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Abstract: A newly developed direction finding ('DF') for auroral hiss 
based on the measurement of time differences of wave arrival among three 
spaced points was carried out around Syowa Station (geomag. lat. - 70.4° ), 
Antarctica in 1978-1979. It has been found that the new DF can determine 
localized exits of VLF auroral hiss with an accuracy of about 10°. A com
parison of the DF results with the ground-based auroral data has shown 
that impulsive type auroral hiss with a wide-band frequency range has not 
emerged from the whole region of bright aurora but from some localized 
regions of bright electron auroras at the ionospheric level, and that the 
arrival directions of auroral hiss change rapidly in accordance with the 
auroral movements. 
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O)ffl:�� 3 fix.£)-0)7·717 :/1lrJ:: !J -lf"-S:, .::r..ml:1Bird?f§¥tfr--tG1IA-csQ. )f:-0)� MAKITA 
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JUNE 26 1978 MIZUHO STATION. 
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� 1 �fv�£jtg (Geomag. lat. -72.3° , long. 80.6° ) ·er&fflU�:ht-:;t- P '7 l:. 7,.0)7,. 

�!7 !- Iv 
Fig. 1. Dynamic spectrum of auroral hiss emissions observed at Mizuho Station, 

Antarctica. 
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IZ! 1 vc�--t � c <, t:: ;q;t VLF-LF ;!jj�c$iJ;6 BB*i�cott��ff0 t .to 1J, -tCO;:lytg,IZ 

i:t��cm:i/J--to. jj,m, 8�10kHz ftif]Jc�::k5$Bt�ff"J VLF t:: 7'iJ;:i'ilt:9B1?.i!JiUJ[iJ;,� <, 
WHfilico 3 J=liJ·G 10 }1CO�$;=:..toi,,,tW:FajCO 21 � (Geomagnetic local time, GLT) lfil� 
3 �ia9F'�HC Lvf L�f9e1=.--.f 6. ;r,l!��ra,�i 1 �2 5traJC0fil�j13j/� - A r i.J• G f£5tiajCO /� - 7, 

r n:� I) jg L 2�3 �FaJ t m'c < �iin:.;t 6. l:: 7--C05$0C�:t .,,-; 7 - 7 5 'Y !7 7' WJJtco ]µfft.-C' 
10-13 �10-18 W/m2 -Hz 0)�5]�t,efE:'P}-C·J) I), -tCOr=f--i-C· 10- 14 �l0-15 W/m2 -Hz ('ft:W-�nn=-

��Lt 0.6�2µV/m,vHz) co�occotcoiJ\i&<b:961?.tmfitb��"'· t::7'�:tlili��. �o\,, 
tlfflM���9e1:?_L, ��1ili�-Kfil0t�M���*1'Y 7' 5�-r��-L�J::K�* 

--r-6 co-c-�J:: -e-t coffiivt�iJIJJ5E--t 6 c 12 kHz ftifJ:-c·tt�JJX:5tC05$1. ,Hf P3ffiivt� �--t. 
2.2. �IJ � m!. }.I 

�2cofflU5E��*vc.toi,,,t, t::7';o; 3 ,e. M, S1 UJ:'CY S2 iajCOJffiM�=-.rt��::1JiJ,Gf�mx 
L, frmvt-c·JU*Lt-:c--to c, 2 /�f'kj M-S1 :}3J:u� M-s2 ifcijcoJU*�i,,Ij� •1, :-2 �ffii,,, 
--cJHilflJ (} c J.JttJEJ i Lt ?X � -C' � x. G n 6 . 

tan 8=--- --- cosec a-cot a 
T1 d2 

l T2 dl 

sin i=c cosec a �(��)
2
+ (�!Y- 2(�: -�:)cos a-

;:_;:. -c-, c tl1ttE, a tl M-S1 c M-S2 COfJ:--.f�. 
wJ� Lt-:� c <, t:: 7'�:t VLF m:co 8�10 kHz #;ifi:-C·:1&::kco�oc�t#"JBB*itrCOi'i� 

�ff"Jco-C-�fflco J: 5 }c�-JiN:Iw'l�vcmt ��x.. t-:&ffi�fflU5E�:t-c· � t,e i,, ,. L t-:iJL::> t, 1:: 7' 

vc:xt Lt �:t� 3 vc�--t � c < , 1L i,,, r::.Mn t-.: 2 ,�-c-�IB � n 6 1:: A coffilit§'*1�ij�11 L. :tt=I 
�{!ll ¢1 (r1) n:}'li::kvc f,r:_ 6 ;l!��iaj T1 �¥1J*�iaj� C L k. ffi�iJi[�iJ. G ¥1J*leyia1��3.K � 

O: Jjfftfti i: A-1.Hfo'-J a: M-S1 c M-S2 O)f_c-tf-Y 
d1: M-S1 raiO)JfJll d2: M-S2 raiO)Je. 
�2 *-µ5���*-_Jj�O)���ffl* 

Fig. 2. Coordinate system of the measurement of 
direction of wave arrival. 
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rl3,��*co '61it* 
Fig. 3. Principle of the measurement of differences 

of arrival time between hiss signals at the 
two observing points (M and S1) by cross
correlating the both waveforms. 

Q.2f( DF $0)fUlH.t, fB%0)�:JB. {�mvc�vt Qffl��tt.vc'*lf*t.i: < JU*nJPJiMJ!UJE�.tLQ 

;:_ C' "i k.:ffi'*lj!1W.O)f.:ct>, �f!tO)�\, ,r139Xl¥Jt.i:�1ltvcxt L -C�}lr0)5jigl, ,_il�tt. � A O)tfhlli 

1lli 1J b; IAl J::-t Q ;:. c --c-SQ . 

2.3. UJ1JRO)i9cfs: 

�4K*DF'/'7'TAK���Q3�0)·-�0)�-c. •JE*O)•���-t. ffiffi*m 

Y .:i. 7 � • ;h ;'v A �l*JO)jf[:;t- :/ f!'';i, �fltffll�:l1f!VC M (master point) ,�, -'.f:-.::::. iJ, 0 ::t- :/ f;'v 

#li��ul--::>--Cffi-"*9 19km 0)*�7 :/f,r-7'7,rJ,���O)J!E":lm;iff (?iatt*9 30 m) vc S1 

(satellite point) ,¢5., "it.: M ,�O)JR*'9 18km O)*m:1Jcl:: (?iatt*9430m) vc S2 ,��l}!::?!b 

I 

L ____ ___ _____ _ _ _ _ _ _ _ _ __ I 

� 4 3 ,1a!l1=F139&Htl!IJ7*r=. J: Q * - 1=2 '7 e. 7' £z:> DF Wtl!IJ '/ 7' 5- 1,. 

Fig. 4. DF system for auroral hiss based on the measurement of differences of arrival 
time; con.figuration of the three spaced observing points (M, S1 and S2) and 
the block diagram of the DF system. 
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tc.. s l :to J: rf S2 ,Q -c-(7) J'v - 7
° 7 :/ T j-qC J: -:> L '3l:{a � ht.::. e. A (1)1a%vt:lf:$i � tL t.::.{&, 

2GHz *7V/.- !7 K�0""C.*:/Y��-�-�-(1)-W (8tt43m) �TV/.-!7 � 
fa,Q"i .. ('�5ts�;h,-{). T v /. -!7{§%vi.-t(1)�-e{l��;h,t.::.{&, 600m (1)�ffiI7 -711v--c·• 
ffllJ�P'J"i--c·���;h,-{). -1], M ,Q (f!B;f0£:Lm) --c·vtftffllJ�1¥fm**9 300m vcm""CG;ht.:. 
/V - 7

° 7 :/ T j- -e:-'3t{a � tL t.::. l.:: A �t:lf:$i�@Ji 7 - 7' Iv c'ftilllJ�P'J �C..ilJiJ,;h, 6. C (7) J: ? K .. 
L""CfflGtLtc.3 �(7)fa%vt�7-'3l:1aMK�-:>Lffi�(l)*�K�•�tL. :lf:•�ntc.�. fflM 
��C�iJ,;h,jlii:fl�;h,6. f.tt:>, M-S1 j13j(l)fj!g�vt 19.2km, M-S2 ia9(7)ffe�Ht, 18.2km, -t 
tL G (1)£�j13j(1)3'.2::�a 80 J1t c f.t-:> t.::.. 

2.4. t:A§!{§ffl7 :.,7-t-cMti=��;� 

�!}!gtt: *- p 5 1.:: 7--(l)�fBffl 7 '/T:rvcvt :imn-*� iv - 7° 7 '/T:r (f!B;f0£:Lmc·�tl&i?l 
40 m, 1r:f1 � 20 m (7) 3 �:ff1) iJ�ffl\,, Gn ""C � ts:.. * DF './' 7-TA -ut 3 ,Qc' l.:: 7-'3l:faffl 7 
'/T:riJ�,JZ,�c·sQ. ��=- S1 1o�V;: S2 ,Q-"'Lt*:,;�··1vw�(l)W1Jc��""C�J:1jfc·4?o�, 
!@!St� fc� '1ltr�-t o t-:.o6 liit, A=fv:::.tU•n�S o. "it.::. 'M'�� m/s (7)jc�#400r�Jit c 
-20°C 1:Jrt:.. <b fJ:Q�lliii, 5!n\.·rlX�(l)ll*���;{_Q C 7 YT-J-�1J<i�!HUt��. f*;'y(l) 
ufliJ,G,JZ,��f4c'S-{). Jffl'ffi', ���t.t � 7-(l){a'�(l)�fd°$Lt1v - 7° 7 / T :rc·�®�htd� 
-�} � ��.l:t (1) A� \,, :nEE r '7 :/ 7-c· Jt EE L, -t (7) �. {gj A.}] 1' :/ l.::

0 
- !f '/ 7-(1) f1£�%1Jtrui:itl 

$M %} c· � $i-t 6 @1 fEft 1i :i:R: � � 0 ""C \, , 6 
1$<1 5 (7) 7 :,,r T :r*ai5-@IfEftvc.. j'o\,, ""Cl!�tct c t vi ,  tr\ :t.J11tEE V c A:t.Jffl:�5$}j'. E c (7) J:t, 

-ttJ:n't::> pick-up factor ��iJl:J�--ltot.::.2ib��Jt n �jc� < -t6 cc c·so. LiJ, L, n 

�J( � < -t 6 c :1tEE 1-- =; '/ 7, 2 ?X1Jl!J(7) 1' :,,r :7· !7 !7 /At 1-'¥-i!it�it t c·iR:"i o ��ft'.iJml�iJ�f.1£ 
-r,· L, 3t{a;rii�$/i!�� < -t 0. * DF './' 7-TA c·f.t 10 kHz 1JII�(7) VLF � 7' �± c L ""(;,:q� 

h1: iv- 7° 7 :,,-7-:J-')! 1;1] 1�;j ((w/c)AN) (A: 7 :/-r:rjmO)ITilflt N: 7 '/7-:J-O)�fJ_), E: 
A 1J1JtJf.S!RJ!t, La: 7 /' T 'T-�fllli 1 '/ !f '7 3J /, 7,, Ta: 7 :/ T :r�f1Jfi:}g;t/[, Cs : f:f_igf?(HL 
R: j{ '/ �· '/ ;t'tftth: 

� 5 7 fT :ri��oy�frtfi@]� 
Fig. 5. Equivalent electric circuit of antenna connection. 
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tc i'" G t..:2lbfiu�.mliBt�� 10 kHz #;tctc�db. J:t,Mf�{l::o_)f..:2Jbtc !l' :/ �· :/ fffi;;#C R ��m L 

t.:.. ��1tJ��{J£�J.f �t fiJ!t:ltMl�WJ?Jt�c. �ffli'" o :Ll$iU{fr-elk: i o. ffl I., k. FET2SK30 

-e�t�ffllli"" o .!: A:::b�fiffi-iH:t.*9 0.03 µV/-v'liz '"t:'� -0 f::_o_)'"{:·, ;:_ o_)*fE"If v""'1vtJ� � 7-. o_)Jfi 

fif�ffi"S!li� 10-16 W/m2 -Hz (0.2 µV/m -v'Hz) tc� L < t�G § �'"t:-��!t n .!: J'il,j"��'�t� 

iv-7
°

7 :,,,77'7_)*����2ot::.. ffl1.,,fuv-7
°

7 :,,,77o_)ffi5G�� 1 vc�-t. �itLk:1t 

�r:J:/7-.����-�--o_)@•���6K�-t. 7:,,,77�{jffi�:,,,�?�:,,,7-.�ffre� 

7 / A o_)wJtcfh,-Ctl!U5E Lt::. V/h1B o_).mJiBt��tt�� 7 tc, }df:1:t.J%tt�� 8 tc�'"t". t� 

�' *DFVATAKt'0-c•��.::.ttt, 3��7YT-r-fiIR�--��tt��-�� 

G.::. .!: '"t:'� IJ, -t:"o_) J: 5 tc���ht::.. 

1rufft�iflj�'"t:'*9 60 dB �l[Jj � ;ri, t::. {8%�:t S1 � J: � S2 ,� tc � \,, -C 11:t fffii 2 ® 7 - 7· 1v '"c' 

T v ,1. -�t!f;fqi:3'7_) V-"'lv�ifl'lHitc\,, <. ;:_ o_) v-"'Jt--�ifliMf:t T v ,1. - � �{Bfi'to_)��A1J 

{B-f} V""'/V (-25 dBm) vc � ·-e�l[Jl-t � r :J :/::, 7-. � JA,Mf��ifJIM'"t:'� �, 3 J3t;Wtmi&m-Z:' 

*9 50dB o_)�l[JjJi'.��--:::>. �t..: v""'1r.-�l[Jj�o_)q:tvc�:t 50dB o_)ffi:ifC�:R���A L, JAm 

�{B-f}o_)'.:5t{B V""'Jl,,���-t ,'g. S1 Ji'HC�- Lt::.1t---7
°

7 "./7 7�� 9 vc�-ttJ;, .f:o_)1J 

ftilv:t M, S1 � J: � S2 o_) 3 -� .!: 1b �l::Ji:t-1¥liffl1Jfti]tc 7 :/ T -r ffi� ltiJvtt::.. ;:_ o_)�EBv:t, JAm 

� 1 VLF :::t - P =; 1:: 7- MffiUffl 1v - 7
° 
7 :.,, r -r (J) ffi5c 

Table 1. Characteristics of loop antenna for VLF auroral hiss emissions. 

�m 14m 
�� 8m 2 @I I 197µH I 0. 170 

3:640t .--.-----

2SK30A 
2SA495 2SC373 

� 6 1Wii:i1�1Hi@�� 

2.34cm 
(10 kHz) 

2SA495 

Fig. 6. Circuit diagram of pre-amplifier for VLF auroral hiss measurement. 
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� 7 -tru���lrniO).mi��-tiL1J'�EEO)�lt 
Fig. 7. Frequency-amplitude characteristics 

of the pre-amplifier. 
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l&J 8 filittl�i � 0) J,.Jti ;J %·11: -100 �-�----'----'------'---L 

Fig. 8. Relation between input and output 

voltages of the pre-amplifier. 

-40 -20 0 20 

� 9 S1 ,i.rx ( '7 :/ !f;-t; -f -r') 0) VLF fm.tlltlffl iv- 7° 7 YT-J-
Fig. 9. Loop antenna set up at the unmanned observing point (S1), Langhovde. 
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�m%vz:.f;t:;;t- _,( 1li]Ji (!Igf0£:ttl!t.r• b�t:15*9 6000 km 0) v • .::i.. =- :;;t- :/ J\uil�5!ft\, ,) c 17.8 kHz 

0) NAA rnirBi. (:ft7 ,;{ 1J -JJ :�aiaJ¥-JJ 1v � --e:Ja{a} iJ�5!i <, wJ�O);:: c <, ����{aO)� 

VZ:., ;:::h,i:>O)lffi��i;:.J: o t::- 1' iJ� 5,_,1QkHz 0) � 7-�mffi��tfi�-j-oO)-C-, v"";i..,� 
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2.5. T v ;£ - -$'  

VLF-LF m O)  J:tmt�m% 'a:.'  S1 :.fo J: cf S2 li!JJ• G M ,?f., (!IB:f0£:l'!H) "'�JZS-t Q T  V /. -

� c L't FM @J�'a:.'ffl \, , f.::. .  T v /. - � O) &'.:,�nfj:gt$j B tt1lUlst��"c'(XAO) J:  ? fC�2lb G 

;h,t l, , Q .  

B=2DK+2M .  

M �:l:.:@:�lNP.ffm��' K v:l:.!E�"c' FM --e v:t 1 ,  D {i.Jli7(mJ?Bi��f$"c',:6 Q .  M � 100 

kHz c L , '£ t.::. D v:l:.��Plt 200 kHz rms O) ���� J:fh , f.::.�, 7 '/ pi'� A ttfa%tc;i<g- L 't 

�3{)]1[10) 4 ffi 0) 800 kHz v::. c G c , *5Jl:u B= l . 8 MHz c tJ:. G , C. O) J:  ? tJ:J:t:1, , 1:: 7' :;;tnfjgt 

�ttt o 1f&jzsiJ1U:: L tv:t "' �  !l P iBl �ffl 1, , o  LiJ• tce " ' · 7'" v /. - � �jzsO) S/N Jt vt 1:: A O)  

JIJ*7JIPJ 'a:.'13"2lbtdiOCfrfl.ffl 50 dB vc 7 :r. - :/ '/ !7''"°7 - :/ '/'a:.'�X. 't 60 dB tJJ::&'.:,�"t:·,:6 Q . 

C. 0) t.::. ct>,  :i2s�m 7 '/ 7'" -r vc ,, � 7 7G 7 7 '/ T -r ( 1.2 mf) 'a:.' ffl 1, ,@J*!fUm 'a:.' J:::Jf, jzs{a � 0) 

{�lli :tJf� , -tt.cht::>{�WHl1l::1J1�vc�ct>t.::. . 'i t.:::. , "' �  !l µ ?BiO) tj:t--c· <b ��ffl�ti�:Jrt.r < ,  

jzs{a�O) @J/EMlstti�ffi'j�"t:· ,  7 ,r - ?"�O) J&1zh , iJ��£--c· 25 Q 2 GHz 'iJf'a:.'�iR Lt.:::. .  ffl 1, , f.::. 

S *ffl:��jzs{a�, T-2GD300 :to J: rf�m� R-2GD300 O) ::J.::�ttt�'a:.'� 2 tc�-t. 

S1 ,?f., --c· v:t� 10 vcjf--j- ::: c <, ¥f�J:Jc 2.75 m 0) 3 ,tq � 17 - 'a:.'�'t ,,� -;, ;f- =J 7 '/ T :r 'a:.' 

J& I) tHt ,  -t O)TI[rvc;i2sm�'a:.'§:1, ,f.::.. !:: A �ffiffl !v - 7
°

7 '/ 7" -j- (� 9) vtjzsfaffl! J: 1J � 

� 2 VLF {a%i55'tffl T v > - 3l �rntOJ:±��JC 
Table 2. Performance of transmitter-receiver. 

� � :n �  
1a%1:z::i5m� 
� � IJt 

}ZS {a lli 1J 
i5Fa 00��*5£/Jt 

�fa.r.u¥em��*JEI!t 
�Fa*llf:t�� 
tj:tF .. 9Jm�� 

jzs Fa rifJ 
5't Fa }lu 

S1-+M 1987 MHz 
Sr�M 1859 MHz 
FM 
0 . 3 - lOO kHz 
200 kHz rms 

0 . 3 W 
± 8 X 10-5 .lJ. V-) 

± 5 x l0-5 J;Jr-9 
7 . 5 dB 
70 MHz 

4 W  tX"f 
7 W tXF 
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30 m �U.,, t.: . S2 /X t :t f�l 1 1  r:::.�-t =." c < ,  *��ffij_J:.O) f,:2Jb, 50 m/s .l;LJ:.0)%iJ.{.�c:;'{g- L.. --C 

t / � 7 � 7 7 YT-r 0)1,fP]iJ;l£1t L- tJ: 1, , J:  5 � 0 5 .5 m 0)3� 3<" ? - 0) l m  ��O) q=tvcm!. 

cf) ,  3 1J 2 � 7--. 5- -� t 'J , � G :c A 5- - 7 Y tJ - vc i:z - 7
° 

7--. 5- -� tm %i L-t:... 1v - 7
° 7 Y 

T -j- Lt_�{B°t-3t J: fJ *1g 1 5  m �H--t:.. . !-R :;t- Y ;7' )V MiJUi�OI$F=-�-c t:..llRfD�:tJ!!O) T v /. - 3c" '.3l:m 

J-lJ 7 YT -:r vi ,  � 12  i::::.;;j�-t" =." c < ,  2 "Ei' O) ., � 7 ;-f 7 7 YT -:r�-l-tiJc;h,O) � � 5. 5 m 0) 3 

fr1 !Z r; - vc l& fJ tt tr;- , -t"" n G 0) Itl--r �c '.3l: fn ffli; � fa 1, , t:.. . :i2S'.3t fB" ffli; fl, 1, , f .h t �� · {J£illa.b � 

G Ct��-t .:�d:..66*1g 10 cm O) jq[ 0 0)Je1§ 7-.. + P - 1v O) Wfr��t,t-c[ffl.lJ-,  ttO)ui{t vcl&*"3 L,  � 

G vcq51p·-e�.7J-,  3 }l'J ;; r; - vct#f- �:d:.. . 2 3zsfrJ/.\iJ • G '.3l:fB",� 'i 't:· O) f��N:iv:t.1. ,f.n t '.fc�J! 

jfil L -e 25 � .  * 3 vc , s2�M ii:ntaO) @r9'1Rl�r10) tt rl-*6*�5F-t. '.3l:fLl· lxic :rovr � �mu 1..., t:..'.3t 

� 10 S1 ,Q ( 5 '/ ;7·· ,t- 7·'7') �=-.t�vt 6iliF§til:� J: rY.,� 5 ;-f 5 7 '/ T T  
Fig. JO. Paraboloidal antenna set up at the unmanned observing point (Si ), Langhovde. 

� 11 S2 ,r� ( :;k::�}j(J::) I]) VLF lU!U�:}o J: rYziB�� 
Fig. 1 1. Loop antenna and paraboloidal transmitting antenna set up at the unmanned 

observing point (S2) on the ice slope of the Antarctic Continent. 



24 

im 12 airn:i£:i'l!!O) -r v ,;( - � s'l:m�� 
Fig. 12. Receiving site of the two telemeters of 2 

GHz at Syowa Station. 

'fil'�;,Hi,  Sc-+M @_J�-ett., - 58 dBm, S2-+M -e �t. - 55 dBm c ts:. � ,  'fil%��<D S/N 

v't. -t" ti> f hJ:/.J 69 dB c *9 72 dB � t!} t.= . 

� 3 ag�£:i't!! (M ,i�) , ::k�lJ<J:: S2 J�Fa10) T v .;( - � @J-�M: 
Table 3. Characteristics of transmission lines from S2 observing 

point to Syowa Station. 

§ 

c 1 )  � m ·tt n 
( 2 ) @ [ti � raHft � 
( 3 )  M1 '� mf ffl �  

( 5 ) 1K rai ffl � it H 
( 6 )  ffl $ 5'l: fB 11t 1J  
( 7 ) 5'l:fBflffHfllt1J 
( 8 ) C/N (�Na� S/N) 
( 9 )  S/N qi�ffi� 

( 10) ffl�:j-k�O)�fffiffi S/N 

r 
24. 8 dB m 

- 124.4 dB 
-2.0 dB 
-2.0 dB 
24. 2 dB 
24. 2 dB 

-80 dB 
-55 . 2 dB m 
-94.7 dB m 

39 . S dB 
32.6 dB 
72. 1 dB 

2.6 .  ffiA lQ;JIJ1J(i� S1 to J: t1 S2 2 q'J'f� 

0 . 3 W 
20 km 
8D2W, 5 m 
8D2W, 5 m 
1 .  2 ID9) ,,{ =j ;f; =j ' -¥11�JlU0 7° 

(2) + (3) + (4) 

(1 ) + (5) 
B= 15 MHz, NF =7. 5 dB 
(6) - (7) 

(8) + (9) 

�1J�l (D �{iii (D ts:. \, '  mffi (D �A ft1!il{ll,� (D �Vffi C L, L �j: mffi::k�--c-�,m,1¥)v;:. � < JJ;�fUffl L, 
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t..:.Jl.]f[jeftffltbl�ffl1t � tt;-c 1., , Q  (f.uJiJ l lftl! ,  1979) . LiJ, L* DF './ 7-- 5- .b. O) 'rtUJJlU: Lt v-l, 

1) {�mt (- 30°C tJ r) "t:' {/tc5E L --c ��ihflc-t Q .  2) ��� tH � t.i:: t '· 3) �I L l&t& 

t ,n:'f{ijlfi, ��--c� IJ ,  �;'.fn���-c� Q ,  �O)�{l�i�-t�,�il· G�:!:vc J¥ft£ft.--C'i1effi �• 

0) £:i Q ��ffiJl�rlg�ffi 1., , Q  z: c vc Lt.: .  wJffi"t:'a.ttg��iJ:5.§i < ,  �iJ:�ng O) ��t:JUc 0 'i  

Q c ffl:r\gO) ��iJl�ll:-t Q O)c'� 1 3  vc�-t J: 5 vcJ&�fi'iiJ, G ¥9 1 m r� O)jm�V'tr � lli L ,  -t 

O) Jt;fC7.KfVC F9�� l& IJ ftvt t �iJ;A G t.i:: \, ,ffi:tfuJf:R�ffl� ffl \, , f-=. .  1� ¥-!tlltH:t ,  j25{J�iJ;:k 

{$5j-- �MJf L,  -t O) M J'tl'r vl� 2 vc� L t ;::' c < ,  18 V, i':1 4 W c'£:i G  O) "Cf�13<:�tlli�O) 

[81 13 ��ffi�'i4!tfilO)Jlxffiffi 
Fig. 13. Battery box with an air-guided pipe at the 

uumanned observing point (S1). 

16 

:r: :..:�ltt.lM 1f,:,1B L S A- 1 0 :15  ( :! r-2 S )  
!&�Tt1;:M:: 233 mA 

l U O  

n *1'& II!i rm ( h } 

- I v "  

[81 14 ffl:ttl!1IIEO)al(1't1Jil:J�& 
Fig. 14. Discharge characteristics of battery voltage. 
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g;g�ffillm� LSA1035  (�� 350AH) � 2 fflmtlll, 2 M�lllv<::.�� L --C ffl \, ,f.:. .  m�O) ff11YJ 

vi.W:A -t Q g;g�l!fil.Jln:.{&tr= L,  � 14 0)1ixmBE�il· G 1itlli-t Q c ,  �:lq�l/fil. -20°C ··efg 62 

B ,  - l0°C --e vt.fg 1 10 B vct.t G .  Lt.:iJ; "'.J -z: ··e � G fs:vtff11TJ�* < -t Gt.:� qc, J&*"3ffil*J 

O) m�O)g;g�,IL� .b � il; f.t \,  ,�f.:lvc Wr�t-t-em��lffl "'.:) t.: . S 1  ,�--e vt.::k�?f}W:O) �l*Jvcz10 

Q t-:.�lt�1¥J:ifl��Maf.eu < ' �ffl L t.:t!L*, k O) n11p vi.� 4 7J Jj '"c' ;5 "'.:) k..  Lb>  L S2  ,� 

a ,  fJW:iJ, G*9 12  km �O) r@jf.:l 430 m O) ::k�7}(J:.-c:-;5 0 t-::6bJ:l:�1¥J:ifl��MvH� < ,  �ffi 

L t.:tt�. .:Z:- 0) ff'®"vi.*9 3 n }]  '"Z:' tl0 "'.:) t.: . 

2.7. VLF t: 7.�ffi-

� 1 5 vc5:K-t7· P  'Y !7 31"· -1 -v ;7· =; A vc1oi., ,--c ,  i:: ,7, �fa�O)��vt.r&f&:O)ffl��vc&f�tJ:: 

A)] v -"' It.-- "£  '"c'1§%�:lt$i -t  0 c c c ,  VLF-LF *113 O) fV.t�iBl���-t Q c c  -c:· t10 0 .  flt:l� 

£im-c:-�,ra � ;rL G :!W��sut.g;gm O) HiJ·1ru�O) :;t ;1- -JiflJZ_, NAA �. GBR ( 1 6  kHz) c NWC 

(22. 3 kHz) n;z10 Q .  c ;h G vi. " ,f;h t JE�1¥Jvc¥BM� ;h --c 1, , 0 0) -C:· , c ;h G O)flJZ.���-t 

G t.:�J.L\w�O) i:: .7-. �mm:t��f.!&�m (5� 8 kHz) c ��;fir (25 ,..., 100 kHz) vc5}� Lt.:. 

� 16  vc I -WU c L --C, M -� ( at?flJ£ft!!) ffi O)�,Fa�O) NrliBl�%tt��-t. "! t.:, t: ,7, �fa� 

(,C (,i., NAA � C NWC 7Bl0) fAJ�m$i��#1Jll Lt.: . C ;h G vi., ?xim-C:'!ci" ;::· C < '  * DF 

-;,, ,7, =r A O) jj"  fP.J�UJEO)�IEvc¥eM&MO):hn• "'.:) --c 1, , Q VLF ,mjiBl� ffi1., ,  Q t.: �-c:-tl0 Q .  g;g� 

vc J: 0 tfr� m 7Bl vi., flt:l��:ttl1 .mJ :ill-C:' vi.± c L --C 7 7 � :tJ 9=1 fil� c JR WI 7 :/ 7 WI g§ g-� iJ' G 0) �file 

•g;g�vc i 0 .  g;gmO)i!i1, , JmiBl�iM�vt. i:: ,A 0) -:z:-n c -n--t 0 0) -C:·?fft��iBl�-c:· vt. ,  ��-c:

� tJ:. "  ' ·  Li r• L ,  C O) fto��fftli11Z�� Gt.:6bvc, � 1 7 �c�--t ::::· c < ,  -Ji:i!if.:ltJJ:.O)g;gffl°: 

M 

r - - - · . ·, 

S o- - - - - - · - - _; M 2:: fqJ l5 I- - - - - ·  �� � Jt,  1 � - - - - - J  .:X t lJ 
� - - - - .. - ,  

S o- - - - - - - - � M c: fq} l.5  � - - - - - � � � Jt, 
2 L _ _ _ _ _ .I ;,I. t lJ 

� 15 l:: ,7,'.:f{B� <:!:: f§[ffl�0)7'· p 'Y :7 !i'-1 i7 f 7 A 
Fig. 15. Block diagrams of the hiss receiver and the correlator installed at Syowa Station. 
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� 16 �i§t-1Jm���lt 
Fig. 16. Frequency response of receiver for VLF auroral hiss emissions. 

1 ms 
-41 K-

� 17 �1., ,;g�r-:_ J: 6 tl.i%fi@ffi0):15� 
Fig. 17. Method of rejections of intense atmospherics. 
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Cl) / � 11,, A iEl � � f� --t Q l , 1-- JJ :tf ,, { ;L, A � 9£ �:t � -t± , ?X w--c-ic --t ffl !*1@i W: � f., 1l � -t± Q � fi§ 

� #:!.m Lt.: .  ;m·�; ,  r l) 7/ v � ;I,, f.t�fa � ;h t-=. t:: 7' (1) �7C51R� J: iJ E=f{J'U \.  \ V � lv r=::.�JE-t 

� 0) n;� � L \, , iJ; ,  ��r:- vt 1:: A t  �ffl: t %.toca'wa::. �ib-t � 0) c' fl1i� O) %.tJJtlt � ltf{ L tJ: 

iJ; G fmtJ!IJO)i�tt.i@ � v::.�'.IE Lt.: .  

2.s. ffl oo n 

M-S 1 , M-S2 IHJO) 2 *@t0) f§1Lffl f*10)@illv::. tt ,  !ZI 1 5 0) 7-· p 'Y :; ft1' -t !/ =J L �=- jJ'� Lt-=. �-

l. < ,  3 f!i (1) 7'' 1 ::,; !J ;r, _;< -:r:- lJ DM305, �� = = -;,, J, , :to J: 0:- 7' - !J 7 P -t -;,, --iJ- S M 1 330 

3 --r -t :/ ;t- JI,, 0) VLF �fat£lli jJ 0) !:: 7-. {/3 -}}n. -:t  ;h -f:  ;h DM305 r=- J: ., -C AID 2'Uj � ;h 

�ctt � n Q . -f: Cl) � , sM 1 33o t.J. G Cl) .::y-· - ;1 �jzsffi Cl) � p ';/ :; ,,{ ;L, A �=- J: 0 --c 3 T -1- / * ;L, 

0) 7' 1 / !;t Jv{§%iJ; :/ l) 7 JI,, v::. SM 1330 [A] 0) IC ,I. -'E- y v::.J& I') � � ;h -0 .  s:_- 0) T 1 / !J JI,, 

7' - 3 q1� � 7" p !f' '7 L. ( ffl1LfflMM�J v::. L t.: n; 0 -r 2 *McO) �WiJ;3e1Lv::.�fi � h. � 
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� 4 7' 1 ::, !J 1v ,:1. -'€: !J DM 305 OY::tJH1:fig 
Table 4. Main performance of digital memory (DM305). 

- - ---� - -- - -� - - �- -- -� - ------- - - --- -

ia 1:t ® A 
ft�. �d;i-Jfil}jf 
ta � * r 

� Jjf 
ml mt � {1} � 

8 bit X 1024 7 - F' (:m:7() 
1 µsf 7 - F' 
MOS ST A TIC RAM 

± 0. 1 - ± 50 V 
DC ia ,§- DC- 250 kHz 
AC *a,§- 4 Hz� 250 kHz 
s bit �?klt'5tA 

- - --- -- -- -+--- - -- - -- -- - - -- �  

1f � 
(PCD) 

I- 1J :tlt-J fiJ ( - ) ' t-J{& ( + )  iJ, I::> 0)-� 
d;i-lffl�&. 7 - r�vt ,:1. -'I:: 1J ®At:::.� L, 
- 100, - 75, - 50, -25, 0, + 25, 
+so, + 100, + 200 % 0) 9 flffi 

� 5 7· - !J 7° 
P -t � -tr SM1330 0)3:.�·!1:f:ig 

Table 5. Main performance of data-processor (SMJ330). 

-r - !J J&�d;i- (lliiJts) lf!j=F.,i 
11.um�oo 
>11.!i��r1c1i 
CA.1J r;1 - F� v::::.M L) 

256 r;1 - r 
s12 r;1 - r 

1024 r;1 - r 

D-A 2 :f- -1'  :/ .::f 1v 
2 + ,, :/ .::f lv 

ffj oc 
%moo 

t[ ,1 -J- � � !7 RAM 
16 bit x 12k ? - F' 

5 µsf 7 - F' 
��ffl1Effi�OO� 
(2 **1Effi1Lffi�) 

i1B 0. 44 � C�il!Ufta) 
i1B O . 83 � (�il!Ufill) 
;\B 1 . 60 � (�i}!ijfi) 

SCOPE 20 µsf 7 F' v ?. 
n, r2; -4- +4 V 

</>i(n) ,  12(r2); 0- + 5  V 
3% 
l f  4096 (12  bit) 

•*'t�vi. D/A �ffi: � :h--c l:B :1J � :h G . 7 -r P P' l:B :1J vi.��m¥r1ct, -r1 c -r2, :to J: rf-t":h.:f:h 

O) ffl�� ,f>i(-r1), </>2(-r2) 0) 4 :;- � :/ -* 1v "'c' �  � ,  � :/Ea��no . DM305 c SM1330 O) ::t� 

M:��* 4 :to J: rf* s v�ffi-t. 
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50 1 0 0  

iii ii!; IJzy r.l! ( !JS ) 

� 18 ffl[m�O)��ffJi!cij c l±\::1:J'rtEEO)�f* 
Fig. 18. Relation between delay-time and output voltage of data-processor (SM1330). 
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iiJ� Lt.::. 5- v /. - !J ,  'T - 7· 11,,�:a:Ji 0 t::.. S1 c S2 ,r,� ,g�O) M v:.R-t Q ;i1UJJ;O)fi-tt]H:t 

NAA �:t-o J: rf NWC �:a:�f8 L -C ,  DM305 O)lf �J.6��v::. 7
° lJ ::z :/ e." .1 5- - ::,, 3 :/ T ,r 

v - (PCD) �� vc J: 0 -C ffl < �5E L ,  �g ;::1. -=- ';/ r -c- 1 7 - F i:p_ f:ft_-C- ffl-Wnc �JE Lt.::.. 

;f;§�Hf.fO)J/!��iair:.R-t Q DC te:1J�EE4�1i:0)��*5=*:a: � 1 8  v:.�-t. ��:1J��t, M 

c S1 O) f.!£�m)l:fB:f;-.iv:. BE*ltr:a: A7J L ,  DM305 0) -tr :/ 7" lJ :/ :7'':i!J3t� 1 µs/ ?  - F vc.� 

k-t° � .  .:t(J);j&, S1 ,S\fa�-0) DM305 T ,f :_;, !7 /!,, t±I :1Jz-�M; ;::1. = ';/ r -c-A�!¥Jvc�� � -tr 

t.::.BzyO) -r1 0) 7 -r P  f/:BJJ�EE�i3� Lt::.. .  te JJffi:ffO)v-f G v:::> � �tffi���vc.:t-ovt Q irfilUl 

51' !r.1 fHJ vc J: 0 -c 1:. r. Q AffcH ITTfJiOl �iff-c-� Q . 

3 . Wl 

_:;f.( DF ::,, 7.. T A z-ffl t, , t::.. fl, tJ!U i'C x.1£. 'b , � f VLF fr!uiBZ. z-'7tf� L --C 1f fft�lE � fj ? . � 

1 5  0) 1:: 7.. �{1§�:a: NAA ilt� J: t.F NWC �fflv=.fil f) � k_  -c M-S1 to J: v� M-S2 jlcljO)ffi][ 

;f:§111�  c Q .  lf�;::1. -=- 'Y J, O)��lt:a: NAA iJt (8 =295 }jt, i=90° ) :t-o J: rf NWC iBl_ (8= 

86
°

, i = 90
°

) tr, G H� � h .:5 �g�rlcl".l v=-� L < t.i:: .:5 J: 5 v=-filt5E-t .:5 .  1:: 7.. 0) }?ij�� 7..----::. :1 r 

;v t!  VLF-LF ?if-C·&:!ilfrt .:5 .  ��BSvC. it 8 � 10 kHz f-t:i[i)cJtt*�}jt:a: ib "'.) 1:: 7.. 0)951:_tffitf 

iJ:7itj t, , O) -C' ,  �iilU�t.v� c A, c' {.!£�1ir (5 � 8 kHz) -C·fi 0 t::.. .  M-Si iaj O) jg. 19.2 km vc.ffi� 

-t Q C{}O) :&ijcJ/!M;�rhj�t. , :=::::64 ps -c-� Q 0) -C', DF ltiiil!Ht., 1:: ;q·§�-:a: --lf- :/ 7
° 

lJ :/ :7''ifRLl 

I ps/ ? - F ,  A.7J:Y - !J -Jf<: 256 ? - f 0)7irr! (¥:!ey{tM:fil!.""-Cfi -::d::.. . 

:,f_( DF ::,, 7, T A  n:,rJ7)J-C' � Q iP�iJ.�t. ,  3 ,� 0) 1:: 7.. fil�ia1 v:.ffi1[ffi[}-�iJ;� Q C c �*W:"1 
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aJ 

22:20 UT 

lt 10H 

JUNE 1 4, 
5 "  

1 978 
2,c 

22 :25 

8kHz 

1� 10
1 5  

-
\N-1fiHz ����������� 

bl 
A,<p2 (r2) 

C J  

• 1 x 2 

GW 

• 5 >< 6 

� 19 ;ot - P 7 l::. 7' � (a) 5Yil!t, (b) �fl][ 

fflMic.jj, (c) J1HfE:15fPJ, 1978 � 6 
Ji 14 S 

Fig. 19. Temporal evolution of observed 
results at 22h UT, June 14, 1978 at 
Syowa Station. (a) Intensity record 
of 8 kHz auroral hiss. (b) Cross
correlation values of A2�2(.2) and 
A19)1(n) for received hiss signals at 
5-8 kHz. (c) Estimated azimuthal 
and incident angles. 1 to 6 represent 
six sub-events. 

o �,�tJ;� o .  � 19 vt.���c..l!ifltl Lt.::ffl'*lia�O) 1 wu��-t. 1:�vt.::tctt�JE� 2 tp, nt 

tlt�JE� 80 ms O):fil1J-..fill�1Elt*'""c'�lli Lt.:: 8 kHz * (TII:l.�Oi'li 230 Hz) 1:: A 0)5si}lr�a�'""c' 

� o .  1:: A tJ; "i t-:Ie1=. 1..., --c " , tJ:: " ,�v:t.ffl'*lfiv:t.�mvc.. J: "? --c OOJJs�nc.. 1:::n L. t-:. t-.: � vc..�fli 

'i '""c'�"r-t o .  C. C. '""c' 2 .7. '""t:';IB Lt.:: J:  ? VC..�m r !J :tf',,� Jl,, AJ£1=.� 0) r !J :;!l V -" Jl,,�� �  

vc�� L --c �" ,�ttvc J: o 001!1¥Jt.c ffl'*1f!i/:B:1JO)  J::�O) M{Jlr�Yt.c < --t o c. c t;; �,�'""c-a; 

0 .  22 � 20 5ts&iJ:. G 1:: A 5siJlriJ;J::::n--t O vc.. --:>.h, L ffl'*1{!i A¢i<r·1) , A</>2(1:2) O):fil.rJ-.. V -"  ;t,, iJ; 

1:::n-t O (A vi.tfjtO) scale factor) . c. O)��vi. IJf,I G ir• vC.. 3 ,�F1=1j'""c·ffi]:[ffl'*liJ; c .h, t..: ;:. c � 

ruE IJf,I  L --c"  ' o . ;:. O)J::��Faji:f:tO)j!!��F1=1j-r - 3r �IDt.7;,t. c "? --c lllli L t.::JU*:fJIPl�� 19 (!) 

-&r�vc�-t. � 19 O)JtiJ:::s=Bvc� i; ;ht..:. t A �}lrO)��l:vc..�-t c.· c < , C. 0) 22 m¥ 20 5t ,._, 

25 5tr1=1j0) t An5tbvi., �rajl¥Jvc.. 6 i:Krajvc!R-Wo C. c iJ;'""c' � o .  1 ,._,4 0) 7(  � t.c t A n§j!JO) i:p 

-e, sjgrt,; A T ,y 7
°
� rel:� -t o  K .. --:> .h, --C :f;t!Hifl�JR�tJR:JJ IP] c 1¥fiffl1J IP] 0) 2 --:> 0) 1J luJ iJ:, G � 

][vc l:: A t,;JU* l.,, .:t O)�. 5 0) A,,� -1 !7 � t A vi. , :tt!21itt�;fl::1J fP]iJ:. G ,  :fil�O) 6 "c' �:t mil9 

1J luJiJ:. G JU* Lt.:: c. c iJ;bn" o .  
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4.  

71s: DF -:.,, 7.. T A  O) {RU5E'¥1li.!tltffii*11���c �vt 0 ��ffifj13j!f1J!UO) 5}jW� --cvc 'i 0 .  DM305 

O) :m}:�lt � �d;it.Jfil/.l!)t 1 µs --c a, IJ , C 0) 5}jW(i� tt ,  J,..Mftg 10 i.!'tJ.:JJ:O)iJ'i�, --th:b '0:Xffi 

n lPJJlrill��vt�f. 10  f!f_ 0) 1Jfft, AMfigffi}n'.�cffi�--t 0 .  LiJ'- L��l'C �;t.  e. 7, fa· -�J l :t� 

" ,�'l'itO) @'°W�*l1Hc�J>� � n, -th G 0) 5siJ!n1·mv::.If£ifJ-t" 0 .  "i t::.. ,  fflOO�@�O) tJ.1it1� 

���� 0 2: fflll!E*�f*�jffi t,"- O"i l µs 0) 5}-J'Wfi� vt. ffi.U"C-� Q .  -th�x..  * DF :/ 7.. T  

A 0) 1Jlll5EffiOCvi.i:gJ 20 vc� Lt::.. NAA �O)��ffifiajO) tf G --:::>  � O)kiJEH!l&Wh" G tft5£ Lt::.. .  

JJcdi-l& -:> t.:���iajOJ vf G ---::>  � OJffifi't:5t"iffHt , 1'1 VifIEm.5}1f1�7F L, ;jl��&t:t 3 ps  c ts:. 

-:> t::.. . C ;h �£$tc.Jlj*:1J [tu 0) ffiJJt�ia--t 2: i:gJ 2 1  �::. tJ: 0 .  AM'3 20 f.!tO) ?f.{QU O)fITT:f!ltc· U:, -t" 

�--C O) AM'3 vc;tt L  10 j}tO)jj{:st'3'ffiJ'.lt c tJ: IJ , 7JCSf�ffill 0) #4'�fr-B J: 1J F9ffiU O) rJJ1�-C- : t--t� 

--C O)jj°fft'3vcxt L 1 0  [itO) AM:fi3ffil!t c t.r. 0 .  c O) �� vi.�ilt�-jj ltJiJ:. G :.izrmitt·-c�U :*= L 

t.::. C � , * D F w mu'/ 7., T A -c-?RU 5E AJ ij� t.r. 'WH!'.£ -e N AA iBt� ffl " ' --c ci'f fiffi Lt::.. t 0) c· a; Q . 

40 

30 

20 

� 20 NAA �O) M-S1 Pe190)�M;lf!i:fe110)�f G� � O)  10 

ffi� 
Fig. 20. Histogram of variance of delay-time 

between Syowa Station (M) and S1 observing 
points for NAA wave. 

o ������-�� 

� 21 3 µs O)jM�5}MfI1§�� 0)ffitJ��fil 
Fig. 21. Measuring accuracy of directions of arrival 

for a time resolution of 3 µs. The azimuthal 
angle e is measured anti-clockwise from the 
X-axis and the incident angle i is repre
sented as the radial distance. 

- 6  -4 -2 0 2 4 6 

X 
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z 

X 

� 22 lllU5E��-* 
Fig. 22. Coordinate system of the measurement of 

arrival direction for the spherical waves. 

L/J· L 1:::. .7-. 0) ft�Jl��lt O) � � vi. 1Q0,...., 120 km fiJ�--eas lJ ,  1:::. .7-. 0) J,..!}f-fijiJ;,J,_ � i., ·d� 

itvt ,  ��,� � "c' O)fm�v:ttllU�*O)�]!!Ee�v::.J:t�-t.:h�Ji < t.r.. G t.r.. i., , .  L f-:iJL? --c JU*iEl 

�3*00� c L:t J& 9 tlt 5 &f�iJ\"c'-C < � .  .:. O)�,frO) DF iu�vct-ovt � 1J&JEJ���>l<66 

Q .  � 22 O) tl{U���* �::. :to i., , --c ,  tffiltit.r..t.:. 6b d1=d2 =d, a=90° c i'" Q .  �i}j S c �.fB 

,� M, Si, S2 O)W:i/:� (x, y, z) �ffl"'(·!c-t" c tX 0) J: ? �::. t.r.. Q .  

s ( r sin i cos O, r sin i sin O, r cos i) , 

M (  0 0 0 

S1 

S2 

( d 0 0 

( 0 d 0 

SM=r , 

SS1 
= (r2 

+ d2 - 2rd sin i cos 0) 112 , 

SS2=(r2 +d2-2rd sin i sin 0)112 

) ' 
) ' 
) ' 

r1 = J-{r- (r2 +d2-2rd sin i cos 0)1 12} 

C 

r2 =_!__ {r- (r2 +d2-2rd sin i sin 0)1 12
} .  

C 

£;-, �i}jO) �[!t� h c 1.&JEi'° G c ,  r=h sec i �J::A v::.�Ai'" G c , 

r1 = _!__{h sec i- (h2 sec2 i+d2 +2hd tan i cos 0)112} 

C 

r2= J- {h sec i- (h2 sec2 i +d2 +2hd tan i sin 0)112} 

C 

( 1 )  

(2) 

(3) 

(4) 
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�;' 30° 
t� 

0 � - --'-:;- -----'----,::----'----:--�-----1-
d 1 d  2� 3d 4d 

� 23 I.Rrni i1it 0) � f:i-oxn fil f13 � � 
Fig. 23. Errors in azimuthal angle for the spherical waves. 
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c ts. '6 . ;:. O) �'a: )=§ \,  , --C ;jUo t-=.jj&� c ,  fffii�--t ts. h 'b  r2 » d2 c Lt-=.jjfft� (tan 8=r2/r1) 

c O) i��� d=20 km c L--c it�--t '6 c � 23 c ts. '6 .  ;:. O) �ir• G , i �30° --c- &;n1f.15& 

b�--C � *.  o t ,  *5 .m, ,  * DF :.:,, A T  A -e v:t�(J) JU3fE :n fnJ(J) AM�n; 30 rrru1:-e�nvff 
00� 2:: 1...,--c t 3*iii� c 1..., --c t jj&�mf.!£1:U:1: rt 10 15t-e cl) '6  c t'i�il!I � :h '6 . 

5 .  ;t - o 5 1:: 7-. 0) liJ*1-j ftu  (J) ZiJJUft!Jit� 

-1EH� :;t - P :J e. 7- (auroral hiss) t :t ,  :,t - P :J O) % Jt: c !P]:l'(:ij L --C %1:. L ,  -t O) if.lftm:� 

f<J,�:t 10 5}1:J r*J b; � i_, , (HIRASAWA and NAGATA, 1972 ; TANAKA et al. , 1976) .  :;$:}Jp .. Ui. 

e. 7, 0) ¥1J * jj [P] 0) t'if ti. 'a: i� j&--_t '6 J:: r=- ft 1HIJ ts. D F JJUJ!IJ � * 6 iu 'a: '  5 'b 4 vu t t * - p 7 

\, ,  --c iW @Jl � :h '6 0) n: -�(1']--c- «) '6 .  --c :_ --c- e. 7- 0) jj {ftftJ 0) 1<� 'a: , t-=. c x. ii Jiliftli� O)::ft'a: 

GN (geomagnetic north) --C· Jc-t .  fif ftlJ l�Jtf!--C' : ;;:  GN : ;t Jfu.PJH Jj tJ:�t (geograph ical north) 

J: 'J gEj 1!lU""-ii0 45 r.it-r J1, '6 .  

(A) 20-21 h UT, May 24, 1978 (� 24) 
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(a)  

MAY 24 ,1 978 

1x10
,..

� 

Oh 1 0m 

5 kHz 

sx 
2x .,. 
1'<10 

w/Ji.Hz 

20m 30m 

f&l 24 :t- - i:i =; i:: .7' 0) (a) 5fal!t, (b) JIJ*:15" 1P1, 1978 :q:. 5 f3 24 B 
Fig. 24. Temporal evolution of observed results around 20-21 h UT, May 24, 1978 

at Syowa Station. (a) Intensity of 5 kHz auroral hiss. (b) Estimated azimuthal 
and incident angles of arrivals of auroral hiss at 5-8 kHz. The numbers from 
1 to JO represent ten sub-events. 

20 h 10 m fy, G 48 m vc.tr• vt--C ,  19-« OJ�m�rl3i*9 1 5J-�ffi.'.OJ spike ttOJ�l!t�11::tJ;.ilma9 
vc�?}ltl � ;h,, -l-;h, G OJ!!hii"b-lt c L:-C *9 40 5)-vc.btc. 0 e. .7' m�tJ;nJt �) }L. 0 --C \.. ,  0 .  <:... OJ 
spike �O)�fl::OJ 1 '"'? l '"'?;o;£* c ts:. o e. Am�OJ�l!t�11:: c�x. o  C ,  ,��"'(:-�� ho J: 
? vc. 10 ffi!OJm� (sub-event) vc[K:5} �ho .  � 24b vC vi. , -l-OJ19-« OJ sub-event vcxt L 
--c�6b G.:htc. e. .7'. 0JJU*nrPJiJ����h--C t · o . <:... OJ*a*tr• GfUWr�ho <:... c v:t., *- i:i =; 
e. Am�vi.£*a9vc. v:t.1-{Hri�rl3,�+�tJ. G�:5}0) spike Et9ts:.�I!t:11:JJlliJ• Gnx: I:) .ll.'b, -l-;h, G 
OJ�OJJIJ*:1f !PJvi. sub-event t: c vc.�tJ: 0 t-=.fiUffl'?l���-.t. Sub-event t: c OJJU*:1f !PJOJ 
�iJJvc.v:t. , <:... OJffeU"t:' v:t.%:vc.tHWa9ts:. ch OJ v:t.tJ: < ,  �.ilmvc., � k�ffi.JlU vc-l-OJfftll:��*---c 

(B) 20-21 h UT, September 9, 1978 (jg} 25) 

IZ{ 25 OJ e. Am�vi. ,  IZ{ 24 (May 24, 1978) c [qli*, 20 h 18 m iJ, G 21  h 03 m 0)*9 
45 5J-Fl3itcbt-:. � ,  �I!t�11::�a� (8 kHz-band) vc, spike ttOJ�I!t:il1JlliJ;.ilm®vc�i1W � h  
--C\.. · 0 .  � 25a vcffeU� Lt-: 10 fflOJ sub-event � c tcfk:� Lkftl*:1J!PJi7;� 25b vc� � .n  

""C\.. • o .  <:... OJ{7U"t:· v:t. e. .7' 0)jij*J5[P]vi. GSSW j:o J: �  GNE OJH: vf 2 ;iJ}Wvcrn}tE L, No. 

1 , 2, 3, 5, 6 :to J: � 9 sub-event vi. GENE fi&�il· G , � k.. No. 4, 7 , 8 :to J: � 10 sub

event vi. GSSW ii�iJ. G JU* L ""C � --c" , o • 
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(a) 
Si<. 

2X -IS 

1x10 

SEP. 9 , 1 978 

8 kHz 

40m 2 1 hOOm 
I I I 

(UT) 
I t 

1 x10

� 

• f:O h
l
2 0

RJ 

VljtfiHz ��: ..... 1 ....,.....,....,. ....... ����.-.. ....................... __ ...._��� 

(bJ  

'� \ .,/// 
�-__ I __ ____,, 

GE 

� 25 ;t - i:z =J 1:: 7- 0)  (a) s!i!!t, (b) jlJ*15rPJ, 1978 � 9 }j 9 S 

Fig. 25. Temporal evolution of observed results around 20-21 h UT, September 9, 

1978 at Syowa Station. (a) Intensity of 8 kHz auroral hiss. (b) Estimated azi

muthal and incident angles of arrivals of auroral hiss at 5-8 kHz. The numbers 

from I to JO represent ten sub-events. 

(C) 20-21 h UT, July 5, 1 978 ( � 26) 
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[zl 26a -c : ! ,  5 kHz to J: Lf 8 kHz O) �fi'.�1t�ciH::. 20 h 50 m b, G �Wi:�il39� 2 :5tis1 

0) e. 7, O) ��!i1'/1Jl-li7;� c ob  G h Q .  [21 26b (::. � '2 ht-=. 20 h 5 1  m 30 s K .. tov;- Q :t- - 1v 7, ::h 

JULY 5 , 1 978 

(a) 

GW 

GE 
20h5 1 m30S 

(b) 

GE 

(c) 

(gJ 26 ;t- - µ '7 1:: 7- 0) (a) �!Ii�, (b) �::R ;1J � =J './J�, (c) JU*:15rPJ, 1978 � 7 J1 5 rJ 

Fig. 26. Temporal evolution of observed results at 20-21 h UT, July 5, 1978 at Syowa 

Station. (a) Intensities of 5 kHz and 8 kHz auroral hiss. (b) All-sky photo

graph of aurora. (c) Estimated azimuthal and incident of arrivals of auroral 

hiss at 5-8 kHz. 
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-1 �Joe J.: fJ ,  .:. O) �JJHc quiet auroral arc iJ� GS jf {ftO) ft!f¥tt..1:::tc1f:tE-t G .:. c iJ;:biJ-. 

.Q .  � 26c vc �:t. • .:_ O)  sub-event NiwE�rajr:J -C:'*9 10 :fP � c vC �6b G :ht.: t:: .7-. 0) jU*1J IPJ 

iJ�� � :h,'"( 1.t , G .  -J- tJ: :b 'b t:: .7-. �:t.AM� (incident angle) fg 3Q0 ,.._,6Q° , G S  1J IPJiJ, G JU *  

L, '"( � --C 1, , G .  L. t.:tJ� '? --C, .:. 0) t:: .7-. 0) sub-event �:t., GS 1J fPJ 0) auroral arc c �:im L, --C 

(D) 22-23 h UT, July 4, 1978 (� 27) 

� 27 vc:tt!!�� H n\t5} 0) �j,--*9 700 nT (� 30 ��) O) * � t.r.. substorm O) OO�frm't O) @[ 

lfiJvctmiu � :ht.:/� - .7-. Ht9 tJ:: t:: .7-. �JL!tO) {JU�ff--t. .:. O)m�vC �\, ' L t ,  � 27a vcff---t � c 

< .  4't- ,q }f*1E�raj 30 :fP,-._, l 5}�� 0) 4 "'JO) spike �0) 5$&�1ttJ\@iwEl¥. Hcilitl � tl, '"( 1, , 

-G .  c. 0) 4 "'J O)  sub-event vc:x1 L. --C ifclib G n k. t:: .7-. O) JU:�f;j [PJ��ffi Lt.:.� 27b c c 0) ;;t 

- Jl, .A n -1 ¥Ji� .1:ti1t-t ,Q .:. c vc J.: 1J , ik 0) rm mu:fr� tJ � ii 60 G n Q . 

(1) i:cfJlU O) ;;t - 11, .7-. n -1 ¥Ji (22 h 47 m 20 s UT) ""(', 5$1. , auroral arc '/J; , GN 1J IPJ  

O) flftf�J:vcfftE L, -z:- 0)  arc vctJ '? --c GE tJ-. G GW 1JIPJ vc�ll] L --C l.t ,  G 2 "'J O) folding 

shape '/J� GWNW c GENE c 0) 2 1J IPJ v=.tmiU � :h --C 1, , G . .:. :h c v9:: Viffi:u�;JtijO) t:: .7-. 31,� 

JULY 4 ,  1 978 

-14 
l x lO 

s �  

a)  

bl  

22  40 22 45 UT 

8 kHz 

CJ 
GE 

GW 

s 

22h49�2os 48mOOs 

� 21 ;;t-- - i:i 5 � 7- 0) (a) G��. (b) ¥U* 
75iol, (c) �:R h > "J 'Jj.._, 1978 � 
7 11 4 B 

Fig. 27. Temporal evolution of observed 
results at 22 h UT, July 4, 1978 at 
Syowa Station. (a) Intensity of 8 
kHz auroral hiss. (b) Estimated 
azimuthal and incident angles of 
arrivals of auroral hiss at 5-8 kHz. 
(c) All-sky photographs of aurora. 
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(sub-event No. 1 t-o J: r/ 2) O) JIJ*nJPJil� .  � 27b O) ii:-OlUvc.� � ;h, , .:. ;h,�c. J: 6 c ,  .:. 0) 

aurora arc 0) 2 --? O)  folding shape vc.xtJt- L !:: 7-.. 0) No. I sub-event -c v:t. angle *9 70° , 

GWNW ::;/j [P] t.rd'.:::, Jlj* L , � t::. ,  No. 2 sub-event -e �t. , -f:" O) JIJ* n fPJil� GNNE n fti.1 -""- c 

�1r. L '--C 1. , 6 . 

(2) 22 h 48 m 00 s (UT) vc. tJ: 6 c GNNE ::Jj JP] 0) folding auroral arc iJ�:&3�Hc. ::Rffl 

JJ IPJ -""- c /Z:b: IJ ta� 6 . .:. O) ITTj:,  l:: 7-.. 0) 5si[lttt. 1::0 - ::7 fC. t.t 'J ,  (No.  3 sub-event) , jlJ*::Jj 

JP] �:t. GN 7J IPJ 0) 3(1&-0lU (incident angle ro 40 '° ) vc , --?--::>\,  , -c  GE ::Jj (i:i] O) incident anlge 

60° lru�:Z-� L -C \, ,  6 (No. 4 sub-event) .  .:. O) fftfgx vt. ;;t - ;1,, 7-.. tJ ,1 �� (IZJ 27c �-Oltl) 

iJ• G biJ, 6 J: 5 vC folding shape :z-tl --:: d-: aurora O) iJi!lvJ� c J: < -Iz L -C 1. , 6 .  :XJtUi < 

jr L, 22 h 50 m :z-3.iJd/ 6 l :f:t!Lt:c' O) l:: 7, ;gHl ::t t1 b 6  iJ; aurora it. .:. O) ff t ::RI& iJ· G GS 

1J fPJ-""- c /Z:iJ; "'.) -C \, , < . -t tJ: b � auroral breakup (1) vi. C '£ IJ -c � 6 .  

(E) 19 h UT, June 26, 1978 (� 28) 

-14 
1x1 0  

JUNE 2 6 , 1 9 7 8  

a) 

8kHz 

19 :00 UT 

�� -15 
� 

19: 10 

1x10 ' ' ' 

�Hz �����___:_1 1
....:_

\_2
___:_

! 3
_:_
I �����-

� 28 :i- - P '7 1:: 7, vJ (a) �.dirrt. (b) 

J1HR:1frt1J , ( c) �x :n ,,,. '7 '¥ 
�. 1978 4- 6 pj 26 B 19  � 
(UT) 

Fig. 28. Temporal evolution of ob
served results at 19 h UT, 
June 26, 1978 at Syowa Sta
tion. (a) Intensity of 8 kHz 
hiss. (b) Estimated azimuthal 
and incident angles of auroral 
hiss at 5-8 k Hz. (c) All-sky 
photographs of aurora. 

b) 

C )  

1 9h00m00S 

GW 

GE 
GW 

GE 
02m00s 03m50s 
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�ti3 � tL Q .  jgJ 28a vc.ffi--t 1::. ;7., o.:>�m'.�{tga�iJ� c. o.:> J: :, tJ:f7U"t::' tb Q .  c. o.:>m� 'K', jgf vc.ffi 

-t- � c < , 3 "'? o.:> sub-event K. 5Ht,  4S- -k o.:> m� o.:> JU*1Y fAJ c vi v:f fAJ�o.:> ::t- - iv ;7., ::1J -1 'JJ-"lf: 

T - 3qc J: Q aurora O):Jf1:tt c ib �  c � J:t� L:-C ;;. Q .  'i f  e. ,:;q;t][\,. , vC��O)ffl�iJ;S Q 

t 0) 0) , � 27b 0) 3 "'?O) fHfJ�l'C�� h,--C t , Q  J: ?  vc.-t-«--C O)  sub-event vc.$,t , --C ,  GW 

$; J: rf GN 0) 2 "'?O)lJl"PJiJ• t::> JU* l., --C � --C t , Q . �17, � 28c 0) 3 "'?O) * - iv ;7., ::1J -1 'Jff

"lf:vc. $; \.,  ,--c ,  �fflJllJ tJ: �11tfti:@ � L. ts: aurora iJ�. v'l ti1t:xvc. bt-=. "? --csrnm � tL --c v ,. Q .  

Aurora O) J'tJ!Hr.1t1*!¥Jvc.. �:t�F1=19 c c t vc..�� "£ "? --C v:t t , G iJ\ GW :tc> J: rf GS nrAJQJ tfl!f 

�ill: < ve vt,  vi v:t5E'Ml¥JtJ:xf!tO) � � �tif "? t-: folding shape ��-t- Q aurora ;6��60 i::> h 

Q .  tJJ:.o.:> e. ;7., 0)JU*::1f fAJ c aurora o.:>t}If.\. , o.:>J:l:;�iJ· l::> C. O)m� O),WU--c· v:t , 1::. ,7., v:t , GW 

:to J: rf GS n fAJl'C.. 1FtE-t° G aurora o.:>r§ib:lglZ (folding auroras) iJ, t:=>�]Dc. JU*--t G t  QJ 

c �x. t::> tL Q . 

(F) 20-21 h UT, June 26, 1978 (� 29) 

� 29a O) �f!t�{tga� (8 kHz) tc.. , � IO 5J-F1=190)*'*��F1=19��-t" Q e. ;7., mfffe.n;§:.j@ L. --C 

'-' ' Q .  c. QJmfffe.v:t� 30g f:.� � h Q  J: 5 vc-J::. � ts:. negative bay disturbance O) Wffltcfi.illU 

� nt-:. t (l) --C', .:t Q)  spike � O) �]:l�{t;o:. I:) 9 :::z (l) sub-event vc.5;-vt t:=> n Q .  C. O)  sub

event � c tc , .:t (l)  e. ;7., O)JU*:1i[A] c aurora 0) llim�tfG c � .tt� L. --C � Q  c ,  

(1) � 29c vc.JJ' � ht-: 20h 57 m OO s �O) ::;i- - 1v ;7.. ::1J ,1 'JJ-J{--c· v:t, multiple band "/J; 

GW, diffused ray '/J; GN, "£ ts: homogeneous band aurora iJ; GS n fAJ vc..f&il{U � tL --C \, ,  

Q . C. O)�:ltijo.:> e. ;7., 0)flj*::1frAJ�J! G c (jgf 29b, J:.� • b:.Yffii • No . 1 sub-event) , :±. c l., 

--C ,  GW, $, J: rf  GN :1J[A]i7• 1::> Jli* L--C � "( \,. , Q .  -t"ts:.b'b,  C. O)Jij*:1J[A] fi multiple 

aurora c rayed aurora O)fi5IJJ� c �!z l.,, GS lJ[A] O) homogeneous band aurora � c 

v:t�!zt,;� G nts:." , . 
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� 29 ;:1- - P '7 � 7 v) (a) ,_'jt l[, (b) 
:fiJ -*1i�iJ , (c) �7;: -1; ." 5 '.lff.  
:,rr,  191s 4- 6 n 26 r 1  20 -21 
fl} (UT) 

Fig. ]9. Temporal erolwion of ob
served results at 20--21 h UT, 
June 26, 1978 at Syowa Sta
tion. (a) Intensity of 8 kH:: 
auroral hiss. (b) Estimated 

azimuthal and incident angles 
of arrivals of auroral hiss at 
5�8 kHz. (c) All-sky photo

graphs of aurora. 
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(4) 2I h OO m 30 s f.r, G 05 m OO s O) F1c1j, diffuse rayed aurora n: GW,.....,GN ,....., GE 'µJI 

sub-event Nos .  4, 6 j:i j: 0< 8  0) '::: 7-. ( !  incident angle ¥J 60,....., 70° �� 0 -c ,  GW ........ GN 
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.AJNE 14,  1978 22h {i! 
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19h 

JULY 5, 1 978 
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IJ I 

� 30 * - i:z 5 e. ;;_ DF W1WJUi:O):f:!Bf��� 
{t 

Fig. 30. Magnetic H-component variations 
observed at Syowa Station be/ ore 
and after the DF observations of 
auroral hiss. Observation times of 
DF are represented by horizontal 
bars; (a) results of DF are illustrated 
in Fig. 19, (b) Fig. 24, (c) Fig. 25, 
(d) Fig. 26, (e) Fig. 27, (f) Fig. 
28, and (g) Fig. 29. 
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Fig. 31. Dynamic spectrum of auroral hiss emissions observed at Syowa Station. 
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