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Abstract:· A recommendation to scientific oojectives of the polar rocRet 

measurements is presented with respect to studies· on the relationship between 

the magnetospheric plasma and· the aurora breakup stages or sub storms. The· 

qualitative consideration on the wave-particle interaction in a turbulence 

involving the plasma instability and nonlinear interactions suggests a possibility 

of energetic aurora particle production in the magnetospheric plasma. This 

s[ould be investigated quantitatively using a correlated observation system 

established between the polar rockets and the. orbiting. satellites, in the.magne­

tosphere. Conventional parameters, which describe the aurora and the sub­

storm, such as the magnetic field, particle energy spectrum, electron density 

and photo-chemical productions, should also be measured by the rockets, 

while the electric field spectrum in the turbulent plasma will be. measured 

by the. satellites being. correlated with the energetic. particle spectrum in the 

magnetosphere. 
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�; 1 1itt�!II 0) m::i1!U: �� c 0) [;U1L 

:t- - µ 5 ·/- :/""c'O)�m�v:t, 
plasmapause, cusp :to J: [.J 

neutral sheet c \,,-:> t.::.?:::.:�O) 

£� f.i:: };�iJ • I? < 0 ;r. * /v =¥' - f_ft 

-rtn ---:>t.i::iJ�-=> -c 1,, 0 (jg] v:t 
O'BREIEN, 1967 J: f) ). 

7' � - A O)M!��ITTWPl}jvi::k� t.i:Ji�� c vr--c � tc.nt, � Gvcl*lzsJO)���� oo Gn•r=:.--t 0 

vccbt::."?--Cvi, *�Q0) .. --�7.;( -31/]t�<, HULTQ.VIST (1969) O)§��/J•9:hvi, "fflJJt:�f 

-cvi, T--31-�YLB:Bvf:hvf, t.i:lvciJ•, ��!0)1J5��vc�h�:h0" tt,,,�ntcb0. 

") -t 9 �:l:B'Jt.i:�ffdfi� t "? 1c., -�ITTvci1t�� :h 0 J: 5 t.i:JJ�s1rf1a�, 2b 0 ",v:tl*lzsJO)�� 

��� 0 0) vi, c. :hn· G 0) r�miJfc'cb 0. 

-z:- c. -e� L < ")vt1Jox.. t.i:: < --c vit.i:: G� .... � 7 _;( !I -0)-ffvi., 1Jt*O)vfE{;$:ITT�c�O)i=pvcv1t.i:: 

/J • "? t::. , !L vfE ITT 7
° 

7 ;(-;' iJ!l ii; c , -z:-0) $ vc 2b 0 il!l ib-til r ffl1L fµ J§ � 0) , wl'A 117° 7 ;(-;' 0) 

� !l 1=10)�1zsJ-c-cb0. -jj, -;-!J i=zt.i:::l:vc'*JL--Ct, ffl:JF.0)$�1ttfJlZ:B-vc")1,,--cvi, *t--=�l 

G:ht::.iru:53'--C'0).7,i,, �D G:h --Cl, 0 vc--t�'t.i:: < , }lr�O)?i}f�vcv-�")"'.5�4'� i *� t.i::rAi�-c-

0 Q. x. c. O)fflJF.vc ")\,,--Ct, m'A!ilvCcb "? --C vi., 7° 7 ;(-;-0) � !l i=z O);/jtfrn� NJ!*: L --Cl' o 

cl, 5 �EB-c-, m'Ali1�7
° 

7 ;(?;/jtJL�0)7iJf� c l,:fJ t:�'b � 5 r:.�--t 0. 

wl'A !iJ 7
° 

7 ;(-;-ffl.1* 0) '*1:il--t o � 0)-") vi., ::t-- i:z 7 0) �.fra (breakup) 0) .1:lzsl-C' 2b 0 .:r.. 

*11.,,,f-til-J-O)ttAc1JoJ!O)r"'i�-c-cb0. niltffiJO)fflffii=z 1r ';I rrmmunt, 1!t*.5'i-oo-c-toc.t.i:: 

b:ht-:ffi���Jiflmuvcxt L --c� L\,, t 0)7a:'1Jox.. o c. c nt-c-� o t.i:: Gv-f, kO)V-c ")vi., � 

'A!iJ7°7�"70)�!Ji=zO)ffl.1*c0)1*J:il��*--toc.cKcb65. c.O)�tIMstt�ct'*l 

�L, �*O)ffi;ffifl�tt�O)-�K�oC.c�M"?--c-, =O)���L--C.7,i,o. 

2. �'Alffi 7
° 

7 ;( "'7 C9 t 0£�11: 

:ttltft7� 1r-11.,-c-�c. offl.1*0)M00vi., ��m1*�e:ms"Jvc c Gx..o c. tvc J: -:; --CJi00 G:h 

--c � t-=. --tt.i:h 'b � J& t tr�ITT**O) v- t ")-c-� o �'AJit:±fflO)filHlJjvc t::.--c G n t-= fflm1JiE 
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(ring current) c. iJ�, Jt�EOtfr L 1,, c. -:. 0 ""t·vim�ll�ffil (magnetospheric tail) c. './'-

1' 1tim (sheet current) 0)1¥if0)7il{Uvi-:. 0){7U'"t'S !) , it.: 7° 7 ;(� imm9l!-viffiE1*EOvC c. 

Gi<.. k., m�l!7° 7 7-:'� O)_x;jffiEO):M;� (AXFORD and HINES, 1961) vc J:--:, --C�M �,h:t 

1,, G 0) t (NISHIDA, 1966) !A]�'"t'S G. frJ 2 �O)fflffiE1:_nx;O):M;�vi NEss �' 1969 (Review 
c.L--C)KJ:--:,--cm�imKt��iht.:7��v�•mbttC*7°�1������,mb 

H c. t �vih0) vc J: 0 �MJjfiJlUfEvc � �0--::5 �, :l:;5:, 5""'50,000 eV O)f[lffivc:to1, ,--c:a 

•�M*�WL00s0���*�1--P�ffl�*��-��?1--�7�71�-Ct.:c.x.� 

DEFOREST and MclLWAIN, 1971; FRANK and AcKERSON, 1971) vc J:--:, --Cs� GiJ�vc 

�ht.:�rffiE0)88KJ:?'L���h00SG· -:.hGO)-�O)J:5K,�rffiEKJ:�fflffiE 

c. m•0)1:_1*:vi, A 

rot H = �e�}i(v)vdv (1) 

(@Li viMfflf.$:O)flMO)�rJ�ffi-t�*) vc Lt-:iJ� 5. Cl) AO):tiJllvi, J(v) 0)1*]�%vc J: 

0--Cvi, V O)j(�f.i:{fil?}i"f.i:b�_[i(v) 0)�$'/J��I,,"(< 0, ��*;t.,�-fJLT�7J�fflffiE% 

mtvc�4--t G O)vi-:. 0)52lO)*mt Bl� L --c1,' G. 

�iii, �m�rai""t·vi �}i(v)v=O n�:l:t�1-ELt-:%c.���h, Cl) A6'):tiJlln�O ""t-t.i: 

< t.i: 0 c. -:. ;s vi, t.i: Iv GiJ�O) �Jttt��;; Q ii c. lv���1:: t: --c", 0 c.", i<.. Q. t-: Ln�vc frJ 

icO) magnetopause, shock front, neutral sheet :to J: 'Cf cusp c. 1,, 0 t.: c. -:. 0 vi, -� 

l!O)f\;�1¥Jii c. lv�)l�""t-s G-:. c. n�tiiffUvc J: 0 --c�M �h 00s G. 

••0)9e1:_vi, 

div E= �e� .[i(v)dv (2) 

vc t c. --::5 ( h�, :o'E;1Evi•iJ�t.i:m�l!O):M;� c. t 1,' 5 � < , 

��fi(v)dv=O 

iJ��fE � h --c � t.:. Lh� L, -:. -:. -e�J]vc L --C 1,, 0 Cl) AO) ti ill� 0 vc L t.i: 1,, J: 5 t.i:ii c. 

lv��VCS 0 --c vi' f-:J;lv (2) AO)tiJll t O vc Lt.i:" ,�)l�iJ�Wm-t Q '"t'S-c> 5 . C.,:, 0 "c' 

(2) AO)ffi%vi, ft(v) -t:"0)-ibO)vcJ:Gt-:�. v 0)1J\�1,,t-:.0vc:l:j(O)�-§'.-h��0. -:.h 

iJ�1,,;bLp0 -:f'7 ;(���iJ�ffl9f.9e�vcm:�t.i:�iu� t 0Lpx./v'"t'S0 . 

. fJL-=f-0)�*1t--a:¥-%1ffM�vi, Lh�L, iEltb-fll-rffi][{1pffl�1rL--C, �raiEOvC�tfJ�,eg 

-:.-t. 0 t I_) 7 7 ;(� c. �* 1va¥-filrO)ffi1L11Fffl c. L --c�bh. m�im0)!¥IJ3':�mgg-t o 

J:vc::;k1tJ)t.i:, � ? i:r 0){1pffl c. L --C, Cl) A:Io J: 'Cf (2) AVi�AJ %c. t.i: 0. · 
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3. Plasma Turbulence c ;;t - P :=J fil� 
� (2) AVi, t,,;b(1)6 VLASOV O)A 

ofi +vlfi + (E+v x Bo)-�fi =0 (3) 
ot or OV 

lfJ:l.dj.�;n�;h:-CJ'Wn,;h6b�. %1ffM�fi VC."".)\,,--Cvi, $5E'MBJfJ:/7Jt%b>G, -t"O)tat� --e 
0)1[-=f-lf-1' !1 i=z r i:z :/ml1Et�O)�ffi-vc.�6r�t,,:f'�lbffeJ1Et�vc.�6/7Jt%�T, [tt,,7-,�:;1 rA· 
� n ,,� ---t 6 . -: 0) A� :;1 1- 11,, � �urnc. --t 6 -: l vt, fiJJw--r:-0) �� t 15-b�� x. 6 l @', fi 
�O)t0)0)$5E�i7Jt%��5Ei""6lltK��l�6. 

mJYEt�O) r§J \, '/7JG7fc'vi' f.ftr l' D�BJ 7° 7 A'"<'YEt (kinetic wave l 11¥£�� t � � t.:) 
iJ�5j/j)c. n 'Y 7° 1v Lt, 1, ,;b(1) 6 �!::tl7l11Etibffl,��1f 6 iJ�-: hvimEW l Lt O)�iJ,td*1L� 

��£�--c turbulent fJ: ;jjtJ'ijltJ:�tt,,6. !Zl2vi KENNEL et al. (1970) vc.l:� 4"-'8 
Re 01fHt�f£) Fi# ;ilr � --r:-0) 1i!§ 11Ji€ vc. b tc.. 6 cusp, :-1u J: rY neutral sheet l*J --r:-fljU � ;h tc.. 
electrostatic electron cyclotron harmonic wave 0)-,WUc'� 6 iJ�, -: t"di, �FtiMf§][ 
{"pj§�l ttJ:�--ci,, 6-: liJ�. Alouett-2 1ti£c't---'JG;htc..AI turbulence O)��O)fffi>� 
(OYA, 1970) l L --C � Gb,vC.tJ: � "".::>"'=>� 6. ,: O)*t�1t G:hk neutral sheet /*JO) 7° 7 A, 

"<';jjt�jb�IZI 3 vc.� � ;h --Ci,, 6. fllJlU � ;h t.:ffl:Jr.5j/3tvi� 10 m V/m (KENNEL et al., 1970) 

lt,,;b;h, -:.;hn� trapped particle lf'f:fflLt.:��. t,,;b(1)6 pitch angle diffusion� 

fiKHZ) 

OGO -5 EQUATORIAL ELECTRIC FIELD EMISSIONS, AUGUST 15, 1968 

n7:30 mm 

TIMEIUTI 

fc/4 

728:30 

� 2 Electrostatic plasma �Cl)fl,7.ll.1j*-5*Cl)-
17U. *J::�vl O""'IOkHz i--C.:'C1)7.-"� r 
;v, .:. .tL � o,._,_,5 kHz C1)$:9-�tJA:k L f.:: 
1h Cl)iJ"-.i::p�--z:-, 0""'2.5 kHz C1)$:9-�?A:k 
L tc. ih Cl) -/J"> 'F � --C.:' � G. fl?JtiJvl, :&:tit� 
neutral sheet (0053 LT, A.m = l.8 ° , L= 

7.5) --C.:'fifJ:.b.n --Cl., Q. 3jc/2, 5Jc/2, 
ffi'Jl[vC�G -ihCl)-/J"-. IOmV/m :;d-- !f-Cl) 
5if.t� 1b "::> electrostatic wave (KENNEL 

et al., 1970). 

:40 :50 0728:00 :10 

� 3 Turbulent plasma Cl):!*! t � 2 --z:-�--t" 
fl?'.ll.Ufulnc electrostatic wave Cl) �l::�%:ffi 
��fflCl)�#��fc.�Gl, .:.Cl)l5K 
11!TW!JtCl)v9) G ?/, mJ.!JtO)�r�:1JttC1):k 
� tJ:.� {t -/J:, Iiti��ibvc l -ih tJ:. 0 --c �f 
G.:. t-JJ">§}j Gb•VCfJ:. Q (OYA, 1971). {31. 
fiivi� < � 2 l IA.I t.. 
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'A:.9-:. L't, particle 0) loss corn ""O)ff:.A'a:''A:.9-:.-t-:. cvi��vCiJ,tc.< fJ:.\,'. -:. 0) rlt 0) 

rlt-:Btvi 1 km 0) *- 3l'' -'a:' t �, L t-:b� "'.) � �rit*Fa90)'.1tffti�Hi 10 V vc ft. o. -0 i 9 

neutr.al -sheet i:p-es o ;@fi'.O)V-6il� ·9 'a:' t .::d:::. turbulence r:f:i'a:'f1rr-iJ�iovt o � it vc vi 

�itl3'91JOJ!'a:''.)l:vf'-c, � keV O).:r..-*1v=¥-�m·QfJLrO)iE_ffl(;�vi� L't:Yft.< f.t\,'c�� 

�: ho. Neutral sheet c'O) *- ti 7 f1rrO)J5x:jz§ J: L 't j!O)iJ�-:t-:. c vi "t-� f:J:\,,. 

Turbulence ·O)�n\(;vcvi, 7 7 ;;(.'·";' O)�'.t(JEiJ��lzg c ft."') 't \,, 0 ii�, \, ,iJ,tJ:. o ::;r-'.t(5E'a:':1: 

f Q 7J•vi' :IJJJvCff:.A �;h Q ;r.. * Jv=¥-11lr C 7° 7 x� iJ�\, ,iJ,fJ:. Q Mc'ffl]:[fFJfli"" Q7J•' i 

tdlW�f4 -Ct:::.� *.-vifJ�O);fl�) iJ�\, ,iJ:.vc�M-'a:' '.:fvt o iJ,,vciJ,n,h 0 --c1.,, 0. ffllifrffl-l0 

7° 

p -t;,,. vi 11: f %:;ffil*1�i1�=·00) w�f'F o-;tk� (FRE0R1cs, -1971) iJ, G, -z:-hiJ� � Gvc�Jt 

�Fajc' ·diffusion 'a:''A:.9L --c1., ,."'.) --c, &Ltvc�p�Jftt'a:' t "'.) t:::. ':7° 7 ;;(.'-z��-c �rr L 'tv9) < 

c �vc�fo·::;r-�5Ec'.so. -:. h rn:. HARR.Is �0)��5Ec L --c�aGh?P< O)J\K J: "'.) --c, 

.c 9 J5'0iJ,\,,iJ�IElitKtJ:. 9, -z:-C7)1'_j/Hi turbulent state O)��c t-�z>ffi-tit·vCtJ:--:> 

t:::. (OYA, 1971). frJ!2. 5'"'-'50,000eV vt.bt:::.{)11lr.:r...:z-;v�'-7'�� },)VO)ti,tllUiJ�r\§1mJt 

1L L "(\,, o-:. c vi, -:. 0):5)-fyO)?vf�vC-JIO)��'a:'*9* L --c 1.,, o 7J�, -:. -:. vc�Jm c L --c 1.,, o 

turbulence vc ct ft.? 1tJr.O)JW1rlt�;,,.� � r 1vtilU5Ec IA.l�vcfift.?-:. ciJ�5$ < O)..f iho. 

ffi:1:t!t�0)1t*Jl1l�vi-, neutral sheet J[i#jO) plasma convection vc ct ft.51tWiJ�� 

£,IL 't 1.,, o. -:. 0)-:. c 'a:'�J;l-t o ·c � 1000 km iYftJlr".C:'O)ffif13i[ffi£vc.. J: "'.) --rm•Ji r -:., -� 

-it 1 .r'c'©1tWtilU5E'a:'i"° Q -:. C vi��ll 7
° 

7 ;;(.'-z O):X1vfE'a:' � \'' Q J:.O),� cfJ:. Q. ffl:WtilU5EvC.. 

vi, r 'Y -7
°

-it-1 r'c-AIO) 7
° 7 ;;(.'-ziBl'a:'.,.{11,,.;,,.;j:kvc�ML, -z:-0).,.{1v7'0)��1t'a:'tllU5EL --c 

7
° 

.=J .;;(.'-z O)J;J"vfE'a:':1<&901f�iJ��*- Gh 0 COvA, 1971). 7° 7.;;(.'-z O)�ffi�)tffi�c-vi 

E+ Vx-B0 =-0 (4) 

�s0�c��Ll-th�1t��O)t©�:1<�0-=-cKt�o. 

c -:. 6 c·� 2 .we- t ©�t:::.J: ::> vc. 

div E'=e�f(v)dv:;t:O 
c 1.,' ? ;j:kfijc-vi 

E=E1 -Vx B0 (5) 

.c fJ:. v m�vi C4) Ac'.:f:>f:::. . .:t Gho J: 5 fJ:.fp:f.t. 0xtvtEiJ�lm��ht:::.:i:c'vitJ:.< ft.� .. :f·=J x 

-z � -.;;(.Jfi#ic:� ::> Lt:::.,B.iJ�§13-GiJ,vc �ho�,�iJ�s o. 
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s. ffi� l: p 1r-;; 1- OJJl��mu 

�*, ffij:fil0 o 1.,, a :::t - i:r 7 ·/ - '/-e, � < (7_) i:r 'r 'Y H!Ulllb� tJ: � :h --c � k (Review c 

L --c PFISTER, 1967). c. 5 Lt.:.MmU�bn�ffi!tiifAiffi�(7)JJhtc L --c�1"-to c L --ct, 

1t1-1.-,�WJvc �vft:(7_)���-t o &::,�n�0 0. c. c. -ebn�ffi!n�ffiffi i:r 1r 'Y 1-- Mmuvc.Jl1.-,tt� o, 

m L 1., 'Jii(7) V-c --::>vi, ffi£ c, i:r 'r 'Y r c (7)jl�flt]{Uvc .J: "'.) --c � !7 i=z c L ""C (7) 7
° 

7 ;r.:·'"<":m,* 

n;, '"<" !7 i=z (7):::t- i:r 7m*vc0t..:x.0'*1i*��1�PJ<i"o c. tvc.00. c.:nvi, J!.ft1¥Jvcvi, i:r 

,;- 'Y HCffl*9i"0flt]{Ut!U�(1)iJIJJJEXJ*(1)F1=1i(1)f§'*Jvit cl 9, neutral sheet 0 o 1.,, vi 

cusp fl�"c·(7) 7
°

7 ;r.:·"""<"iJJl.(7)7-.""'!7 r ;L,tu .J: U':::t- i:r 7f.:\'d':.Jjt]{Uvcx;f L ""C :::t- i:r 7 �(7)71. 

Jili:f:t"c·(7)�,,� 7 � � - C'rt-=fW/.t, 'rt-=fill!/.t, -1 :::t '/jJlnx;tu .J: U-W!/.t, J1t:$s"J7-.""'!7 r 1L,, 

T�f.fl.-=f.:i:.-* ;L,=f -, $l�) � i:r 'r 'Y r "c';il� � �--cMmu-t o c. ch�&::,� c tJ: o. 

;1;�Mmuvcvibn�ffil(7_)ffi£ � 1:ic � ':I-;,, 3 '/� t---:::iJifile/!Jli!t3i)c(7)� o &::\�n�� o c fi:u� 

vc, -t"c·vcf&t]{U� iwcvt ""C 1.,, o OGO, 0 o 1.,, vi ATS (7) l 5 fJ:�:h t-=.ffi£ c viffiffi1¥Jvcf4$ 

J:(7):#fAJflt]{U�i" o &::\�h�0 0 *. 

6. *5 

:::t- r:z 7fJL-=f(7)1:.nx;vcvi, fJL-=ftl:Ac1JnJ!(7_)�iJ�(7)c. �:h --c1.,,0n�c.(1)MWJvi:::t- r:i 7� 

--c·(7_), J1t:$s"Jflmu, m�flmu, tu .1 u-.:i:..z. ;L,�--fJL-=fMmuvc.1Jnx. --c, 7
° 

7 ;r,:·'"<" (7_)*�� c t 

Pfvi:h 0, � !7 r:z tJ:iJ{�"c·(1)�3eJE c turbulence (7)f@!t]{U�&::\� c i" o. c.;hvcviffitgjz"c·(7) 

�m*cll¥J;"t,L --c, plasmapause, 001.,,vi. neutral sheet "c'15LvfEl¥J7°

7 ;r.:·"""<"�)t�(7)7-.""' 

!7 1- ;L,� nc rJJ/itn� t:>�m.li1Jlnx:5}Kbk--::> --c�/:ti-to c. cn;�*�:no. c.:nvi1l:i3!kflmu 

"c'vi-l-(7) nx::!lHf 5 -t < , mtl�vc r:i 'r 'Y r --c·flt]{U� :h 0 ffi�m* c $l��ffi£ c (7),;f;�fltl{llb� 

&::,� c tJ: o. c. (7_)�if1JL-=f(7_) .:i:. * ;L,=f-7-.""' !7 r ;L,, tu .J: U-'ftJ/'.(7_) mJiJJf.�7-.""' !7 1- 1L,viffi£ 

"c', ffi�'rt-Jil --C·(1):!i47fftl¥J/� 7 � 3<' -vi r:z 'r 'Y r "c'flti{U �:ho C. c vc fJ: o. C. (7)jl�ffit]{Uh� 

�:!l-t":hv:C ftgO) sophisticate �:hk.flt]{Uvi�vi 9 fij:�/.tO)ffiigfr.Jiiffi£vc5tm_ ��o c. c 

n:, :fi:ttg i:z 1r 'Y 1- (7_) t ---:::iftuifB � :nt-.:.ffim� ,1�, 5 c �, .J: 9 ��1¥J--c·cb ;s 5 . 

AXFORD, W. I. and C. O. HrNEs (1961): A unifying theory of high latitude geophysical pheno-
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