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Abstract: JIKIKEN (EXOS-B) was successfully launched on September 16, 
1978 into the orbit with mitial apogee of 30056 km and perigee of 227 km, with 
mclmation of -31.1 °; the orbit is smtable for the investigation of the wave-particle 
interaction process m the plasmasphere and the magnetosphere near the plasma
pause. The analog data transmission system is used and fine structure of the 
dynamic spectrum m a swept frequency range from 10 kHz to 3 MHz has been 
obtained and wide band spectra from several 100 Hz to 10 kHz. The important 
wave phenomena obtained by current observation of JIKIKEN are· 

1) Auroral (Earth) kllometric radio waves; 
2) Upper hybrid mode emissions; 
3) (n + 1/2)/c emission where lc is the electron gyrofrequency; 
4) Prmcipal phenomena of VLF frequency range, such as whistler, chorus, 

and hiss; 
5) Pure tone emissions (narrow band emission) m VLF range , 
6) Artificially stimulated plasma waves and observation of plasma para

meters; 
7) Planetary radio waves; 
8) Solar type III outburst. 

As a prehmmary approach to venfy the wave particle mteraction processes, m
vestigations of the energy spectra have also been made for the cases of the UHR 
mode plasma wave and the pure tone (narrow band) emission in ELF and VLF 
range. UHR resonance with long duration has been triggered by 500 µs pulse in 
the stimulated plasma wave expenment; the resonance persists up to 125 ms, even 
m VLF range (below 30 kHz); and the electron cyclotron resonances are stimulated 
at very high harmomcs number n, in the maximum case, sometimes n=20. The 
plasmapause electron density distnbutions are obtained from these resonance 
frequencies. 

The inJect10n of an electron beam from the spacecraft stimulates electrostatic 
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waves and also causes turbulent heating in the surrounding plasma Bursts of 
energetic particles of keV energies are frequently encountered outside the plasma
pause 

Future programs of the EXOS-B expenment include the VLF signal obset va
t1on transmitted from Siple Station, Antarctica, and coordinated observat10ns 
with the EXOS-A and other IMS dedicated satellites to reveal the source and 
physical mechamsm of auroral phenomena m the magnetosphere 

� �: Ttil:%1Bl1m-EJi, 1978 :¥ 9 J:J 16 a JtZ�rJH:.Ja!:l:ttS\ 30056 km, IU!!t� 227 
km, i!Vt�ffi#4ftEJ -311 ° -CtJ'bJ::vfG.tLts:. 2::".0)i!Vt�v:t, 7'57.--;,;f-;(�:tl1l!;IJ 
0, ���Tfflli�m�•�Lm�-toO)K�Lktlt�-c�o. m�, �<O)�* 
iM� Gnv::iv::i�o. 2::-. O):f4rj�Ji, 7 -J- P ;7 *0)7 - !l {��*� 1h "? -c1, ,-c, 10 kHz 

iJ,G 3MHz v:::.�0J.t1,,f,';1��'1tH::.bts:--?-C, 450Hz iJ,G lOkHz O)ZW�rpIJ-C�il\.11 
m*� CG;{_ Q 2::-. C iJ�'"( � Q. ::t�tu:Y:Lt, 2::-. O)iRtli!Jm�v::::.M.& L '"(' ri<,]!:0)1t%� 
t!¥RB"Jv=. i c obt� 1h 0) -c � 0 
m�, liti'.%1:lf:itj£ -Cffl7J!IJ �;hv::iv::i � Q m:�tJ:�ibm*vi, 

1) :;t - P '7 q=- p ,1, - r 1vll!laz!1,t 
2) ;%�,,-.. 1 7' 1J '/ 1- .:.i:- - 1- mt# 
3) Cn+ 1/2).fc 1.&Af, (.fc liffl'.T:/ -t, 1 P Ho��) 
4) � 1 7- '7, ::z - '7 7- :J:a J: D- t:: 7-.. c 1,, "? t�::t�t.c VLF m%{ 
5) VLF f!fii)Jx;O)W.M!TI (�7g:!)Jx;) mtttm* 
6) AIB'Jv:::. )WJi!] � .tit� 7' '7 7-'--;,iRt c -t O)J,tJJ:H=. J 0 f '7 7--.--;, ,,� '7 ,1, - !l -

O)H{RIJ 
7) pJ£7t� 

8) !J. 1 7° III ::t�i,��,,-, - 7-.. r 
'"(�0. 

�!lwfiLTtEllifFffl;�tfil�m8J'J-t 0 �-W'.�i c L -c, �.ii.TO) .:r. -t- 1v=t- - 57"-;;{ff 1h � r /TIil 
� .tL t-:: tJv:::., UHR .:.i:- - F--? ELF :J:a J: cf VLF 11;:az:\H c O)Jtft,�;Rob 0 2::-. ch� 

'"(· �k it-:, 500 /tS O)qJ&\O) RF ,,�;v;z..v=.J: I), n=20 i-C·v:.�0-it-1 ;7 P r P 

:,,; ,'i!h�Fiil�--?, 125 ms fb9 it :1,HJc-t 0 UHR :az!f'th�Wi<lllJ�.tL '"(\,, 0. 
� G v=-4-�, r c �vt !vJ -c·vt, 2::-. , Ltd&mu�m� L -c 1,, < iJ�, = nv:.JJu;t, 

rniiO)-it-1 7° 1v-C·fMJ �n 0 VLF ��0)'.3t{i:J:o J: D-, EXOS-A--?51-00 0)\, 'nv9)o 
IMS ,ffrJr_ (ISEE, GEOS) c O)j�!P]M,{Illl tfi1, ,, 1tti:%�v:.J"vt 0 :;t - P '7 m*O)j]-( 
��j(BJJ L '"(1,' <. 

1. Li lj r}) p: 

11.:�vt/vJ vt, 1978if-9 A 16 B 141:rJj-, M-3H-3 µ 1T ,y HcJ: �nx:�tJKti'bJ:.vfG;h, 

t::.. �A� n t::.:tJJtt:Jrt't�v:t, iJJ::tt!t� 227 km, Ji:im }i 30056 km, 1lvt�ffii1ft.J -31 ° -r::.- '&.> 0 t::.. 

1.:�vtlvffi£v:t, IMS :ttJrn,jvcti'bJ:.vfG;h,0, 1,,,;hvg:i0 IMS i!tL!IO)-ffi'a:'1PI�? ib 0) 

-r::.·, ��[mvc:t-ovt 0�!W1tl-=ftEl1L1'P.ffl 7
° 

P --t: 7� 'a:')W¥�-t 0 ;:_ c vc, /c O)m-0) § fflil�'&.J 0. 

::. 0) �!vfil -=ff§ 1L {'P .ffl v=. v:t, tk 0) � :rJi § vc ht::. 0 --c H@i � n --c "' , 0 . -t t,r. n 'b, 
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1) 7
° 
'7 ;;(""<iEtibffJJJt9�� (SPW: stimulated plasma waves experiment) 
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2) {1£:to J:: U r@i JiiElm § � 7
° '7 A-""< iElifJ (NPW-A: natural plasma waves-astronomy mode) 

3) ,m{1£JiiBtm7
°
'7 ;(""<iBtib (NPW-V: natural plasma waves-VLF mode) 

4) :L'fg;fjc@l�:to J:: UfflwlvfEf*iEt (MGF: magnetic field measurement) 

5) ffl� :to J:: U 7 :,, T -r 1 Y 1:::.° - !i':,, 7.. v::::. J:: G 7
° 
'7 A-""< Ha:lU (IEF: impedance and electric 

field measurement) 

6) 1'1U�fflr e:-- .b. vC. J:: G 7
° 
'7 A-""<iBtffJJJt9 (CBE. controlled beam em1ss1on experiment) 

7) .:c.:t-1v=¥-f_ft-y7..----:: � r 1vHa:lU (ESP energy spectrum of the particles) 

--r:-ct> 0. 

r:. � vt lvVNJiJiii£!llll 90 kg, ii£#U�ffl1HiJ&:}( 28 W :ifl:L53 21 w -c,j; Q. L t..:.iJ� -? -c, 

���ibfHi��l¥J--r:-tJ: < , If.I. ,v:::.t§If.=f�O)fJ: '- ,r1:1j"C:·:@i1I:JbfF���iHRifJf'p � �t '-, < 

&;,�tJ�j; Q. "i t..:.�t��:Hi, -th.:fn� < 0)/!!, '7 /. - !J -, t..:. c ;Ui'.3I:��tum. JBMi!t 

t.,, JBM JiiEl�. l=P:bUffi'.EE���1t � -1±--ctmmu--t Q &;,�iJ�j; 9, ;: ;h, G O)�ibftvi't-'"'-C 7' 

- !J - ��to J:: u ::z ""< :/ F'ilnlt�t�� t ":) t..:. 7' - !J - 7
° 
p -t 7.. :=i..-=- 'Y r (DPU) O)f-pif]v::::. J:: 

":) -c, 1f�l¥Jv::::.if£-tt � n "'.)"'.)tu�� n -c", 0. 1979 � 3 J=J ffliiE 0) nlt*vi, tJ T O)Jin 9 --r:- ct> 

-?
t..:.. 

SPW (stimulated plasma waves) 

1) �ifVL:if�)::::.;t::>f..:. 9 ( L, t..:.iJ�-? -C, 1[ r-it 1 � P J, P Y JiiBt� 6 kHz c \,, 5 ff 1., '!cfi t ct> 

0), 1��,,--17·� 'Y F:;!t��fuHR, 7
°
7A'""<iBl��r.t fp, fflr-it1 �pr p :/;ft�� nfc iJ�tmiu 

�;h,0. 

2) 7
° 
'7 A-""<iEl���fp vi, t..:.tc. L, 7

° 
'7 A-""< ;t; - A'O)t,i-,at� --evi ��tdifftJ:JH::::.#1. ,, 

7
° 
'7 A-""< JiiBt�;irr,f#--r:·iEl�iJ�JJEU Q t..:.'ch, f.J!IU L,v::::. < < tJ: -? -c1.,' <. 

3) ��v::::.bt..:. 9, 7
°
77..'""<iBl���vi, m•�O)ffl,frv::::..ftl,-CviGiJ�v::::.��F1c1J (fuHR ;,��� 

O)�,fr, JBM,,:c_1v7..vi 500µs v::::.xtLJ&:}( 125ms v::::.�-t0) v::::.bt..:.0ftl'iWGiJ�j;Q. 

4) 11tr-it1 �Pr P:,, r@J�iBt���t 7cO)ftl'ml�F1c1jiJ;�< ft:.0iJ�. �v::::.a:§�rfi.U0,1� 

vi, 7cO)ftl'm�F1c1jO)�JjiBt?x� n �O){trfftttJ�§/3 GiJ�v::::., �f""< 'Y � 7.. tJ ;r. IV� ( e:'- A�� 

7 :,, c:J-p 7.. ::z - Yml) O)J!fft:B-1ffv::::.:xt� L t..:.�--r:-�n Q;: c iJ��1., ,. 

s) ��,,--1 7· � 'Y r���naiEt�tJ� Gvi, fflr�f!ttJ;IEWfv::::.itmu � n 0. %:v::::. 7
° 
7 A--_., ;r-
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- 7,'0)W1-:©iJ�:Jtj*K.>1<00 Gh, J:!!2��&i!JrJJJ!tHH� Kp O)J:ff/::k cc t v=., 7
° 

=:; 7,'-_, ¥- A ,J)(v: 

�/J�irrJP LL v)) < 1*l ffiiJ� �JHit�C>.K ob G n 6. i t.::.' � !J µ v=. Ji!,t.::.:l»Jit, 7
° 7 7, -_, ,f- - A 0) m 

rW13/Hi, ll!H=. 70 % �=- tJ!-t 67(�t,evp G � '1:'W'llU-t 6;: c /J:-c� 6. 

NPW-A (natural plasma waves-astronomy mode) 

1) :-t-- µ =:; =t- r-z ;J. 1, Y 'Y ;7 � 0) 7, � 1 1, ;1,,/J��iaw:::.tilJlU � JL 6. 

2) ;;J- - 12 =:; =t- µ ;J. r Y 'Y ;7 � 0) 7, � !I r 1v�!IV1vt, ... c 0)5e1J!Jft--c t{Ff-1J-1 ;7 1-1 i ,=- :,, Ji.J 

i)Jt�/J) G rWii.CTX"' 1 7 Y 'Y r J\i;:Ji&�K-bt.::. 6 "'1 7' Y 'Y J, -e - F 7
° 

5 7,'"'i&1.&,Mf'1:' L--C t, 6 c 

-t 6 c �. �J.[ix'�/��1 250 0 km-IOOOOkm r::.bt.::.6�JiiEJZ--C'JE1: L "(\,,6. ;: o)fiNkJ1<--C7�Jt��c.. 

'fl.fi�=-ffiJJ < '�Vijjv=. J: '0 -e11n;! � n 6 -e T 1v c -I1{'1:'�-t. 

3) ::tJ� :!l 1 7° III,,� - 7, J, /J� 30 0 kHz v=.:bt.::. 6{!£1,, ,J-;i;Ji11H�r:.bt-: 6 i --Cl!iIJlU c }t � c 2-"" 

vc, ;: 0) !J 1 7° 111 �vi, 50 kHz ft;[iJ=.$/J: 6 � boo --C {££\, ,frD1&1l£1fiO)!fl* '1:'{:l '/-,:I., 6. 

1000 r-2000 r :i[\, ,fif1Ji, 0);[�'1:' attL\ L --C \,, 6 c M;¥R � ,h 6. 

4) * fil"" ;7 ], ;J. - r Iv VJl vi, ::tJJh !< 1 7° 1I I �! 111� 1J!d-t c fJ'l 1rJ L --c , rrM�n 0) t_�jf& c c {) 

K .. JSj{&�/J:-f /J� 6;Tff--C 1=..f 6. 

5) 7
° 7 7, -_, fmJ'C) J: tY1�:xHlfl1=1.--c fl, ,�%.!EJZ,,, 1 7' Y 'Y r' cu HR) hJcM CK®)c..v:t:. 7' 7 ;/, -_, 

t-i;iiJ1z�c UHR [i�jVJi?lx:vC..:bt.::.6) iJ�}),]!t:vC5e�-r 6/J:, ;: 0) UHR .:L � 'Y '/ 3 YLt -,, / IJ 

7, '] ;:,: JI, :J}1p /), s it-J-h 6 .:L * )V :t--ti-=:_roy�ft[ C Jtrt- LL t \ Q. 

NPW-V (natural plasma waves-VLF mode) 

I) 7
° 

=J 7- "[TIHfj--C'vt, * 1 7, 5 -i:: - F {1:/liJ; t-l /.<f.s: H�i,bl--C JJliJlU � ;h, 6. t-: c x. �%.., J{ :; J, 

iJ:��IITJfl�v=.JO:if-t 6 OjJ 0)"' 1v =;- ,,� 7, ;J, 1 7, 5, * 1 7- =:; Wi!f!f11J;�!P_ht.ft-=f ,ffl1Lf'F#J o) Uitt�\;'<l.."' 

-1:vt--C, �t-:t,e'�ft?-ivJz�1=.ts;-t;1 7, 7 ], � -);'- }-'_:i::_ � 'Y '/ 3 / (whistler triggered ern1ss1on) 

2) 7
° 

5 7- -" f£10r-Ut'.ftl[ /" O>/g Ji i' <b "'::> VLF, ELF t::. 7, IJ;i&JlU � h 6. 

3) 7
° 

7 ;(-_,¥-A��;-(.. 6 C' VLF ,m O):r.. � 'Y '/ 3 / n, 5)U1lwJZ¥:l: ( Lk/J�-'") �;:, tiufl 

tce-�fivf<l"'::>i 9 pure tone '1:'jj�-t;: c iJ��I. ,) '1:'1r�-.t. ;: o)fili_O):.r.. � 'Y S/ 3 Y\t, ��i �Ml keV 

0) _:i::_ :z. 1v :t--'i[-=f· t::. - 1.-.. O)�{T{E c J: 1. ,-·ix'1:'if� L --C \,' 6. 

4) UHR _:i::_ � 'Y s,, 3 Y/J;, VLF 1M (10 kHz tXf) �=-A0faUxiJ•J06. 

5) 1/2fc 1'1°1i:.O)_:i::_ � 'Y '/ 3 yiJ;J,l,Jii��=-tt]1JllJ�h6/J;, Yc;rHi, U"i Uf, � "/ '// y,,::. 

Y F ( J;,I( 1r1 m,k _:i::_ � 'Y S/ 3 Y 0) �t1 nWJ; r_N Jix. � ;h --C \, , 6 ) '1:' t --.:> --C 1. ' 6 . 
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t.c:tu, C(!) NPW-V iliU-evt, 1979� 7 JJ-8 JJvciJlvJ", Siple rnLt IJ55Af�hGAI VLF 

ffl�vc J: G ASE (artificially stimulated emission) �'.3tv:r, ASE 0)55� 0) ;1. 73 .::. ;( A ��66 0 

llt�t.c�#�, fft:W--c·W6b --ct�m--t G c c vcnx;:;IJ L --C \,, 0. 

IEF (impedance and electric field measurement) 

1) 1 :.,,1:::·-3t:.,,7..7•µ-7'vi, ��. r,.,[ ·f !J ,y F=*�� (UHR) J: IJ 7
°
=J;(�Wi!O)I£uit.c 

fflrW/!ta> ill L --C \,, Q. �vc, 105 m 7:.,, T -.ra>�.ffl L --C \,, 0 cc vc J: IJ, �lUff!i IO/cc c 

\,,? ia�a>f'F -? --c\,,Q. 

2) 7:.,, T -.r O)�px',j�;o;�-? t.::. t.::.66, tl:LJHtiJl]vi@:�1¥)--c·v:t tee\, ,IJ;, �vc, �ra,�� 7 -3< 

j&mvc J: IJ ffl•iJ;;"j(66? G Cc iJ;f!J§Jl L "':)"':)� G. 

3) �+Hz tJ.r0)-1 :;;t-:-1-1}-1 �Pr P :.,,���iJ�i!iU�n--c\,,0. 

4) 1[-:f-l:::'-A:lt(llivcJ: I), ffi£mffttMtU1!11�'.3tvJ"G�;f:§iJ;7:.,,!7''� .:i.7!ffttJ: iJffffiffivc 

7.J\.tfr�;ri,Q. 

MGF (magnetic field measurement) 

MGF -f-.1:,.iJ;, ffi£2f(f*J: 1Jfflfftl¥)vct¥-:JQfL--C\,,0f.::.66, 10 JJJ:1iJ, magnetic field t-1· 

�fflO)�-A'a'�lliL--CU*, =*�+-�rO)mAa>'.3tv:r. �Ammm•��fGJ:?K 

t.c-? t.::.. c O)ifisJft 12 JI rm, "':) \,, vc, c O)H illU�vtibf'rr-t lf:: a>,tg c L t-:iJ�. .:c O)ftc19 3 n 

JJ fa1 vc, UT O)jt :m t.c T - 3< -a>� --c \, , Q. i" t.c n �, 

1) �7;(��-;(a>��0m��O)m•��K�-?kv-1-fflmO)•m 

2) Pc 3 m!JI*ifJO).lli 

3) :1:t!!..ftS•O):@:�O)HJ!U c ffi£ O)���� 

'c'�Q. 

ESP ( energy spectrum of particles) 

1) UHR .:r.. � 'Y V 3 :/VC#? fflrJfil�Jt�O)HiUa>fi\,,, �f� 'Y � 7..17 ;r. Jv7t�ffl(;7.J\.iJ�, 

� s eV iJ� G� keV vent.:-? --C:I:ft:ki" G c � vc, .:r.. � ,y v 3 :.,,iJ;55�'j-G Cc �iii�. 

2) �m� VLF 1izMvc{f 5 *JLrJfili!tlt�a>HiU L, �f� 'Y !7 7.. 17 ;r. 1v71�ffltn\.O).L-fM:;k c 

ct vc, �\,, e."- !7 a> t "':)�m� emission iJ�fflt�i" Q cc iJ�if¥& �;rL"':)"':)� Q. 

3) .:CO)ftB-�vc, S'Alffi*1rn\.�O)�tt�a>§JlGiJlvc L--C\,'0. 

CBE ( controlled beam emission experiment) 

s �vc71ffi �nQ !UftiJ\ S'Alm7
° 
=J A-� 4i-c·O) fflr 1::· -A1ifct,tvc J: -? --c 00 GiJ�vc �h 
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SPW 

NPW 

DPL 

IEF 

MGF 

� 1 EXOS-B tmtnum��-� 
Table 1. Members of EXOS-B Team 
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t.::.. . i'"tJ:b'b,  
1) ��,,, 1 7' 1J 'Y F (UHR) �M 

2) m r-!J-1 !! i:z r i:z :/ to J: U-t 0) rWi��vc:tovt 0 �M 

1 35 

3) (n + 1/2)/c � 0 \di (n+X)!c>f>O �O)�MiJ;, -t 0) ,I. 7J .::.  7-.' A iJ;7t:@:vc § �O) 7° 

7 7-.· --;' c *§][f'f ffli'" 0 t 0) c L --c �JH ) iJ � vc � .:ht.::.. . .f: O) vt iJ � vc ,  
4) mr 1::' - A O)jeM�:ffvc�b;h -C \, , ,0  1 6 kHz O)���vc{f ? 7

°

7 7-:' --? �  

5) mr 1::· - A �Mvc{f -?  "C 7 :/ T Y�ltJ::::n �n:9 ;: L TKR iJ;5j < fi?:llU � ;h -0 ,  
c 1, , -?  t.::.. ;: c iJ; GiJ;IY3if c tJ: -? t.::.. . 

;: ;h G 0)*5*0)�*IBvi, �IJ vc i�lx: � .tt-c 1, , 0 (EXOS-B TEAM, 1979). 

UJ::O)Jvt*vi, Jl[E(:::k'¥:'¥ilJ!tti:�?i1f�mO) EXOS-B 7
° 

1=1 :,.; ;r: !J r vc '*!i'" 0 �:::ktJ:�1Jvc 
J: -?  --cnx: L c vf G ;ht.::.. t O) "(-� 0 .  tkJf�=����±ff:�vi Cob c i'" 0I'¥: !l iv - 7°0)mi?i1f 
��vc� < ��i'" 0 .  fJ: :to*?i1F��W61t Lt.::.. EXOS-B + - A tlfflt�� 1 vc�i'"-

EXOS-B TEAM (1979) . Summary of JIKIKEN observat1on-Prehmmary report for the m1tial phase 

of the observat10ns Sol Terr. Environ Res Jpn , 3, 1 63-188 

(1979 � 7 J3 5 B '.Jl:l!I[, 1 1  }j 13 B aHni'.:!l:l!I!) 


