR
TURBEBTD 1% OBEETHEELCHECARLEL RS (0, k) BEEZRL T35, A2
BIXOUB2D=3Iy »a YRBRIEZDRABEHBEBRAHICEEN T3 Ebnb,

IHIL, ZO1BEOBEF A 7 e b e VEABBEED = » ¥ 2 VOBHIL Al-A2



38 RE Fe BN Z el L e
35 L OBI-B2 0 2T M ZIRIE AT s (Licdi» TF LW BEEGER & - 70) BRI L
TWBZ LT, ORI ADLD =3 v ¥ 3 VOFBECE T, 51 OIEFRBIEE)-
B, H20EY-EHHELERABES L0 C EHBRE LT 5,
43. BFE—LBEOHR

M9 CTHEBER PWH) L MENETFYM 7=t v VEOSBERE A AIGT 2 L &, 1<
F/Fp<2 ORBEHE T, M keV OETF ¥ — 2 L0 Elist & 0280 EET 5 (Licai-
T Cerenkov BALBHEFHIRE 5 %) CdrbbT, THICHIET 2HED= 1 » &~
a VBRI T, CARRE =2 F—DfF e — 2k ULTh, ®ET 5 AR
IR TR & 5 BT OREENED &L,
TlhebbEOREROERD H1cdTH
5. {1013, § 2keV = L & — TG
T 100 5 DIFEA & DT T & — 2 03HFE

ToHe—A—7 I ACRCKT HHENE

[N}

P=2
Te/Tw = 100 2<F/Fu<3
Vs/ Vi = 100
6 =85°

-
[T

1<F/Fu<2

-
C,
(S

-
(=]
@
—

FyA se br YEORKREERT. S
SR ERBBETOREL Ny i LT

MAXIMUM GROWTH RATE Fmax/Fu

16°%
Duong MR ET & — ATE No/Noy 25
0 . ™ L7 ey b Lich DT, 1<F/Fp<2, % X

BEAM NUMBER DENSITY  Na/Nth
B 10 & — a7REEC B D AR
@'EE'T'E'—A%EUC%";%{K@’[&.NB,Nw VC{]‘\‘LVCQ\Z)' l—ﬁ]@ﬁ‘%%Bﬁ‘fgi 501'

T Fn&E+Fe—a %lo\%%7a'7;< 1 1 = .. -
JUET e — AT L T2 0DH
< ORBET 1<FIFy<2 L0 2<F| FMLET e LT DD 5
Fy<3 © 2 SORBERE B2V TRL %, UHR [ Ex &ts 2<F/Fy<3 O
TuWo. N " ey .
Cl® WHSROF A ORERN KX S, e
Fig 10 Maximum giowth rate versus the ratio
Ng/N, where Ny and Ny are the beam BT v — A2WELN, BETRFNIEBRCRT
number density and the background ~ . .
plasma number density, two cases for 1< B TEWH L » THPAREN 2 AT
F/FH<2 ai:ld 2<F/F]1 <3 are wndicated @a:;(.j_ L, 1<F/FH<2 @’:%’EJZVC‘Gi, i) 01‘?3
Sfor comparison
BIEBELTLE 5T % (Np/N, <1077
DHE). O LIXFEBERM I By X EHAT 5.
¥, 1 5L 2 5L C, ESL wX BB hi$ i keV vv e DBEF 75 v 7 2%
BLICHGE, 2 5HOMRLr 5SROAN 1 SHERLx SRFX VA7 LWL ENRT

W5, 2 5HORL » Skt HF IR T, BHEn=3 v v 2 VHARAIRIS 7D

0 2<F/Fy<3 O 220 REEHR RO



No 64. 19797  f§fe & » + S-310JA-1, 2 B X 2 & BB o B Al 39

ik, =2l TOBF 759 7 A2A0BICY Y, 2 FHEOBEREBEOBRAL TeH -
oo btk B LiEmiIns,

ok, BRlXhic HF FBEANZ A E— A—7 5 X< RONEEHIZONT
1T o leEt A R & e 2 2o, RAEANCBE S hicliF o s MBI A SR h Ah
TRDLEDBMETHASH. L L U ED X S iEffiiceFrfb3hice —a—73
A2 RORLEEEDBIEAEERLD S, ERCBHA IR AR A R+5HBETESC
L, WE-RFHAERPBIREER OR FRBETHEEICS T, EANREEZ R
LTHBEENTh5.

5. WAL o

K11 BIORK 12 zhZh |l BHs X002 SRRSO E (IBMEH) ki) sHi%
ZHige . 1 5E05E, KU abbnbs X5, BIF IR sy 7 2
P AP O KA EERCRE LI 7 = XTH D, HIBER DO L2 DI R TH -
7z, —7H, 2 505 AE, 225507 L 514 7 A b — 4@ expansion phase %
&b, diffuse aurora FRIZFTHRAEFNERTH 5.

AN FRIZREWTIL, HMEKERFCL»2bLTE D=1 v v VIEAIZH
o, chE, RAELTHS ESL 07 ~20b3, HkeV Vv oDBEBTFHELETLTNS
EWVIOSTELHILL T 5. XL IAFFCEHR Sh7c VLF ZER (PWL) 5 X0 L Co @
Wb Da~F3A2A=2: v Y g YRZEFEIRTVHZLEIHELTWT, ZhiX, +7

S 310JA 1
U FEB 13 1976 LAUNCHED

0000 01 00 0200 03 00 04 00 05 00 06 00 07 00 08 00 09 00 410 00
[ T T T T I 1 T

i. W
220,“ A Mﬁ S
W | Jl 1 | {

¥
zgan “‘W‘\A"J R
E
! !
p—t—— .

1 i ] T
DOWN
2003 7
up

. L 1 1 ! 1 1 ! ! 1

B 11 S-310JA-1 SR BT 2 5L B RO (RFTE)

Fig. 11. Magnetogram covering the period of the rocket flight S-310JA-1 observed at
Syowa Station
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Fig 12 Magnetogram covering the period of the rocket flight S-310JA-2 obseived at
Syowa Station
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4) BTETF77 v 720 lkunBici, UHR BEGEELYBRVGCit= 1 v v 3 Vi
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