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ELF Em1ss1ons Simultaneously Observad at Syowa 

and Mizuho Stat10ns 

Natsuo SATO*, H1rosh1 FuKUNISHI* and Kazuo MAKITA*-i: 

Abstract: Simultaneous observations of ELF• VLF em1ss1ons, magnetic vana­
tions, cosmic n01se absorpt10n and auroras have been earned out at Syowa and 
Mizuho Stations smce June 1976 Mizuho Stat10n 1s located at a distance of 
"'270 km poleward on the same magnetic mendian as that of Syowa From the 
ELF em1s-;1on data observed at both the stations, the following results were ob­
tamed 

1) Frequency-time spectra of ELF chorus em1ss10ns were quite s1m1lar at both 
the stations However, It IS found that the mtens1ty m the lower frequency range 
( < 1 5 kHz) IS greater at M 1zuho than at Syowa, and vzce ve1 sa m the higher fre­
quency range 

2) The penod of QP em1ss1ons was same at both the stat10ns 

� � JtQ/tti5<\::f�-rnW::. i(-� --::i Gs'J 270 km /�Jnt:: ll{rfo;JJ}lli l .7;,<.-J-1 j)?5.rfu:-=. t-51,, -C, 
JtQ/11{(��' j@.7lii'AJJ*ffJ, :;t - P '7, ELF • VLF �l!i)J, :;t - P '7 c'� IJ) l1�R)ifJiJllj� fJ"--::i 
t::. � o)�,(itr)( -en, ELF �!lvJIJ)�g:�f!tlttc, 1 V-'7,� � J, ;vtrJi.;�IJ)�§;Ir:."J1,,-clJ)Mtfr 
t/1 �� �Rili-tQ. ,l-0)*,li*vi, 1) ;m��-fl4:rA'J7,��� ],;v(i�l�r�;:::.1£1:t:1,,Q. 2) 
9E�!: Ji1D<&'.�IJ)�ft{i!tl-Ut;l;.. -J-H�.tl!n: (tfE:���;;� rgx/J��ln < , rr3;fl]�Jig-c it;�;m�� 
:;; Jr�iJ :,Jrt11,, 3) QP = � ,; ;,, :1 :/ ,?) [.'31[J]vt.1t < lfi] L -C 0 Q. 

1. Li G ?I) le 

1976 if- 6 J=J /J, G fli3fJJl1s:il!! c � -tvt�:ifu�:.�1_,, -c, 2 A� [µJS�ffl�U��11m L k. lnJ�W!iJ!1J�1=s--

0 t:JJI ,� v:l:, lfu{�l�( 3 w::B-, JiiHtil:5<\IDfclF)J/JX.Jj', ELF O VLF § �'mvJz, :) * ;-< - !7' * � p 7 

TV 7J ;-< '7 f!JU�1J-c-t10 �. tJ::�, � -ni£J:filvi, i3B%1J£:lmiJ; Glm{iii�-=flf·WK.i'J'-' ,� 270 km� 

.tvt:JililHc 1970 '.'q: 7 }=J �c�fi: � tL t��Jtg-C-t10 �. UB%JJ£J:-fu (:lmfiii:5<\EEtl, - 70 03, 79 37) c 

J,,_-ni£Jtg ol!!r�f:5<\gr�, -n.32, so 69) O)f.v:.11:Mff-�� 1 icjJ�-t. 

;::. 0) 0ifuy:-C �i, ELF· VLF m § f�tlf.{&O) fJ::iJ; -c- t 41vc 0.3� 3 kHz 0) M:lVJl�,/rr.ti�t#-".) ELF 

* l�:i'L1iliKJ'tl!lvf'.JEPJr National Institute of Polar Research, 9-10, Kaga 1-chome, Itabash1-ku, Tokyo 173 

** J)R}J(j'-�':��t;,r1tmtR¥1,1�1])f'.§EJ;([�1;t Geophysics Research Laboratory, U111vers1ty of Tokyo, Bunkyo­

ku, Tokyo 113 
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::r -7 A .:r. � 'Y :;,, 3 :de."':)\,\'""(: 1) )Nli}1l�-�ra, (f-t) A"" I/ r Iv�, 2) �0)5jf.lJ:t C :tmm 

�JlliHib c OJ001*, 3) aB�£:tm--c·ftirrt,,f.::. ELF fif�iHlJU*:nfftftiU*s*c, 2 ,�ra,OJ5$!.l!:t 

:to J: u� OJ A"" I/ r 1v:fl;@ c OJ 001* vc. "':)\,, --c �� �. 

m�£:tm--c·§l:{§�;f1,Q ELF .:r. � 'Y:;,, 3 :di, OOvt:n (Olh-06hMLT) JlliUib::t-- p :JvC.{::j:. 
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4d' 

0--rl±lm-r-0::t--P:J::r-77,c, �� 

(06h('-116hMLT) vc.::tvc./±lm-to polar ::r 

-7 7- (daytime ::r - 7 7-) c vc.5t��ho 

(HAYASHI and KOKUBUN, 1971; KOKUBUN 

et al., 1969). � h, ELF .:c. � 'Y :;,, 3 :/ OJ vfj 

£KJ:oft�t��G;h--C:tolJ, --�� 

}jt'""('O)ftiU (TAYLAR and GURNETT, 1968; 

THORNE et al., 1977) �' m�f!�--C'O)ftiU 

(RUSELL et al., 1969; BURTON and HOLZER, 

1974) OJ*s*vc. J:hv±:, .:r. � 'Y :;,, 3 :/OJ§l: 

1i � tu · §tfi� m 0) 5t 7fn vi 5E It EfJ vc. vi :LfuJ:: 

ftiUOJ*s* c �ifc L --c1.,, o. 

t.nGOJtiiu��tPG, ELF ::r -7 7,.:c. 

� 'Y :;,, 3 :dim�P!�OJiJFJi[ffi#Jli--c-, l:::0 
'Y 'f-��:nltvc. J: o 11t-f---1j-1 l/ 1=1 i- p /�q�vc. 

O 100 200km 

Fig 1 Location of Syowa and Mizuho Stations 

J: 0 --Cje1:_ l, '""(\,\QC Tiu �;h Q. it.::., TSURUTANI and SMITH (1974) vc. J:hvi, .:r. � 'Y :;,, 

3 :/OJje1:.)NliBt�vi, m�P!�OJ�OJ�m--c·OJ11t-f-:}--v1 µ)NJiJ1l�OJ 1/4 vc.l:::0-l/��0--c 

\,, o. ;:. n G 0) ,�n· G, :tmm�rlf-ffivc.fJ0 t.::. 2 ,�--c-j'qj�ftiu�rr 5 ;:. c vi, iBtOJje1:.iJUglZ 

��1'i&'.�lt��a oJ::--c·_m�--c-as o. tci::to, aB�£:lfu. d:,1-ft1£:tm0Jftiu:;,, AT A OJ�r-BHi, 

�EElfm (1977) vc.ic1x:�n --c1,,, o. 

2.1. 1976 .1f=: 10 � 21 8 event 

� 2 vi, 1976 � 10 Ji 21 8 10 � UT iJ, G 16 � UT i --c·OJ Faivc., d:,1-f Vii£:Lm c aB�£:Lm 

--c-l'qJ�ftiU Lt.::. ELF ff.:c. � 'Y :;,,  3 :/rJ) 0.75 kHz• 1.0 kHz 5$l.l, :to J: U:Lm��JifKlb H ft}:,5} 

OJ5jf.lgc��ffii"". 10h 30m-11 h05m, 11 h 15m-11 h45m, 13 h45 m-14h20m UT vc., � 

0 < 1J Lt.::. .:c. � 'Y :;,, 3 / 0) stoc�lbiJ; 2 ,� c t j'qj� vc.� � --c \,, o ;:. c iJ;bn, Q. it.::., tmm 
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OCT. 21, 1976 

H _ -- �---� --- -------�- .--------------- 10 

SYOWA ::: � \g_ 
78� � . ,P;.;;;o 41 I ;1�1 ;i I 1 I ""'"'::: 1 __§_ 

1000� ,.¢z A 7 I ; ,1.1;4, D,,::.4 ;4$.w;; ··��� � 
1L.CJ -o·���-3tJ-��- 1500 30 

� 2 1976:tj: 10 }J 21 El 108�-16 it:lj- UT ;:.J�\i'-C, l1/1;¥!J o JA-?"/f;tJ;Jtiz-C p=;Jll1j·f.:.�{i§�;h, t� ELF = � / ;,, s '/ IJ) 0 75 kHz O 1 0 kHz ·Ni c1:: ltl2.T,h�JWlJJIJ)0!U��L!Jl 
Fig 2 lntemily records of ELF chorus em1sszons and the H components of magnetzc 

pulsatwn'i observed at Mizuho and Syowa Statwns 

�/]/�JjJO) ggUf7£f'.1t t 5E·liEI�K.('i [P] L{m itJ�5:G L -C 1,, 6. 
I� 3 vU'i, 1-gJ 2 2: !fiJR:riU r::. Uvt 6 ELF _::c_ � v s,, 3 '/ 0) f -t 7, � !7 r 1v iJ�� � h -C 1,, 6 

JE ll s0 vcf§ f.... v f, 7-. � !l 1, 1 v 0) � FJ3T!t 1 t c 1%°/1 JWJ '{Bl� {p,ij to J: cf {II: J?D a:!Z � {&ij 0) 1J 'Y 1, :;f 7 v 'i, fifij 
£.l:fu c t ir=u L -C cfS 6 tee U, RB�IJ�tJlliO) 7, � !7 r 1v _ l:::K.:!lh -C 1,, 6 I O kHz �7ff /, '/ r'n, 
::1 ::. :;J- ;,i - !J 0) =t- -1, � 7 {� -� -C cfS 6 . 

� 4a, b vi, �l 3 v=:.;c;cA Lt��-tU A O B ° C K:.tovt 6 7-. � !7 r 1v+-/;-.@O)})tj;;:��1f,-t". MJ 
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Ii{] 3 1976 ::q::. 10 }j 21 S 10 �-16 � UT v;::., a:a:w • .;z,., -j"-v;t�:l'tg-c!E]s:1j:V:.�{§� ht� ELF 
.:c. � / '/' =1 Y (!) f-t A -"' !' r Jv. 

Fig 3 Ft equency-tlme spectra of ELF chorus emzsswns whzch are presented zn Fzg 2 
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tU A O B --evt, 0 6rv 1.2 kHz 0) diffuse ts:. e. 7- If] 7- � !l r ;1,, 0) 1-p r:::., 5in\.-, rismg tone 0) dis­

crete :r.. � Y / =1 :/ iJ;'2!' i ht 1,, Q :!Jlf&iJ;di- td1, Q. ;: 0) � v:.:::. J: hvi, JE'iiO"JK.vi discrete :r.. 

� 'Y S/ ::1 :/ vHgto£:ttg t 5!n < , dtff use :r.. � 'Y / =1 :/ vi di--t Vit:}£:1.ili t Sin 1,,. i t:.., it=r �U C vc to 

t, t, ,G 1 7, 3 - -1:- - r 0) ?El!iV;iJ:Tiii:h*ivc fd ":) t fl fl L, J-JH!Ussts:. HuJm (1-ll.1,f P£Jfut vi 3 ""'4 

0 

,OCT. 2L 1976 
'MIZUHO 

25- 5¥0WA 

'• . l 

: 10 

. OCT 21 .1976 
. M tZUHO. 

j 
·: 10 

k -: .·· j' 

:20 -_. 

1202: 54· Ui 

� 4a � 3 O)O'j-tU A O B v::. J,\,, ---C, at1-6"J 7,. r,r -;v�tJt::f:_ LJ::. f-t 7,. � !l r ;v�. Discrete 
.:r:. � y / 3 /11,fwWfv.:]ilD:tm,1�\---c·fsifI!U� n-n, 0 /J,, 11elo£J1t!.0):1J/J, 111t/i:vt�111t '. 

Ftg 4a F1equency-t1me spectra of discrete em1sswns 111 the hme 111te1 vals of 1201 25-
1202 15 UT and 1202 54-1203 50 UT on October 21, 1976 (cf Ftg 3) 

� 4b [2j30)�tl]Cv:.::.:ro\,•---C, lr1r111JA-7"-/v�Ft.kLt-:-.f-t7,.�;7 J,;vS] -:.::::.--cit, 
QP 1tJ}i\Prn��vtt::. penod1c .:r:. � /-/ =1 /iJ�, 1 ·rL1.l;H!?.�r!--'j:1.:�{§ �,h ---Cit '0 

Fig 4b Frequency-time spect, a of pe, wdzc em,s �wm ,n the tune 111te1 val of 1350-1358 
UT on Octobe, 21, 1976 (cf Fig 3) 
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;f};O)jfjtl};a;3:.F�:.§l:{a�n-0) �fifv::> periodic .:c. � 'Y -;,,  3 '/;a;, 13h51m "'13h58mUT Ficmc 

'.:f18�,ti,-c1..,,-0. �Gvc, C.O) periodic .:c. � 'Y-;,, 3 '/vt, JWJJJHB 30;fJ;O)�JWJ;Ml¥Jt.i::�NmJ� 

§l:vt-n, -0. f.i:: :to, fifii£:J:t!r·c§l:{a Lt-: periodic .:c. � 'Y -;,, 3 '/, t-a J: tf-t 0) $00;Ml¥Jtdf!Jmi 7-. 

� !7 r ;L,�O)§l:{a��u • m�1Stvtfqj -c '"t·cl!.> -0. 

2.2. 2 .�rai</)ffi�!tc!:ilJ*:nlRl 

Daytime ELF .:c. � 'Y-;,, 3 :,,;O)l!itJ!U*a:!l:to J: tfJJ.�1¥J�tJV"tiJ"G, .:c. � 'Y-;,, 3 '/vi��!JO) 

?JF�ffi#3lr '"t', m r 0) �
0 

'Y ':f-ft]. JJ ti vc J: Q t1t=f-T 1 !7 i:i 1' i:i :,,; ��!�He J: ":) -C ja1:: L -C 1..,' -0 

c. c iJ;TtJIU � ,ti, -0. TsuRUTANI and SMITH (1974, 1977) vc J: ;h,vf, .:c. � 'Y -;,, 3 '/ 0) ja1::JWJ� 

1Stvt��!IP3 0) .$Jffl :/ -v 1 i:i 00 �1S(O) 1/4 vc �
0 

- !7 �fif v:> c. c iJ;biJ. -0. � G vc, 13R5¥0£tttt 

:to J: {Yd}. --ni£t!tt�Jffl-0ftil:1Jt�O):fuJ,��5$0Cvi 135 r, 83 r '"c';f) IJ, :5:,J,mr :/ -v 1 i:i m� 

1S(vt 3.8 kHz, 2.3 kHz '"c'cf.>-0t::.cl:>, .:c. � 'Y-;,, 3 '/0)¥e1::00�1StiJ;?JF�ffift31f'"t·vt.f.i::--?-C1,, 

-0 t 0) c T� � n Q. c. 0) .:c.. � 'Y -;,, 3 :,,; ;a; !7' !7 H��vc J: ":) -ctttt.J:::#3lr 'i '"t-�b ":) -c < -0 f.i:: 

G vi, tttt.J::: '"t·W.mu Lt::. 7,. � ;- r ;L, 1::-c- t 2 ,�r1=1i'"t·JWJ�1St 0) sjocJt;a;• t.i:: IJ, dj. -t ti £tttt'"t·v:t 

11tm�1St* �;a;sj 'i -0 c. t ;a;�,mu � n Q. 

E 
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I �2 � 
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11 ; - (0. 

-'--'��"--'-- --j--L-.L._L_...L...4--'........1�=1L...c_b_l.-'--L....lhfill..._.l....LL.J.'..'-'-1:'.!U'l'..'...ll' ..:.'l'I\J...'.L,IL I 
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� Sa c hvi, aB;f!J • .7,,_-j-Vii::£ttfr-C fql!J=ff:.t@UI!U� hk, ELF = � 'Y -;,, a '/� 0 75kHz • 
1 OkHz nB�gr:t-c;J:rf:ttt!��llmiH:.'�i"". c��-ut, .7,,_-fvI£:ttt!-C'.:€{a�ht-:= � 
'Y -;.; a '/ � 15-/J�, 0 75 kHz tlr-C· 2 ffl-, 1. 0 kHz ft}-C 1 5 +g-a?3;fl:1£:tfu J: 1? 5j1,,. 

Fig 5a. Intenszty records of ELF chorus emisszons and magnetzc pulsations observed 
at Mzzuho and Syowa Statzons It zs found that the zntenszty zn the lower frequency 
range zs greater at Mzzuho than at Syowa 
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� Sb � (7)�vi, d;l---t(l. HB:¥Q�:tt!n: lrIJIJ'ffm.JliJ Lt�. ELF .:i:. � / '/ 3 '/(7) 0.75 kHz 0 

1 OkH ·!tt'.h1Uft:.:tfil7tii'A�t!J�,Hf, Wd:W�:tm-CimllllJLt-: 0 75kHz ·�ijv;:.:J:o(rt6.:i:. � 
v V 3 '/ (7)JIJ:31E:n!£-iJ (7)f¥'f �t/JX;} • 3Rr!.s/JX:5t�7J';;--t. � � -C vi, 0. 75 kHz ,:tsi/tliJ;i_ 
--tH:£Jt!?.(7)1JiJ:k,'J 2 fg-j;:� <, .:i:. � v ::,,  ::i '/(7) :flJ�:1J!nJ(iHPi:W�:im(7) ]¥J{l!l]/pG-CJs 
6 � ciJVjjiJ,6. 

Fig. Sb. Upper two pannels show mtens1ty records of ELF chorus emissions and magnetic 
pulsations observed at Mizuho and Syowa Statwns. Lower pannel shows the arrival 
directions of 0.75 kHz emissions observed at Syowa Statwn Nx and Ny denote 
north-south and east-west components, respecflvely. It 1s found that O 75 kHz 
band emissions were mcident fiom southwatd of Syowa 

121 5a vi, O 75 kHz· IO kHz 'ft� 1.rri/:ft:fu J:: v,JttHii�IDRi/JO)Ri'f¥1J-.l;..--n1£:Lm!ITJiey:�{PIJO){JUt � 

Q. ;:_o)�ir·G�Gir•t.J:l JVC, 0.75kHz r:1Hn�vi.l;..fVit£:f:ili0):1JiJ;l3BfiJ£:t:-t!:!J:: i) 2{if5ln'-''· 

-·-J=j, 1.0kHz ;�g:5$&tt(;; 15 f-§·.l;..--tB:£:i:tg0)1,iJ�5ln'-'' CO)ia5¥!:J:: 1), i@it::r�1JWHc{l£J,1i·J 

�Jlitlli�iJ��fti\,, C c iJ�biJ, o ;:_ 0)%tltvt, 1!r £iJUJlU 0) t.s5¥!: c 5Etl!:1¥.n:.-� Lt t, o. 

HB:tiJ£:t:tl!t it, 1974 �t-J� TsuRunA-HAYASHI (1975) 1,��vc J:: 6 FLF • VLF 1f�foUJlU� 

]fl�fj'9VC�afli L -(\_,, 6 (SATO and HAYASHI, 1976; �EOft!!, 1977). -t C ·-e, ELF 1f�naJIJ 

M!.fU:, 2 ,�Faj t·fF]jJrn � n t-: .:c. � 'Y -::,, 3 Y 0) 5$/JtJ::t c � J::t� Lt .l;.. 6. � 5b It, .l;..-fv1£:L1!! 

c fli'1tiJ£:Lm-c·O) 0.75 kHz• 1 O kHz 1n·5$�:fu' J:: V::rt!Hili5<\IDRi!J c, RB'.flJ£:tmt �ntli � n t-: O 75 

kHz ;tW1f�IUlUK.l iJ flGnt-: Wf�tnx:?3-�J::V:]rnsnx:?3-0)A�tfi"J'ia:'�--t. CO)�iJ�G 075 
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� 6 -:. O) �vi, SB��:ttB-c-�m L t-=. 0 75 kHz ;[rr5$ll c -tO)?flJ3ff1JJPJ0)1¥J�tnx:%, to J:: 
(J,fl=!j:tU A •  B • C • D v:::tovt Q l3;3� • ,7;,.-j- H�:tlli-C 0) ,  0 75 kHz ,NBi�t21H:·jf- L -C 

\,, ' Q .  

Fig. 6. Upper two pannels show the O 75 kHz intensity record and an ival direction (Nx) 
of 0.75 kHz emissions at Syowa Station. Lower panne/ shows Syowa and Mizuho 
Stations intensity records of 0.75 kHz band ELF emissions in the two time intervals 
A, B, C and D. 
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Lt-: 0.75 kHz ;/WO)JU*:151Plc Vnt, 138�£:tl!U: rJ iJ,t� rJ wHllU (�tiocilln iJ,GJU* Lc\,, 

� -:::.  ciJ;niJ•Q. "i t-:, ,1,,.. --n1£:ttgvtaB�£:ttgJ: rJ ffifJW v:.&§: L c \, •Qt-:co, -:::. O)jj"�*it* 

vt, 2 ,�rlcl,O)�ocltiJ,G-rlllU�nQ;r. � 'Y ::.,,  3 :/O)m*J!iJ,GO)lli o 0):151PJc, J:Ettwv:.­

J& Lc\, ·Q. 

i:E 6 vt, ;r. � 'Y ::.,,  3 :/iJ\ �1i�n:Mtco � lj[Jljj"fK!jv:.vt�tillUiJ,GJU* L, �fK!jv:.t�Qv:.'Jn 

tFW{llU.A...1$ilrt G t7U"c'26 G . -:::. O)fUvt SATO and HAYASHI (1976) O)� L t-:JlJ*jj"IPJO) B �{t 

4=a=ti c fqJ 1.:MIPJ'a::'� L "( \,, Q, [EO) J::{llUO) /� -* lHCvt, ag�£:ttg-c-�{llU Lt-: 0.75 kHz ?Yf5j}1t 

C -f:-O)jlj*Jj"IP]O) ffi�tn\t%iJ;, TO),,q�. lV VCvt, fK!jtU A .  B .  C .  D v:.�rr Q ag� . � fvi 

£:ttg-c-0) 0.75 kHz ;i'ff5jJ1t!c�iJ;� �h --C \,, Q. _:r. � 'Y ::.,, ::1 :/'/J;�tillUiJ, G JIJ*-t G fK!jtU A •  B 

--C'vt, ;r. � 'Y ::.,,  3 :/ 5_$0Cvi, 13Bf1]£j(gO)Jj"iJ;,7,i.. --nf£j(gJ: 9 1 .2 ffi*� < '  jlj*Jj"IP]iJ;J(JJi 

v:.3fl\,fK!jtU c "c'vt, filu£t-tgc ?b vst ViffqJfflJ1t0)�}1t"c'26 G .  -:15, ffi{llUiJ,G¥U*-tQfK!j�U D 

---e vt, ,1,,.. f vst£:ttg0) JJiJ; 1 .3 f.:g:� < tJ: "'.) --c \,, Q. -:::. 0) -:=. c J:: rJ ,  aBf1J£:ttg--C�lllU L --c \,, Q 

ELF . VLF m Ei fA'�rElO)jf��iutit;fHt, 2 ,B�iij0)5jJ:,tltiJ,G:JllllU�hQ;r. � 'Y ::.,,  3 './ 0)  

mM/iiJ, G 0) /±1 1=1 )]  fA) C '  5:£11:Ef)vUt-Iz L, L \, ' Q C \, 'X.  Q .  
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2.3. QJP I � -:; � 3 / 

� 7a, b vi, a?3:f,iJ O d:1- -t" vt�:i=tlr-C-��V::.fit!lli � ;h,k QP .::i:_ � -;; S/ =1 '/ {])  f-t 7-. �  !/ J, iv !� 

-c cf> 0 .  QP ;r_ � 'Y '/ 3 '/ (J) r�Mvtii8 30 f'J; -C 25 Y) '  nsmg tone (J) 7, � !/ r 1vtfti€vid:l--t"vt 0 

r1g;f-�1�:ifu -C [P}asJ �;:.�{tJ �n -c 1., ,  0 .  � G r:. , QP ;r_ � 'Y '/ ::1 '/(J)i)¥H:ltl�t v::=.vt, JlH tJH1:1 3 Jj; 

(J) penod1c .::i:_ � '/ / :1 '/ n :B' i ;h, -C :t-o 'J ( 1 1  h 17 m-1 1 h 19 m, 1 1  h 3 1 m- 1 1  h 36 m) , :.::. O) 

penod1c ;r_ � / '/ 3 '/ t �IuJ.Jt!.!-C [P]�n:: .. 5z {� c':: tL -c \., \ 0 .  � 7 (J) 7, � !/ ], /V �I /J c,  f? '  _::r:. � '/ 

./ =1 '/ (J) JE1-Ri1 [Lz])l(J) �$tl:Jt� ttil1.11-t" 0 c ,  0 5- l .O kHz (]) {)£[SJ {lt�·nF:li(J) diffuse .::r:. � '/ / 

3 ./ i !. ,  d:1--t vi ltJfu (J) 1i iJ : 1i 1., , c:. c iJ ,l}J-iJ,  0 .  

I ,sl 8 '. i,  November 1 9  event (J) 1 1  h 1 5  rn-1 1 h 25 m UT 119 v:: .. :fo \., , -C, FFT {t v::. J:. 0 7, � I/ 

M t Z U HO 

SYOWA 

22 

(a) 

N ov . 1 9 , 1 �?� . 

: 1 ' - · ,< >: , -.. ' .. ,:,j4' ; ,, .. / t '  d ,- - ::,,· 316 

(b) 

� 7 ,J,,..-t, ;;: .  f1U;fiJ£:t!Q-C f\JWH=:. ftlUJIIJ� ;hf::, QP .;J:. � '/ '/ 3 '/ !J) f-t 7-, � :'J  I ;t,, [ZJ QP 
= � / ;,, c1 '/ !J) T-.13 WH i, filu;it;;:tfu-C � "':d: .. < fITJ i! F:::. !IiJ n,t r:::. :!Jth -c 1., , 6 . 

Frg 7 Frequency-flme specfl a of QP e1111ss10ns The pe1 rods and the ::,tart time of QP 
em1ss10ns we, e same at both the statwns 
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1 0 d8 
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NOV 19 ,  1976 1 1 15-1 1 25 UT 

Ii<! 8 QP .::c. � :1 -;,, a ':/1.),¥8:'£. V-C lt, o 11 )=J 19 
a 11 h 15 m-11 h 25 m UT v::. Mt o , 7c 0) 

fl.& 1J1� -;m lBltll: 7' � ;7 r 1v 1Z1 � 0) 1Z1 l i? , d,<. 
-t v:t!;:imO) 1J -c Ii {i£JmiBt�1TJ-� (0 5-1 0 
kHz) b s f.sulm?Bltll:mJ.B:X (1 0-1 5 kHz) l i) 
10 dB 111: t Gm < ,  -1Ja1:r,f0£:im-cvt.7c 0)  
�vi� dB tA T-C J!) o � c l.),'iJ-1.),  o 

Fig 8 Power spectra of QP emissions in the 
time interval of 1115-1125 UT on Novem­
ber 19, 1976 (cf Fig 7) It is found that 
the intensity m the lower frequency range 
is greater at Mizuho than at Syowa 
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� 9 Vi, November 1 9  event O) �j£:iiJH=:.. 

j:oV7" Q QP .:C. � 'Y '/ 3 ';/ 0) f-t 7-.. � !J f' /V 

3 .  � 

:tt!H��-=f-lp rmv=:..jf} ,:i --C M; 270 km, ri!!fiil� 

ttoc
--
eMJ 2.3 oc�n --c i. ,  0 aii¥o£:tt!! c ;J;.. --r 

vi £:tt!!··c, ELF ?if .:c. � 'Y '/ 3 :,/ 0) JPJ�WUllU 

l 

-� {'"'-.. l ""{" 

�

� 
,\ < 

' 1 1 30 

, ,' 

Ii<! 9 � .tut, QP .::c. � 'Y -;;- a /" 0) J-t 7-.. � ;7 r ;v!ZJ c :ImPtt�li*iiJ H nlt'ir��-t . QP .::c. 

� :; '/' a /" 0) )m;ltJlif-'J 30 t!)V'.::. )(;j"J;f::;-t" o :imfJtt�Ji*i:fJI.),, filu£:im�C �\, ' -Cfm{lllj � .h, -C \, '  o .  
Fig 9. Frequency-time spectra of QP emissions and magnetic pulsations observed at 

Mizuho and Syowa Stations It is found that QP emissions were associated with 
magnetic pulsations at both stations 
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1 ) f-t 7-. � !l r 1v �a �Ji& r: .. �r'� v:. J:: < 1bL --c it ,  Q .  

2) ¥e1=.�AfzR0) 5itr.Lt vt, dJ--t-vl£tm--c, it 1��l&l�"i�iJ;5m1t  , .  

3) Discrete .:r.. � '/ '/ 21 :,; v:. cb 5!n&ftiJ: J0 I'.) , -f: hviaB;fl]�:f-mO) 1f 1J;5fti it , . 

4) QP .:r.. � / / 3 / 0) J0J M ii Jil;j�JtlU:: cb ,  i 0 tc.. < ['i:IJ C "C � Q .  

I )  0) � 1±1  c L "C vi, i -t ELF .:r.. � '/ '/ 3 :,; O) �ft.: ( 1 50rv l60 km) K . .Lt� "C, 2 ,��. is10)filg 

11-tJ:tfL-?"" �  Q � c tJ:, J0 (f G h o . 7c 0) @, t&0)�1=.V,�!0)$iJ; 1; �fBlO) f��3<�** t �·r�-?- Q 

£,�iJ;� 6 5 .  2) O)W.ES c L "C ii ,  TsuRUTANI and SMITH (1974, 1977) O) {tj£iUJlU "C l}J.! G /J; 

v:.ts:. "? tc.. J:: 5 v:. , .:r.. � / '/ 3 :,; 0)�1=.Wj��vi�1=.<lJJ!O) JfilMi5MEVi):.ft{1f L ,  �riJJtfJcW vl C. 

{�Jil,Jatl�m.tweiJ;5m i Q c it , 5 3<1J�v:. J:: Q tc..co c � x. G h Q 3) 0) *3  tt c L "C vi, t}, -f 0) ;:.  c 

tJ;  ( ,  x.. o ; Discrete .:r.. � '/ / 21 :,; !i��'!t v:.�l , �JUi"C'�1=. L, !) !l H��v:. J:: 0 "C Jt!U:. i "C 

{�b 0 "( < 0 0) t..:.. iJ ; ,  -� )]���7]'> G 0) /:t\ I] 0) JJ\iJ; I; cb � \, \ t.::.co, 270 km 0) Rfi� "(' b �iJt:� 

ti :�£co G ;h Q .  �i:. -ts· x.. 1i ,  discrete .:r.. � 'Y '/ 3 :,; t)J'}O) ELF .:r.. � 'Y '/ 21 :,, fi,  7e1=_{)JJt v:.;o; 

ts:. /'.) 0)$iJ; 9 �t? 0 "C l 1 Q b O) c �x.. G h Q . C. 0) 5<JJ*�� L "C 1t ' o O) iJ; I )  • 2) 0 4) O)� 

1�-"C 2v o c it , f __ J:: '5 .  i tc.., QP .:r.. � '/ '/ 21 :,; 0) mL!WiJ; 2 i� --c i 0 t.::. < ftiJ C "C � 9 ,  iJ ;"'J{f£ 

�/El�nlt5}fa c.'dJ--?""vl £!1'2"C 5m1t ' �  c iJ; G , nsmg tone 0) QP .:r.. � '/ '/ 21 :,; fi, QP Ll9�� 

� 31:vt Q f��;o:r@jfJjt)Jt-O{ij;o-. G {JiJi/it-O!IJ ""'- 1 Jt:JMO) i1=1j v:.�!EJJ L "C i_ ,  Q tc..co v:.1t9 � Q t 0) c ,  � 

11:o� v:.M:li
f
l:iHJg --c � Q .  

ts:. to, 2:. ;h G O) f.ej*� � G v:.�}.pk � {t o f.:co v:. vi, dJ--t"vl£imK .. ELF • VLF :Jj��lt� 

�lt Lt.: 1; , dJ-fvi £:!1'2 J::  1; � G v:.r@jflJl'.-Olij v:.fi.lJlU,12,��lt-t- Q £1�iJ; � 0 . i t.: , *1§:Jf 

rq1 O)J!lJlU,12,m t �It L Jm:1f�1t:ffi1: t � G iJ ;  v:. v-n , < £,�ti; � Q 
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