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-General Introduction and Summary-
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Abstract: The S-210JA-20 and 21 rockets were launched into auroras at 2340 
UT on June 24, 1976 and at 0023 UT on July 26, 1976, respectively. Both rockets 
were launched when the ISIS satellite was passing overhead near Syowa Station. In 
this report the scientific subject of these experiments is described first and the 
relation-ship among VLF waves recorded simultaneously at the three different 
altitudes (the ground, --60-120 km, and --1000-3000 km) is briefly discussed. The 
relation of VLF waves and electrostatic plasma waves in the 0.1-10 MHz range 
measured on the rockets to precipitating electrons is also summarized. 
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Table 1. List of the flight record of the S-210JA-20 and 21 rockets. 

, I S-210JA-20 S-210JA-21 

mL.1:?:¥J.I S 1976. 6. 24 1976. 7. 26 
mL- .1: ? ��u 23h 40m 30s UT OO h 23m OO s UT 

9EM.1::r� 82° 82° 

lMtnfft� 135 ° 315° 

:8:::kJU��� 117. 9 km 115. 8 km 
:8:::kJU����rai 166 s 163 s 
7.K3¥JU�ffiM 142. 7 km 144. 7 km 
�m L- J: ? �ra, 5 min 26 s 5 min 26 s 

�r:15& 85.3° 344.6° 

7- 1::° ':/�frtt�Fai X+46 s X+45 s 
Jm:all (�:all) �rai X+60 s X+60 s 
7 V /. � p( �{§�Fa, 5 min 26 s 5 min 23 s 

:allHFnJ$:i::i: 40. 5 kg 40. 4 kg 
ff'H'-J � fl 18° C 2s0c 
m�m� 1

°

c 26°C 
9EM�'A!!.1::�� -26. 1°c -22°C 
9EM�'A!!.1::Jl.� 5 m/ s • NNE 7.8 m/ s • NNE 
:R fj; llff llff 

PWL PWL 
PWH PWH 

ti?JlUgt� NEL • TEL NEL • TEL 
ESH ESH 
GA GA 
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Fig. 1. Ground tracks of the S-210JA-20 and 21 rockets. 
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Iii 2a S-210JA-20 ����O)�O) ISIS-1, 2 ffi£0)lljk�� 
Fig. 2a. Ground tracks of the sub-satellite points of ISIS-I and 2 in the S-210/A-20 

experiment. 
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� 2b S-210JA-21 %ffl!��O)�O) IS1S-l 1ftj£0)ift�� 
Fig. 2b. Ground tracks of the sub-satellite points of ISIS-1 in the S-210JA-21 experiment. 
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Churchill, Meanook) � .t � Kiruna c viVi(IAJ C�Jt-c·9=1ri1tvc{ftfflti" Q Kiev, Tbilisi -c-� 

G;h,t.::l:!!!���1t (H F;x:.Jt) ii� G� GiJ�t..c .t? vc, 20, 21 %�ct VC-lf-7.7' r -AO) expan­

sion phase vctrt:>J::vf G;h,k. c 9 bvt20%�0)!J't:;,J::vf�i 6 J3 2413 1635 UT 0) SSC -c·"fr.a 
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Fig. 3a. AE index in the S-210JA-20 experiment. Launching time of the rocket (2340 UT) 
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Fig. 3b. AE index in the S-2JOJA-21 experiment. Launching time of the rocket (0023 UT) 
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lg! 4a S-210JA-20 %:fflHMtfti�O)ffl:�A9t.i:::i1!! �� H nlt7t�1t. i=l Jr ,:; I- 96 M � �U (2340 UT) �t, 1i!Ual '"Cffi � ti G . 
Fig. 4a. Geomagnetic H-component variations 

recorded at ten stations ( Syowa Station, 
Mizuho Station, Tixie, Dixon, Kiruna, 
Reykjavik, Narssarssauq, Great Whale 
River, Fort Churchill and Meanook) in 
the auroral zone and two stations ( Kiev 
and Tbilisi) at middle-latitude before and 
after the launching of the S-210JA-20 
rocket. The launching time is given by 
a vertical dotted line. 

lg! 4b S-210JA-21 %�96Mfti�O)ffl:�A9t.i:::i1!! �� H nltJ}�{t. i=Z Jr ,:; I- 96 M � �U (0023 UT) �t i!R� --c·ffi � ti G . 
Fig. 4b. Geomagnetic H-component variations 

recorded at ten auroral-zone stations 
and two middle-latitude stations before 
and after the launching of the S-210JA-
21 rocket. The notation is the same as 
that in Fig. 4a. 
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Fig. 5. Geomagnetic H-component variations recorded at Syowa Station, Mizuho Station 
and Reykjavik, which is located near the conjugate point of Syowa Station, before 
and after the launching of the S-2JOJA-20 and 21 rockets. The· launching time is 
given by a vertical dotted line. 
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i:f:r--c:s1.., ,�--e��h o 

Fig. 6a. All-sky photographs during the flight of the S-210JA-20 rocket. The location 
of the rocket is represented by a white spot. 
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et al. (1980) �:taiu� :ht.:11t�nx:5t c!:: Wl�JiX:7tO)j:ba;, 'gll$fft!! (1980) 0) 20�tl"C'0)'11t-r*� 

tiiU*a*z-J§ \,' full wave �--c·tt-L,tut, '1' 7-7 -.:c - r��O)J:t c!:: -�-.t G;: c!:: t.J:. G, ;: 0) 

��i*-1' 7-7 -.:c - fO)�"('l)G c!::*a�L,t.:. � Gv:.:imi:--c-aiu�:nt.: 1:: 7-�:t, Pr ':I 1- --c­

RIU� :ht.: i:: 7-J: IJ *9 16 dB, 5$�7.J;�ij < tJ:. -0 --C \, ,t.:t.J;, ;: :h, 7b 11tM/iJi�O) �O)��· c!:: 

? "£ < -�-.t G;: c!:: z-ffi l,t.:. 

��ft!! (1979) :to J: tf,J-,zft!! (1980) 0) >40 keV 1it-rO)fiiUv:. J: :h,�i, Pr ':I 1' t.J;,t- - P 

7 0) 7 - ?' z-�WG � c!:: v:., 7 7 ':I ?I AO)*� tJ:.l:ffei.t.J;� G:ht.:. "£ t.:, k-0)�0) e ':I -rftl 

7t1fHi*9 60° v:. 1::°-?' z-ffi L, t.:. ,J-,zft!! (1980) �:t, fltffO�jjgO) mirror r,iu�t.J\ ft,{ � - ;v 

Wl�v:.J:t-"t.J�tJ:. IJ {1£1.,,;: c!::t.J:. G, Pr ,y r �!Jf J: IJ ch �1.,,J9r--c·1ttt:t.J�1ffPJ0)1itrO)A!-Ji.J;26 

:t-ui, Pr ':I 1- ��"'CU, *'1-r0)1itt�.:c - ,,< /' r O)t!f::{:f c!::, :k�v:. J: �d&'lsLO)�*t.J:. G 0° 

c!:: 90° 0) l) i., , t.: --c- i::· - ?' z- 7b t, ? G ;: c!:: z-t�1P!Il l, t.:. 

KIMURA et al., (1980) �:t, 40-60 keV 1itr0) 7 7 ':I ?! 7-0)�11:: c!:: VLF 5$}Jf 0)�11::t.J;�Wm'v:. 
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i:j:10) fJ I. \ ;��-�.;;rt, Q 
Fig. 6b. All-sky photographs during the flight of the S-210JA-21 rocket. The location 

of the rocket is represented by a white spot. 

J: " , t§'*1�ffi-t � c iJ. 1:;i, 20%:tl·-ell[mu � ht-= * - p 7 -e. ;q1 ,  i.J. ts:.. 1J 1J£1.., ,�oc--c-t-rmn:. 

J: lJ /ff}Ji!:9 � h 't \., ,  Q AJt§ttiJ;� Q � c �ffi� L-ts:.. �OC 1450 km ��rri" Q ISIS-2 ffi£ --c­

cb VLF 1IH:.5�h ,�i!JiJ;llimU � ht-: (KIMURA et al., 1980) iJ; , ffi£vtai'f¥!J�jfg0)*il8 1200 

km �Ji;&J L..fs:0) --c- , � hiJ;jtgJ:.� P 'T ';/ r --c-wimu � his: cb 0) c IAJ-0) cb O) iJ. viltliJE--C'� ts:.. 

� 0) viiJ• 's'UffiJfm (1980) O)t-rW!!tO)flmU�*"c'vi ,  115 km 0) �)!t--C'Jlj(t-rWOCilB 5 X 

105/cm3 �ffi L.. , jfgJ:.--c-ll[mU � hts:. CNA m,��5si,1.., , Es .:r.. ::z  -O) llim c  J: 1.., ,-if(�ffii". 

HF *�ivflmu� (PWH) --c- v1, t-r-tt1 !J p r :-1��� !H tLT:to J: rf-l-O)iJim--c-Jt�l¥J 

�*�O) .:r.. � ';/ -;,, s :,;iJ;flm1J� hts:. .  � h t)vt�Tt-rv:. J: IJ )ff}]�� htdffetl¥1 7° 7 ;(�� 

iv c J!tbh Q  C**fm ,  1980) . 

4.2. S-210JA-21 �� 

P 'T 'Y r � L.. J: ? � ISIS-1 ffi£iJ�f!B5fl]�jtgO)J{J:.�jWjl!til8 3450 km --c-ji� L.., :;t - P 7 

e. ;qt_, jfgJ:., P 'T ';/ r , ffi£ c \., , ? 3 v::>O)JidJ:.. Q �OC"c'jA]�v:.flmU� tLt;:. KIMURA et al. 
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1g1 1 s-210JA-20, 21 %ffl1ft 1., .1: ? i:f:l, :Lm�� .=tlf*atm�m 7 * 1- ,;. - JJ ""{;' ia � � n t� 5577 A :::t - P :1 �!!'t. {Jllf!3 0°, 90°, 1so0 �:t. -t:h.:f:hwJO):Lmf�, �JJ!, �tO):Lmf �jJIPJ��-t. 
Fig. 7. Intensity records of 5577 A emissions measured by a meridian scanning photometer 

during the flights of the S-210JA-20 and 21 rockets. Elevation angles of 0°, 90° and 
180° correspond to poleward horizon, zenith and equatorward horizon, respectively. 

11 

(1980) �t . '8�® (1980) vc J: '? --c21 %,mt'"(-i!JU � .nt-=m-rw� 7° 

p 7 7' 1 iv � m \, , , fun 

wave �vc J: 9 * 1 7- 7 -�ibO) m�nx::5t c: ��nltJtO)J:t�itjJ 1...,,  t. .ntJ�i!JU{wi c: -!fct 
� t. c: tJ� GWJU � .nt-: :::t  - P 7 e. 7' �t. * 1 7' 7 - .:c - r 0)�'"(-2!; � t. c: �� L,f-:.  'i tdt!! 
J: '"(- i! JU � .nt-: e. 7' 0) 5$��t .  P ?" ,y r �� J:  9 *9 14 dB �� 1...,"'( 1., ,f-:.tJ� . t. .n t  full 
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� s s-2101A-20 %tzlHeMlfirt&OJ ffl�!c&. J::tJ. 1::>flB;ftl£:!:m (��) , di---n�£:!:m (��) 

�--� hk:f:mm� 3 �%E&. f3B;ftl£:f:m�••�hk l) :f:mm��- 3 �%E&, 
2) :f:mm�-rCf�:tJ /. '7 K . .J: Q :;t - P '7 'JJ.�, 3) CNA, � .J: rf 4) 2 kHz .!:: 8 kHz 
"C:'O) VLF El �m�5��. 

Fig. 8. Syowa Station records of 1) geomagnetic variations, 2) magnetic pulsations, 
3) auroral photograph along the geomagnetic meridian, 4) cosmic noise absorption, 
and 5) VLF intensities in 2 and 8 kHz bands. The geomagnetic variations recorded 
at Mizuho Station also are presented by dotted lines. 

�w $ K l � tt- � hkMM�T$��0�0��- c l < -�� Q ;:. c �� Lk. 

,J,::Js:fm (1980) �:. l -0 >40 keV Mr0l\'ia!U*s=*'t:'f.t. ,  7 7 ,y !7 ;,...  0�1t.f.t.21 %�0*5=*tc 

J::t�V9) -0 �ii· ··eti; -0 t::. . ;:. htt P 'T 'Y r ii\ diffuse tee ;;d- - P 7 i:f:r�JR; L J: ? Lt::. t::.'15b c ,1/!:!,b 
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� 9 S-210JA-21 %:t!\UMffiJf&CT) ffl���. J:iJ� 1::>:lt!H�� H fflt?J-, CNA, jfilm��ib H 
fflt:5}, 705 Hz, 8 kHz, 64 kHz �'CT) 13 ����li'.:to J: Lf� � P '7 (5577rA, Hp) ¥ff� 
�fi'.CT)!a�. 

Fig. 9. Records of geomagnetic H component, cosmic noise absorption, magnetic pul­
sation, 705 Hz, 8 kHz and 64 kHz band intensities and 5577 A and Hp emission 
intensities which are observed at Syowa Station before and after the launching of 
the S-210JA-21 rocket. 
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� t�tim L-k. 

'§Mtrfm (1980) O) fl-=f-W_oc O)fm{Jlij"(' vi ,  105 km --r.:·JEt:km-rWoct,J 2 X l05/cm3 �ffi l, , 20 
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HF milsli!J{I{U5E%a: (PWH) '1.:' vi 3 ;fj:ffiO) l�JHift:.. .::r:. � '>' v a :/iJ; �_oc 150 km tJJ::--r.:-tm{IlU � 

ht-: C**®· 1980) . 1 v:::> vi ,  2-4 MHz 0) )Wlilsl��lfflvctti 0 Jt�B"J31Htf�O) .::r:. � '>' -;,,  a :/ 

--r.:- , ViUi h=o < J < fuHR O)�jffl--r.:-,1:9 ;:, ":) "( 1, , 0 .  t-:t!. L- , !L=o, fuHR vi L (Z) .::i:- - F ;JJ  

'>' r ::t" 7 )WJiHt�to J: tf , UHR )Wlilsl��*-t· � 2 0) !7 -1' 7
°
vi , 400-800 kHz vc:ffl.n 0 JAm 

�.::r:. � ')' -;,,  a :/'1.:',  ft{l{U � nt-: miltl�O) fl-r-it-1' !l p r :/)Wlilsl� !H vc:x-t-t 0 l*1-f*vt ,  0.4< 

fl!H<0.6 "c'tt> ":) t:... � 3 0) !7 -1' 7
°
vi, 450 kHz tJ.rO) )Wlilsl�m'1.:' 7'  l::" :/If[ru c 1iti ;J�O) ft:.."tft.I 

iJ��y L-k c � vcfm{l{U � nt-:.  ;:, O) �c· ,  � 2 0) !7 -1' 7' 0) .::r:.  � '>' -;,,  a :/iJ\ >40 keV 11-r 

7 7 '>' !l 7' c �f� VC J: I, ,:x;f J;t�� l, ts:. **® (1980) vi , � 1 0) !7 -1' 7
°
vi , � Tffl:-r c 0) 

Landau �to J: tf cyclotron ���IMlfIU'F ffl c'lWJt9 � n t:.. 7
° 
7 ,·;( �iltllvc' ,  .:t O)-$iJ� 111iti 

� -'E- - F vc�ffi: � nt-: t O) c't!S � c M� L-t-: . "i ts:� 2, � 3 O) .::r:.  � ')' ;/ 3 Yvi, loss cone 

7t1Ji"i tdi, ill!OC�JJtt0-;fJi� t v:::>�Tffl:-=fvc J: I) w� � hk !H UTO) ff-ffl:� .::i:- - F (f!!H 

� o.5 #i!Ic'nlt-1�)¥:i&*) --r.:·as�  c *5� L-t-: .  � 3 0) !7 -1'  7'iJ�.  p 1r ')' 1- If[ruiJ�1iti:1J*JRJJ fP.J vc 
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5.  � b 9 vc 

S-210JA-20, 21 %��·vi , ttl!J:, ffi£ c 0) Jtf*E0 jqj�fmiU c L 't �oi!z� ;h,t-: iJ;,  t. ? L 

t-:tmiUMl Ht1¥Jffi··e vtf)Jllb't 0) t 0) -C:'25 9 ,  t. O)�.iJ� ,  $rt-: tJ:�� Jl!�t®�{@f�:nr*�-!;IJ ? 

!ffl 1.., , t-:i':�vt::k � 1.., , 2::: 1.., , ;t  J: , . 20, 21 %� c t *  - p 7 t::. ;t.. � 3 --:> O)�tJ: 0 �/J.'. Cttl!J:, 

60-120 km 0) P r  ';/ r �IJ.'., 1000-3000 km 0) 1-ij£�/J.'.) -c:- fqJ � vctmiU-t 0 � c vcfilt:;fj Lt-: .  

-t L 1:, -tO)*s*iJ" Gttl!J:-c-wiiu � n 0  * - p 7 t::. 7' �t p r ';/ 1- �lt-c-vt * 1  7' 7 - -=c  - r 

O) rffl-C:'25 0 t. c iJ; � GiJ::. vc � ;h,k (KIMURA et al., 1980) . fl-=f c rlsllb c O)f§Rfi=J!Hc� L 

't vt ,  20, 21 %� c t  40 keV .I;).J:O)� .:r. :f, Jv � -m-=r�iU!Ei"" 0 �fi: l.,iJ::. tJ: < ,  * - P 7  

9e�vc� t *4- 0) ::k �  1.., ,� keV 0) .:r. -'*  1v =¥' - � t --:>m-rO)iUJ£W vt , :ft:lt i- ;h,  't 1.., ,  tJ: iJ::. '? 

t-: t. c iJ" G ,  *5��� 0  i -c:- vc vt\., ,f-: G tJ: iJ" '? t-: . LiJ:. L >40 keV 1[-f- 0) e.' ';/ +fiEJ7t1!iiJ\ 

60° #ill: vc e.' - ?1 � t --:> c 1.., , , �*i*1.., , -f' - � iJ;� Gnt-: .  ,J"::t:® (1980) vc J: 0 *s*O)M 

:¥Rvt , �19?X1¥Jffi:J;tg�fmiU-c-�oi!z � ;h,t-: P ,r ';/ r �· O)fi;ifr�Ji C 't � G vc� L < �tt i- :h  

0 -C:'25 0 ? .  

i t-: ,  ::k*® (1980) vc J: 0 HF m 7
° 

7 ;( '"'<rffll/JO) tmiU*s*-C:' vt, UHR }Wjrffl�iJ" G Z -=c 

- r :n ';/ r * 7 JWJrlsl�vciJ" vt 1: ,  :to J: tf 1t -=f-Jj-1 ?1 p 1- :,,1 JWJrffl�.I;J. Tvcllffi� tJ: .:r. � ';/ v a :,,1 

tJ;tmiu � :ht-:.  r. n G vt *  - p 7 O) �rfl-=f vc J: 9 ,  m�Jlq:r-c- *  - p 7 0)9£� c vi v-ti2fi 

1..,1:*fi-t 0 rHtlbtt-=fffl]Lrrffl O) •ffl� c G x. t-: t 0) � 2i; 0 .  

'8Ufttrftl! (1980) vc J: 0 1t-=fW/J.'.O)fmiU�*vt, * 1  7' 7 -rffl0) 1[ � Jl �� vc :x-t -t 0 full 

wave r* vc J: 0 ttlf vcffl 1.., , Gn, 1t�Jli:p-c-O) Jmtfr$-?��$iJ�tmiHIBI c �pmvc J: < -lfc-t 

0 t. c iJ;ffi � ;h,t-: (KIMURA et al. , 1980) . t. 0) t. c vt , P 1T ';/ r }C J: 9 rlsllb - fl-=f O) ;j:§]Lfp 

ffl O)�«�M�-t 0 vc vt, fql !r.fvc 1t-=fWit�iUJ£-t 0 &f�i1; 25 0 t. c �ffi L ,  :ft:lt!t:l:vc:x-;f 

-t 0 Jiix L 1.., ,tUJ!JHc t iJ::.iJ::.:b Gf, 20, 21 %�0) tmiu� § iJ�;@i-!;!JtJ: t 0) -c-25 '? t-: c 1.., ,  x. J: ? . 

Mf a$ 

s-2IOJA-20, 21 %������ c �vc�of!i Lt-: , �17?XT¥Jffittl!w:xwiiu��:1f�O)Jr!fJfiltk 

�:1f�:tlt, f'l,%���' 1J\tHB J.Ul, •tU-=f{�, tj:i#,lm=:, t:;t(�t;JO) P r  -;, r ��m��J t 

u J: tf ,t O) ftl! 0) �17?X�:1f�Jl.vci* < �MUk L i -t. i t-: t. 0) 20, 21 i}�O)•tf� -c:-25 0 EC  

8::k�I�$:;t(tt•••�K , �•tt�O) Jt*iJ" G -f' - � O)fi;ifri �:tlt��K:bk -? 't U� 

�T � -? t-: t. C vc:M U� < UtL$ LJ:tf i -t. � G vCIJBfQ�:l:tg-(' O)  ISIS ffi£'.:fl:,fa� �.llffi 
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!l!f&f�m c �[q]-·e�nw:� h  -c " ,  0 �i&ii'ffl:�TiJf§tfflO)t'l00�7(�, }�UIHit\��v�� < :totL$ 

LJ:vf i --t. 

ft�K � O) µ � � }, ���tt� � ;h,k�ft��TiJf�fflO)�ffi�fi�, ����fi�, :to l  

� µ � � }, �•�O)fil����1:�m�•�� - � O)m��fi �k�ft��m�m0)•*& 

��v�� < �W3& L i --t. 
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