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A Model of Magnetic Pi 2 Pulsations Based on a ULF 

Observation from High- to Middle-Latitudes 

Masayuki Kuw ASHIMA * 

Abstract: Spectral charactenstics of magnetic P1 2 pulsations are studied m 

detail by usmg data obtained simultaneously over a wide latitudmal range from 

the auroral region (L = 8.9) through low-latitudes (L = 1.8). P1 2 1s observed 

simultaneously with the onset of a substorm expans10n over the wide latitudmal 

range with a common predominant period showmg a primary amplitude maximum 

at the auroral oval and a secondary one near the plasmapause The Pi 2 period 

generally becomes shorter (longer) when the associated auroral breakup starts at 

lower (higher) latitudes P1 2 is also observed simultaneously at a patr of con­

jugate stations m the auroral region with similar waveforms. These observational 
results indicate that the most plausible model of Pi 2 1s the tors10nal hydromagnetic 

oscillation of the geomagnetic field Imes anchored on the auroral oval 

� � · ffi1cm (L = 8.9) iJ, G q:i;r$1t (L= 1.8) i -c, �3:ff[q] [,-J-lf�v::.10"'.) -C {ftti:-?" 

Qam���Ghk���ttKL-c, �2�m���O)���ft���k. �2� 
substorm expansion 0) �ftt t [A]� v::.ffiJ1£; mh, G q:il$Bt r:. � Q $1, , �Jl�v::. b t::. "'.) -C &mu 
�hQ. Pi 2 0) amplitude, spectral t-o J: 'O'- polanzat10n O)�{i.�, fr�,�O)�Q i 1,, 
�J!Q c, auroral oval v::.m�tv-::>fi:tt1JiJRO) torsional osc1llation v::.J: "'.JL P12 h�% 

1:. L -C < Q c �, 5 model /J��x.. GhQ 

�:§'.r1;, P1 �WfzlliJ;o)iti-c, P12 :@.m.%11*1J;itt=H::::_:t< 0)1iJF§'E:;-&;v::.J:�>-cMtTi�h-c�t::.. 

P1 2 0)£�fd�11'i0) 1 v:>(i, 7c hiJ; subst01m expansion O)�§ft§v::::_GR:JJfil L -c, :L-tl:Lf:::.O-) 1�f$:Jjt 

iJ, GfifftMv=--� � Jt:� ,ttl'It.w:-c, � t::.m:5<\,�113v=--. :t'O 1;, -ct fJiJ!&U 0 h Q;: t -c 2b Q (SArrn, 1969; 

SAITO and SAKURAI, 1970, FUKUNISHI and HIRASAWA, 1970; PERKINS et al, 1972, OLSON and 

RosTOKER, 1975; LANZEROTTI et al, 1976; SAITO et al, 1976; PYTTE et al, 1976). LiJ, LtJ:: 

* ��F.r.li:!!.Till�fm1l11Jm:tdlil1;51J/mJH91. Magnetic Observatory, 62 Showa, Memambetsu-cho, Abashm­
gun, Hokkaido 099-23 
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;,j: G, Pi 2 O)�i!J�i�Uc. ":)\, ,--011,, "it.: vc. -t;tvc. viM� � :h "C 1, 'tJ: 1, '· -:. :hvi, IA] l:-=t-lf� 

vc.1S -0 --C�ttocn·Gfgif\tocvc.;t:w--r0 •mu,�--r,%J.G:ho �t4�t eve. Lt.:: Pi2 O);(Wtfrn:� 

-t5ttJ:-:. c c, c < vc.rWuftocvc.to1,, "C substorm expansion vc.{=j= -0 "C •mu� :h '6 Pi 2 O)� 

�iJ;tl*ltJ:t.::.oovc.Mttrn:J$ L1;,-:. c vc. lo. -:. 0)-:_ c �.b "i x.tJ:iJ; G, *!.iax--cvtit"i c'vc. 

� G iJ.vc. � :h "C 1,, tJ: 1,, Pi 2 O)�jf;��lt� � G iJ.vc. L "C 1,, < -:. c �gj:\� o. 

Mtfrvc. veffii" o lHl�Jf4vi, Syowa meridian-chain stations veto 1,, --c 1973 �. 8 J=1 29 B -

9 J=1 29 B 0) 1 n J=1 Fa9 vc. i'J t.::. 0 "( %} G ;ht.::. induct10n magneto gram "C' cf!:, '6. Syowa meridian­

chain stations vi Mawson (L=8.9), Mizuho Station (L=7.5), Syowa Station (L=6.1), SANAE 

(L=4.0) :t-olQ\ Hermanus (L=l 8) 0) 5 v:=:>O) stat10n iJ,GtJ:'6. -:=.;h'GO) station cflG:h 

t.:: induction magnetogram vi curve tracer vc. l -0 "( 7 1 v !:J 1v{r, � :h '6. Band-pass filter vc. 

l -0 "C, negative bay � P1 burst nx;;t��", "C iJ, G P1 2 0) �ifJ�tltiJ;Mtfr �:ho. 2 �p-e 

vi Pi 2 0) spectral, 3 il--C amplitude, 4 We' polarization, 5 ip--C conjugacy vc. v:=:> 1,, "C O)�tt_ 

��GiJ,vc.L, 6Wc"icoo�i"'6. 

2. Pi 2 0) Spectral ltti 

Syowa meridian-cham stations vc.to1,,--c.?JtU�:ht.:::!W:�EBtJ: P12 O),WU�� 1 vc.�--t. 

Substorm expansion n: 8 J=1 31 B 00 h 06 m UT vc.Mt{ai" oh;-:_ :h c IA]�vc. Pi 2 iJq�:YtwiJ� 

Gtj=t{gf$13tvc.�0J:t1,,i}t.li:Vc.ht.:: -0 "C 1:±:lffl. L"Cl;,00)iJ; hiJ•0. Mizuho Station, Syowa 

Station O)�:Ycwvc.to1,,--c t, {gf$oc{JW c IA]�vc. damped type 0) sinusoidal tJ: oscillation iJ; 

.illU � :h "(,\,, o. � 1 c', SANAE to l U Hermanus 0)1JH&vi, Mizuho Station vc.J:t� L 

"C -t :h.f :h 5 ffi-t> l � 10 {-g:vc.IJt::k L "(�� L "C 1,, '6-:. c vc.a:.)l! �:ht.::. 1, '· 

� 1 vc.� � :h '6 �i!Jvc. '2i' "i :h '6 JWJ��nx;;t�1ii[iJ,oo o t.::.oo vc., OOh 06 m-00 h 11 m 0) IKFa9 

-c spectral !Hl� Lt.:. Mi*�� 2 Uc) vc.�--r. Spectral !tJl[vc.vt maximum entropy I*� 

veffl Lt.::.. � 2iJ,GhiJ·'6 l? vc., 16mHz #Jli (,....,63 rJ;) vc.�JiO) peak iJ;J!G:ho. 40 

0) station c'O)ff¢Jvi 15.84 mHz (63.1 fY) "(-;�${,\fii:�vihfiJ• 0.27 c'J!:, o. -:. 0) l ? vc.� 

tJt.OCiJ·G{gf$13tvc.bt.::. -0 "C�JiL--Cti?JlU�:h0ffltJ}� Pi2 ci"'6. � station vc.t>vto7K¥ 

ffil*lc'O) Pi 2 0) power 0)5j � �HJl[ L "C (,v H(w)2 +D(w)2), � 2 (;f:j) vc.� L --C j!:, o. � /-< 

O)fillvi, L {[l[O)�� c L "C 7
° 

r:z ':I r �:ho. � 2 (;f:j) vc.vt auroral breakup iJ:'A:9 � t.::. c tiJE 

�:ho ili:Iwe t � L "C j!:, o iJ;, Pi 2 vi auroral breakup O)'A:9 � t.::.#Jlic':l:::kvc. tJ: o l ? c' cf!> 

'6. Pi 2 0) amplitude O)f$octj;*vc. v:=:> 1,, "C vi 3 iPc' � G vc.� L < Mtlri" '6. 
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[gl 2 8 JI 31 El 00 h 06 m-OOh 11 m UT C7) F[3j--c-;:1( ti_) G .:ht-: P1 �IDK!fJ '°,, � '7 - • 7, � Y r 
7 J.. (tc) c, 7j(3¥Tifijfj--C C7) P1 2 Cl),,"- '7 - C7)j$)i'.5}::rff (ti"). 

Fzg 2 Power spectra of the Pz pulsatrons calculated in the interval of 0006-0011 UT 
on August 31 (left) and the latztudznal profile of horizontal Pz 2 power intensity 
(nght) 
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LOCATION OF THE AURORAL BREAKUP POSITION 
( GEOMAGNETIC LATITUD E l 

ANALYZED DATA 

9 0 EVENTS OBSERVED DURING THE INTERVAL 
AUG29-SEP29 1973 

3 9 EVENTS AURORAL BREAKUP l'OSITION 
WAS ESTIMATED 

34 EVENTS P1 2 PERIOD WAS IDENTIFIED 

� 3 JJUl!U�:htc. P1 2 O))m;!W (�,#J c, �t� 
� ;h tc. �jJ� 0) torsional oscillat1on 0)£ 

;t,Jm;!W (��) 
Fig. 3. The observed Pi 2 periods (solid circles) 

and the fundamental periods of the torsional 

osc1llation of the field-lme (solid line). 

� 2 (:ti) --C� �;h, "t\,, 6 J: :j v::::., Pi 2 c auroral breakup region c O)��tci:�jjiJ;��� 

.:ho. -t-.::.--c, Pi 2 O)JWjJJ3c, auroral breakup O),t9�fc.)1Uj!.§tc O)�ilr���o. M*�� 3 

v::::.�---t. 1973 i¥- 8 J=J 29 B tJ� G 9 J=J 29 B 0) 1 .iJ J=J F1c1i ·-e 90 0) substorm iJ;fiiJ!,U � .:h t-:.iJ;, 

-f: 0) i:p ""(' auroral breakup O),t9 .::_ 0 t-:.)JUj!.§tiJ; 39 events v::::. "'.) \.,, --C IEEtv::::. fR:5£---t 6 .::. c iJ;--c, � 

t-:.. .::_ 0) 39 events 0) 5 'b 34 events v::::. "':) \.,, --C Pi 2 0) OOJJ3�1R:5E"t 6.::. c iJ; ""t' � t-:.. � 3 --C' 

vi Pi 2 O)}Wjl}j� auroral breakup 0)1t9�f-:.tl.§tO)��c L--C7° P 'Yr v-cj!)6. Auroral 

breakup 0)1t9�otl.§tiJ;�< tJ:ov::::."':);h--C Pi 2 O)}Wjl}jiJ;�< tJ:oc\.,,:j�f*iJ;""t'--C\.,,6. � 

3 v::::.vi, litlJJli 0) torsional oscillation 0) fundamental mode 0) OOM O)J!lrniH.fli1iJ;�li--C'� 

� n --c", 6. 1.ftr�.§tv::::. "':)\., ,--c vi, CHAPPELL (1972) ���,Lt-:.. tmlU �.no Pi 2 0) OOJJ3 

tJ;, ��H-f!i1c.&< j!)"'.)--c\.,,o.::. cv::::.a:§ Lt-:"'· 

3. Pi 2 Amplitude O)*it&;i-1!:W: 

� 2 (:ti) v::::.� � .:h 6 J: 5 v::::., Pi 2 vi auroral breakup iJ;Jt9 � tdJi�"'t':i&::ktSHifli1� t "':)Jljf 

IP.JiJ;�Q . .::_O).::_cV;t, v�iJ�O)Wf:JE�v::::.J: 0 --C?{)���tl,"(\.,,0 (RASPOPOV eta[., 1972; 

SAITO et al., 1976). -f:-.::. ""(', Pi 2 amplitude iJ; auroral breakup region --C':i&::kv::::.tJ: 6 c \.,, :j 

{&5£0) t c v::::., Mizuho Station, Syowa Station #i6:""t!t9�t-: 241@10) substorm events v::::."'.) 

\., ,--c, Mizuho Station, Syowa Station ""t'f@UJlU � ;h, 6 P1 2 0) power O)f[il�rr/ilJ,@ LtJ:iJ; G, 

auroral breakup region "'t'J&::k� t "'.) 2 ?xl±E� �3J<66 6. J!:#:1¥Jv::::.vi, Pi 2 0)1'1&$ifli1� y, 
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THE STATION 
( L VALUE l 

�-----::,-PL-:-:AS-:-cMA:-------AU.J....ROR_A_L __ L 

PAUSE OVAL 

� 4 (J::) m.m1t � .n t-: Pi 2 0) .,� '7 - O)� �. .7,i. f vi;i;}t!! to J: u !IB:¥o;i;tt!n::.--::>", --c �i, 
auroral breakup region v::.�-t Gffi�l¥Jt,dftnt--c:-, "! t-: SANAE to J: U Hermanus 

v::.--::>1.,,--c�t plasmapause v::.�;f-tGffi�l¥JtJ::f:ftfl:--C:'7
°

P,:,, r L--CSG. Cf) �4(1:) 

iJ, � ffttllU-t G Pi 2 amplitude O)���*· 

Fig. 4. Normalized Pi 2 power intensities as a function of relative position both to the 
auroral breakup position for the Mizuho and Syowa Stations data, and to the plasma-
pause position for the SANAE and Hermanus data (upper). Schematic relation 
between the Pi 2 amplitude and the L-value derived from the analyzed result (bottom). 

auroral breakup region vc)(;j"-;-Q rmmu,�O)ffl)(;j"l¥Jt.t{ftfii� X C 1..,, '£ t.::. auroral breakup 

region vc�vt Q Pi 2 0):/l::f;JJIHi{W:� b c L'-C, 2 ?xEY:!� y= -ax
2 

+b �*6'.) Q. Mizuho 

Station c Syowa Station vC--?\,,---CO)fti1�y c xvc�;t---C-?Q;:.cvcJ: iJ bii;>l<'!Q. ?x 

vc, ;:. 0) J: :He l, ---C tt� �;ht.::. Pi 2 power intensity 0):/1::k{W:�it "=' ---C, Mizuho Station, 

Syowa Station, SANAE � J: U Hermanus 0) Pi 2 0) power intensity � normalize --t ,'5. 

:C 0) *s !�Hi, Mizuho Station, Syowa Station vc "? \, , ---C �i, auroral breakup region vc M--t ,'5 

fflxtl¥Jt.t{ftfiiO)��c 1..,---C, 'it.::. SANAE, Hermanus vC--?\,,'"(�i. plasmapause vcJ;r--tQffl 

:xtl¥Jt.ttttii (BINSACK, 1967) O)��c l,---C7° P ,yr �;hQ. *s*�� 4 (_1:) vc�--t. �4 -c:­

bil> ,'5 J: :j vc Pi 2 (J) amplitude �i. auroral breakup region (auroral oval) iJ, 0:i! �·iJ, ,'5 vc 
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0.ti,-c,J,� < t� 0iJ\ plasmapause vc..:il("':5 < c .bk.t.::.r.fj(t:5 < t� Q. -t L, -C plasmapause iJ, 

GJ! �''iJ, 0 vc.. 0.n -C, i t.::..bt.::.t.::.cJ,J, � < t� Q. .:. 0) J: ? t�fm:JP)vi� 4(r) vc.. "£ cob G.n -C 

\,, 0. Pi 2 amplitude vi auroral breakup region (auroral oval) ··em 1 O)J!l::k�� L,, "£ t.::. 

plasmapause "c'm 2 O)J!l::k��-t. 

4. �:Ytwir.:Hvt 6 Pi 2 Polarization (J)t=!J i� 

1 iP"c' ib tlif� L, t.::. J: 5 vc.., ffi1(:JWvc..toi., ,-c substorm expansion �vc..ftJU � .n 0 Pi �tf;vc.. 

vi Pi 2 O)ViliJ,vc.. Pi burst to J: 'CJ' negative bay O)ij\t5}iJ��i .n Q. .:. .n G ��*i" 0 t.::.66 vc.., 

band-pass filter 0)1*fF� L, -C Pi 2 nlt5:t� I& 1) lli L, -Ch, G, polarization 0) .b 0 "£ \,, ��� 

Q. Polarization vi mn l)l'il vc.. tB -0 -c right-handed, left-handed to J: 'CJ' uncertain vc.. 5:t� � .n 

Q. � Gvc.. Pi2 iJ�ftJU�.nt.::.ftJU,¢.CiJ\ auroral electrojet vc..JtV-C{�rl!Jtvc.ci)-0t.::.h,niutl 

/Jt vc. ci) "=' t.::. iJ, ��!Ii" Q . Auroral electrojet 0) {ft ti vi, Syowa Station 0) auroral diagram 

c all sky camera, to J: 'CJ' Syowa Station, Mizuho Station c Mawson 0) magnetogram �flj 

.ffl-tQ. Jl,(tl¥]t�:ni*v::.0\,,-Cvi KUWASHIMA (1978) �S:��;h,f.::_\,,. *s*vi magnetic 

local time 0) 1*1� c L, -C, � 5 vc..�� � .n -C \,, 0. � 5 "c', polarization vi percentage "c'� 

��.tt-ci.,,0. � s "t:vi, < bx. -c Pi2 O)llifflJJ/Jt5t1!Jt���.tt-cto 1?. teffl,O)J!l::kvi 

P1 2 PORALIZATION 
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� 2 > 
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.. ,I' .... .. 

/ , ,, 

� 5 1973 c¥- 8 J=.I 29 B iJ, G 9 J=.I 29 B O)rfclj�:. 

�����lU�����L-��hk 
PI 2 0) t:!:i mzJiJVJt (J::) . PI 2 polanzatIOil C 

auroral electroJet O){ftti:� l utHmil=fifclJ 

c 0) '*1� Cf). PI 2 polamat10n vi,,.{ -

-t :/ r ��L'2t> Q. PI 2 polanzat10n vi, 

Fig 

auroral electroJet � 1 V- PI 2 O)t:f:im�O) 

:i![j,J:.tJ: Q�lfclJTif (21 h-22 h MLT) :z,� 
K. LL 4 00)iJit.tHc%vtGhQ. 

5. Occurrence frequency of Pi 2 event ob­
served at Syowa and Mizuho Stations during 
the period from August 29 to September 29, 
1973 (upper panel) Pz 2 polarizatwns 
observed on the poleward side and on the 
equatorward side of the auroral electro;et 
are summarized in the percentage-magnetic 
local time coordinates (lower two panels). 
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J: VJ §1.i-c vi , P1 2 (!) polarization vi auroral electrojet J: VJ t equatorward c· left-handed iJ ; 

� < , poleward -c vi nght-handed iJ: � \., ,iJ: ,  21 h-22 h MLT t)J&-c· vi equatorward c· 

right-handed, poleward -c- left-handed iJ; � < ts:. --:> -C \., , 6 .  :: (!) J: '.5 vc. , auroral electro jet # 

Jlj)C. :t-6' v:)" 6  Pt 2 (!) polanzation vi , 4 "':) (!) iJutnc.0v:J" G h 6 flj fP] ��-t. HASEGAWA and 

CHEN (1974) "\� SouTHwooo (1974) vc. J: hvi, ��mEW�liJ (!)  polanzation vi, amplitude 

(!)-Mz:jc O) region '1:!�)c. L -c , i td:frl1lx (!) �,J � iJ: ift!:vc. fJ: 6 region �mvc. L -C �l/ii-t 6 :: !::_ iJ: 

�tta89vCrfRU � ;h, 6 . ISi 4 vc.� Lt-= J: '.5 vc. , Pi 2 amplttude vi auroral electroJet (!),r-J-1[-C -Mz:  

:*� t "':) ,  t L t  Pi 2 (!)�iJ ;  Pi 2 o) 1:lf!JVJiJUfiJ:-Mz::)cvc. fJ: 6 �Fcc19m (21 h-22 h MLT) �mvc. 

L -C , -t tL J: VJ t ]u -C vi westward K. , i ts.: Ye ;h J: VJ t {&-C· vi eastward vc. {:fr�-t 6 !::_ 1&JE 
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Ftg 6. Simultaneous appearance of Pi 2 at the 
conjugate poznts (upper) Wave-phase re­
lation of Pz 2 at the conjugate points 
(bottom) 

-thvt, P1 2 (!) polanzation vi, ISi 5 vc.:zR 

5.  ki:YttfY vc t3 vt i5 Pi 2 0) 

Conjugacy 

Syowa Stat10n :f-6' J: u Reykjavik 0) rapid­

run magnetogram � *k��;j4 !::_ L -C , ffiJt 

Syowa Station :to J: U Reykjavik vi�Jtfif 

vc. 1., , < "':) t;,  cf) � conjugate stat10n (!) rp -C t 

Mt: t J: 1., ,  conjugate relation vc. cf) 6 .  Wu� 

-C·:fl G ;ht-= rapid-run magnetogram vi neg­

ative bay (!)n\t5J-�!& � � < t-=61:>rc high­

pass filter (!)jjkf1p�� � - ,t (!)iffl* (!) 1 {JU 

� ISi  6 (!)J::$vc.�-t. Syowa Statton !::_ 

Reykjavik -c- Pi 2 iJ ; !qlffir-vc. LiJ•  t � b61:> 

-C similar;ts:.�ID� t --:> -C tl:W! L -C \., '  6 (J)iJ;  

biJ, 6 .  LiJ·  Lts:.iJ; G 'iltt�vi. similar c'cf) 

"') -ct  {:s'l+El�f* vc vi7C � tJ"..f tL iJ; � G tL 
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Q. i"tce: :ht> H nx;5t··c-vifilutiU!U,�--c- in-phase 0) oscdlation iJ�IDt,� c ;h0iJ;, D nl<:53---C:' vi 

out-of phase 0)1*jffiiJ;� Gn0. <::.. 0) <::.. c � J: 1J m: L, < Wiil""'0t-=.bbvc,  ffi --z  0) Pi 2 event vc 

":) \,, --c, Syowa Station vc � vt 0 Pi 2 � reference wave c L, --C ,  Reykjavik 0) Pi 2 vcxti" 0 

ffl'*1'*1-�tt-L--C , filu�O)�O)�ffl (J)f;h�*bb k. M*�· � 6T$ K�i". H fflt 5ttt 

j($5J-iJ; - 3 0° n� G + 90° O)fglffll*Jvc �  IJ f�i"n�t +25° c fJ: "? --c, in-phase 0)1*} -f*vc 

� Q ;::,. ciJ;:htJ� 9 tJ�. D nx:53-vcv:>\,,--cvi +120° n�G +300° vc � "? --c:sp:�flivi +201° ctce: 

IJ out-of phase 0)1*j'f*vc � 9 <::.. ciJ;:hiJ � 9 .  <::.. O)M*vi, SAKURAI (1970) 0)-tnc t-3& 

-t- Q . 

t L t, P12 iJ;�:1JfJRO) standing oscillation vc J: "? --C § I � � ;:_  �;h--C\,,0 ci"nvi, con­

Jugate relation vi SUGIURA and WILSON (1964 )  VC J: Q elastic string model VC J: "? --cm im-t-0 

.::. cil;--c:- � 0. � 6 vc��tL G *s*vi, Pi2 iJ� odd-mode O)�JJrJRO) standing oscillation 

vc J: "? --c 5 [ � � <::.. � .ti --c \, , 0 <::.. c � �$ < � �i" 0 t 0) --c:- � 0 . 

6. "i c '(}) c � � 

*��tO)��M*��O) J: 5 K icbbG.h0. 

1) Pi 2 0) m!JJHi auroral breakup O)� .::. G tlOC c W�vc 1*}jl L, --C ,  � .::.  G tlOCiJ� rls?J < fJ:. 

Q c �vc Pi 2 0) m!Jt'Hi� < fJ:. 0. 

2) tiU!U � .ti 0 P1 2 0) mJ;JtJHi, �{Jlij 0) auroral oval vc;f:,& � t --:>�:1J*71! 0) torsional oscilla­

tion 0) £* ml ;Jt)j vc 1W. --C \, ' G . 

3 )  Pi 2 amplitude vi, auroral oval vc� 1 (})J&j(� t t> ,  plasmapause vc� 2 (})J&j(� 

t ":). 

4 )  ffi1tm#;ilIO) Pi2 0) polarization O).b0i \,'vi, auroral oval vcff!� t--:>�jJ�O) 

���lztvvc J: "? -cm ljJj --C' � Q .  

5) Pi 2 vi, ffijt1'ifO)�f,t�--c:- similar tdsU[j� t "? --C l±lffl.i" 0. {ftif:§1*}-f*iJ� G P1 2 vi, 

odd-mode O)�JJ*i 0) standing oscillation --c- � 0 c }i;E � .ti 0. 

1)-5) O)M*iJ� G � 7 vc71' � .ti 0 J: 5 fI:. , Pi  2 0) model iJ�� x. G .ti Q .  J: < *o G .ti --c \,, 0 

J: 5 vc , substorm expansion vi magnetotail vc �H� 0�JJ�O) reconnection c W�vc 1*}jl L, 

--C \,, 0. Reconnection region --C' vi��O) energy iJ;fi-=f O) energy vc�� � .ti --c 7
° '7 ;z.. "< /j' 

�;Eil;5 [ � � <::.. �.ti G c �vc, �jJ�O)M t �i!uc tail-like iJ� G dipole-like vc� 1J �:h "? --c 

< Q.  MALTSEV et al. (1974) � NISHIDA (1979) vi, tail --C:'O) reconnection vc J: "? --C � �  0 7
° 
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.,.<(t-- ALFVEN MODE 

<l-- I SOTROP I C  MODE 
¢::::::J PLAS MA FLOW 

FI ELD - LI N E  AN CH OR ING O N  THE 
A U RORAL O VALS 

· · · - - - - - F IELD - LI NE ON THE PLASMA PAUSE 

� 7 � :t G h � PI 2 0) -=e T )V 

Ftg. 7. Schematic dzagrams showing the generation mechamsm of P, 2. 

� 1=."t! Lob Q lJ\ .::C;hiJ;w_VJ KJJH:".:.{ti -0 -c m�tfPU�J;jZ O)ffl:P1ftm ,�, �tt�-t Q ;:_ C v::. J: � ' T�tJ 

rl 0) standing oscillation iJ ;1=. f 6 2: c �J!iiflui¥Jv::. -=:f,iJ!U L -C \, , Q . 2: 0) J: '.5 tJ::�� 0) cb c -C' 

auroral oval v::.:t.N. � cb "".J1ia1Jri v::.{{i 0 -C Alfven �iJ;�� � ;h, �1Jri O)i)Ii1Ji,b� 5 j � � 2: -t. 

;:. 0)*5* c L -C , auroral oval -C' Pi 2 amplitude O)m 1 O)J&*iJ;WlJlU � h Q . Reconnection 

reg10n -C' vi Alfven � c :#v::. isotropic tJ:: � cb ff-tE L '.5 Q . Isotropic tJ:: �viwltJll ��-;a 0 -C 

:Jmf;:j(1Jlij v::.{:E� L -C < 6 iJ; ,  plasmapause -C' O) fej%J:tJ::fJir�gt 0)�1tv::. J: 0 -C , Alfven �gth: 

�J%;:v::.�1t-t Q iJ'if:,g!ZiJ; -c, � , .:f ;:. -C' vi wave iJ; trap � h�-t \, , . ;: O)jf,5* c L, -C plasma­

pause -C � 2 O)� O)J&*{W:iJ;Wl�U � h Q . .:: 0) J: '.5 t.£ 5Elts'9fJ:: model �4-�� G v::.5E•l¥J 

v::. ��t L -C \, ' � ts: \, ' .  
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