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Observation of HF Plasma Wave Em1ss10ns at Ionosphenc Level 

Usmg Soundmg Rockets S-3 lOJA-l, 2 m Antarctica 

H1rosh1 OYA\ H1rosh1 MIYAOKA'I- and Sadao MlYATAKE.J<* 

Abstract: Observations of the plasma wave em1ss1ons 111 a high frequency 

range from O l to 10 MHz have been made us111g the 10nosphenc sound111g rockets 

S-310JA-1, and 2, launched on February 13, 1976 and on February 10, 1977, re

spectively, from Syowa Station m Antarctica The observed HF plasma waves 

are charactenzed by the electrostatic electron cyclotron harmomc waves generated 

by the beam-wave 111teract10n 111 the ionosphere 

The fhght of S-310JA-1 rocket was earned out after the termmatlon of a sub

storm effect, where the dnftmg electrons were makmg enhanced prec1p1tation near 

the rocket path; enhancement of the HF plasma waves was remarkable at UHR 

(upper hybnd resonance) frequency and m a frequency range lower than the ele

ctron cyclotron frequency associated with nonlmear wave-particle 111teract10ns. 

The S-3 toJA-2 flight was made dunng the particle prec1p1tat10n of a diffuse aurora 

where the HF em1ss10ns were weaker than the case of S-3 toJA-l, due to soft pre

c1p1tat1on of particles 

�gr. 1'?1,b,l P Jr / ), S-310 JA--1, 2 -i}tz\tt=-1£=1�x � ;ht� PWH :=- }: '), m��·;=t 
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vc-0\,,--Cvi, :l:t!tJ:--c·t� < t&rlU�.n--c�t::.'/J;, �vc� lOOkHz 'IJ�G, 2-3 MHz vc�0i:J=t�tJ: 

\,, Lvti:J=tm� O)iJit�--c-vt, �Mli O)fm�vc J:: '? --cr&iffUvt�"i:iJ�rL!:: tct '? --C\,, 0. �1J. ffiJg_f& 

rJU--c·vt, t '? c �J.tO) �\, ,iJI�--c-JB1:i" 0 ��!ncMiC..,'/J;�2i_) G h --c \,, --c, *5mi, �-Ji v-" 

1vO)i:pfil�O)�YffliJi�vi, :R\,'Ff39, t&rJUO)xf�'IJ�Gvif;h,--C\,,f::. . .l,-@J, S-310JA-l t-oJ::rf 

2 % � vc J:: '? --C, ;:_ 0) % !y--C' Ir t::. tJ: JS;! '/J; t t::. G � h 0 ;:. c vc tJ: '? t::.. tJ r i- 0) l*J � � ¥lH1r 

i"0. 

PWH (Plasma wave m high frequency range) �Ji':O) 7' P y ;, ��� 1 vcffi't (t::.tc. L 1 J% 

t,-10)�-it). ;:_ O)f&rJU�fl:--c·vt, 100 kHz-IO MHz vci{i" 0 mJYHt�iJi�O) .7-."";, � 1v� 2 ml&l 

�'Mr (lOOkHz-1 MHz :to J:: rf 1 MHz-10 MHz) vc:53-. L--C, i-.n-f.n 250msec --C'fra'5[HrlUi" 

S-310JA-1 PWH 

� 1 S-310 JA-1 �fgtv:::.J£-:4,,x;� ;h,t� PWH 17) f P Y � � 

Fzg 1 Block dzagram of PWH system on boa,d S-3JOJA-l 

� 1 S-310JA-l -\=Hi:ro l u, 2 J,�J:tf]v:::.Jg-� � ;h,t� PWH r7)�l'f5c 
Table 1 PWH parameters on board S-310JA-1, 2. 

S-310JA-1 S-310JA-2 

Frequency range (Low) 0 1-1 MHz (Low) 0 1-1 MHz 

Sweep time 

1st IF frequency 
2nd IF frequency 
Band width 

Sensitivity 
Dynamic range 
Sensor 
Telemeter channel 

(High) 1-10 MHz 
(Low) 250 msec 
(High) 250 msec 

10 7 MHz 
455 kHz 

(Low) 5kHz 
(High) 50kHz 

5 /lVrms 
60dB 

1 2 m x 2 dipole ant. 
(PWH -L) IRIG #11 
(PWH-F) IRIG # 4 

(High) 1-10 MHz 
(Low) 250 msec 
(High) 250 msec 

30MHz 
455 kHz 

(Low) 5kHz 
(High) 40kHz 

2 µVrms 
60dB 

1 2 m x 2 dipole ant. 
(PWH-L) IRIG #13 
(PWH -R) IRIG # 7 
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o. �{a·t,civi, double super 0) heterodyne :15A--C 1w/5x � .:h, local {t% JWJiEt�� s weep L, niliEt 

�53-:rJT-t-Q. � l r:pj13j}WJ<Ez�vi, 10.7 MHz (k..k.. L 2 %�--C vi 30 MHz), � 2 r:pj13j)WJiEt�vi 

455kHz c L--C\,'o. A)]�[!£ 5µVrms --C, !J1-r � 'Y !! v:/:,/ 60dB, ;1*:llltvi 5kHz ({l£\,, 

fJrliEt�tJt�r::.M L--C) � J: u 50 kHz (�1s, ,mJiEt�iJU�vc.:M L--C) O)�{��iJ: 1.2 m O)� � � 

t ---:)�·)t 0) !J 1 ;-j� - /V 7 :/ T -r v::::.tfm L --C 1s,, o t'f]/WJ 5- - !J vi, log amp r::. J: VJ 60 dB 0) !J 

1 --J- � 'Y !l v://iJ� 0-5Vw-v O)flm[Jf!vc.EEfs�.:h, ;Fil (2%@·-ui ijl3) O)'T v,;. -!J-r-t' 

:/ -1> ;v --C JULI::-.�{��� .:ho fcf. iu, � I v:::. 1 v�! � J: u 2 %ti v:::.]61{� � .:h k. PWH O)t�JL � 

3.1. S-310JA-1 %�0)ftll;_f!IJ!a* 

S-310JA-1 �}}lvi, 19764-2)=] 13 B 12rl9'45;} (45 °EMT), Plf:¥�iUll!.J: rJJCMfrj 80", 3f§ 

M :15 {if_ 315 ° --c }J ti _Ut G .:h, Jc:;JcJIJJ! ,'tu rr vi 215 km v::::.Jt Lt.:... � 2 vi 2:::. 0) � L .t 'S JI.Ji f13� v::::. 

U /J!IJ �.:ht::. HF ;m-'Fkt lBL 0) 7, � !I J, 1v 0)-{:fiJ--C ct> o. t"J 1 MHz � JJ[ vc. L --C, i- 0) 35: {1 � J: V

� .:h UT O) m ��ffiAA K ��Lt.:..���� 3 :/ c i-.:h �� O) )Wj ��ffi:lllt KM�� Km.:h o � 

� ;J / 3 :/cn:2i0o. 1s,,-t.:ntJ:UlLY'133rm·t�O)TN:©.�L--c1s,,oO)iJ;q=tf!l&--c2i00 � � 'Y '/ 3 

Y 0) jftl)}{vi, 1tz t ::;le� 1s,, t 0)--C #1:J 120 µVims (An�-) --c· ct) o t.r �, !� 2 --C ti:.::(5]µ.fj M/1�tc.jc � 

< LrJ--c1s,,oo)vi o c. - r--c, r:pfr:i9m1t�tmin¥GJHRWJiEt�O)-izLt::.,1�--cct)o. -!t::., o 1-

LOW 
0 25SEC 

W ±2 5KHz 

·I· HIGH :-1 
0 25SEC 

BW ±25KHz 

O BEAT S-310JA-1 PWH �O BEAT 

�::: 1\ 
g ·: I ; L ..... , .. , I! 1l 1 11 1 I I \ I I 
� JO �

1v�rt1 -�w� N�w��iJ�uv�l 1
1

1wf1i1�\ ! 

01 02 03 04 05 10 20 

FREQUENCY 

40 60 80 
<Mh1l 

� 2 S-310JA-l -�5-H(;'.o) PWH -Cti]1Jl!l'2:ht� HF ,/H'rUJz7,,,.::;7 H/ (--f,frtcJ[,5}0)LJ\jJ{EZ 
]ff 'a:' ffi--t) 

Ftg 2 Spectrum of HF plasma wave em1sszons observed by S-JJOJA-1, dwzng one sweep 

pe1 zod f,om O 1 to JO MHz 
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� 3 S-310JA-l %�-Cf@U!!IJ�;ht-: H F  ,fjf�¥Bl0)7 '/7° 0? '7 A 
Fzg 3 Ampligram of HF plasma wave emzsswns observed by S-JJOJA-1, during total 

flight interval 

� 4 S-310JA-1 %t-:'\t-Cl!U!!IJ�:ht-: HF +lltrBl 
O)A�?r��-?�tBlft(m���?P 
r p '/ �¥Bl�-C-1EVl 1t L -c 1,, Q) 

Fig 4 Peak frequency of the spectrum of HF 
plasma wave em1ss10ns observed by S-310 
JA-1; the peak points of observed fre
quency are zndzcated normalized by the 
electron cyclotron frequency 
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1 MHz (;7){1£m1�1fWvc:tovt 0�J�UEfJtJ:tilbt ��EfJ)Jf{lzslvc J: 0 t (;7)t � 0. � 2 vi, ¥e:�H&k!g 
190 ;f,y(;7) 7,. � J r ;v-e� 0 iJ�, .::. n� 1 -�}�(;7)�� l-J: 5 Jllft�vcvt..: 0 t 7 :/ 7° !J J' 7 j_, (;7) 
lf}t'�� Lt..: (;7)iJ�� 3 -e� 0. lq]�vc J: 0 c, .:r. � 'Y � 3 :dip 7 'Y r J:.¥/.ffi'f, ¥e:t-H& 160 

fP (�flt 193 km) t'��vcmnt!aclb, ;z.. � J r 1Hi, v:Hilq] Clf}�1*0 t..: ii, T��(;7) 400 

fP (�flt 80km) #i[i-ettJUJ!U�,nt\,,0.::. ciJ�viJ,0. -ttJ:v'b, :r. � 'Y � 3 :/(;7)1flt'.RIJ6h 

t..:�Fic1%JVivt, p 7 'Y r (;7):!§Uji-t 0 Jl�,� �� c Lt J:.ffef.ffi'f vc� < , T�ffi'f vcJ1:1,,, t (;7) c tJ: 
0t�'0. t.(;7)t.cvt, 1it-CJ!0J: 5vcf1r�r(;7)'1f�c J:1-,,JfJ;t�ffiLt\,,0. 

� 4 vi, �� L J: 5 IZ:Frc1ivct-o1,,, ttmrJtrJ �h t..::r. � 'Y � =1 :,,- (;7) I::° - � ml���� L .i: 5 ffll1S
(;7)1!tr-it1 � P r P :,,- mJ��t'IEm1t L tffi L t1,,, 0. t..:t.:. L, ljJj G iJ,vc5l:{5�1*J (;7)gl::fv1rnJ 
'.iliv::::.J: 0fiX:%, to J:V: v-"'1v(;7)-t 'Y r / 1 ;z..'J: �,J\t,:1-,,t (;7)vi�1,,,t�0. fq]�vcJ: 0 c, 
� 2 tc:tovt 011£mI�-Orn-c,1¥L� L f..:.:r. � 'Y :,/' 3 :,,- vi, vi Vif11t-J--1t1 1 p r p :,,-m��t-o J: o,i
hJ.:J r (;7) mJ��nHivcffl� L, 3 MHz :to J: V: 4 MHz i[t§f(;7).:r. � v / 3 :/h:,t,n.7c';h, 2<F / 

FH<3, 3 <FIFH<4 (t.t.vcFHvt11t-r-it1 �p rP:/mJ1Hl�) (;7),HtJivc'2r"ih0t.ciJ:v 
/J,0. WH=- 3 MHz (;7).:r. � 'Y � 3 :/VC"'.J\,,tvi, 1[-=f-WJ}'UtmrJ*5*iJ"G, Vit vi UHR f."'6�� 

3.2. S-310 JA-2 %�u.>ti�.!llJ�� 

S-310JA-2 %tc:\Hi, 1977 � 2 JI 10 B 3 i=t 22 5t (45
° EMT) vc, ¥e#tfi! 80

° t'jj{ftfifl 315
° 

(;7)jj[P}vC}1'tJJ:.vfGht..:. �*¥U:il�OCvi 212km -C'�0. � 5 vc2-�fflttl!lrJ!U�ht.:. HF 

>100 
3----

_J 
UJ 

;;; 10 

0 

...,___ HIGH __ ...,._ __ LOW ---<1 

0 25 SEC 
B W :t20KHz 

90 70 50 30 1009 07 
FREQUENCY (MHz) 

0 25SEC 
B W ±2 5 KHz 

S-310JA-2 PWH 

� s s-310JA-2 -�tr�--c-nJllJ�nt-= HF ?if�rBu,-" ?1 � /V <-1w�l:B-O)/J\::JJ&tJr3��--t) 
Fig 5. Spectrum of HF plasma wave en11ss10ns observed by S-JJOJA-2, dw ing one sweep 

period from O 1 to JO MHz 
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ii, :Lfill:ir•GO):Jit(�{El··c-J;-0. 2 MHz iJ,G 3 MHz vciJ,(rt--C1J\�tJ: l:::0
- :7iJ;J[GtL-0iJ;, -:. 

tLvi 1 %�"(·ffi?JlU�tLt-: UHR m]{El�JlI,mvcJ; -0 §�O).:r.. � 'Y -;,, a :dc:;f:§�-t 0. ktc. l.Jc 

O)�j�viiJ,tJ: 1J1J\�\,,. 0.1-1 MHz vciJ,vt--C:ffl,tL--C\,,-0f!£mJ{ElffBO)*�tJ:t iJJ::iJ; iJvi�ff 

1¥J� lzsl vc J:: -0 t 0) "(·, § � 0) .::r.. � 'Y -;,, a / vi-l-0) J:: vct!HiJ, < m:� � n --c f¥tE L --c \,, -0. 
� 4 c � t: <, �� L J: ? !Rr1=1ivc;to\,, tffi?:IlU �nf-:.::r.. � 'Y -;,, a :/ 0) l:::0 

- :7 m]{Elft'a'.'ffi L ts: 
O)iJ;� 6 "(·J;-0. 1itc�{El��< c §�O).::r.. � 'Y-;,, a/ c L--Cffl?:Illl�nt-:t O)vi, 2<F!FH <3 
O)m]{El�*vcti;-0 t O)"(· UHR m]{El�JlI,mO).:r.. � 'Y-;,, a :/"c'ti;-0, its:� 5 vcffi�n-0 J::? 
vc, 2 %�0)�� 0.1-1 MHz O)f!£)WJ{Elf$--C'vi, �ffl¥J*1Hrh;rtBA -t -0 k?h, � 6 VC:fo\,, --C vi 
c O)m�0)5-· - ;i vi!U�L--c\,, -0. 

3.3. *Il-ri!JIJc!::(l)M� 

S-310JA-1 :to J:: 'CJ 2 filil i:r 1T 'Y r ffl?JlU0)7' - ;i �' ��vcm� L --C\,, -0fJL-yO) ffl?:Illl*-5*c 
Jt®l L --C ;J-;.. -0 c, if 1 %�vi, ESL vc J:: -0 2 keV :to J:: rf 8 keV O)�-=f 7 '7 'Y :7 7-.iJ;HiUO) 
lffltiit�iJ, G � L J: ? �,ll 350 f};fft i "c'Vil: Vif ���;1JU L --C \,, -0 0) vc:x";f L, -:. 0) HF m .::r.. � 'Y -;,, 

a :/5$�t ��vc���1JU L--C\,, -0-:. c iJ;§J3 GiJ, c t.i: 0 ts:(� 7 ��). its: 2 %�0)� L J: 
?�VCvi, UHR .::r.. � 'Y '/ 3 :/O)ffl?J!U�ntdl�LJ: ?�,ll 120f};iJ,.G 170f};vCiJ,.vt--C, �vi 
iJ 1.14 keV :to J:: rf 1.76 keV O)�-y 7 '7 'Y :7 7-. 0) enhancement ;,j;J; -0 C c i.J; ESL vc J:: 0 --C 

�1±\�nt-: (� 8 tG�). -=.nvi, UHR .::r.. � 'Y '/ 3 :/O)ffl?Jlllc J:: < :x"tJ;r;L""(\,,-0. C? Lt-: 
ffli1tll*a*vi, 1 %�:to J:: rf 2 %�"c'ffliU �nt.:{EltfJ:fJL!tO)!WJ,l§vc-=. n G� keV 0) .::r.. * 1v :¥ -
v /:,;, O)� r�riJ;'4ir.l§-L--c\,, -0-=- c �5$ < ffi� L--c\,, -0. 
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Ftg 7 Flux of the precipitatmg electrons durmg 
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Ftg 8 Flux of the prectpltatmg elect, om, dw mg 
the rocket flight observed by ESL on 
board S-JJO JA-2 (after !TOH, KUBO and 
MURA FA) 

1 -@fri--C ti?J!U �.:ht-: T - 3l V:. "'J \. , --C ,  i- 0) IEm1t � h l.: .:r.. � 'Y / c1 :,, � 1BlJU:: l\'li�IJ�O) 7" 

mo mc ;  ESCH) 1Bl0)5H&wlf*7I(xf lt � -ttt-: t O) iJ; �  9 --c· JS Q .  !fiJ !ZI 0) 15 0) ti4H}vUi, ESCH iEi 

0)5J'"� BB*lc ct v: .. , Cerenkov *�� 0) �{4 

cv -k VB cos (} =0 

� i.Ki"". c. .:h it{il:1 :1Jfv'ttvc.M-t Q 1Bl O){idJ1Rfij (} � ,,� =J ,1, - 3l -c L --C � L --C t,,  Q iJ-. ,  � keV 0) 

.:r.. :r- /v � -vC.)(JJ;G Lt-: r: - A J!)Jt VB ��£ c � ,  ;: .:h G iJ ;i'l:/lO):;t �B±lrv'R c 3t&i"" Q }�c a : 1c: 

O)mVit (PWH) vc.i.KLt 1,, Q n{}[Ut,t�c 0,.....,85 ° �89° vc.xtL--C J: 1, ,-f§.:�i.KL--C1, , Q  "'J :f  

I) !ZI 9 0) ESCH i'l:/l0):5J'"tfiBB*l c c t vc.i!- � �  'i .:h --C \,,  Q J!oc ViJ vi lOOVth  c tJ:. --J --C 1, ,  Q t; :, 

.:r.. _:f ;L., �-c L--C vt 104.t Tth ctJ:. Q .  ICTth =0.2 eV "C vt 2 keY v=.t§ �i"" Q .  ;: O) � cvX ,  

1 % � vc. 16' \, \ L Kil ?JW � ;h, k 2 < FI F H < 3 16' J: lj 3 <FI F H < 4 0) ff,] (&J& '* 0) .:r.. � / '/ 3 / I i '  
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