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Some Comments on the Auroral-Electrojet Formation 

Takesi lrJIMA* 

Abstract: The essence of the aur.oral-electrojet is an association with the 

rapid motion of the aurora. We estimate the three-dimensional .current dis

tribution based upon the change of 4278 A line aurora observed at Syowa 

Station by H1RASAWA (1971). The auroral luminosity change (the local 

.change plus the change due to the movement) implies the .disturbance in the 

ionosphere electron density distribution over the auroral oval, which is directly 

associated with the field-aligned current. The ionosphere and magnetosphere 

electric field is eventually strained and results in the westward ionosphere 

current asymmetric with respect to the center · of the arc (intense in the 

poleward side and weak in the equatorward side) presumable for the observed 

.LI H .distribution .. over the auroral oval. 

:lfuJ:c'ill:iJ!Ui"" 0 l*j=, polar disturbance <l) substorm G L � vi aurora iJ�f£1Jc §)j 0 < ts:.. 

-? -Ci!{ L l 'Jllb�t/it&:>, :ifuMH[b�* � < !Lh -Cl ,t:,vg> 0 auroral-electro jet b�JS:ii L -Cl, 

< -:. cc' j§ l ,� Gb � h0. �vi-:. 5 l, 5 ${4:iJ�RQ-=- 0 frJvcv:tT:lfuvcts: 0 :5t;.�8"Jffli�n�fflib 

;h, �vCMl�IDic'&i background iJ�1*�vCDJ}JRg�;h-Cl\< -=.cb�ll6[t§)jGiJ�vc�;h--:>--:>� 

0. -=. hiJ� substorm <l) growth phase c'� IJ , auroral electro jet <l) breakup �ffits 

J:c'll�ts:..��c'� 0. -:. (!)� L l ,vft;h,vi � -c :to �, substorm <l)1i}f§t:<l)-":)<l)�,r,�i:Vi, 

auroral electro jet <l)�_qlt,fg\H$i-e� IJ, .:¥i:ttir-cili: < vent-:-? -Ci±§ � ;h -C � t-:b�l, £ t-:vC-t <l) 

�f*v:tfU-?-Cl,ts:l'. :±.ts:l*ffilvt��Ji dynamo iJ��vil.:&:>, 7'f-lDI*�<l)-;©iJ�+:Stfifl 

iJ!U � :h -cl, ts: l,-:. c c, c.' <l) model t 5£�;/:k;®� ,�,�(!) £*vc L -cl, 0 t-:&:> -C' � 0. Sub

storm b� breakup �RQ-=- Ltdi0)2£1r,fi aurora b�if{Ll,3il,b�i""0-:. cvcffl,�O)*� 

b�� 0 c �x_, flRCl97I) vc J: 0 a:Hf0£:lfuc'O) aurora fliJ!UO)M*���vc L -C, aurora 
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0)�11::J: IJ WH��n0 auroral-electrojet 0)5J':;fp���t,:Ja*, 1tt*O) model c�tJ:: IJ, 

ll!rI!IJ � n 0 :l'tg��� i:bll; J: < � §13--c- � 0 -:. c iJ ttlJ "? ts:. 

2. Auroral Motion v;:. {f ? Auroral-Electro jet 

11'f:::1 • :;,kEB (1961) vc J: IJ ��El"JvC�.ft�nt-:: J (�mlt) c. ne (ffl.Jlfflr � flt) 

O)�{t,0)1*]�1 IJ, auroral oval VC:fov1"0 aurora O)�OCO)�J.t%;fffckO)Jlif;J:·IJ, � 

-..:<XJli1WB':JtJ:: ne O)*Fl39 • �rl39·%;ffftJ;Jon 0. ne %;fffvi source :fo J: tr sink �!.i*-t � 

:auroral electron c proton (J) precipitation c cold electron O)m�mJ-O)�vf, -;; 

i?lCvi .loss �!ai*-t0)iJMirt:1J:ffib�O)lJ�n®\,'--C'�i: 0. _:_O) ·source-sink �Y]*O)�,($: 

vi .field-aligned current --C'cb IJ ' m��iiFJ!!ffi--C·vik-:. --C'O) convection O)�{t,vcff �rm 

5W�flmE C:±c L--C%;NiifflvfE) c L--C���;t--c1.,,0. aB��:11g--c-ll!rI!ULt-: 4278 A line 

aurora 0) meridian-scanning 'data ��K ne %;(ff c k0)�11::�>l<�nviE -region -r:::� 
auroral-electrojet O)jj-;(piJ;:ilrfW'B'9vc;J< i: 0. f?R • 7J<EB (1971) vc J:: hvi aurora vik� 

,� {t,vc J: IJ 2 M 0) -type -K%vt !::>-n 0 . -t tJ::.b � traveling aurora ·c ·stationary :aurora 

--c-cl!):0. ;:. n � m0del 11::-t 0 c, traveling aurora {AEJ-J) -viti$livi:*rl39B"JKH: ff -... 

�-:c-k-0) peak 0) 1ftfitll; Ve '( "-'il km • _s-1) --c- poleward K.$�-t 0 ,. �$1©�flt:5}1'pV.t 

·sin -�--c- peak �tj:l1fAClfi�tvc� 100 km 0$1� t �. Standing aurora (AEJ-2) vi� 

$li7\JWJM 2 hours �fltO) .sin ��1t� ·L, k© peak vn ,0 t-v:i:vf' ·oval 0)1tj:l1i)vcs.�. 

�$10):i&:*{@:vi traveling aurora O)kn0)*9 l/2 --c·00. 11. JI dynamo �Ji� --C' 0) 

height-integrated ne V'i' 

C 2;, 
. {1-x+ (5-Vet)} Jf .0 -. (' t ) . ( x+5) ne x, t) = I.J-ne0 sin n: · 2 

+1.Jne sm n To 
sin 

JO 

��* c l., --C equatorward �- . .x, westward � y, vertical downward � z vc c 0 . 
• ,r �, 

Oval vi x=O �i=f:ti"CAC ±5:0 O)ij{[lffl ci" 0. � � 0) unit kt 100 km --c·cb 0. ne, height

integrated ionosphere current (/), field-aligned current (j11) :fo J:!U ���fflmEvi?X 

0)�1*)�--c-RitHi-h�. 

J fx = �plia/fJ-�HE/ff 

l /.y
= �HExeff + �pE/f.f 
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. d" a1x 
J11 = lV I -::::.Bx 

{_§. L' Rn
e ' Fin

P, Fout e vi-'* k ' precipitating electron flux, proton flux to J: U' 

runaway cold electron flux, a, b vi precipitation v:. J: IJ �git� ;h 0 ion-electron pair 

�. CM vi F-layer J: IJ �'AimiiF:®:OOvc.n"vf c 0) total capacitance, ExM, VxM vi�'Alm 

iiF:®:lroc'O)-�j:o J: U' convection J!l!tc'tf) 0. ..: ..: c'vi FinP<Rn
e , Fout6 c ;If; x., dy

namo iJi� c �'Aim�:W -ea Fi/ c Fou/ 0) oval $1::@:{,t(vc.tdc. "'.) --C 0) ffl5tvi � L 1,, c 

;/f;x.0 . ..:;hvc.J: I) ju 0)5}:;fpi;�� i 0. lO keV �,t!tO) auroral electron �';#;x. --C a'.:::'. 

250 c LlMWM*�£vC.?j(O)�fJ:�W.fill�1NJE Lt-:.. ne0 (oval O)jj-{J{Uc'O)•-j".-*[!t) =1014 

10-18m2 ·s-1
, Ex0=oval O)jf-{J{Uc'#-X. Gh0 m�t:1f IP] 0). �= 10 V•km-1 cm1Jlll dy

namo ilibvi�jf- L --C;/f;x.tc.). Aurora ii� oval 0) equatorward boundary (x=5.0) c' 

breakup �taco--C'/J" G, 500 s tfkO) 3 ?X5cB'-:Jmmt:Wl!t:5t:;f!J � ;J< co� I vc. � -t. 1Jl: * 0) 

model c'vi�§J3 L � hfJ:n" --:dc.<XO) };�iJ��§.§c' � 0. (Daurora arc 0) ,:PiC}n" G)!--C pole

ward -O!Uc' 11H �Jrn�*� < , equatorward c' 11H �Jr'/J�!J\ � \,, c \,, 5 arc �J:fl,C} c L 

x1013 
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t-:wf�[:<l)�px;ff*tt C:ifli'R • JkEB, 1971 <l)fi?1lU*s!f0, @arc r:pv;:.mbnQ wf�t:15(ii]O)ilt�v:t 

arc O)r:p,C,, C-t"O)Jlrm··e�� < poleward {Jlij--C·5sil' (WESCOTT et al., 1969). �VC1i�tJ::,� 

v:t aurora ilifJvc# 5 i!t-rW1Jt%;;(ff0)2£1t�f*�-t Q t.:..66 field-aligned current tJ�vfEn, 

.:.;h�fpQ t-:66vC��IIJ--C·O)i!t�%;;(piJ�ffi�, -t0)*5;!l, iltjJf}IO) westward current ly 

0)5.i-;;(pn� arc .�r:p,C,,vC�px;ffivctJ:: Q.:. C --C·J!) Q. tJ:::to ne O)��r:vc J:: Q m�O)fil�v:t+% 

,};;l, ('.::'.0.01 V 0 km-1). 

3. "£ 

.:.ni--C·���;;n --n,Q;E'ffi' model c�tJ:: I), AEJ 0) 3 ?x5cl¥J%gl(;vca. aurora O)jl 

ibn�*�l¥J-ffij� t ···>•iM�on t-::. Arc iJ� poleward expansion � L ·v.,,, Q breakup 

phase --c·v:t arc 0) r:p,C,, J:: I) � --C equatorward {J{ijvc field-aligned current iJ�VTEA L, arc 

��-WJ -0 --C poleward ionosphere current iJ�ditn, arc 0) poleward ,fflij J:: IJ m�!mvcvf[ 

llii"" Q i!tvfE* c , .:. nvcIDf! #i"" Q arc 0) r:p,t,,--c-� t st< , -t 0) poleward ,fflij c equator

ward {Jlij--C·�px;ff*tJ:: westward ionosphere current �irf:tk t O)iJ� traveling aurora vc 

# 5 AEJ-1 0)�1*--C·J!>o 5. Arc 0) poleward expansion iJ���. equatorward vc� 

"'.) < IJ m I) n�vt�f*l¥)vcv:tviVit'5EtEl¥J--C·.ijivc-1Jtt-=vtn�2£b '?--cl\< post-breakup phase 

--ev:tJ:: c�[AJ � 0) field-aligned current iJ�:tJllb IJ ' �1*1¥Jvcv:t oval O)��[:{i#ij, �wf{i#ij J:: 

IJ � < vft:A L, arc 0) r:p,C,,--c-� t %i < vfE t±li"" Q field-aligned current system c , arc 0) 

q:i,C,,--c-�tst<-t.:.n�GwI�tvcx;ff*l¥)vc��< tJ::-?--Cl'Q westward ionosphere current --r::· 

#jgl(;;;;h,Q . .:nil� standing aurora vc{=f: 5 AEJ-2 --C·J!>o 5 . 

.:. .:.--c·v:t aurora ilifJ��X.Q,: ciJ��*O) model c�tJ:: 1J, J:: I) *�VC-tki Q.:. c""t:' 

a!> Q .:. c � � L t-: iJ�, auroral-electro jet O)�O)�� tE�-t Q vcv:t, if JE5c0) polar 

ionosphere 0)-�� rocket wimu--c·-t%vC��. £*1¥)�3'.JiO)��f@:�;1(66--Cl\ <.:. c 

tJ�Jt:i'R:Fi:iiffi--c·aI>Q c�x. GnQ. 
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