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P1 Pulsations and Associated Phenomena m the Auroral Region 

Masayuk1 Kuw ASH IMA" 

Abstract: Concurrent observations of the geomagnetic var 1at10ns by means of 

a fluxgate magnetometer and an mductJon magnetometer were earned out at Syowa 
(-66.7°, 72.4° 

111 corrected geomagnetic coordmates) and Mizuho Stations (-68 7°, 

72 9° m corrected geomagnetic coordmates) m Antarctica dunng the penod from 
August 29 to September 29, 1973, by the 14th Japanese Antarctic Research Exped1-

t10n. In association with the substorm onset, expansion and recovery phases, 
vanous kmds of P1 pulsations were observed at the two stat10ns In the present 
paper, prehmmary results of the Pi 2 and P1 (c) pulsat10ns are reported The 

P1 2 penod 1s closely associated with the auroral breakup pos1t1on 111 the followmg 
way that 1t becomes shorter (longer) when the auroral breakup occurs at lower 

(higher) latitude In associat10n with P1 (c), the substorm as<;oc1ated Pc 3 are 
observed at Syowa and Mizuho Stat10ns 
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IMS ;tt)jj13ivcto\,, -C, w[ffiaB10£:tt!!� tj:l,C,,vc L -Cfib;h -C \,' o .l:t!:Ll::�,�if!lJlU O)lVJjtijs";t,r. t 0) 
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nk. �f�£:tm�m�£:tm.J::�t:tm��r.q::•Km-::,-c�2° �•ocruK&t1L-cto�. 

:tt!!��m�O)irl/t3W=*�Wiff�oJ::"t':!ti:�t,r.lf!lJ{U,�-C-t!So. -lf-7',7, r � A�vcto\,,"( P1 !*if; 

iJ\ ffi�m"t'fAJl:rftviJ::vcfJ-::,-CffttlL-C\,,Q 2,�--c-, c'O).J:: ?t,r.;t§ftliit!So\,'vif§�tt 

�t -::,-C/±lmL-c\,,oiJ,�J!oO)iJ:;:O)�)(O)§B"J"t't!SQ. P1 l*ifJO)tj:l"tt, 4-@Hi P12 C 

PI (c) vc "'.)\, \ -c O)M:fJTM=*�*a�� Q. 

2. Ul iJlU t '1¥ tn· 

P12 viffi�wvi t c .J:: � tj:l{firlocvc� o 'i -C$\, ,fj�vcbk-::, -C tem� Q;: c i7:¥fH!:r �;h 

-Cto� (SAITO, 1969; SAITO et al., 1976), Lt.::..iJ:-::,-c P12 O)M:fJTvC":::>\,,-Cvi, �fvi • am�o 

£:tmvc1Jllx. -C;: ;h G 2,� .J:: � t �tlltvc{.fttl--t o Mawson, � G vcvt Molodezhnaya, Novola­

zarevskaya, SANAE to .J:: � Hermanus �O):tt!!���;fS!-��W� Lt.::... ;: ;h G O)fmlJ{U,�O):l-1!!�� 

B"J&tl�� 1 to .J:: LY� 1 VC$�. � 1 iJ, G biJ, Q .J:: :> vc Mawson, m1o • � f vi£:ti!2vi�ml.B"J 

t,r. auroral station --c-as o iJ�. SANAE vi L=4 c t,r.-::, -C plasmapause #;lcvcf:s'l.tl� 0;: c iJ� 

Mff �;h, 'it.::.. Hermanus vi� fvi • ag;fo£:tm c vivi'fAJ 1.:r.q::tvivcfJ-::, -Ctj:l{firlocvc{:s'l.tl� 

90• 

MAW MAWSON MIZ MIZUHO SYO SY OWA 

MOL:MOLCDEZHNAYA NVL NOVOLAZAREVSKAYA 

SAN SANAE HER HERMANUS 

� 1 &b!U,�0)��1¥J{ftffi 

30" 

Fig 1 Geomagnehc /ocatwn of the observing stations used m the ptesent paper 
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� 1 � JllJ i, (}) 7itt :%i l¥J & mt 
Table 1 Geomagneflc locatzon of the observing statwn 

Station 

Mawson 
Mizuho Station 
Syowa Station 
SANAE 
Hermanus 
ReykJavik 

0 ffflJJl!L� --c-26 0 . 

Latitude 

-70 6° 

-68 7° 

--66 7° 

-60 0° 

-41 0° 

66 6 ° 

Corrected geomagnetic 

Longitude 

93 2° 

72 9° 

72 4° 

43 6° 

79 7° 

71 2° 

4 [ill O)M,l{r 0) i=p,C.,,vidi-f vi O PBliJ£.t!h--C' 0) fq]�fl{J!U--C'fl G tL t��nO)xHt L 26 Q 71;, 2 }� 

--C�@t�ht� fl1J!U�fi':O) 7 12 v !l ��� 2 v::::.7f,i'. 2 ,�v::::.3l3En:::. f&li:�:hf�O)vi mduction 

magnetometer t. fluxgate magnetometer --C � 9. Tnduct10n magnetometer --C vi 10000 [Blg: � 

0) ::z -1 ;vO)i=p,C.,,vc, ��{lil�;L>� A:his:--t: Y-it---C· pick up �tL01i J,J (� l µV) vi, fiTM� 

1µj�:}; l: Ufff!:�rµJmHc J: 0 --C k-0 120 dB ��I� tL{[;! PWM 7 -:r 12 f T - 7
° 

v ::z - !f - vc 

3JJHitc.il � tL 0 t. [n]�vc, � Y v ::z - �- - vc l: 0 --Ctc.���JiJ; momtor � tL 0. fl�U�uf� 

{* 0) }Wj Jtlj4�1i.vi wH --C �- L --C, 5 f;i;iJ:. G 

200:f,J;O)tlij"t· flat --c-� I), Lt�7'1;0--C P12, 

H- 0) 1i.1Jg � �i' 9. Fluxgate magnetometer 

300 mm/h --C � I), negative bay 0) J:. vcJi'.I: 

L--C1,, 0 P12 J1i<:n"-� �0J:.--C-t-'.!t--c � 6. 

Mtfr / A 7- .1', fi 7 'T p !J T - 7
°
h[.� � ;rL 

t��:¥-t�Jl1tffi-t 0 t 0) t., 5-- 1 :/�;Ht � 

tLt-:�:¥4'a:.'Yl1.E!li-t 0 <b 0) t. vc*;5iJ �ho. 

7 -r 12 !l 5- - 7
°
;c.iJHi 100�800 {{HC step 

up � tL --C, FFT 1J'A 0) 7' � !l � ;v 7 -r 3 
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!l r 1!; 3l -1 -r � 'Y !l 7' i±�) . it.::.., 7 -r µ !l'!c� 0) 5 'b, � :/ v ::z - !i<' -v=-•il·n t.::.. t 0) vc 

"'.)\., --C vi, 7J -7' !J -!i<'' -vc J: "? --c*J£5--7
°

vc,,� :/'f-�n. � G vc�1zJiii:Lm1iJF�mH1fm:;,, 

7' 5-A (Hitac 1011 c "f',,::_-1 7-.) �fUffi L --C, y-' 1 :.,' !i< ;r,, 7' � !l r '7 A,M;tfr� polarization tJ".. 

t:' n: wru"" G tt, t-:. Mll:vi 7 -1 :/ 7
° 

!J :/ !i< -� X-Y 7
° 

P 'Y !i< -vc tf:l ::fJ � h 0. Ll r vc.MVTM 

*O):ffi!t���"" 0. 

3. PI 2 �n��IDKIJJ®�·11: 

--it7'7,. r-A�vc, dj..fvt • l:!Rf11£:Lm--c-2::·0)J: 5t,dt�n:wu«u�n--c1.,0n·c1., 5;::::. t� 

� Lt-: 0) n: � 3 "C:' ci) o. � 3 vi 7 -r P !l T -7
°

ge,� L t.::..m:'AJlliUib 0) H nit 5Hc "'.)I., --C 0) !i< -1 -r 

� 'Y !77'�!7 r '7Ac, fqj�O):Lfilm:'AH1*:5}2::�2);�\VC"'.)l,,"(-th-fh�LLl.'o. it.:.., 

NOAA iJ• G lli �ti --Cl., o AU, AL index vC "'.)\., --C <b ci)h�--C 7
° 

P 'Y r v-n, o. �F1=111/iibvi 

15n· G tr:vc�tr J: 5 vc t "? --c ci) o 0) --c-a:� � n t-: 1. ,. ;::::. O){JIJvc.tovt o --it 7' 7' r -A vi 9 J=J 10 

s 23 �545}ij[ (UT) vcftfti "?--c1.,0. ;::::.tt,vtal?f11£:Lmc'O)Hn\t5}0)��tct{}gXY'0)00ftftvcJ: 

"?--Ct �fJvt G no. fqj�vc PI JlliUf!Jn: enhance �n --C tf:lffl, L --Cl., o O)iJ:, f-1 -r � 'Y !l 7' 

�!l },7AiJ•GniJ•0. --lj-7'7,. r-AOOftft�vcffi:J1fJ11"c'dj..Gh0 Pili*ibvi, Pi burst C Pi2 

c0)£:h.ci)h�c L--C�X.0""�C'cl)0 5 (SAITO, 1969). --lj-7'7,. r -A00ftiHCviffi:J1£JlrO)ffl: 

•Jive.vi auroral electrojet n:ffiEtt,, i tdtffffl:f.ft-J,O)�r0)3<"jJ=*<b ;br:Jb-? --C, random tctm� 

�i!Jn:1:.fo;::::. cn:-=f��ho. ;:.tt,n: Pi burst "C:'ci)o. fqJ�vc�::fJKi�f�b-?--CJU*'t'o 

m:'ADIEfis:�0)1*;5} t tFtE't' o vifc' ci) 9, ;:. n� Pi 2 c LL� x. o;:. c vc L J: 5. PI burst 

vi, random tJ".. auroral current vc J: "? --c 5 [ � Jf.9;:. � ti o c � x. G ti oil• G, ffi:J1tm0) auroral 

electroJet #3lic'vimi�Klliffl.'t'o c L--Ct, -tO)�FJriJ,GJi< •ntdJUllU,�c-vi, 1J.Hivi1J\ 

�I.,;:. c /J:-r� �ti o. �jj, Pi 2 O)n\t5}vi�il]vc J: "? --C 5 [ �Jf.9;:. �ho bvtc'ci) 9, �il]O) 

1A� c 1., 5 *rtt��tl't' o c r.t1. ,iJi�vcnt.::.. "? --CtiillU �no;:. c iJ:-=f� �no. ;:. 0);:. c vi 

Pi 2 �wru""o vcvi, ffi:J1tmc'O)�*'/-viiJ, 9 c'tJ".. <, ffi:J1tmn· GJi < •tttdiif!U,¢.(O)�f4c t 

xtJ::I: ��tJ"..n: GMVT��Zlb --c1., < �,�tt��9*--t o. -+r 7"7,. r -A OOfta�tU#i/f O) PI ll*ib 

vc"'.)1,,--c, dj..fvf£:Lfil (MIZ), agfl)£:Lfil (SYO) c�vc plasmapause #i!fvcci)o ctft'.i:E�ho 

SANAE (SAN) c i:p{1H$J!t0) Hermanus (HER) c'O)!i:,��x;f.1:1: ��--C dj..f.::..O)iJ;� 4 c'ci) o. 

� 4 c'vi:fi:J1cmvct.n,--c, *rv=-W�vctf:l--C < o Pi burst 0)1*;5}�:Ifsl 9 �< t-:ZlbvC, band-pass 

filter �ii Lt.:.. t 0) vc "'.)\., --c r v-7' L --c ci) o. --it 7•7,. r -A OOftft�JU c tt'.i:E �ti o 23 � 54 

5}ij[vc, Pi iJ��� enhance �ti --C:fi16miJ• G i:p{!£r$J!tvc� of.tt.,iJi�vcbt-: "? --C tf:lffl, L --Cl., 
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Fig 4. Pi pulsations simultaneously observed 
over the wide area from the auroral region 
to the low latitude. Ongznal waves are 
band-pass filtered 
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Fzg. 5 Power spectra of Pi pulsations zn the 
mterval 2354-2359 UT on September 10, 1973. 
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O)nl<;:5J'iMt/!O)nlt5Hc l: 0 -CiJ, < n -c Li 0 

-C \, , 0 2:: � 0 � � --e ti; 0 ? . Pi 2 0) 7,. � !7 

r ;1,,0)��vi, auroral breakup area, "'Ji 

iJ auroral oval rbli vc fft 11':-t Q 2:: fflifE � ;h, 

0 mfo£Jt!r-em: t * � 1.,,. ;: 0) ;: 2:: vi Pi 2 

0) source region '/J; auroral oval vet!; 0 c 

\, , ? model � � ;t_ 0 2:: if Iz-t 0 . 

"".) �, vc P1 2 0) JWl M vi ffeJ vc l: 0 -c iR:IE � 

n0iJ·c"'' 5;: 2::�wlfl�-c.7,,.,J:: 5. -"".)O) 

model c L -c, §!Jvcjz!!�t-: l: 5 ts:. Pt 2 '/J; 

auroral oval --e¥s�-t 0 2:: 1.,, 5 model iJ;JI 

L\,, c -t"hvi, auroral oval O){ft}i': (auroral 

breakup O)� �t-:f�JW) 2:: Pt 2 0) Jjlr]JJI c 0) 

F13j vc ffeJ G iJ, 0) '*li*'h; � 0 vi f -c, � 0. ;: ;ti 

� wlH � t-: 0) 'h; � 6 -e ti; 0. � 6 -c W ilffdivi 

0. Auroral breakup O)� �tdiPJfvi, ::t­

- i:z 7 Jv 3t,1 7 !7 7 A (HIRASAWA and NA­

GATA, 1972), T - ;v 7,. 7J ,1 7J /. 7 :Jul: u{i 

�*O)��O)•����Gn0�m��� 

(KUWASHIMA, 197 5) iJ, Gffli!E-t 0. Pt 2 0) 

JW3Jl:Jlvt, � 5 0) l: 5 vc�0Reltt�.A,.t�-c-c 

fftli':-t0��0)ffl�����L-CllimL-c 

\,' 0nl<:%� <b 0 -CfR:1E-t° 0. � 6 iJ, G auro­

ral breakup 0) fft it c Pt 2 0) JW3 JJI c 0) F13j vc 

mJrnt!0)�0;: 2::n;w'c7,,.,2::n0. "'Ji IJ, 

auroral breakup '!J;fI£1-toci&U"c'�.:. 0 c Pi 2 

0) JW3Jl:Jlvtm: < ts:. I), �vc auroral breakup 

O)�.:. 0ffttliiJ;�!lJJtt&UK.�0 -C\,, < c, 
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Fig 8. Cross-conelation functzons of the Pz 2 
simultaneously observed at Syowa Statzon 
and Reyk1av1k. 
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nk P1 2 

Fig 7 Pz 2 pulsatzons szmultaneously observed 
at Syowa Station and Reykjavik Ongz­
nal records are hzgh pass filtered 
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Fzg 9. Wavephase differences of the Pi 2 be­
tween Syowa Station and Reykjavik . 

.:C n t::. {f 0 --c P1 2 0) Jm;ltJJ t :R < tee 0 --c 1v , < c 1v ,  ? M'f*iJ;IZJ 6 iJ.  G vi. "'=' � 1? c WEdi- c tL 6 .  

v:::i �, v=. P1 2 0) conjugacy v=. v:::i 1v , "C J!  "C � � .  !lB:f!J£Jtg c � bco "C l \, ,  conjugacy 'a:'.'�v:::i{:s'.[ 

]i':v=. � 6 fl1J!U,� c L "C ,  Iceland 0) Reykjavik iJ; � 6 .  llB5¥0£:l:tlU:: Reykjavik --c- [ql � v=.ft G  

;h, f.::.. P1 2 0) -WU'a:'.' � 7 v=.�-t. � 7 vi. rapid-run magneto gram iJ• G negative bay 0) effect 'a::' 

J& 9 � < k co v=., high-pass filter Lt: t 0) 'a::' r v � 7' L "C 1v , 6 . 1ZJ 7 iP G vi., :l:i x?ff 0) �� 

,�-c Pi 2  iJ; [ql � v=- lli:ffl. L --c , LiJ· t � bco --C 1W-fd�%'a:'.' t 0 --c 1v , 6 ;:. c iJ;mdJ- c tL 6  ;:. O)  

l}l� vt.�:IEJ1tffi --C'J! G h 6  Pi 2 tt. ,  �-/1 0) 1 ? fJ: Jtgfj(;rlr{19¥"C'je� L --C 'v , 6 0) "C' vi.tJ: <  "C , ts 
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L 6 w1:'A II� -c· JE:1: Vt , .:Z: :h iJ; � 1J r& � {�b "'.) --o=tff�Hc JIJ * L, � b ch -C J: \, , conjugacy 
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