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S-210JA-20 and 21 Rocket Experiments
—General Introduction and Summary—

Hiroshi FUKUNISHI*

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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L hbit, 1976F X KGRSO B/NIC Y, BMEN EECfET S X5 Ridv 4 —
v OHBIZERCERE oD T, 4FHOLEMHIKRERHH T o7, i, ISIS HE
BHOBAT - 22 RETHIediL, EEfEr, BBEEEENERTEZBLTHrF &
D CRCIZz2=V FEEEZ DO UHH LT RERLEWVWDT, SEHOFKELEHD
e DEELWHIFIE fn o7, LasL, HMBKIEEO27TH AL T4 L, HBKEEH
A&, F—wsHBEIERCAEEEL 1 » AULEHAOTEL, Zhicdb® TALHE
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210JA-20 S 1%, 19765 6 A24H 2340 UT (Biduhsfi25 H 478 2 R404)) 12, 215443,
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= D S-210JA-20, 21 BB T A4 XV b2y ¥ 3 VO HENY, FEOERERLRL,
F—r SRFOASCH > TRETHUBHBEORERBELIRANCHOL AL THS.
ZOHETIE, vy oy VEROBEL RN, BORBUBEROMEOMRICOVWTOE L
DEITH.

2. oy P EBROHEE
S-210JA-20 ST AN AT T, HArMH 135° 10f 82° TRHIh, BREIEEE 117.9
km @& Lic. —F 21 BEMERERC AT THAMA 315°, (1A 82° THREZh, REF
EEE 1158 km &L, RIRKIhbLrY y bORL > F—2%, Hlitey » 1D
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# 1 S-210JA-20,21 SHRL 57— %
Table 1. List of the flight record of the S-210JA-20 and 21 rockets.

H H S-210JA-20 S-210JA-21
RLr>%AR 1976. 6. 24 1976. 7. 26
L x 5wz 23h 40m 30s UT 00h 23m 00s UT
E5 ETA 82° 82°
R FA 135° 315°
BAIIEEE 117.9 km 115.8 km
BRABZRERM 166 s 163 s
yi b= 3 142.7 km 144. 7 km
2RL x5 K 5min 26s Smin 26's
HT AL 85.3° 344.6°
A v BRRRSRE X+46s X+45s
FisE (BASR) Wefd X+60s X+60s
5 VA — X TR 5Smin 26s Smin 23 s
BHRSEE 40.5 kg 40.4 kg
EHERE 18°C 25°C
HERE 70C 26°C
RS ESR —26.7°C —22°C
Fegtr it b EE 5m/s « NNE 7.8 m/s « NNE
x & i i

PWL PWL
PWH PWH
BRGTER NEL . TEL NEL . TEL
ESH ESH
GA GA

AR T. CORXVELRRL S, 20,21 SHELSERORL x SHmL, HHLET
FRFOSG AL BDRE Th 85.3°, XU 344.6° TH ol Thi, 20, 21 SEITH EF D
Rt EEED Smfs 33X 7.8 mfs s h kEhofchked L Bbhd. 20 BEOER
T3, M2almdhs X5 ISIS-2HEN, =7 v FRL x 5 HRRMEMOEF 1200 km
EE 1450 km THEBL, FhF0200#iy, ISIS-1 HEMZER CHEREERH 2000
km THEBLA. 21 FEORRTIK 2b @Rdhd L5, =7y PRLU x5 ISIS-
BEN, BREMOITEEYBER 3450 km THEMB L7,

S-210JA-20, 21 BB I W REE L, UTDOS5>THS.

1) VLF #¥EERIE (PWL): 0.2-10 kHz # DB - BB A2 b LD JIE.

2) HF #§E8HIE: (PWH): 0.1-10 MHz #BHE A< 7 + L OJIE.
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Ground tracks of the S-210JA-20 and 21 rockets.
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Fig. 2a.
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Ground tracks of the sub-satellite points of ISIS-1 and 2 in the S-210JA4-20
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3
N

=27 7r —TRLDHBBEFEE - RED
SRR (GA): 75 v Z7AX = RENFIR L B v » Y EEDRIE.
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o © JULY 26,1976
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Fig. 2b. Ground tracks of the sub-satellite points of ISIS-1 in the S-210JA4-21 experiment.

—7%, ISIS-1,2 1213, 0.2-30 kKHZ D BHE AR 7 F A PIET H BB EH IR TV 5.
VLF ##EERIES (PWL) DM RSB AR RIX, KiMURA et al. (1980) 1= X b, HF # i Bhil
Eas (PWH) OfERI1x, KK 1980) wk b, ¥ -BETEERERESR (NEL - TEL) Off
Rix, Bl (1980) Iz & b COHEDERIF[EHNTHEI TS, Th >40keV KT
?ﬁu%%%m%‘%ai, NEM (1980) iw & b, HBEKREHF (GA) ORERXFIL - EIL (1980) i
Ihhoryy tOBARKBRE S LTHEIh TV 5.

3. vry FRFEOIRE

X 3-5 XNtz AE index BXOH —r SERMET 51008 RIFT (Syowa Station,
Mizuho Station, Tixie, Dixon, Kiruna, Reykjavik, Narssarssauq, Great Whale River, Fort
Churchill, Meanook) #s X ¢f Kiruna & i2i¥[F URRE THEECET 5 Kiev, Thilisi TH
DRIHBRSEL (HB) »oB btk e, 20,21 L b2+ 7 A b — a0 expan-
sion phase IS LT Hhde. & b bIF20580FT S L2 6 A24H 1635 UT © SSC T
¥ o BREORFTHY, FHRE. vy o FRHAMEOF — v S OREIIK 63, b 04
RKH 2 SBEHIRINS. 2088132 KICJEMN 5 breakup aurora wiTbAEhiz. myr
PIAIARS D7 =22 - TRL 25 LicT &3 n5. —F 21 Bz, diffuse 7+ —
B 5 DEMHREM edge 2FEBLI. O LEDOF—r FBER, K7 OMBITFHRAERE
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B 3a S-210JA-20 E4#%57# D AE index. » & v + R4REZ (2340 UT) (2 FHEE R TR
ThTws

Fig. 3a. AE index in the S-210JA-20 experiment.

Launching time of the rocket (2340 UT)
is represented by a vertical line.

S-210JA-21 ( 0023 UT )

JULY 25, 1976 JULY 26, 1976
400y

(un

B 3b S-210JA-21 EH#$55181#% D AE index. » 7 v + &%) (0023 UT) (ZEEHR TR
ThTwab.

Fig. 3b. AE index in the S-210JA-21 experiment.

Launching time of the rocket (0023 UT)
is represented by a vertical line.

74P A=XDRBTELOND. 205HTII, S57TTA COF — v SHED ¥ — 712 35 kR,
my oy PAGEBLIEBHIMFETOF — v SHEIIH 4-12kR THD. —F215H TR, ¥~
Z7136kR, my o FEABEMOA — v SHEEIZF 2kR TH 5.
CORMOETHIUINCEBERBBRIINS, I TELLhSD. 05ERL x 5KD
CNA 12, # 0.3-0.5dB, HRZIRENL Pi 21 F&RT. ¥ 8kHz MEDO LR AR bR
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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-210JA4-20
rocket. The launching time is given by
a vertical dotted line. ‘

4b S-210JA-21 BSHEFEA TR O R /it

MK H BRAElL. =mry b R
(0023 UT) R@ifr Tm&h%.

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-210JA-20 and 21 rockets.

given by a vertical dotted line.

The launching time is

X5, FHur—rseARBHAIh., —HA5HERL » 50 CNA | 0.2 dB, #RE

SURENL, Pi 24 7T, SKkHzBRED LA B e AR o TWBZ L5,

4 ®ry V TRNS R - KT - BIEE

4.1 S-210JA-20 EHLER

20 BEHRL x 58, M ETEAEIW A —rSeaiiery FCHERIZINE. KIMURA
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Bl 6a S-210JA-20 ERL x >+ ~rn 532KH2SEH. vy FOMBIREED
FTHVATRERD

Fig. 6a. All-sky photographs during the flight of the S-210JA4-20 rocket. The location
of the rocket is represented by a white spot.

et al. (1980) 1XBR S Wic BB L BEBRT O Hond, BWih (1980) D205 TOETHE
BRERE2H full wave IETHE LIc kA AT - — FEDOHE—FKTHZEnDH, 20
BiHAA AT —2— FOWTHD LiERLE. SORMETENIRL LR, vy y b T
BHIShice 2X0# 16 dB, BMENRF L - T iedd, Thd BREBEAOBEOMEER &
5 —FETAHZ LR LI

B (1979) 3 XOUNEM (1980) © >40keV BT OBAC L, =7 » bdit—n
SOT7T —rRBYB LR, 75 v 7 ADKERERBRZ ORI, Fh, TOEOY Yy FH
SHZH 60° 1 € — 7 &R Lic. /NES (1980) 13, FEFIEM D mirror FE, £1 K-
BBCHERMEVENZ ELD, vy » MEEX D IFVIITHIBRTRIOBFOASNEDH
hE, ryy MEETE, NFORSE -2 VIDREL, RICIBHELOHENL 0°
L9 DHWKETE—2%E DI D LxiERHLL.

KIMURA et al. (1980) 13, 40-60keV BEF D75 v 7 A0ZE L& VLF BEOEILIIEE T
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B 6b S-210JA-21 BERL x 5Dt —r 2RI 2FEE. rryv FONBIREED
FOEVWRTRERD

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.

IWHBEERT 2D, 205 TCHEIRh A —r T e AL, 2RVEVEETETFIRC
VRSN TV SRR DD LaRE L. ®E 1450 km RT3 5 ISIS-2 #HET
3 VLF #cid EEH 8l X uie (KIMURA ef al., 1980) 7%, & RIIBAEHO B 1200
km ZFBLIOT, ThiMi ke sy v P CHEIZ WL DLER—D S DONIZHETE
w.

Z DEMHERD (1980) OEFEEOBRBMERTIL, 115 km OFE TRREFHEERN SX
10°/cm® 7R L, HETHRAIh CNA BRCM Es =2 —OHB L LbW—Fx R,
HF #38hERise (PWH) Tk, BF ¥4 7 = b VEAEK fu UDTE L OroRE g
o= s v v s VABREZh., ChORETEFCI VIR INICHEN TS X<
FLBEbhsd (KFEA, 1980).

4.2. S-210JA-21 kB3
vy FRL x 5H ISIS-1 HENBREMOE F4 EEL 3450 km CTEEL, -7 5
LA, HE, rr o b, BRLVS3ODELIEETCHBICEHIE X Iz, KIMURA ef al.
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S-210JA-20 S-210JA-21
JUNE 24,1976  JULY 26,1976
50 5.0 j

5577A INTENSITY (kR)

L1 L1 1
0%S) 90° 180%N) 0°(S) 90° 180°(N)
ELEVATION ANGLE

7 S-210JA-20,21 SR L x 5, HWEBKTFFHERRE7 + b2 -2 THR S h i
5577 A ok — = SEAEE. 5 0°, 90°, 180° 1%, ThZhMo ¥R, KK, doi ¥
BAAEET.

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.

(1980) 12, EWfl (1980) 12X - CABKETCHRAUINLCBFEE v 7 74 A% AL, full
wave IR LD FA AT —EHOBHHD LWBRTOLEARL, Th2BREE: —33
ZZENLBEAEIRIA—rITLRIY, RMIATF—E—FOETHAHZ EERLI. FicH
ECHA IR AOHRER, »r v FEEIVH 14dB ERELTCWED, Zhi full
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B 8 S-210JA-20 BHsR AR O FHBIGEER. b2 HREFIEH (24R), A (B4R
TEB S W RS 3 B atsR. ML cEZ R 1) RESIRE 3 o is,
2) WHKSFFBRI AT IS+ —r5EHE, 3) CNA, X0 4) 2kHz & 8§kHz
To VLF g ABIRE.

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.

wave X WHBEINA-BHETFTHSREBOEDORBEREL X —HTHZ xxrmLT.
/NEAD (1980) 12 & % >40 keV BFOREFERTIE, 75 v 7 2A0EALI2IFEEDOHE BRI
HARPB2nTHhote., Thitery b2, diffuse et —r 52 RL 25 Licicd B
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JULY 26,1976

NN

00 s_z100a-21 o1uT

B 9 S-210JA-21 SH§RestRith D #BIRNE, b2 DHREK H B4y, CNA, MpKIRE H
B4y, 705 Hz, 8kHz, 64 kHz TOHRABRRERS X O — v 5 (55774, Hp) /K
SREE DTS,

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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hb. o FANTIL, 205K ERAUH 60° It — 7% b oo, 205 EOBE LY
BT oL E— 2R L. Lzl 60° (580 ¥ — 27 DFEFER, 2050 BEI1z L
IRV, BB W TR IBRR B =2V F —BTOAHND o722 &R
35 (/NEft, 1980). KiMURA et al. (1980) i3, VLF g&fE L >40keVEF 75 » 7 AD
MBI AHED Xz thb, vy FCHRASh I —r T A ey VEEMET
RZEINTVWEDTERL, bobBWEBETRES SNEI MBI LT EmREE R &
» IEfE L.

B (1980) O EFHEEOH R TIE, 105 km TRABFEERH 2x105cm® #7571, 20
SHOBE L D LN Eh o, R km YT TS ETCHASI N BT HEDOH, 205
BOBEI DY REL L ->TWAD, U215, diffuse /et — v F 12 THRA EFhiz
o Bbhad., ToOFBRITERM (1980) 28R Lick 51, my v F2GEM LSBT O
d—r 5 OMEN, 205EDOEB AL 4-12kR THBDIZH L, 215HOBEIL 2kR Lok
DINEITE Hdnds B3, CNA (3202625 0.3 dB, 215 #at 02 dB & Fhig Edrn\
TEERIGLTWAEREPbRA.

HF # i #hileEss PWH) Tk 3 BE0 R = 3 v ¥ 3 VASEE 150 km L ECTERAIX
hic (KRFEfh, 1980). 1-0i%, 2-4 MHz O B HEECH 5 HBAVSRF RO = 3 v v g v
T, BIF fi-0 <[f<four DEETRZ o T 5. XL, fiwo, furr 3 L(Z) E—F%
v b4 7 REHE XU, UHR BEHEFET. £20 %1 713, 400-800 kHz wBh 55
BH=3yvav?T, BAINCARROET VA 7 = VAR 2 12T 58RI, 04<
fifu<0.6 TH ~tc. B3I D24 713, 450 kHz LT BEHETA Y vl BB O T
DA Lic L Il hic. SOFRT, F20247D=3 v g v, >40keV BF
75y 7 ALFEC LI WRINESR Lic. KFEfM (1980) 1%, 10214 7%, BETEFLD
Landau %l3s X 0¥ cyclotron BIIMBHEEER CRHE I N7 5 XA<EET, TO—HILER
Be— FREBRINIDIDTHA LR LI, T2 &30 3 , v 5 1L, loss cone
SAERIL, BEEGES i B TETF L VHREIA I fa UToMEEE - ¥ (f/fz
=~ 05 fHETHRERRK) ThHhorEEmLic. £30 x4 725, viry FEDBAES T
EDR EBRIZI RO, £AR=AT VT FOHEH, BEOGEHRHAE—FTHicd LR
R,
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5. ¥ b Hh K

S-210JA-20, 21 SH&EEIZ, ik, B2 L ONEHRAKBEAE LTEBIhc2, 251
AR ERTIMDTOLDOTH h, = OXKED, FirekBaBREM R ELD
FLABEIREVWE WL X ). 20,2l BEELI A —r T e AR 3IODRLIBE (GbE,
60-120 km @D » » o FEE, 1000-3000 km O FHEFE) TRFCEHAT S LTI L.
LT, TOHEELDMWETHRAINSF —rSeRAlry » FEETIXRI AT —E—F
DFETHBHZ EXP LT INI (KIMURA et al., 1980). KT LB OMEIEAWBEL
Tix, 20,21 5L b 40keV EDoR=3 ¥ -ETEXRAETIEE L1, #—r 7
EXCRIFTFORZEVE keV Dz XV F -2 3 OBTFORERL, HEHILTwich -
Tel &b, BEREBD ETRII bl oz, Lzl >40keVEFOE » AR,
60° fHEICE— 7% b 0LV BERFEWT — 2238 bhi. NEM (1980) & X BiERORE
Fux, BIOREEABEAR CEREIhicrr » P EROBHXZA LTI LHF LRI h
5THHH. ) ,

F7c, KEM (1980) 12k 5 HF #7 7 A< Bl R Tz, UHR BN 5 Z <
=y bFA7EABERECHTIT, BIVBFHA 7o b VEARBUTCESE =3 y>va VvV
DERIh. chbiA—rSORETHFICX Y, BEBH T —v 5 DRI LIFFT
UCETT 5 BB FHREEROBIEL & b2 b DTHS.

Bl (1980) XA BTFEEORABERIL, w1 A7 -FHOBHREEBCT 5 full
wave HEICX BETERBWOH, BEBTCORBMRCHEENERMELIEEC L —FKT
5T Ehm&NIc (KIMURA et al., 1980). =Dz &iX, = v P X DB - KFOHEAME
AOKELRATHCR, ARCEFEEYAETALERSSHZ LR, HREECH
THELVHRC S »b b3, 20,21 SEOBAPHEZELd D ThHote bz X 5.

o 3
S-210JA-20, 21 BHERZEHE L £icEE Lic, FITREBRMIBERIBRBLBROFTEER
MAB R, MBEES MMERERE, EFFE, wRT, CRE#EO Ry » P RREYKA,
BIUOZDOMOFEITRELK AR BHE LET. Tz D 20,21 SEOBREZETHHH
WAFTERANEREAB , RRETEOIE» DT — 2 OFNTE TRMC LI - Tttt
BT ol LN LELS BB LET 7. LMt co ISIS HEZEYEIIE
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BT &R RATEBES T2 BEEE RPN OMHEXRRK, BEEARKCE BLH
LEFEF.

RRCZ DRy » b EERYHEI W EZBIY R O XHRERER, FREFERER, &
O'ry oy FEBRROMAN I BHBEEER T — 2 OBFTEAT o BB OB HF R
—RICHR AL ET.

b4 ik
B B2« FILSTHE (1980) : Bl = 7 v b ORES. AR}, 68, 122-128.
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