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Plasma Wave Detector on EXOS-A 

Takasht SHIBATA,, Yosh1haru NAKAMURA�>,, Takeo YoSHINO� 

and Tom1zo lTOH** 

Abstract: The IMS satellite EXOS-A (1978-014A) launched mto a quasi­
polar eccentric orbit on February 4, 1978, mcludes m its payload a plasma wave 

detector, which has one broadband channel and eleven bandpass channels covermg 
the frequency range 400 Hz to 3 MHz Each channel 1s connected to an electric 

dipole antenna and two Faraday cups Smee the Faraday cup responds to electron 

density fluctuation only, exammat1on of sensor dependence of the detected wave 
spectra allows electrostatic and electromagnetic waves to be d1stmgu1shed The 
present note gives a gist of the EX OS-A pla-sma wave expernnent and related m�tru­

mentat1on 

� �. 1978 '.if- 2 fl 4 B (C::.}Jijj_:(-J- G:ht� IMS t5:1J�lf,�JI& EXOS-A r:.a, 7
° 

7 � 
-z�i\UllJ}d� (ESW) 11,J!�� � ;h --c1,, 0 ::;4-���[�o)'.�_ {f3]\f)vi, 1 f[o]?)JAf1{tt+ ·;' :/ :r 
IVC 11 �O);f"}(·,'1'.i."t-f--, :/,-y,;viJ,G(c V), 400 Hz iJ,G 3MHz ::1:--CO)nH��jJF,­

L--C\, 'o --t :/-it-1t;l:t, 311 ;-;� -1" 7 :/ TT l., JJiL'iJ�Ji;;.U� 21[ri10) 7 1 '7 5- -

7] / 7
°

'211.'.m L--c •-:, IJ, ·i[11}fWZt. 1'r}�1r�O)!K;J1J t., nnt{[;tO)f�J111jfftlO)lk.JE�nlf1ii 
v::::. L-n, <;J 

� 0)1j,�(r'j-C("i, 7' '7 :7, --:ZE/Z1fil/!1IJ}-t_:t�. L .7cO) �'fu-lj 1:. "':)\, ,--ciJEl�� ;f "'- 0 C:: L ti IC::., 

19JJTDftlmU--c 1�1 

C:.:> I L7'°� 7° 7 .7- -z azJlJO) .7- � !J ) ;v{f1J�,1'ii1}-J- o 

JJlr�Uf;ff;o:, G :rJti_t.rf G ht� ;:_ 0)1rn£tt, b;oq� 0) [i:J�11il%t?EfmtRUaiillr (IMS) *jJQ 0)-M� 

:f'li :j 'I) 0)-C', i%Jili,��)}I 3977 km, ;tf:Jtg,r�i[=&OC 642 km, ilPLJi{lJf#4%=J 65 4 ° O)�ffil!vLJi�' m 

WJ 134 5}-C'JiWJ@I L-c", 6 ���IDllJi 1978 -014 A, ::tlJ;:g; c L -c 11illZ;tJ c ;:g;fHt G ht� 

� /di, ;:_ O){ifJ lIJ.f=- 7' 7 A ""7 �ffll!H[S: (ITT1}¥J\ ESW) �!6-U-� � �..t-c !D Y)' Hi:twZ���� r:p{A".:. 

7' 7 ;("""'<'1BtJ.9J'J:'.3t{afmiRIJ L, hl�'.%�-'m)W;�O) 7J 'Y 7
° 

1) :/ !l O)f}-=f C ;51'1 T � 'Y !l A�' '{):/l!f_f!J-

* 1]'!t�,!r{t::*$J;Gfl'Hl1=fI#T.+. Department of Applied Electrornc Engmeenng, Urnvers1ty of Electro­
Commurncat10ns, 5-1, Chofugaoka 1-chome, Chofu 182 

** ***¥:":P!if!IDt�1iff5EFvr. Institute of Space and Aeronautical Science, Umvers1ty of Tokyo, 6-1, 
Kornaba 4-chome, Meguro-ku, Tokyo 153 



No 64. 1979] 19 

fir-=f, ¥Eli:b-¥EliMlliff'Fffl O)fi,�ir• GMM • M�-t Q � 2:: � § rn L-C\,' Q. ti�itW�fHi/1�� 

v::.i!Jf'F L -c :;to IJ, -t··o::.fl � 0) -r - Jt �f�z L-c � -c \,, Q. 

ffi£v::. J: Q iffli§b/i 7° 

-J ;( '""'<'1Bli!JO)fm1J!Uvi, � n i -e��lll�ti;v::.btc. "'.) -c�� < t-t � n -c 

� -c :;to iJ , \, , ;s \, , ;�:it-t -'E- - r 0) ff tE 2::, -t" 0) 5t 1n • �!�:;to J: ��iu v::. "".) \, , -c M� � n -c � tc.. 

-t: 0) $ "C-i&31I* v::., � L \,, F1=19� 2:: L'--C 25 Gk ob -C tt § � 25 � -c \,, G 0) vi, ,liffeffl: 7° "7 A, '"'<'¥Bl-'£-

- f0)1Hti!J--c-25G. ffffl:¥Elviffl:�iHtv::.< G«&ffiJfilOC;o:Jl!<, {1£.:r-;t-1v=¥�f.ft-r0)Jfil0Cc!PJ 

�OC 2:: t-t Q tc. ob, fir-=f v::. J: Q ¥El 0)�$&�, ffffl:1Elv::. J: G fir-=f O) :fJllJfil • 1Jll��' \, ,b(1) G 1Elib­

f.ft -=f tlDLf'F ffl ;o: il:9 � �-t \, , . � G v::., ffitffl:iHl -t: 0) t 0) vi, iWf:1Bl • �lf iHl :Bt 2:: \,, '.:> *'Ii 0) tc. ob v::. 

fiOPJTa"Jt-t t 0)--c-25 Q ;o:, f�YRJZls'* O)�t�7G:lfJ-O)tc.ob v::.-'E-� roc�;o:il:9 � 9, Ji:J!t� 0) J: \,, 

ffl:�1Bl��tf°AJ'§g11;o:25 G. � 0) � c vi, ::t- - r:z -J v::.'*1;il Ltdlif.ix1Elib:m*O)£�tJ:�*O) 

-"".) c t-t "'.) -c \,, Q. 

KELLEY (1977) vi, :NitfLJE!ffi£ S3-3 ;o:::;t � P 7iJf.ix�Jffi;®1-j'-Q�VC, 5$\,'1 ::t' Y-it1 !l P 

t- r:z Y w ffl:1El 0) r§Ln � � t±l L tc. � c '-i' flH5 L -c \, , G . -t: n G r§Lh 0) il � --c-vi, ff ffl: :/ a 'Y !7 

xt;o:J:<J!Gn, -t:O)ti;@7J·G, ::t-�i=z-Jfir-rO):fJllJfil�, ::t-�i=z-J7-!lm;@O)%nx:, 7° 7 

;( '""'<'1Bli!JO) !JJ;bil:g� c 0) '*1-f*;o::m:�tJl '2 ;h, -C \,, G. Hawkeye-I, Imp-6 ffi£ � ffl \,, tc. J: IJ }:t\,, 

iJ�--c-O)fflJU (GURNETT and FRANK, 1977) v::. J: ;hvf, ::t' � r:z -J �:iJ�?',�h ,iffii§b/i--C'O)-t;h, G 

ffffl: / 1 A'vi, i§bOC�T km O)m1Jl/lJ:.tffi;o. G� RE O)���� < v::.� Q J:tl/mlffltJ:iJ�--c-, 

L;o. t T.tmiwZt-t .7- � !l t- 1i,tf;@� t "'.) -CfftE L-C \,' Q G L \, '. -th G / 1 A-iJiwZvi, i'd�:iJ 

fiffl:mE, � V *ml.7- � !l t- ;v�ff"".)�Tfir-=f, VLF, ELF / 1 .7--�, \,,;b(1) G ::t' � r:z 7 v::.'*1 

JlLt.:�m*O)ffl�c��-�L-C:;}oiJ, ffi�m*K:;fo�Gffffl:�7X'""'<'1Bl0)*-j'-��O)­

�'f4:;o;, J: iJ-/i�i�'2;fLQ. 

EXOS-A lr£0) -it7' :/' .7- 7 A ESW vi, Jt' 1 ;-t;-1v7 :/Tr c 7 7 7 T � '}J 'Y 7°

�ffl\,, 

-c, 7° 

-J .7,' '""'< �ib� rq1iiJ:�1i L-c \,, Q. 1W�--c-1Bli!JO)ffl:W1*:5t��{B' L, ��--c-ffffl:1Blv::. c 

t t-t '.:> �-r*OCf,ii!J�@I1*�t±l L J: ? 2::-t Gt O)--C'25 9, 400 Hz ;o. G 3 MHz i --c-0)):t\, ,mJ 

1Bl�m��ttJlU L-C\,, G. 7 7 "7 7"' � 7J 'Y 7°

viffi£0)����[1 L-C 2 {ufilfal=J� �;h-C:;to 9, 

!ffelt¥Et0):1JlfiJ{tff'lt��t±\ LJ:: :> c L-C\,·Q. tXf, **IH�·v:.:;to\,,-c, �-it7,:/'7'7AO)H 

:W� :;to J:: rf-t 0) JI)=§ K. "".) \, ' -C 0) ft� '-i' Jzt « G . 

2. � 5 ryf4�1¥I£ EXOS-A 

EXOS-A {ij£0)::k � tJ:*�0)-"".)vi-t: O)��--c-25 o. *�;o. G fiGJ�UvC-t;h,..f;h*9 2 m {$� 



20 

k���K�E�t�M�,ffi£�7'�/�K*t�m��-//r���octK1�t, 

7' 1:::
0 

/ 1fid1iJ:�,f; K.rtl2rt�Ji!. � 15 fnJ v:::. 2tJ o l 5 ftU{fl:l] Lt 1t, o. 7' 1:::
0 

/ $vt�p��Jvu} � < , 1 JiTJ@ 

2t)tc. � �@i!iiJCj'Ej:I� Gh tit\ Q. C �{tlMf(tJtv't��� � vC, ti/'< �MUJ!Ut'vi-1: /-it-�rJicti: 

��£CcKl�t, m���:1J�KMLt�fi�nx:%tm����cK�MLt���Q 

c tiJ:tto. t 5----:::i�tH�t Lt;IJ=!=HruiJ:2tJvfGho. Exos-A vt,fEi:tit�:t--P =; 

c --l �1*13gf!Jl*�wimu� o c c �:::UR:vcto1t ,tc.1tr£ t 2tJ o tc.66, �Ji7 - ;$<" � 1 1? � < �11x. 

1-QJ11:, ��Ghtc.JIJ=!=J5kfl�----:::ictJ:o. --l�tc.66v:::.7-;7�f4/7'7Avt, ::tm;t Lt� 

Jt1�J'c,�i/=j=@�is1W'!1Jl!Jp]r�ftP)-'=-, 1-tJffi�j!ff1J£J1iHC2tJ Q g;!ll.,fiJt!f@fjl:rfr� 7 V / - ;$<" h5J C, �tfi 

11lv:::.1f.1t, 77 -r ;7 � 7 ;J· - r + -1· -+ 1v v=-�ui L tc.nJ�!�:L·t!U::.Hu�%66tc., irb�t=---:::i� 7 

v,1-;7m!JtH4nx:�nt1t,o. ::�15v:::.�Jti t�t7v,1 r 9@al!J�fi5�vt, niJ:��H 

'._'}=1fts£ C Lt vi L66 LL 2tJ �, :: hi L UJ:.��:l:iJ,---:::> .t�� 0) T - ;$<" iJ:{� Gh Qt 0) C J!.JH� 

�ht1t,o. 

t,'�il,x.�iJ!Ut�i�vi, 7
°

:::; 7',--;;, tEltfJ��(iS tttf!U� § ITT c L tc. ESW � fm v:::., �tffil!Jl:� � ;;,i- -

P =; m,��Jf��1Hl::ttlft� 6 ATV, �1i�7"1-*�:ftzM�ri.lJ!IJ� o AUV, 'llFf�.:i:. * 1v4" 

-7'�!7 J,;L,���Q ESP, )l]��t�IE1:t-/*JlJ1tl::tc--l�:;}1fi�1'.lJ!U�o MSP, -th 

v:::., '�-=f�Wil./Jt c 'tfi&�&IJ!E� 6 TEL, NEL �irb�t 7 '"'JL 2tJ o. 7' -;7 f�*vi, �*VJl 

136.725 MHz� PCM {"B-75· c, l*:*iEl 400.45 MHz� PCM to l u FM (WB) {B°%tfj bh 

t1t, 6 PCM {��J�f�*J!J!£vt, ffJ!ltH:::.vt 512 1:::' 'Y r /f:J;, �J!ff-�v:::.vt 2048 1::: 'Y r /f'J;, 

tlJ:ftHf.J;:;- - ;7 v :i - ;7 :rq:g�Jl�vut 8192 1::: 'Y r/f:J;--c'2tJ o. :;-· - ;7 +#im:vt, 1 r; -r iJ� 8 1:::· 

'Y i-, 1 �$ 7 v - 1-, vt 128 r; - F, 256 7 v -1,. t· 1 -+t 7 7 v -1,,. c tJ: �tit, 6. 

3. ESW %:JlJlij�� 

ESW iJ� 7° 3 7'.--;;, ll:Ui!Jfi.iJ!U �tc.66 v:::.�ffl Lt It, o -t: /-+t -Ii, ;7 1 :-R -11,, 7 / 7 -r c 2 1181 

� 7 7 :::; 7 -77 'Y 7"--c·2tJ 6. ;7·1 :-R -1v 7 / 'T -rvt, ��tU{fl:l]ffl�E��� L tit, o 7' -1,,. 

vc.fdb�tdil�� --C'ttm: � .tL t to 1?, Jt-OlWJ 2 m t', 7' 1::
0 
/q[i!Jv:::.xj Lt !\J1H:::.5i G h -n, 6. 

alU��� ttBlifJO)tBl:lftv:::.Jt� t, 7 / 7 Tffe: (!(0 4.5 m) vt�Mtvcif{lt, � L', ?£¥:1:A:tJ c Lt 

jfJ{'F� 0 C �-� Gh . .:CO)fc.6bvCA)]�iJ[vi 1.1 Mn C At< �IE Lt::.. 7 7 7 7 -77 'Y 7
° 

vi, ;7'1 ;-j-; - ;J.,, 7 / 7 7 C 90
° 

�tJ:�=1f rt1v:::., �'---:)viM1:1JtiaHC::ti@:tJ:1f rtJ�' fmvi�:tJmJR 

c 3¥-fitJ:-Jf rtJ� rt]i,,, t, --l h.:f hff0 1 m � � lli v·c!; 6 (§U�O) 7 7 3 T � 77 'Y 7
°

� FC(A), 

��� FC(B) c IPf-£). 77 'Y 7
°

vi, 71-{f 90 mm, [13@ 78 mm, Jf. � 9 mm t·, 1 ttO) p· Y 'Y F 



No 64. 1979] 

I cMtc I 
fi{) 1 ESW il!ZllU�(i:O) 7 P ;; !l � 1 -\' !l '7 A 

Fig 1. Block diagram for the ES W experzment 

21 

c ::z v !I !:7 -iJ. G ts-.. VJ, f 1J 'Y F O)t)7'itfivt o 2 mm, i-t § vi 2.5 x 2.5 mm -e, -j-.r(-C v::.4: � 

'Y + h; n8! L -c � .:o. !J'' 1J 'Y F c ::z v !I !:7 -0) r,=IHc.vt@rlfiE /� -1 7 ;7.. :a: f-P 1Jo L, ::z v !I !:7 -v::.tm 

� �h01!t-=f1!tvfEO)@[lfiEW:5t c 3tlfiEW:5t:a:IUAE L ti., Q. f-lJ1Jo-t .:0 /�-177.. �EEvt 0, 3, 7 V 

0)\, ,-f nh· -c-, .:t O)�tRvt1&JZt-t .:o ::z � :/ n::. J: "'.) -err"'.) -n, .:o. tJ T. �-it 7· :/' ;7.. T A  0) 

@JJEi 0) 7·· P 'Y !I !:7' -1 ""f f 7 A '-a:, � 1 v::.ffi'"f. 

WUflU-t 0 JmlOJ:ZTiftivt, �-t :/-it -�v::. 400 Hz iJ. G 3 MHz i -r---e� .:o. ,tO)r:pc· 30 kHz 

UT (CC c'vt VLF Tif c Pf£) 11, 400 MHz ;/!ff O) WB T v � -!:7 c·j(gJ:"'-7 -.r P !J''�l5 L, 

45 kHz h• G 3MHz i t· (CC --c-vt HF m c Pf£) O))l:{�T--!:7 v::. "'J\,, -C vi, ffi£�J:-it 7· :/' 

7.. T A  !730) 11{18JO)Tif�6YBt71 ;r,, !:7 c'Pn':JYBt�5}-lfr L, *6*'1:' 136 MHz 1fr0) PCM T v � -

1:7 --ef�l5Lt1,,,.:o. 11{18JO)Tif�6YEl711I,,!:7vt, 45kHz /J·G 3 MHz i c''1:'X-;f�1¥Jv::.vsiv'.f� 

r1=1,�v::.ts-.. .:o J: '5 5t!U L t�A, -r-� VJ, .:th.:thO)r:p,c.."�YEl�vt, 45, 60, 9o, 140,220, 320, 500, 

700 kHz, 1, 2, 3 MHz, Q f@Jil. ,f n "It 10 --e� .:O. 7· P 'Y !I !:7'-1 -r f =J A v::.ffi-t J: ? v::., 1&/JIU 

WlrEl�*� c -t :/-It -O)j,fid;,-ifn-ttiJ. G < .:0 5 ;'.%@c0) =J -1 :/ v::.vt, -th..fh 20 dB O){lgx�� 

hq;T] VJ�-*. v::. J: iJ j,fid;,-;i6 i h 0 J: '5 v::. ts-.."'.) t :to iJ, ::z � :/ F v::. J: "'.) t � ;'.%@'E 0) -r· -1 / O)�tR 

:a::tocts-.."'.)-c1,,,.:o. �;'.%@'EO)�fUffl-fil!'.AE�c-O)�OCvt, 1:7·'-1 �-11,,7:/5--.rvcJ:.:o VLF* 

O)t,lil{Uc·vt 1 µV, HF TifO)�il{llc'v'i 0.2 µV, 7 -y =J y-' --JJ 'Y 7°vc J: 0 VLF Tifc'vi 0.5 µV, fqJ 

t: < HF Tifc'vi 0.2 µV, � G vc 7 -y =J 5-· --JJ 'Y 7°c'fi '5 @:litEW:5}-0)W[il{Ut·vt 0.1 µA c ts-.."'.) 



22 

-C � I), !f 1 -r � :,1 !7 v :/ :'/ vi, WB T v /. - !-7 -C' 60 dB, PCM 5- v ,; - !-7 -c 68 dB -C' � Q. 

7 7 =; T, - -JJ 'Y 7
° 
K .. J: Q JJlU IE ilfri lffl )z( ffl: r W !'.ft n 0) {i-C 1Wt. -t Q c , 103-10 7 1ufil I cm 3 -r,, -t"" 0) 

�J[!};�.f Jn/n v:::."'J(,-C/t O 1-2096 -C't0Q. 

4 

� 0) t�rE-C ii, ,fr-1J- 7 / 7, T 1,.. O)J'sj>Jij!{Jl!J § EfJO)'lil:�iJ, G, i�ff:J J� 2 "':) 0)-1:- - r � �'.zt L 

-n' Q �"'Jfi, :=rve�t�F:fj(i§jfuitffN,J Jli-C 0) T - :7 l{;z.fc\J)z( tl tl'J c -t 0 NP -=r:- - r (north-pole 

mode) -C 21) I), @vi, -t""hl'JJi-O)r-�tfJ;&tf�J.t� J: uf4n:'..J:j{�J nld!£f-J-1Lz- [3 (iJfiJ� c-?- 0 GL -=i::­

- r (global mode) -C lb Q NP -c -- r -c!lw{t't" 0-1J- 7 / 7, T 1" ii, ATV, ESP, NEL, TEL 

-C30 �. :4:�tlHI:i-oJ7'57,--1t£/l[yJ(rj,/Jl!JO)t:.csbO) ESW -1J-7 /7-'T.L,vi., MSP, AUV, :}v J: ff 

PCMIFCXA) l(Nfil�)l(AUV) IFC(A2$_)
"4

E28L _ 1 
FC(B) (TEL) FC(B) (MSP) FC(B) (TEU FGB) 

r:i . rJ Dl �OLE Pl SIGNAL ll!l 
WB �--+"--+--{"'----'-

' .l) 

PCM�� (NEU pPQ,.f, (AUV) I FC(A)1 ( NEU /)Pa.f1 ____ 1 
FC(B) (TEL) FC (B) (NSP) FC(B) (TEI ) FC(B) 

.Ai B � FC(A) DlPClij FC(B) [l�C(A) C!.POU:; FC(B) 1
vv l -r-- I 1 --+- - 1 

(b) 

� 2 7 1/- J,iff_O)fi,;X.-7-- IJ JJ�J:0-

F,g 2 Frame fo1 mat of the telemete1 data 
(a) VLF mode, (b) ESTY ,node 

4.L VLF =E- !-= 

-c-, WB 5- v,; - :7 0)[13�� l: ff PCM -=,r­

v / - !7 O)[/��O), -t - He J: Q�"1,(i\�l 

2 0) J: 5 v::... ls�- "J -C '-', 0 WB T v ,;. - !> ii 

::. 0)-c - r -C'vi, VLF 1'if0)&-Ji1Jl!J1i:J 1 ,f-1v7 y-5--;-0):l-;_-C, HF ' 1'1; O)�Jl,J{IJ&i 2 {!rilO) 7 7 

'7 5- - }J -;,, 7
° 
O)cl:J- -C-7c Jl-7d1.,fr"1 ,, 0tr�)z( WB T v J - !> -C, 1�� � PCM T v,;. -!-7 -C {i; 

� L -C\,' Q. WB -c-ct, PCM 5- V} - !,l O){�� 7 V - A �O) 17] 1:) 1�::c.IT��e. 30 kHz O):j£�5JIJ 

{�·� '!z( 1 r; - r %tc.vtli� L-C, �§]LO)'T-!-7 O)xHt�'.:@!f;r:.-?- 0 J: '.5 H"J -C"1, 0 (I� 2a). 

PCM T v,;. - 1> 1 7 v- 1-, r:p(f) r; - r +ttrtZvi� 3 0) J: '.5 iets:. "J -c"', 6. r; - 1-- 2s viffili1-

0 �]ifl!Jtk:R.:c::.. !-7 -c- &:> 0, lJ - ], 29 Ii 7 7 7 5- - -JJ :,1 7
°
veF-PJ.m L -C\,, 6 /� 1 7 7- 'ffl:,EEO)§ig�;/J 

{ra��LL"1'Q. 7- r 30t],J*;oq[wrn1U'T-!-7-C', 30, 31 vi. FC(A) c FC(B) O)[j[lflE'm:mE{[Lt 



No 64 1979] 23 

32 fr, G 53 i --C t;:, 2 1� {!) 7 7 '7 5- - n 'Y f--c-'.:Jl:1t L fc_ HF mYBlifJ (!), mlYBt�5tVi"Mt� 1 1  +­

� / * � {!)ffiffl�t� 0 1 7 V - A $--c ,  ��•m {!)&�� s @, HF m�m�st{!) &M 

v:t 4 @� I) � �  ;h 0 . ;:. {!) l :He, VLF -=c - r &mu --cv:t, HF ?rn'$gYEt {!) ,  n JP] (:lmf::K1ili:W 

vcx;j- L '-C 3¥-fi c �@) vc J: 0 *=�{!)�/±\ c ,  VLF m 7
° 
'7 ;( ""71Btt}J{!), ;@J�cBZJtce 7' � 17 r 1vJJ,£ 

1r. {!) �m vc:m,� � TIii. , --c 1. , 0 . 

4.2. ESW =t:- t,: 

��m 7
° 
7 :;( ""7 $, *r v==-�- - p 7 * - ,,,� 1v v==-*R�¥f"'J ,§bitoc�:1J�I,1rU�1. , iJtt--c,. !tm1BltJ, 

G m�YBt,A,.{1) ..:£- - Hi� {!)::(=FtEh;:flifOO � ;h --C 1. , 0 . ;:_ {!) ESW -=c - F' --C' v:l: , 7 7 7 -=j-' - jJ  'Y 

7
° 
C ;;x'' 1 ;f; - IV 7 / T -r Wun --C'[j§'.J l:fia1Bl�m(!)fl{J!U�fi'v ' , :± vCffrm1Bl vC J: 0 •-=t-*st:fJIHifJ 

K��� 0 �� 2= , mm1Bl, Dm1Et���k-&{!) � 7 � ""71Bl{!)ffitfJm:WK��� 0 ��{!),  

'.:Jl:1ti*�{!);l1, , �IDID� 0 ;:.  c vc J: IJ ,  -=c - Hi�{!) RJt�'P.i c �!��� 0 ;:.  c � § BZJ c L --C l. ,  

0 .  Lkt;: ".) --C , �*-r' - ;;x v:t� 2b � J: cf� 3 --C:'ffi� J: 5 vc , PCM, WB c t  vc 7 v - A 

fiJ. vc )l: ft� f·lj- - � -W] I) � x_ --C I. , 6 

5 . :::i y :,, r: c. JJUJlUi:x1R -=c -==- IJ 

� � � 7' 7 A ESW (!)itJ����fi 5 :::z ""7 / f {!) V 7' r � ,  � l Kffi�. ��� :::z ""7 / F  

c L --C 10 3i § ,  �� :::z ""7 / F c L --C 5 3i § iJ;J=§;l: � ;h --c 1. ,  0 .  ESW ffl�ffl:�v:t, ffiL'BIJ :t- / 

--C:' � 0 ESW ON --C:'7' ;;x / /�  1 i*i� c tee IJ , -t {!)ff--C:'3:IJ=§ -=c - r:tl@� :::z ""7 / F --C'� 0 GL 

MODE ON �:rJ"'J ;:. c vc J: I) :t- / c ts-_ 0 . ;:. {!) {fjJ\'[{!) 400 MHz m-r v ,1, - ;;x v:t, -t {!)�{!) 

J:IJ=§i*filHc J: ".) --C PCM, WB, RARR {!) c'hiJ:. c t.r_ ".) --C \. , 0 iJ; , -th� ESW {!)�)=§ --C'� 0 
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� 1 ESW 1hlJ1%!J :::z --c: :,, r )Ji §  

Table 1. L1st of command to control the ESW expe1 unent 

Function 

GAIN 1 

GAIN 2 

VLF MODE ON 

BIAS CONTROL 

I 
Real time 

! --------- ------ - - - ----------- -
AD EX 

11 

1 2  

Delay time 
- - --- - - - --- ------ -

AD I 

6 

ESW OFF 
- - - - T-- - -

3 

2 

2 

5 

4 

4 

3 

7 

11 

11 

12 

GL MODE ON 

CAL ON 

CAL OFF 

ESW ON 

FC EXTEN ON 

8 

10 

11 

12 

13 

� 2 ESW �{RU�6t -'E: -=- _5< 

5 

4 

5 

7 

Table 2 Status momtor for the ESW expenment. 

6� 63 

L F4n W2s L F4n+2 W2s 
n=O 11 = 0  

EX 

2 

0 

2 

2 

2 

-
i 

-- ---� -��--- - - ----- -

Bo 

B1 

- - - -

B2 

Bs 

B4 

B5 

BB 

B7 

��-- - - --

- - - --

H BIT RATE HIGH 

L 

H 

L 
- - ---

H 

L 

H 

L 

H 

L 

H 

L 

LOW 

VLF MODE 

ESW MODE 

BIAS 

MON 

BIAS 

MON 

FC(A)SAFETY SW ON 

OFF 

FC(B)SAFETY SW ON 

OFF 
---- --- --- -- - - 1 --

H 

L 

H 

L 

FC(A)EXTEN OVER 

NOT OVER 

FC(B)EXTEN OVER 

NOT OVER 

BIT RA TE HIGH 

LOW 
-- ----- - -

VLF 

ESW 

CAL 

CAL 

GAIN 1 

VLF 

GAIN 2 

DIP HF 

GAIN 3 
FC HF 

MODE 

MODE 
- ----- -

ON 

OFF 
- --- -- - -

HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 

GAIN 4 HIGH 

FC VLF LOW 

GAIN 5 HIGH 

FC DC LOW 
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WB vc�5E-t �d-:.600) ::r -er :/ F:o; VLF MODE ON -ejS 9, fAJ�vc� §fiJ{U-1.- - r-ejSQ 

VLF -1.- - F, ESW -1.- - F 0)-j;TJ 9 �x. t fi 5 .  tLI:. 3 {!m 0) ::r -er :/ F1tU1fEIJ c , ttIE1B°%'a::' �P1Jll 

L --CfU��IE'a::'fi 5 f-:.60 0) CAL ON :to J: U[AJ OFF 0)1tU1fE!lvi, c t  vc�� ::r -er :/  r-e t fi 

x_,  :I:* 9 �rl=l, 4 5f O)�M;'a:'.'iJ•vf Gn Q. GAIN 1, GAIN 2, BIAS CONTROL 0) ::r -er :/ F 

vi, fflt�iO)�-C-jzt�t-:. J: 5 vc, 1ru=�-c:-;ll$1Hi0)-m 9 �x. 'a::',  r&�-c-7 7 '7 7' -n 'Y 7° 
/::: 1 

7 .7-. ffl,EEO)�:JR'a::'fi ? t 0)-C: 'jS Q. FC EXTEN ON vi, 7 7 '7 T, -n 'Y 7
°
'a:'.'1!1£::2fs:{tiJ, G 

ffi 9 te-tf-:600) ::r -er :/  r -cjSQ, 

tia!U��O) ibfrtk!� :to J: U tia!Utk?£vi, PCM 7 v /. -!7 0) r; - F 28 -c: --1.- =- !7 L --C \.- ,  

0. -'f: 0) 1::::' 'Y r /{ !7 - :/ O)�ffii*J?if'a::'� 2 v:.ffi-t. 1:::: ' 'Y r 0) 0 c 1 -C:'vi PCM 7 v ;1. - !7 0) 

{�JisJfilOC c tilRU-c- f'a::'�ffiL--C \.-'Q, 1::::' 'Y r 2 iJ,G 7 'i -C'vi7 v-.ldC J: 9i*J?ifiJ;3t]l)C 

OC{t L, jS Q �vim1J1:t L --C \.- ,  Q /:;: 1 7 .7-. ffl,EE c 7 7 '7 7' -n 'Y 7
°
{$].i:�flO)tkpij.:c .::. !7 vcf� 

bn, @O)�vcvi, ��l*l s *t1tO):fl$i�0)�5£fU�O)ttJt��ffi c , �IE1t%'a::' �P1J11 rf-1iJ.� 

iJ.O)�ffivc�ffl �n -n, Q. 

6. tJJ JJJ Wt tJlU 1!u 

WMffla!U-r- !7 O)�JfHfti'a:'.' � 4 c � 5 vcffi-t. 

� 4 vi, Rev. 297 7J" G 298 vciJ,.vf -C O)vf Vif-}WJ @J5fO) HF ffi:f1J!U7 ' - !7 �, �F1=1i-JWJ�� 

/{ r; -.7,. �  !1 r 1L, c L--cxt��ffiLt-=.t 0)-C: 'JS 9, �JWJ��-r -v :/ ::f JL,O)�ffi$ivi*9 so dB 

�jSQ. 7 7 77--JJ -y �O)-r- !7 Ktt, M•M+fflMO)�M�5tcb jSb�-C�ffiL--C jSQ. 

17" 1 � -;r., 7 :/ T -J-0) :;-· -!7 vc:l:h.--C mi\.- , --C jS Q 7i1Ulvi, IGRF (International Geomagnetic 

Reference Field) 1975 vc�v:5\.- ,t-:. , ffi£1.ftfi':-C: 'O)ffl'.+ :/ -v 1 P ]WJ?Bl�O)OC{t�ffiL--C \.- ,Q. 

'.:ft1t / 1 ;<'0)-�Ei"JtJ:ttfl�vi, {'XO) J: 5 vc* � < 3 fi�O)%�vc5tvt Gn0. 

1) ffffl / 1 ;( 

7 7 '7 -r-n 'Y 7° -C 'vi, 0020 UT �vc�GnQ J: 5 vc, ffi£�OCiJ; 1000 km 1ru1&vctJ:Qffl 

�fjcq:iftoctU�-c-, IH!f fJ:3tM / 1 �-���D L--C\.- , Q, FC (B) (Jff!3*�Wvc:ifZfitJ:�5t) O)� 

tCA� L-C \.- , Q .:: c c , 220 kHz, 320 kHz -:f- -v :/ .t ;L,#;rl(-C 'vi*l� V ""' JL, tl-rtCtJ: "':> -C \.- ,  Q 

.:: c vi, @O)JWJ@7 ' - 17 -c·t !itlD GnQ��-c:-jS Q. .:: O)�O)Jfft�l¥Jffi£f.ftfi':vi, wJ*7' 7 

� 1v J:�-c:-jS 9, t�tili!i �h --C \.- ,  Q Jff!����Jff!ffi: c ;rlctf L--C\.- , Q, .:: O)Jff!7*-c: ·vi1PffflfiL+O) 

��t�r:o;JSQ c �h--C \.- 'Q:o\ 3t1JTE / 1 �-O)A�c fAJ�vc, �vft:fflvft:�5tn:fflu7 7 '7 r '­

-JJ 'Y 7° c t �!JllL-C \.- ,QO)vi, ,'f:O)i;l,it:o" cb LhtJ:\.- '. 
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UT 

MLAT 

MLON 
ALT 

MLT 
L 

REV 297-2 8 

2330 

1 34 

250.0 

391 9 1  

1 1 21 
1 70 

I 
A 

0000 

-38 2 

2855 

238 8 2  

1 4 08 
2.34 

0030 

-22 1  

46.6 

6479 

2 2  65 
1 45 

t 
p 

MAR 3-4 1 978 

0100 

54 0 

1 2 3 1  

2332 9 

4 24 
3 94 

� 4 HF ,:ti 7° 7 /, -"' ?Bl�Jllj 7- - !J. 0) /"- '} - 7, � � ], /V ��;-f,191] 7 7 7 5- - jJ y 7
°

(:=:. J: Q 

Jtt���=f'JlmE0)5[6iEt" l u-TE,::Iffiu!Z0- c ,  !J. 1 ;f, - ;v 7 / T 7- (,:. J: ":> --r)l:{;§ L1"�1lt�O) 
�lifE)tZ5J'O)�!t � �'  4§-}jIJ{Bl�fij:�:.Jf&�� L,j·� 1b O) ""('JS I) ,  %'1- -\7 / + ;vO) !J. 1 f � 

.1 � v / :/ ft,%] 50 dB -c JS 0 .  � 1�tll fHliJ!UatrsJ (UT) --r , Yc o)WfO) f/ls£0){i!.�� , Tih 

At!OC (MLAT) , 11.ti :�U�/Jt (MLON) , �)Jt (ALT) , r��Uilrnat (MLT) , L {ill[ (L) -c 

� LL J) Q . '.J(�P A, P ft , iUm,i�� .  �lrt'lh,�'3'.:'JfilJ/!11 Lt�n21 :t<U-t JS 0  !J. 1  ;f, - ;1., 7  / 

T j- 7- - !J. �=-1t:h--rta'iiJ,,n n , 0 1v2�JJUt ,  IGRF 1975 -:i:- 5- 1v r=-ti�-,-3� , f�/i:vNT',i-=f :/ -\' 

1 1=1 [t'ltBl�O)!J£{t.--r JS 0 .  

Fig 4 A typzcal example of frequency-trme specti a f01 HF nozse detected by two faraday 
cups and one dipole antenna The DC components of elect, on cw rent collected by the 
faraday cup are also displayed The du ectzvzty of the faraday cup (A) zs 111 the pe, -
pendzcular dzrectwn to the geomagnetzc !me of force and the faraday cup (B) 's zs m 
the parallel dzrectwn The 111tem1ty scale fo1 each channel zs p1 op01 twnal to the 
logarithm of the power strength, wzth a range of about 50 dB from the base lzne of 
one channel to the base !me of the next higher channel The locatwn of the satellite 
1s given on the abscissa wzth the magnetzc latztude (MLA T) and longztude (MLO N) 
m degrees, the altitude (ALT) m km, the magnetic local tune (MLT) in hours, and the 
L-value (L) Arrows A and P mdicate the tunes of apogee and perigee, 1 espectively. 
The broken !me on the spectrum shows the vanatwn of the electron gyrofrequency at 
the satellite locatwn, calculated from the IGRF 1975 model 

Three typical n01ses are recogmzed, (I) the static noise, (2) the wide-band e!e­
ct1 ic field n01se, and (3) the narrow-band elect, ic field noHe 
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2) f.tmjwt'l:W ; 1 A-

ooso UT ir• G 01 10  UT vCiJ,vJ --C d:i- G h 0 cl: 5 r:. , �t���tl�iJUwt (�� 2000-3500 km, 

L {[11 2 UJ:.) --c·vt , vt c A.., c' O))Wj @J --c·, jt ,{ ;J-; � 1v 7  '/ T T VC 45 kHz iJ• G 3 MHz '! --c-�JW:] 

1Bt?R+ -v '/ :f !v�� 5 r.tifff:twttdjt ,m:W ; 1 A'iJ;A�i"° 0 .  ; 1 7->� ? � vi, fiUBT � -v 1 P 

JW:l1Bt?R�f9J--c·j;- L}E!3 ;t G h 0 ffijri] vc25 Q iJ; ,  ; 1 A-A� O)�F13j 8"J (�F13j8"J) f.tiJ; I? vcvt , JW:l1Bt 

?R vc ct 0 ;fn ,iJ; vt t A, 2::·�ico G h t,n ,_ 

3) �ifffjwt1t:W J  1 7-.' 

2330 UT iJ• G 0034 UT vc iJ• vt --C ,  ffi £ 0) f$1f; vc ?l: 5 c di- G h Q JW:l 1Bl?R s,, 7 r � 1:J: '? k�Tlt 

j�) tffi:Jy. ; 1 A iJ; ,  ;i'1 ;J-; - 1v 7 '/ T T VCA� L --C t , Q .  Af"&{v:§:�JW:l1Bt?Rvir£J@I4¥HcAtJ: -? 

--c t, 0 iJ;, JW:l1Bt?Rvt-�8"JvcvtfiVBT :/ -v 1 p JW:l1Bt?R ct I? f.u < ,  -f: O)oc11:: vt � -i-- 1 p JW:l1Bt?R O)  

oc1� J:: t§MiJ;26 Q ct 5 --C't6 Q . 

UJ:. 3 V'.J O)�� ; 1 7-.' vi, 1JJJtJHi,JU HF ifff 7' - >' O) Vit c A, c''-j--"( --c vc�;mtJ:�fl�--c-25  0 iJ; , 

4-�. � G vc -r· - 3<' ��ffi LfW;!;Jr��co, ; 1 7-.- 0)�FJ3j8"J�FJ3j8"J1:&:ff�� � t HC L, �Mt� 

�O)jWfj,Ej�fil; , k_ l, , ,  

� s ffifjJB;¥r:J£:1:{g-c- -r v ,,( r 1J �-Fa� n t, VLF '1--iHtW / -1 7-, co ;;7, ""  !7 r 1v f7U . W'li mu 
�tUco{�coiJ, --:, c F"Jvt , 14'r£&ui��!Jt, �!Jt, �JJt-Cffi L-c 1, , Q .  fJ£�7J  'Y r �� 
vtt-.: / '� '/ r :I*= � :1 '/ =-1 YiJ•imilb G ,h,Q . 

Fzg. 5 A typical example of frequency-time spectrum for VLF electric field noise observed 
over the Antarctic Syowa Station m summer season Three parameters m the paren­
theses following the flme show the satellite location with the lahtude and longitude zn 
degrees and the altitude in km. 

The banded emissions with sharp lower cut are charactenstic. 
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� 5 vi, ffi;j:I:ttg�J:�-crD VLF �WmW- 1 1 ;Z.: cD ;z.. � !J  J, 1v{JU-C -�  9, ffiffiJlBfiJ£:t(grD:ttgl: 

H!cr-C' 1978 if 2 � 9 8 vc T v J. r � �{§ L --o &ttt L kt rD -C ' � Q. IUJ!U-i:- - Ht VLF -i:- - F 

-c -, 3<"1 ;t-; - 1v 7 Y 5-:r� --1:: Y-it--c L -c 1..,  Q .  � rD!Wflf:I rD ffi¥3:.SJvt��vct§� L, ttJHc 

I 1 ;z.. 'vtf!co GhtJ: \. ' ii\ 1 935 UT ir• G 1936 UT K. ir• vt -C -'P, 1940 UT iJ '- G 1941 UT vciJ" 

vl -C �j1.,, /� y f�.:r.. � ,y '/ 3  Yil;A�L-C\. ' Q .  � G vc ,  .:r.. �  'Y / a  Y ID '/' 1, - 7°tJ: {l&t.� :h 

'Y r ,mJ��il;, flts£ rDf$1FJJ v::. Lt:n: ":) -c !Wfi1=1jc c t  vc{i� /" v=-l:� L-c 1.., < �-=t-il; J:  < i?3-co G  

;rL Q /J;, � ;hvi, Js£ !D ���1tvc{* 25 f LHR (lower hybnd resonance frequency) rD OC11::vc 

Mr,t L-c 1.. , {) t rD c ,l!U:ih Q .  

Lr1f, ffi�f:J(il;��cts: Q B�j:}tJHc VLF 1iHl1JlUrDJiffl%JiJ1t�.Ll�L. AB%1J£:Ltv=-�vt Q 5-

- 3l I&mvcJJlftf Lt.::. 1..,. 

*·+f- 7' ;,, .7-. 5- 1,. vc J: Q 7" ::; � -"ZlziJJW[1J!Uvcvt, j( � tce%1�ii"= "J � Q ��vt, --1:: y --1t -

C L -C 3< '1 ;i-; - Jv 7 / T T  C 7 / 7 7 ' - 7J 'Y 7
°

� ffl \, , -n \ Q ;=. C -c- � Q .  Tilu� rD�{B"�i/1.tJt 

��« {) � c v=- t 9, �fi211Blc !i-m�rD fR5JrJ c -i:- - 1, ��rDPJ�g,11.���1 -t Q :':::. c n;-c � 1 

25 .  �= rDt1f�vt, 7 7 ::; 5-· - n 'Y 7° 2 ffl�, �"Jvt�1Jf)7irD:1JJPJ v::. , @vt-thc@%=1rD:1} 

fq] vc rb1 vt -c �]'i':L, ffmYBtrDJIJ*:15JPJ�#t5EL J:  25 c L-C\. ' Q � c-C·� Q . :':::. hvtilt:W--c vt 

C cb -C  (D�dj. -c- �  9, EXOS-A ffi£rD��tJ:��1tiJ�:1Jitvc J: ":) "( rijjjg c ts. ":) t.::. . 

rfJ1�ft�ttoc-c· rD 7  - 3l l&tltiJ\ ESW ID, � vc VLF mffl�UrD, ±�tJ:Jiffl cD�"J c tci:: Q 

ii;, m:t:iaBfiJ£:LiiHC�vt {) 5- v J. r � �{Bffl1J!Uvi, .l'll2l:vc � vt {) \., 0 \. ,  0 fJ: W!1J!U�-" P 1T v J, 

e��c rD � !Wf7 - ;Z ,  @ rD�"�ffi£c rD�ffi7 - ;Z � � rD���-�rD���t "Jt rD 

-C , j( 1.. , vcJtJJftf �;h Q. t=.Hc, *9 65.5
° c\., 25 ¥ft�ffi#4%=J rD t.::.cb, aBf1J£:L-t!!-C·1t G;h{) EXOS­

A rDID!JlU5-· - 3? vi, m*o)�OCOC11::� c G 9t. �-t < ,  ISIS �@rDffit'L�m� 5- - 3l c rDJttt 

vi, �*iJ\J� � tJ: "' ' · 

7 - ;Z rD••�. mm�¥@��•�mrD±HrJ, aB�£:t[grD .l'fl2l:HrJct K•�-c � Q . 

l&�vc, EXOS-A ffi£��rD '/ ;z., 5- 1,. v::. "J\, , -c rD�ffiBHi 1t4�ffi£ EXOS-A lf!i1=1jfH1r:;-J 

� J: � 1M-3H-2 %���H@il:- (EXOS-A)J ��� � ;h l: 1,, , . 
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