
Wave-Particle Interaction m the Ionosphere and Magnetosphere 

H1rosh1 OYA* 

Abstract: Wave-particle mteract10ns that are important processes for the con
trol of the electromagnetic states in the earth's magnetosphere are surveyed relatmg 
to the auroral zone that is the most smtable wmdow to clanfy the vanous aspects 
of wave-particle interactions. 

The wave-particle interactions are classified usmg two-d1mens1onal keys; the 
first 1s the plasma parameter and the second is the frequency normalized by the 
electron cyclotron frequency. The plasma parameter is dlfectly related to the place, 
such as ionosphere, plasmasphere, plasmapause and magnetosphere. The fre
quency normalized by the electron cyclotron frequency at a given region becomes a 
useful tool for analyses of the fundamental process of the wave generation both 
for the beam-wave mstab1hty or the other mstab1hty due to non Maxwellian type 
velocity d1stnbution of the particles. Three channels are important for the genera
tion of the plasma waves such as 1) between the plasma frequency and the upper 
hybnd resonance frequency, 2) between half electron cyclotron frequency and 
exact electron cyclotron frequency, and 3) near the lower hybrid resonance fre
quency. These channels largely contnbute to the generation of the plasma waves 
and also wave-particle mteract10ns relatmg to the electrostatic mode that produces 
strong mteraction even with the low energy particles that occupy the majority of the 
population m the earth's magnetosphere. This evidence gives a revolutionary 
change to the old concept of wave particle mteraction that has been concentrated 
only to the wave-particle mteraction between the electromagnetic waves and the 
high energetic particles with energy larger than several tens keV. 
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z-fµ I? ,  Jmr=vfClf.Jv=-� "' ,,;:&�z-1:-t Q c �-*-- Q t  {1) -C 210 Q .  � 3 vt, til-=fn;f&,tlv=-� f ·l Q 

�' {1R� :tJ*v1U=. 7J --:>  -CjJV�iJqJfltZ � h Q C � -*-. Q 1b {1) -C ,  Ti¥<&£J.iffia (KAN, 1975) C ilf U 5 

Q t {!) -( 210 Q ,  

J.;U=:, - v) {l)  ;1, jJ .::. 7,' A{!) 5 'b, c'nii:IE l, \, ' i'.J •, �1&.M� � ti -c � < ::__ c v=. t.r_ Q ii ;, i=z ,;r 

Y J, � U lftU ,ffls £ -c , W:H� v=.-'¥-rr 1i it] {!) 1lt � z- � W v=. f:l-r 1.&U -t � c fqJ s; v=. , ::__ {!) i1i � -c 9E 1:. -t Q 

{1)1*T§z- � G il· v=--t Q ::__ c v=. ts: Q .  ::__ {!) 7' '7 7, ---z7G*5Evt, 7c ::__ ii· G 1JxM � h -c < Q 7
° 
=; A 

---z �, 210 Q "' , vt1!t��z-*tm v=.ttJJ.U-t Q c c v=. J: 0 -c fJ.lj G il· v=- � h  Q -c 210 ;s 5 .  ;fi� v=- :r-ovt 

Q 7
° '7 ;( ---z {Hli/J(l)Ji?J:!U vt, ::__ 5 L tdJL8 v=.ll. 0 -c t ,  �rm v=-:ilt�ts: -:_ c n: G --c- 210 Q 

5 .  :t - o 7 li-=f c OJ 11llli{tJR 

-r--o=.Jl -c r: ts'.: J: 5 v=. , .:r.. * ;L, "f" � (l) {J£1. ,JtZ0- t , YHZ�{l)* r: ts: iEllJJtf- c t§Kfi='ffl-t Q 

c {!) ,S\ii; ��t v=. ts: I? ftti"rh t-: ::__ c ii\ 1975 %.L:-J�(l)'.=j::'iif�j13j (l)VJl!i)i?iff� 0) ;}!r--C'{l) j( r: ts: J5x� 

{!) -v) -C' 210 Q . 

s.1. �lilili v""- JL.--C0)*�1iJ'1=ffl 

1!tr�lt� v � 1L, -c (l)�t!J c fil-=f (l) t§Kf'F ffl {l),{i}f�vt, J:tl\i5tsf.J:i&J1I v=-fi hh Q J: 5 v=. ts: 0 ts'.: . 

nil:� {!) S-3 1 0  i=z 1T ;, Ht, C {l) ,S\-C':k r: ts: ��'z' l,"J"J210 9 i i"° , S-3 10  JA-1 %�:ki J: 

v: 2 1�-�-c JUJU � ht-.:*6*vt, 1!tr(l)ffl't1!ti¥J-it 1 ;1 i=z r i=z :/ /Bl{l)-� {l) f¥tEz- 1¥l G n· v=-� L 

t-: . � 6 v=.7c {l) 'R1HfUz-�-t. C {l):L�-iH.t, �T-t 0 filrvt� keV {l)fj�v=-�� L -c 1. , -c ,  � 

ii· �=-�r�<&�@t11:.tr c 1. , 0 td1&�{l)m�-c vt ts: "' , .  LiJ, L, ::__ {!) iHltb vx= "":){!) + -y :/ * ;L, z

iii L, -C 'F[�YE,tv=.ocb Q .  7c {1)-v-:J{l) T -y / * JL, vt, UHR ( r<'iJt�/'>  1 7' � / F fµJ��) v=- 210 Q 

L, ftl!{l)-v:) {l) + -1, :/ ;t- 1qt, 11t-=t-it 1  ;1 i=z t- i=z :/ ffa��t-JT-c-\!f"fft11t1¥J-it 1 ;1 i=z r i=z :/ iElJJJ (l)  

ffl�v=- "J tJ: iJ; 9 t {l) -C'210 0 ,  Lt-.:il: 0 -c , C 5 Lt-.:{)1.:c ;t- ;L, ::f- - {l) fi[-=ft]:=(. -C'Je1: L t-.: {Bltbvt, 
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Fig 6 .  The plasma wave emzsswns zn the HF (hzgh frequency) range obser ved by S-310JA-l 

rocket in the polar wnosphere. 
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�F:.fiDBfiJ!twZ� i5 � 0 0YC vi tJ: < ,  mm�i!J vcitl� t- ;h,Jffi::1JF::.f�� L --C � < .  t_ '5 L t:i� vt,  

t_ O) m•fr�HJ!twZ vc�i G f£� fJ:}(�
--
e,  1i't*3Z�l¥J--c 26  "'.) t-:1ttm�O)r1f�¥6� l 1. , '5 ffi' L��* 

� < �x. --c �  < t 0) "(' 26 0 ,  

5.2. Terrestrial kilometric radiation 

t_ O) ;!l�vt, :l:tg1fOO"C vtJ! /±l--t:t-tJ:iJ�  "'.) t-:. "'.) � I) '  m•JI O) Jl*�:WJW:I�� foF2 J:: I) t 

11£1. , JW:1 ��iJr:1gtz--c-, Jr£ vc J:: "'.) --cwuJtu t- n t-= t 0) --c-, 1914 �. GURNETT (1974) vc J:: 1J ¥�� 
2- hkiJ�. -t O) f;it KAISER and ALEXANDER (1976) O) }j jgfi.jiO) W[iU t 26 0 . � 7 VC-t 0) ;7.. "'"' 

!l r lv�i,G-t"iJ�, :l:tgfjcvi, :;1(£ 2:: [PJ l: J::  '5 tJ:m���'iif vC [P)iJ� "? --C1 k!ff- L --C t. , f-: O) --C' 26 0 .  

t_ O)]Jj{ fzsl�Wnm--t� < , � < O) J:frmrtJq=il±l t- nfta�t-= . .:z:- 0) -"'.::>vt, BENSON ( 1975) vc J:: 0 

h�.:Z:- O) �itvt, ::t 2:: L --c ::t£ 7' 77 /. - 3<' �m:m�O) ¥BMIH1'��f1Jl Lt-: ovA (1974) .:i:- 7' 1v 

�:l:tgfjcO)�itvc�fa§ L J::  '5 c Lf-: t 0)--C' 26 0 . .:Z:- 0)  conversion 0) 7
°

1=1 .-1:� ;7.. vcvi £ 'b iJ; t. ,iJ� 

fJ: l. ' c L --C t ,  �tk L --C t. ,iJ,fJ: 0  instab1hty h� G TKR iJ;¥e�-t" 0 iJ� vc"'.::>1. , --c vi ,  F1=1i�iJ;� 

2-h--C I. '  0 .  "J � 9 :;1(£0) 1[t.]l--c-¥e�--t 0 7' 77 /. - 3<' � vc:xt L ---C , TKR vi:1:tgfjcO) 7
° 
7 ;;( 
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Fig 7 The spectrum oj the a111 01 al kdomet1 1c radw wave s (after GURNETT, 1974) 

0) -C � o ::.. C 'a::' �-fc_ o l ,  OYA -=E- 7 Jv � .:.C O)i i 2=_ 0)  TKR r�:. {t ":) -c J: l, , iJ \:;§iJ , (tA· ffO)� 

/1tj :_cJ-p}�-C ct) 1_) 5 .  

-t -c v=. rJJ:I G iJ, v::. � ;h, -n , o J: 5 v=:. , TKR it ;;),- - p 7 :fJL�f O) f� -F ct) o \dt blE.A c 5ci�J=:.x� 

fit� Lt� t 0) -c-J!) o . :,i- - P "-7 fell -=f vi l O ke V tXr 0) f!Htt-c .:.t 0) .:c :t- 1v :t-- - iJ; it,�-t 0 t 0) -c 

t> 1J , 1Jc L -c 'n:i:M1 r&iJ � o�u� �t-t � h o  ,11. +i 0) t 0) c tJ: " , . ::.. 0) ::.. t vt, 7' 7 ;( --;' !lil!l11J; �r� 

vJl�ff�UI� s� v=:. conversion -t o ::.. c iJ�.±.-J{ tJ: 1ij � '7a::' L -c t ,  o t 0) c L -C JJfJf tJ: ,r�( -C &> o .  v:::> i 

I) '  iJ, tJ: G -r, u H R  C 7
° 
7 7-. " )Jr] {Bi�O) Ii'� 0) 7' 7 :/ 'r '7a:'K&-c '�TtlloJtv=:.lf� � ;h, --c \, '  Q C C 

v=:. ts:. o 

5.3. 7° 7 7.. � :.; - t- r*J (!) ESCH ;Jj_ 

ESCH (Electrostatic electron cyclotron harmornc waves) vJLi!fJvt, ffl:!JN:� v �;v -C vt , 500 

kHz-2 MHz, 7
° 

7 ;( " !ffl-C vi, 1 00 kHz-300 kHz v=:.i::d� ":) --C 1¥-M&'i� Q iJ� , � G v=:. 7
° 

7 7-. " 

S/ - r !T] v::. .A o c ,  5 kHz-20 kHz 0)"7!&Jt v::.Jr61El�iJ;{1tr L --C < o. -t -c v::. KENNEL et al. 

( 1 970) 1::. J: ,, -C1IH�r�;h, f-: VLF rBli!J vt, (3/2) fc (fc vi'�-=f--it -1 17 P J, i:z :/ WJ��) �::. � 1, , --c 

�bob--C pure tone 0)'1'!t/!i!-'7a::'tf!Jlll L t� . � 8 }::. .:.t O)!JlJJfilE8ts:. 1JU��-t. ::.. O)'ffl::W- vt, Tfeft'�l'l�J 7
° 

7 7-.' "zBn::. 1 ot O)c' t5 1J , FREDRicKs ( 1 97 1 ) , OYA ( 1 972) O) ,lrj'�EI'-Jm-=t -it1 !I j:1 1-- p :/ <Bl  
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'7 7,. "' :f- - 7,. 0) Jf. nuJ --c ffJU!lU � tL t: Mt�Ef:J 7° 

'7 7- "'imiJJ 0) 7, � ;7 J, 1v . 3 /2 lc {-Di 
--C mi1mLtJ: r - :,; � it "'.) --C \., , 0 (KENNEL et al , 1970) 

F,g 8. Spec!l um of the electro staflc electron cyc/ot, on harmomc wa ves near 3/2/c observed 

by OG0-5 satellrte ll1 the , egwn outside of the plasmapause(after KENNEL et al , 

1970) 

1 1  

0) �3(;Jt!l* O)lJ.BifuiM{/±1 � h  t-:h;, � G vC-th 'a:' modify L k t O);a ;  YOUNG et al ( 1973) 

O)lJ.Bifa '·C � 0 .  1Ent, 7
° 

3 7-' 7 ;t; - 7-'ili:ftvct-ovt '6 7
° 

"7 ;< 7 O) ttti 2:'»!5£-.t 0 �f�Z''"'Jh•lv 

-e , �t-: 1,, 7
° 

3 7-' 7 c � 1, , 7
° 

3 7- 7 0) �{;-iftyij vc xt Lt, 56� -.t '6 7
° 

3 7-' 7 �3(5:Em* 2:' �?p 

� L, � v'i IJ (3/2)/� L''JB�'T '6 �3(/Ei*l�Z'�*ffi vc��t L t  I. '  '6 . 

lW.ilin--c- vt, -.tt vc-b'f5 , 7
° 

=J 7' 7 ;t; - 7' Z'�x. tdJ.t.gtzO) -S!*n;�� L t-:n; , i -.t,  ,liJ.gtzvc 

:tovt '6 7
° 

3 7-' 7 fElillm* Z' J].t5{ L t-::1J ffr1 t-�,f&!¥)vc flj;ii-_t 0 ii.tin; 7
° 

3 7-' 7 .f - 7- t � 0 .  

7
° 

7 7-' 7 ;f; - ;<'--C' vi, VLF ffij.gtzO) 7° 7 7' 7 ;f - 7-' l:: 7' C -1 * / -tj- ,f 17 p r p /tBtfJJ;a;i* lzsl 

c fJ:. '6 Pc 1 pulsation ;,j;��-.t '6 .  

6.1 . 7
°

7�: -:i  �-7.. 1::: 7..  

7
° 

7 7-' 7 ;f - 7-'{tJlj:t fO!totEii;'JB�-t '6 ;:_ C vL t < �D G nt-:m*O)-'"'J"('J; '6 i7;, ;:_ O):ffi 

11tlmvi., ± c L t �  l OkeV iJ , G �  l OOkeV �c;ii-.t 0 �;:,:. .z- ;1, ,¥ - f.ftrii;ffi":vft:nx:53- c L t vi� 

� L t i. ,  '6. ;:_ O)� 100 keV O)�lttiO)m -=f +i, ®Ji VLF f!!'i:twtt-'�!ilrEtZ'�tf. 7
° 

3 7-' 7 .f -
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� 9 {�,\ l!l�iJ , Gti':A -t 6 7° =; 7' --: t. ,  f 

=; ;z, --c::- ,-f- - ;z, v::.. t-;:;vt 6 VLF 1::. 7, o);;'s�L:. 
t. <l�&<r:. �Jfil -t 6 t:H§� (FosTER and 
ROSENBERG, 1976) 

Fzg. 9 A schematzc representation of the 1n
wa1 d diffusion of the plasma particles 
and the plasmapause hiss generation 
(after FOSTER and ROSENBERG, 1976) 

7, 1::. 7, c L '-C �Q G :h -C  1, , 6 t 0) -C  � 6 .  ROSENBERG et al ( 197 1 ) r:. 1 0 f1-r� r�,���tr, � 

0) X J;,i�tm c L -C c  G x.. 6 ff,!J, VLF 1::. 7-. c X *vtO):fW ;/JQ c vi l 1, , J;_J-f,t,� L -C It ' 6 ;:_ c iJ�--t-c 

v:=-�N '2' h, -c 1, < 5 .  [Zl 9 �c vi, FosTER and RosENBERG ( 1976) iJ; i c 'dyf::. f =; 7-. � -R - A c 

6.2. Pc 1 !l� 

Pc I -Y1*iJ� 7° =; 7-. � -R - _;;1,. f-;-J Jlivc�� t 'b, :tt/tft c corotate --t 6 11.:f! 0) � 6 ;:_ c vi--t -C v::. 

i·i- < iJ, G t�li '2' h -C \, , f::... -lh vi, L-Ffx/jj O) ,R - 7 1) -t:' - / 3  :/ � t 0 -C {�� L, HM- ;-Jc; 1 

'Y 7, =; - c L -C � §jj '2' h 6  (OBAYAsm, 1965) 1 5 t.r �Tiit.r {�ll'�t§� t 0 t::. t O) �, S#vclii 

tJ: 6 d1spers1on 7° p -!::  7, t::.vt -C vi�§jj 0) � 1]• t.r \, \ 7, � !7 r JV 0) fl-fr L t::.. Jl* (KITAMURA 

O) !* fzs! c  L -C vi , CORNWALL et a! ( 1 970) vi, �'�VTE� :ff%Z L -C \, , 6 7
°
P r :/7J� 7

°
P ], p :/ 

--it 1 !7 P r  P :/1Hl� 1::ts*it!'R-C 2:D 6 ;:_ t � rn� L -C \, , Q . � G vc, HEACOCK (1971) t Pe l 0) 

'J - 7-. iJ; 7
° 
=; _;;1,.· � lfflvc rfil iJ, 0 -C mward d1ffus1on � � ;:_ L -C \, ,  6 7

° 
P r :/ vc l 0 -C \, , 6 ;:_ l 

� Tia�f L -C \, , 6  --t-c vc , CORNWALL (l970) vi, l-$-�B'S 1 7l- :/ -it 1 !7 P r  P :/�fbO) -:r:- - F 

O) µJ°fjl§11.� ;J=�tivi L -C \, , f::_iJ , ,  ,l 0) 1&, UHR vc tovt 6 :EJ.� (OYA, 197 1 )  � NAMBU ( 1973) vi 

LHR wtvc;J=)t5:Ei: Ltdt*, ff'mITT 1  :;t :/ -it 1  !7 P r P :/�tfJiJ��M!� -:r:- - nc�� L ,  Pc 1 � 

!!VJ vc tJ: V) ' 6 ;:_ C � �P/§ Lt::..  ;:_ 0) fl:lwHi, 7
° 

p r :/ 0) rt\, \ .:i:. * Jv :t- - iJ=i:rivC}::d::.. 0 -c Pc 1 
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1::: 7- c :::x � =J 7- vi ,  ��1¥Jt.r�:ti.\t0) ELF to cl: �  VLF :m,�,-e � 0 iJ\ VLF 1::: 7- vi, .ltlrtl 

1¥)1[./ii/i-m-e��-t 0 0) vc.:xJ L ---C ,  ELF ::z � 7 7- vi, iJ• t.r � Jl1fiJ• G �� L ---C < 0 t 0) -C:' , 

m��O)��m-=tffl��ffl KOO-t 0 �Wl¥J�ffl�� O) i i N�-t 0 ;: c K � 0 . 

1tE*. ;: O)��fil-=ft!I�{'Fffl vi , Ji'ffi'O) VLF � Q \, ' Vi ELF iJ:ti.ttO)mrutEl�iJ; (fil-=f C 0) 

f§�f'Fffl O)�ffl-c-) , ®Jt¥Mt 2- n 0 t 0) c � *- Gn ---c � t::... Ln· L,  ��O)•'rtvi vi 0 n· vc. 

�� � k t O) �, ts l..- 6 ,  i fff1[1¥J � 7 x ��� c l.,---C ,  � 7 X �tt��+%KN�-t 0 

%-c-��iJ;%nlt� n. �;h,iJ�����vc.��-t Q ;:  C iJ� . cl: � ��1¥Jt,r '[f�-c- � Q ;:  C iJ�fU 

§fl l., k 0) -C' cf> Q • 

i f, ::z � 7 7- O)�� gf;liitvc. Lt::.. 0) vi, �i/i O) TsURUTANI and SMITH (1977) O){±•---c-, Ii(! 

10 vc. , ELF iJ:ti.ttO) ::z � 7 7- O) ��:/mm�� l., ---C \, ,  0 .  Jffi'ffi°O)�§Jj vi, 10 keV-100 keV O) fig 

lffl0)1[-=f 0) 7 =J 'Y !J 7- t7;:fl::k L, ;: ;: ---C ELF mm��@:� generate -t 0 c \, , ? .b ?  K ... t,r � 

;h,---C \t , t::..iJ\ lO keV-lOO keV vc.tJt::.. Q fil-=fMvi , t � c radiation belt O) P-J{ffivc.�A Lt::..tt 

i�-c-� .mvc.� i ;h, 0 ;:  c t7;-=y� 2-n, ts L- 6 ;: 5 Ltdl:ti.ttvi, 10  keV .l;l.TO) ;t � P =J fil-=ftF 

�' � keV 0) sheath P'J 7
°
=J ;7,,· �tFn· ; �� l., ""( \, , 0 . "'.)j � '  fc/2 cl!> 0 \t , vi (3/2)/c -c:-�� 

NORMALIZED OCCURRENCE 
VALUE PERCENT SHADING 

0 • 
• • 6 
6 9 
9 12 

12 - 15 
1S 11 
18 21 

I 21 • 24 
9 24 • 27 

IO 27 • 30 
II 
12 
13 
14 
15 
16 

EQUATORIAL CHORUS 

IMLATI Ei 1s· 

� 10 ELF ::1 - 5 7- 0)913��Ji:f:g::l{ (TSURUTANI and SMITH, 1977) 

Ftg. 10 The normalized L-L T d1stnbutzon for equatonal choflls (after TSURUTANI and 
SMITH, 1977). 
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i" .i5 J: '5 ts: lr1tiii¥J 7
° 

7 7--' -:r �Jlm}Jil; ,  �hl!�m!Jvc�� Lt::. <b (!)"( 2i, 0 -:.  c 'a:'.'�j < 1G�-t 0 t (!) 

(_ 4) Q ,  

� :h 'a'.' �vj vt 0 J: '5 ts: 7' � !J r )V ii; li,{NIJ � ;h -C 1, , 0. TSURUTANI and SMITH (1 974) vi , post

m1dmght chorus 'a:'.'�]i]IJ L -c 1, , 0 ii;, 7c (!) 7' � !J r 1v vi, � 1 1  v::.1G-t J: 5 vc �r�vc �ITTR-C 7 7 

v J, ts: -tJH§'a'.' 11� L 't 1, ,  0. -:. (!) �ii', 500 Hz (!)ffg5)-v::. .:r:. � v -;,,, :1 :.,; i1;%1: L 't 1, ,  0 ii\ -:. (!) 

fflll!Uvi, Lc:--=6�7  ftill:-C vifib;h --c 1, , -c, tr,ts: � :EHeMtvcbt::. � -c {��L-c 1, ,0;t=Jt§�1G-t. 

--c;hii:V,m-c-vi, fc/2 f.tJlI -C JtZ�-_t"07G*5EvCit9lzs!L-C 1, , 9  c i":hvi, !l' 1 -G � 1v ;r[[{tJ-'a'.' f]e 

I "':� : "d; :, . . · ' · ·:� : �:�. :I • ' IM :· .· ( '. ' ��::i•: ·: � 

OG0-5 REV 60 
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MLAT = -12 2° 

L = 6 70 Re  

Bo = 86y 

� 11 (���J§�i-c il'l,/J!IJ 0 ;ref_: ELF ::.i - 7 7' 0) 7, � !J ), ;v , -ij- -- cf- ::.i 1 ;v'� ffl \, • -C /1�liJ 
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