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Hiroshi MAEDA* 

Abstract: Because of the high electrical conductivity along geomagnetic field 
Imes, the ionosphere and the magnetosphere are closely coupled. After an in­
troductory presentation of some evidence of this coupling, the method for mathe­
matical modeling of the 10nosphere-magnetosphere system 1s discussed. 
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ffi:!i1ffJi • Wl�[�ffiOYIJfL-£ E ox:l:.t s:1*tzslvt<'XO) 1 5 ---c;1; 0. O) ·m�mO)J�vc_ 1 0 to), (2) 

ft!!fJcO)@J�vc_ J: 0 to), (3) :*��tc J: 0 t 0), (4) lill'A��vc J: 0 t 0), (5) ft?:t�l¥J F !J 7 

HC- J: 0 t 0). ;: h Go) 5 'b, JE'ffi'l¥Ji t.:.vt$JE1ri'l¥JtJ:: t 0) l v-r, ;: ;: ·ott#vc (1), (2), 

(3) vctl § Lt.:. 1, ,. (4), (5) vt, {��ltts: l O)�f::JEW;:ffl.�vcxt L --c J: 9 tttJJftd�tU�:�U-=--t t 

O)l�Jc.Gn0. 

c1) �HJ{j:t-o 1 V::!:1JE!':11*tzs1vc 1 0 ·�•� O)ill9�w.-bvt ffi::!:���� L 'flm�ii--tn;, ��{� 

��0)7f�-O)t.:.��ro5t111 t 7f�J-l tJ:: 9, Jtffimt)J}�1: s 0 c2) -nmm��fi�vt* 

� i 2' "JVC J: 0 --C:f:t!!ft l: ;!:l:;-vc@Jlfi--C'@" Q h;, :tmr5JZftttt)J}O)::fftfvC J: 0 --C�$-;:t)J}�1: G, ffijig 

JJvi�imJfuJJ J: 9 mvc 80 kV vi l rrNJm{:tnc cl; 0. ;: 0) l ? tJ::�{:s'[Jt:fnh; :f;t!!f;j(m�vC{i} 0 --C 

{�n Q l --t Q l, m'Arm��rni!7-J--C' rltvc :f;t!!fJvc IPJn,? J: ? tJ:: Jtffit[:i�h; ::fftE--t Q;: l vC-tJ:: 
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2. Coupling O)�i[� 

2.1. �!ii}i(;:m(j2;)1"':f> E 

(1) 0)-�� J\.K .. .J: 0 L 1:_ Gt-:: 0-mm�il::ttg;1;:JW11Jt0U=-tS 0 L Wl�Pmv=-{�n 0 t-::�O)tjJ* 

vi MAEDA(1964) v=.c1:0--c1�trii�n, i-0):s<�*O) l "'Jc L--CO):ltzt-Jt0Hrr0)1RJ,,.O)fil£�11v1.DE­

WITT and AKASOFU (1964) v=. cl: 0 L� �;ht-:. it-::, Vitil�O)tjJ* l l., L O)Wl�Pm�¥9Jlt/JO) 

filE:1911vi CARPENTER (1978) v=. cl: 0 * 1 ;z.. 7 - path O)Jlt/Jv=. cl: 0 L� �;ht-:. 

(2) O):i'tlff::Jc@iJiiv=. .J: o ffl":�il;Wl�llv=-{�n o l, Wl�lm 7
°

:::; _A-;" vi ExB FY 7 r �:}.;.::::. 

L, ffl:�{��v=-��il; t.i:: vt.:hvf.::::. 0) F Y 7 r �tttvt:ttgf::Jc@iJii�J§U:: � L"', (�@Jifi). 7·:::; A­

-;" l!Ji3.ffii O)ff::t£ l i-0):JlJvt, .::::. 0) c1: 5 t.i::m�O){�iz��-r t 0)--C·tfb o. 

2.2. iii5{([i)(;:m(j2;)t" :f> E 

(3) O)i:m�v=- c1: 0 --c 1:. i: t-:: 0-ffiffl::i:�vt��tm:><ttt l llsl*Mf*v=. Jb 1?, Wl�ilfi3v=.$ < 5t 

1ff L, --C \,, o ii;, rmg current O)�•v=- .J: 0 --C, k 0) mner edge 'c'* � < ��'"f 0 (t-.: l x.. 

vf VAsYLrnNAs, 1972) . .::::. O)t-::e0Wl�llffl:�il:&r�v=- 7
°

:::; _A·-;"111 --c·£t7'. -r o.::::. l vt�pmv=. 

�l_.,\,,. LiJ�L, -t".:hv=.Jt'"t0 1 v:)O)AJfj�ftvi, )i-fffiWl�llil�G�tlOC (60° ttl:) v=-�n 

0 t-:: -�ii;, -��-:i'tgf::JcFl39�i!P]��� 'i: --c-{�n 1? 1% Q t-::e0 (KIKUCHI et al' 1978), tj=t{JH:l 

ocW11:Jtiv=-tS0 L 7
° 7 A,'7' II-'"'-t �b 1J 1% Q.::::. C 'c';fb Q. CARPENTER et al., (1972) v=. cl: 0 L 

if!a=!U � ;h --C \,, o 7
° 

:::J A.-;" [ffifi3 0) ffl":�O) Jw:llslvi, .::::. 0) cl: 'J t.i:: JJ1*"c· {�x.. G ;ht-:: t O)il� t Lh 
t.i::\,,. 

3. �tJ: iS �y».j{O)ffl�O))j)W 

tJJ::v=.]fil""t-:: .J: 5 v=. ffl:�IJ .. Wl�IJO)\, ,fnO)iJirg)Zv=.:}.;1,, ,--ct, kn.f::hO)��O)ffl":�il; 

:mt.i:: 0 --C 1,,, 0.::::. l v=.a:� Lt.i::vt:h�it.i:: G t.i::1,, '· 

3.1. �-Ji-CO)�� 

-��0)1i1f�v=.:}.;1,,,--cv1.Jim. :ttg�l�v=-@�-ro *il�GJ,,.0.::::. til:�1,,,0)"c·, J::]filO) 

(2) O)�•vt�x..t.i:: < --ct .J:\,,. -t":hv9)x.., (1) l (3) il:::tt.i::Jw:lzsllJ,,.G:ho. �;rr, 1,,,;s1.,, 

;s t.i::JJ1*"c·ffl:��iJirg,1ZO)ffl":�ilqJlUJE �:h. -t" O)M*il:�!i� :h --c"', oil: (t-.: l x..vi KAMIDE, 

1979), {m�U�;ht-.:M*vi (1) l (3) O)�nlt'c'ibo.::::. lv=.a:J.!Lt.i::vt:h�it.i::Gt.i::1.,,. if!1llUM* 

� 2 v:)O)JAt.i:: 0 Jw:llsl O)fffi5tv=-5t�-r o.::::. l �� x.. o rin=., -t".:h.f::hO)fffi5tv=-"':)\,, --c E=f�� 

L,--C:}.;<. 
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3.1.1. 11MJIJ!.F:. J: 011� 
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fflMJI (!)Jl.vi± c L --cw���(!) t (!)"('cl, 0'/J;, 5E'i%� • -B � • � B �ct Bk (!)�{l::iJ; 

cl, 6 t::.'d:J, ffl� (!)7t:;{ff t 4iJ B iJ. t.r. I) 11,t.r. "? --C \,, 0 t (!) c ,�thh 0. LiJ· l,, !f µ - ,,� 1v t.r. ,,.� 

� - :/vi J: < 1w_--c1.,, 0 (t::. c x.vi MATsusmTA, 1969). ::k�t.r.�rl£vi'*11$�(!):fJl15 c !>7:1:nc. 

source c sink �tv:JJ: 5t.r.n-:;fff�L--c1.,,6c.c-c·cl,0. C.(!)J: 5t.r.-�l¥Jt.r.�rl£viJl.(1)B 

k (!)�11::vc. J: "? --r::k � < �b 0 c. c vi t.r. 1., ,. 

3.1.2. x�J.t.vc. J: 01t� 

*�-K���Q-�-·�(!)fflMJl�(!)�·ti2v:J(!)h��tt-�.tt--C�k. lv:J�­

:J;tgfflMJl-c·ll[�] � .tt 0 J: 5 tJ:$J-!>7mJ.(!)1t;l;J}n-1ff vc.£--:31., ,--c, �5E'i%1¥JtJ: 5EfflEE1t��i'il5E 

�0h�-c-cl, 9, @tiiitt:1JKlJiUih'11V1E (J11) (!)W[iUvc.£--:31.,,--c, 5E1tvft:ffl��i'il5E�0h� 

-c-;1, 0. Lil· L'-,fn(!)�-frvc. t, m•11m�1���(!)3p�htt • 7F:f:53-ttvc.OO�� 0 2 :rx 

1¥Jffl�n-1rfiJ;m�11vc.:&vt��•(!)tih� VJ (!)ti:W:iJ;�m �.tt --r 1.,, 0 (!)-c·IE1ittJ:h� c ti§ 

x ...tJ: 1., ,. J: VJ IE1ittJ:h�vi, ?xiipvc.Jffi� 0 J: 5 vc. m•ll:iu J: r1m�ll�13"'d:Jt::. t (1)-c-tJ: vt.tt 

vitJ:Gt.r.1.,,. m�n-1ff(!)-�1¥JtJ:"��--:/vi, ffi:J;tg-c·ti$JhiJ·G!>7h (��c.ti-t(!)J!!) vc.rfiJ 

'/J·'.5 t(!)-c·c1->6iJ�, '*'1�1$�-c-ti J,, (!) 2mffil;gvc.t1*J�L--r, ,,��--:/iJ;tivt�il8�0PJ 

ff�ttvc.ft§ l,f::_\,, (MAEKAWA and MAEDA, 1978). 

c. (!) J: 5 vc.1E:i:!t W 1¥J tJ: ,,� � - / ti Wu15-c· iJ,. tJ: VJ 11. tJ: 0 t (!) -c-;1, 0 iJ �, 1., , f .tt t ;f- r / '/ "" 

1v�-c-;1, "? --c, 51::1:1¥:Jvc.n-•� 0 c. c ti::k�A..,• L 1., ,. 1 v:J(!)PJ"ff�ttti, :J;tgJ:::iu J: rfffl•JI 

1::im-c·1ti:!tW1¥JtJ:m�ttiuiJ�rrb.ttt::.:L$}-fr, wiu � .ttt::.�11::m��:J;tgftrgffB, ffl•11. m� 

l]vc.n-M-c-� 0 iJ. t L.tttJ: 1., '· .::. (!)�it. fflMJI c -�II c (!)rfcl,VC.vi fflvft:iJ�'j%vC.vfE;}t --C 1.,, 0 

(!)"(', n-M(!)h�viiJ•tJ: rJI���� 6-c·cl,;s 5. LiJ• L, t Ln-MiJ;-c-�nvi, -t(!) J: 5 

t.r.@1��11::(!)��vc.1*]� L --r, ffl�(!)JtMiJ;PJff� c fi!th.tt 0. 

3.2. itt 5n 1iJ -C: '1) ffi� 

•�•(!)iJf5Evc.:iu1.,,--rvi, �.rl:�ffi*�ffi1.,,6hiJ;�fUtJ:.::. ciJ;�1.,,. -thvi, m�II(!) 

? '0 vf vi:f;tg}j( c �@JJ!ii l, --C \,' 0 ffBn-vi '1St \, ,-lf \,' 7
° 

7 ;(-;,-. (!) i;lg $ vc. �i G ;rt 0 iJ. G -C' cl, 0. 7
° 

7 ;(-;,-fm (!) rgff1Hc.:iu1.,, --r vi �@J!ii�ffi* � ffi 1.,, 0 tJ: G, ffl� (!) �fzslvi m•11 Jt.vc. J: 0 t (!) 

c, ��fftiJ. G�:h "? t::.m�rm��(!) t (!) c (!),frnx; c .7,t. G.tt 0. LiJ• L, ;:. n G (!)$n-�n-

-� 0.::. c ti-�vc.ti• L 1., ,. � G vc7'i-Wm�llvc. v:)\,, --C vi, �@JJ!iiffl�vi3F'i%vuJ" � <, 

± c l, --C:!:�Jl.��(!) t (!) c � x. Gh 6iJ�. ring current (!)'fJi:iglZ-c·tifflMJIJ!.��(!)ffl�t 
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4. ',�IRJW ral O 11t5ZH!l * OJ .:r:- 5-' 1J / ,;;' 

�O)l5KfflMOOtru��tam�i¥JKM��h---C�l), -h���WlJMLt.:.O)oo� 

�ff(<� lviIHi"CvifJ:\,'. vE*iJ,Gfi::bh---C�t..:11!/JJ!h�O)d}.O)J& l)j;&\,,-?, T���O)d}-0) 

I& lJ 1J1.1,, 'vi, iHJJ 0) ;z.. 3< - J, t L t�jW �htJ:�A"Uitct G fJ:\, '· 7ch GiJ;ffi-ili:1tLt L t�t 

�hoiJ,c: 5i!�vt, �,tto)*O).:i.::-5- JJ / JO)*a-*tl:tt(L---c:ow.)---cj§;to.:. tt'JSo. 

m� lul O Ml�Fffl* 0) -e 7' lJ / J vi 1960 if�iJ; G friJ Ail• 0) .AJd ::::-.. l -') "(�dj_ G h ---c � t..:iJ:, 

;ytJ: < t t 5E:l:1¥Jvcvt � ::b2l6 ---C�-j-;}tJ:tk�vc JS o. ;: ;: ---C vi FEJER (1964), SWIFT (1967), 

VAsYLTUNAs (1970, 1972) O)hfr.iJvcfB-') ---c, �$B'Jl& 93;&1,,,0)-?- t:��jzt-"'o . .:. O):!$}�vc 

t r�:�rns � 2 "J vc 0'-V-) Q jJiJ; 15- ic_ -?-t \, \ 0) "c'' jj-$ t 17']$ ( 7' 7 ;(--;,- !ID C vc 5Ht Q ( �[ 1) . 
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-------

- - - - -

" 
" 

------, \. 
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'' lij 

� - - Ep ®--- t 

3 4 

�I ����$�10�$����:/?�������� 

Ftg J Out/111e of mode/mg of the oute, and 11111e1 magnetosphere 

4.1. 9�!1Htt5Ulil 

Dnvmgforce vi*��Jilil. Vs tm��]lli\. Vi t---C2I00iJ;�ffe�{*t Lt�£r1=19�1'JJJcO)fj'[-=[­

n O)z.'lJt lJiJ�'@;ihl5. �O)-it1 �1Vitt.:.iJ,t::,;z..3<- J, Ltt11,,,iJ�, t..:txJi Vs 

iJ, G ;z.. 3< - J, --.t o t tk 0) l 5 vc tJ: '6 . 

(a) Vs-(viscous mteract1on, merging, MHD dyn amo)-EM 

( b) EM-(kinetic equation)-P �:!rf.�{tj:: n 
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( c) P-(momentum conservation)-JJ_ : VP =(JxB)/c 

( d )  JJ_-(current continuity)-J11: div JJ_ =!11 

( e) J11 c Vr-(Ohm's law)-Er· I= LJ ·(Er+ Vr xB), div l=J11 sin <p 

( f) E1-(generalized Ohm's law)-EM: quasi-static ts:.. G potential drop (l):J.;_ 
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.::::. (J)-iJ-1 !l 1v(J):1&:1fv::.t\tGftt-: EM h;:l:1m::.*oo G:ht-= EM c-ISc Lts:..i. '�vi, -fx--t 0 

i --eflti"J:h;� iJ � � nh::11f Juits:.. G ts:..1, ,. 

4.2. l*J!B�5UII 

Driving force vi Vr t�vt-r:-J; oil:, m��iJ� G�ftocv::.{�x.. Gnt-: EM (J)����[tv::.,7'. 

no J6,Jih; J; 6 5. .::::. (J)ii�-r:-vi v P v-1-t At ts:.. v::.::k � < ts:.. i., (7)'1:', 111 .rs..(J)1m�vii¥.i�tfilu¥ 

rt(J)�� J:: V'rt�f��oc(J)�v::. J:: orl{ft�h;::t:.ts:.. t (J) c�x.. Gno. -tnvpx.., �fitoch�G 

f�M'.nJtJ!§ c � Gn o EM 5i"YJ*�-@i"oot-= 3r1 :r-1:-::15���. m�tfilu¥rt-r:-m < .::::. c n� GiJaoo, 

t-= c *- �i?J( (J) J:: 5 ts:..Jll]{JJ>eH�h:rrnn 0 h� t Ln ts:.."',. 

(a)' v;+Ef'-(dynamo equation)-Ef: �t¥rt 

(a)" v; +Ef"-(dynamo equation)-Ef": i¥.j�£f::j( 

(b)' Ef-(nearly eqmpotential)-E� 

(b)" Ef"-(nearly equipotential)-£; 

(c) Ep=(E�+E;)/2 

(d) Ep-(nearly equipotential)-Ef*, Ef"* 

(e) Ef c EY*-J11 

;:. (J) H1iUi ifiJ c fqJ ti, fqJ l:*5*v:::. t c 0 i -r:-� iJ jg� n 0. n (J) � iJ c !Hi.::::. n G (7)*5* 

c L't�·x..GhJ: 5. 

5. 1 

1i�tlffi�m�111-r:-wimu �nt-=rt�v::. "".)\, ,-c��ifa L 1 5 c--t o�itv:::.vi, .::::. n G (J)*(J)-1:- 7' 

v / fiJ;J6,� -r:-J; oh\ � G v::.rt < rtMtlll�m�� (J) :f 1 :r � 'Y !l A ��ifa r, 0 ts:oo v::. t, filu 

1§1 (J)*5ith;�m --c � o tJ� c: 5 tJ�v::. "".)\, ,-c-t-:B-;t§ttttJ;J6,JI-r:-J; 0 5. -t L -c.::::. (J).::::. c vi, JE'm 

t LOi$5E'mh�G�rJE'm(l)fil� Cts:cx..v:ilfilt:ffl.�) v::.ts:..ov�U::', J:: 1JmJiv:::.ts:..0.::::.cvt.i., 

? i -C' t ts:.. \, \. 
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