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ConJugate Pomt Observat10ns Syowa-Iceland 

Natsuo SATO", Yutaka KATSUTA*, Ma�aru AYUKAWA"', 
H1rosh1 FUKUNISHI* and Takeo HIRASAWA" 

Abstract: Conjugate observations of ELF-VLF em1ss1ons, geomagnetic 
pulsations and auroras were earned out at Syowa Station 111 Antarctica and at 
Husafell m Iceland from July 29, 1977 to September 18, 1977 Husafell 1s located 
at a distance of about 60 km from the conjugate pomt of Syowa From a prehm
mary analysis of the ELF and VLF em1ss1on data, the followmg results were 
obtamed 1) Conjugacy of auroral chorus em1ss1ons observed m the early morn
mg 1s low The em1ss1on mtens1ty 1s larger at Husafell than at Syowa 2) Day
time ELF chorus emissions show a good conjugacy However, 1t 1s found that the 
mtens1ty m the low frequency range 1s greater at Syowa than at Husafell, and vzce 
versa m the high frequency range 3) QP emissions are observed simultaneously 
at the conjugate-pair stations 4) Conjugacy of auroral hiss emissions 1s generally 
low dunng this observation penod The mtens1ty 1s much higher at Syowa (wmter 
hemisphere) than at Husafell (summer hemisphere) 
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Table 1 Position of conJugate-pair station 

Geographic I Geomagnetic ----- -----� ----1- - - - --------�--------Stations 
Latitude ) Longitude I Latitude / Longitude 

Syowa Stat10n 
Mizuho Station 
ReykJav1k, Iceland 
Husafell, Iceland 

-69 03 39 60 I -70 03 79 39 
-70 70 

64 14 
64 70 

44 33 
-21 88 
-20 90 

-72 32 
69 87 
70 19 

80 62 

72 41 
74 24 

---------___c___- -- ------------ -------- ----'----------

24W 20 16 

66 

I 

- , 65 

64N 

� 1 71 7- =; / r O)��J::r:::., 1) A,@JO)BJlU 
,8--Ctb o Husafell, 2) :l{g��:7- 5'"- S/ 3 / 

--C'tb o ReykJavik to J:: o-, 3) aBtD�ftft c, 
4) J;_-t�l�JfftO)gf�J::O)����i�,8�7?
-t. 

Fzg. 1 Location of Husafell, Reyk1av1k and 
the geomagnetzc conjugate poznt of Syowa 
and Mizuho Statzons. 

f)-, 2) VLF § �ffl:{El, 3) :;t - P 7 TV -JJ 

,; 7, 4) �AEJJ& 7 ::t r /' - !l (4278 A) 

--r, ;1; 0. t. ti G O)fi/J!U� § vi-t.A,. -c a?ffo£ 

tfu-C'Jl®i:tmmu� rr ":) -c \,, 0 t-:: .. 60, +r,�,B rm 

tt!U 0) � L 1,,, T - !l fW:tfr;o; PJ§g-c ;1; 0. t. 0) 

�X-C'vi±K- ELF• VLF f¥r0) § ��{ElO) 

5ftWt .lt, 7.. "" !l r ;!.,, �� :tfr tit� 0) J! $Ii� ffi-t. 

2. ELF :J - 7 7- C7) }t-f� 1� 

� 2 vt 71 A 7 / r, a?f¥n£:tfu, J;._ fvf 

£:it-C ':Jt{a �tit::. tfu1iil'A/IIRifJ to J: u day

time ELF ::z -7 7- 1J51:Jtt0) 0.75 kHz, 1 0 

kHz #}5jf!it�ffi-t. 1J51:JttO)�je(1':JfJ::Mt&, �-y;o: 14h 14m, 14h24m, 14h44m, 14h51 m, 

15h03m, 15h09mUT VCJ(Q�'l\,'Q. t_O)J: 5t,r.:r.. � 'Y '/ 3 :/vi, 1iil'Af!P30)�j][ffi#Jlf 

"t'�-=f--it1 !l p r- p :,;+r,��vc J: ":) -C¥61: L1,,, 0 ELF ::z - 7 7.. ;a:, sl Et9t,r.1iil��ifJvc{=I= 5 � 

'Af!O) B]\113 5f't/.t7(F:. J: I) �NRH�':Jtvtt::. t::.'d:>-C ;j; Q C �m � ti -c \, \ Q (HAYASHI et al, 1968). 

� 2 ii" G, t. 0) f!O) :r.. � 'Y -;,, 3 :,; vi, AE11:fr9vcv:t ffi�tjµjj �ftfq]ffsf vc':f{a � ti -c 1,,, 0 0) n:'3fal G 

iJ:.-C'c5 0. LiJ:. L, :r.. � 'Y ;,, 3 :,; O)je1:fJ:ti, f���tE, to J: V'Jill�ocifJ (Alfven {El) M�a 

ffsfJUc ELF ::z - 7 7.. (whistler {El) ¥61:ffsfJUO)F13jO)ffsfF13j�O)+r,�11:�0)���rr '.5 k'd:>vCvi, 

�Gvc�L1,,,fW:tfr�fr'.5J6,�iJ;t50. �3 v:tPc3/IIRifJ0)1�$iiJ;*�<. ELF ::z-77..i};, 

Pc 3 /IIRifJvc{f--:J -C7(�f,r.OC��':Jtvf '"(\,, 0$mJJWEt9:r.. � y-;,, 3 :/ (SATO et al., 1974) O)�?iM 

fr9t,r.fJU--c' c5 0. � iJ:. G � G ii" t,r. J: '.5 vc, /IIRifJ vc# ":) t::..$ml JJ Et9 :r.. � 'Y -;,, 3 :,; (QP :r.. � 'Y -;,, 3 
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Fig 2 Intensity records of ELF emu,swns and magnetic pulsatwns observed at Husafell, 
Syowa and Mizuho Statwns on August 9, 1977 

:,; ) iJ; WU:¥ 3* vc. tlf!Jl L --c \, , Q i. t.::., 11 h 04 m r:. Sl (1'.J {iiV-JMt tJJ vc. k9 tz;i--t Q t 0) 2:: Mtb n Q 

::r.. � y '/ 3 Y'O)��f¥JtJ:fffl�ii't fllu�ftfA.l�f::.'.:§t{fi'2;h--C\.,Q. August 18 event vi, :tm��IDR 

jJJ, ELF ::r.. � 'Y '/ 3 :,;, :to J: cJ'-t"O) QP B�m:w/uO)tJR�MiJ;, 52 B rflJO)i\Ul!J:!tfjfflji=!=i--C-t�vc.*� 

iJ•":)t.::.B·t:-,:i;Q. -t"C"c, C0)80) ELF ::r.. � / S/ 3 Y'O)}n:J��-�fflj (f-t) 7'�!7 1,1viJ,G 

:J-;-t.::.��ti.�%:vc.� L < jzji� Q. 

� 4a, b v'l., 10h 13m20s-10h17m00s, 10h51 m40s-10h55m 15s vz: .. :!uvtG f-t 7�� 

!7 r 1v �"(-25 Q. JW:!;)tJL'J; 20 fYiJ• G 40 VO) v9) 0 < I) Lt.::. nsmg tone 0) QP .::r:. � v '/' 3 Y' t;; 

]iffi�fj(fA.]�K.mn--c1.,G. l,i:J.l,, ::r.. � 'Y S/3 :,10)�:4i1,,JW:1��/�:,; Hi�0--C\,'Q. �4a--C 
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Ftg. 3. Examples of intensity records of QP emissions associated with Pc 3 magnetzc 
pulsatwns observed at Husafell, Syowa and Mizuho. 
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§l3GiJ,t,ct 5 vc, 0.7"'0.9kHz O){J:&.ml��Jjf�0)5$]!tvt13Bfo�:tt!rc-5$\,'. it-:� 4b --c-i�vc 
§J3 GiJ,tJ'.. J: 5 vc, l.2rvl.4kHz O)�mJrBat1Jif�vt 71 ;z,.:::; / f0)1JiJ�5$\,'. � 4a -c lO;h 1s:m 
56s-I0h16m06s vcvt periodic .::c. � 'Y v 3 :/iJ� QP 1¥]���'.:?tvt-C\,,Q, CO);§JtftO)ffitFs9 
m, ��.mJ�-��L<R�Qk�K, ffit���Q28�TO)ffl]!t��b�-C, �*Lk;z,. 
� ;1 r ;i, �� � 5a vc�-t-. ;:. 0) � iJ. G §J3 G iJ. f.t. J: 5 vc, periodic .::c. � 'Y v a :/ v:t. filu �v;:Jc--c-3e 

1Dctf:W! L-C\,, Q. ;:. O)M*n· G, periodic .::c. � 'Y ;,, a :/vi;J-; 1 ;z,.:::; - -E - r �O)�);RiJ�� 

1J�vctJ "'.) -Cfilu�3*�ttfl L -C\,, Q m�--c-a; Q (HELLIWELL, 1965) ;:. c iJ;�filE � ;h, Q. � G 
vc, CARSON eta!. (1965) O)M*c!A'Jt.<, CO) penodtc .::c. � 'Y V 3 :/vtttflJiib�< l);g 
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� 4 August 18 event r::.t-avt 0 QP ::r.. � .1-,;.., =1 '/rJ) J-t 7'� IJ 1' ;1.,, QP ::r.. � ·.1-,;.., =1 '/ 

it1W¥-lt[PJ�:lft:.Jln t1,,0iJ:, 11G;¥1J�:imtttflf.1,'rJiBl�·HHgxn:811 <, 71 7, =; '/ r tit 

�imlbtl9:1i1 �iJ, 1Jm 1,, 
F,g 4 Frequency-tzme spectra of QP em1ss10ns 111 the two time intervals, 1013 20-1017 00 

UT (a) and 1051 50-1055 15 UT (b) zn F,g 3 It 1s found that the em1ss1011 111-

tenslfy ,n the lower frequency range below 1s 1 kHz large, at Syowa than at Husafell, 
and vtce ve, sa 111 the higher frequency range 

L h:i.J: G .:i:. � ./ ;,, :1 / 0) 71 v r ::t- 7 rA3i1:U�iJ;r!u-'¥-Jt:5tILvc_l:.Jt L, QP liJOC���vt-c 1:, 0 

�I 5b vi. nsmg tone �Lt-: diffuse .:i:. � 'Y / :1 '/ 0) f1tUffirl�� 1�0 QP ::r.. � ;; / :1 '/ 0) };L;::;ic 

7--.�!l r 1v-C'�0 c_O)�Ji.J,G, QP ::r.. � 'Y ;,, :1 '/vi.f¥I�tfi!IT.:¥-JjHc�1,,,-c1PJ�lc)l:{!§�;rl -C 

\, \ 0 :::. C i.J;bi.J, 0. L t-:i.J: ") -c' QP ITTOC��il:9:::. -tim�v'i Wii .:¥-J;j(O) {&f j]i9i 0) r=J=tr�js"Jftl�tw;, 0 

i I) {1���!730) J[\JHlliif
l:ili"t' � 0 :::. C i.J� ttJU � h 0. � 6 vi Si 13"J(�L�I[J;b�c{f\, \ .:i:. � './ / 

:1 '/i.J;�Hes"Jvc�ai ">f-:7--.�!! J, 1v�-C,�0 .:i:. � v / :1 '/O)f&iJil'S�'fl;,�vt.WJitr!u�l":.JilP1a-1J-C 

� 0 i.J:, 9€".:EJiI\'J{E[�vC:z��i.J:/jJgc;b G h 0. 1 "'1.4 kHz 0) r,eb}WJ{B[�·ffl�vt 7 -1 7' 7 :/ F-C 5$ <, 
0.5"-'0.8 kHz O){f&}f,]2&'.��;tivt 11 h 04 m t-J1&aB,;f1J£J:-tl2-C'5j 'i 0 i.J:, 7 -1 7--. 7 '/ r -C'vt!iih 

-c1,,, f.£\,'. :::.O)f�fA1viil[§!Ji-C-:!lh-Ct,,f_: QP .:i:. � 'Y;,, :1 '/ (� 4b) c i ">k< IPJ1.:,-C�6. 

Lt-:i.J;">-c, ELF :.1�7;?-.,0)9e{:E, {��0)�{4vt, Si O)�{:E"f0§1J1f-C'IPJL-C2t>">t-:c�·f __ 

Gh�. 'it-:, Pc3 H/KifJvc{f5 QP ::r.. � Y;,, :1 '/0)9e{:EJ< 71 .::.7''1-, c Si EJ';;i1�0CtfJvc{=j'.5 
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Fig 5a Expanded j, equency-tzme spectra of penod1c em1ss10ns in the tzme interval of 
1015 · 55-1016 07 UT in Fig 4a It 1s found that per10d1c em1ss10ns are alternately 
observed in both the hemispheres 
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� Sb �:f!,t,�·-eU,lJl,U�hk QP = � 'Y-:,, 3 '/(}) J-t 7-..r-::. ti r 1v(])j}t:;klZJ. R1smg tone(]) 

QP = � 'Y-:,, 3 '/1J,fr!u-=Ff::JZ['i:f]S'/j,f':.�{a�;h-C1,,0. 
Fig 5b Expanded frequency-time spectra of QP emissions in the tzme interval of 1008: 48-

1009: 30 UT m Fig. 4b It 1s found that QP emissions are simultaneously observed 
in both the hemispheres. 
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� 6 S1 rJ"Jr��ocmvv:.{:f-0-C ELF=� ,/ / 3 Y5!H:ftiJ,J:::n LJ:{J�. �liP!�l;Jcl'B'.Jtt=H:.= � ;; 
-;,, 3 YiJ\frfti 0 -C� <6 iJ;, = � ,1 :,, '1 Y O)LJ\31 Lt:m��,!rimxfi 71 7, 7 Y r --C i®j <, 
ff/lf!J�:im --C {!£ � , . 

Ftg 6 Examples of frequency-time spectra of ELF emhis10ns excited by a posttive sudden 
unpulse ELF emissions began s1mu/taneous/y at the conjugate-pair stations How
ever, the mtemzty m the higher frequency range was higher at Hu5afell than at Syowa 
(/103 20-1105 30 UT) and the mtens1ty m the lowerf,equency range was h1gher 
at Syowa than at Husafell (I 104 00-1106 00 UT) 

_:r_ � 'Y / 3 / 0) JG g:. ,J 71 .:::. 7,,' A C ffi ibl "( 2b 0 ;:_ C iMJ!fi � ;h 0 . "-:) i I) ' }±;f.m tl. -'E- - j, 0) {tl1 

��!lrf1K .. ff0"C, .::r- � 'Y '/ 3 :,;0)9eg:.,; n.:::. :<1, tffi@"C·J!>o;:. ctMJit�hQ. "'Ji /J, 

EE**ti..:£- - r O){iil:L��ifJK.{=1'-0 "(, _:r_ � ';/ / 3 :/0)%:i&iJ;���'.x'.v-f"(\,, 0 C �*- Gho 

3. ;f- D 7 :J - 7 A O)Jt:fftE 

§U�"C·;z!i«"C�f-:;:_ cviJe¥.F1=19-fJtij"C9eg:_Lf..:.::r- � 'Y '/ 3 :,;"(·&;0t..:. ?7(K.1f.J¥Jl�i/J:;d-- p 7 
vcf=!'-0 "( lfHl1--t 0 :;d-- p 7 ::I - 7 7.. (HAYASHI and KOKUBUN, 1971) O)+!��t1vC"'J\,,"( �« 

o. tt{�ta1¥:nc§fc.. vf, fiiJlJJO).:r- � 'Y;.,, 3 :,;O)�W:1l�t�"''· 1�7!t-l-0):1J:tlfi'l{:9U"CJ;Q f!B%1J 

Ftg 7. Examples off, equency-flme 5pect, a of ELF choru5 em1ss10m in the ea, ly mo, mng 
it ,., found that the em1551011 1ntens1ty 1, h1gher at Husafell than at Syowa 
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£:t11r·t:'vi 0.4('-./0.8 kHz O){i&JWlrBt�m�F:. diffuse t.r. ,, { '/ f:J:kO) .7-. � � r 11--:J;:f;@��v:::>. �"jj, 
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0) JWlrBt�vi r§u 1. ,  1i i -c 0) �-c 1. ,  t.s: 1. , . 
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/J, G 12 h UT i -C'-* 30 5tt&vc 2 5trl390)Fl\7C7'  � � r /V � �  8a, b vcffi-t. 05 h /J, G 08 h i 

--c· 7 1  7,. =J '/ r --c-�fiSJrBt�m�-c-0) .:r:. � 'Y -;.,, 3 '//J;-&i� L -c 1. , 0 .  �1i, aa�£:f-:tg-c· vt.r§uJWJ 

¥Bt�11ft�viVl: c Iv c''.:r:. � 'Y -;.,,  3 '//J;!iot> G;h, f, 1 kHz t.J,rO){fJWJrBt�m�0),7,i_iJ;m,;h,-c 1, ,  

0 . 08 h 30 m t!Jtf:ve vt.amt1£:f-:tgvc t 2.5 kHz i --c·{$0: � .:r:. � ';/ -;.,, 3 '//J;ffl,;h,, 7 1  .7-. 7 '/ F 

S Y  

O i  

;,/ > �" :o,ii�,v ".:_�P >i , 4, 

,'i = V � .... 

S Y 

' i 

I C  

02 

S Y  

f r'  ' ·� 

3 1  

{a) 

I C  

31, 

Fig 8a 



154 

Q
l Y"""'·d"""""�,--,_,,_,,_,_""""'c,.,.,,�,��-���, 

kHz 
2 ,  

Q t  
2 1 

r 

32 

SY 

I C  

SY 

1 (  

, i 
03 

SY 

r e 

33 

Fig 8b 

(b) 

� Sa, b August 18 event O) .$Jj 5 U:tj:/J , G,§1- 12 ai= i -C 0) ELF .:r.. ::: v ;,, 3 '/ 0) 30 �J-BH: ... :lo 

H- Q 2 ?tri:i, O)#b:;J;:_7, � ;1 1- /V � JliJtnO) * - p 7 ::z - =; 7, 0) ��,1>'tit�1, ' 1) .:  s r19 

tlfiit:�{�'l>'f/J_; t1 < t� Q .  JB:1:millU�fifttitUBfD�:tm-c fl£ < ,  7 1  7- =; '/ r -c 1¥11 1, ,  

11:J;i ftiJ/J�Jl G n Q . 

Fig 8a, b Progressive changes of frequency-time spectra of ELF chorus em1ss10ns fi om 
early morning to noon 

K.ff.Jff�?&1tZft'.itJ;� Q . mJ;Zh L t::. J:: , K. 7 1  7,. '7 '/ 1- -c vx �miEl?&m:t�iJ;5.1l < ,  HlltrJ �:rth -c 

vi. {JlJWJ {E[J&,1tr:t�iJ; 5j1, , .  �! Sb (}) 1 2  h 0 1  m �  1 2  h 03 m (}) 7-. � (I r ;qi�vi.-t (}) :W!-�vu--c-� 
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Fig 9a, b Intensify , ecot ds of auroral hiss emissions and magnetic pulsatzons obse, ved at 
Husafell, Syowa and Mizuho Stations It zs found that the mtenszty is much !11g/ze1 
at Syowa and Mizuho 111 the southern hemisphere than at Husafell zn the northern 
hemisphere 

�:.V:t --::> � 9 l, "{ 1,,  Q .  MAKITA and FUKUNISHI ( 1 973) r: .. J:hvi 4 }3 -9 J3 O)t/( 0 
� 

0 ���v:tt(:J 
70% 0)9£1:=.1it$��"'=>b;, 11 }3 -2 J3 O)�Jl:JHU:t 10% t-Jr--C'J0 0 .  � O)�iti)�{to) � :h =- 7-.· 

..i. ��o tc.2ibvc cb ,  �i5t}�tiilllJ�fi '.5 � t v:t*�f�*�", � c --c J0 0 .  A,@]Cl)fij�1Jjl:ijfJ=J9v:t, 

aBf1J£:lmO)fftfi:-t o m�v.JtOlij--c v:t :t- - i:z =;, 1::: A 0)9£1:=.tPJi/tO)* � tJ:�im-c'J0 '? , 7 1  7, =;, '/ 

fO)�t�f::t,fjlij-c' �:t9£1:=.tP.Ji/tJl,J,O)*fm--C·J0 0 .  � 9a, b v:t�15tti.0)�1, , :!J!JJ�/!--C J0 0  7 1 7-. 
=;, '/ J-'O) Husafell ,  !3Bf1J£:lm, d}.fvi�:lm�c:rovto:lm�::�UlliUffJ, 0.75 kHz, 1 .0 kHz, 2 0 kHz '111 
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�1a � n  -C \, , fJ: \, ' . � 9b t �&tt(!) f/�h ,,wiJ-r:-� 0 . 23 h 06 m tJJtrvi � 9a c ��vcpf:i�f;:I( 

,@.ij-C· vi 8 kHz * vc5j\, , 1::: 7-. iJ;�1a � .:h, -C \, , 0 iJ;, 7 1  7-. =J :/ F-r:·vi i 0 t::.. < �1a � .:h, fJ: \, ' ·  

22h08 m (!) :;t - i:z =J breakup �vc vim�3*-c- 1.0kHz (!)f[mJiEl�iJ· G 8kHz {!) r§om}iBl�i 

--r·rtm�vc:r.. � ';I -;,, 3 :/ (!) f@JitiJ;i!ZIW � n t::.. . LiJ· L,, 7 1 7-. =J :/ F -e ii 4 kHz vc:r.. � ';I -;,, 

3 :/ (/) f@Jah;i!J!U � n t::..h;, 1I&miiEl�nlt%vi i 0 t::.. < i!mu � n -c \, , tJ: \, , .  Lb·  t ,  7 1  7-. =; 

:/ F-r:·vi :;t - i:z =J (!) breakup (!) TI[ff 22 h 14 m vc f;t :;t - i:z =J ::z - 7 7-. iJ; 1 kHz vc tl::lm L, -C 

\, , 0 b\ m �3*vevi ;: (/) ::z - =; 7-. vtn1Hi-r:- � tJ: \, , .  tLl::(!) {JUiJ· G §)j G iJ. tJ: J:: '.5 vc 8 13 (/) Ji;WJ 

-C· vi :;t - i:z =J 1::: 7-. • :;t - i:z =J ::z - =J 7-. (!)�&ttiJ;�p';tvc�\, ' ;:.  c iJ;*stifa -C � 0 .  

5 . � 

4@� Gnt::..W;WJ®�m�*s*� i c � 0 2:: , 
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