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Observation of HF Plasma Wave Spectrum at Ionospheric Level 
Using Sounding Rocket S-210JA-21 in Antarctica 

Hiroshi OYA*, Hiroshi MIYAOKA* and Sadao MIYATAKE** 

Abstract: An observation of the plasma wave spectrum in a high frequency 
range from 0.1 to 10 MHz has been made using the ionospheric sounding rocket 
S-210JA-21, launched on July 26, 1976 from Syowa Station in Antarctica. Plasma 
wave emissions were observed in two frequency ranges; the first range is from the 
UHR frequency to the Z-mode cut off frequency, and the second is a range lower 
than the electron cyclotron frequency. The center frequency of the first kind emis
sions indicates a variation corresponding to the local upper hybrid and to the electron 
plasma frequencies along the flight path of S-210JA-21, indicating an evidence that 

the emissions are produced in the ionosphere as a result of the wave-particle inter
action due to the auroral precipitation particles. The intensity of the second type 
emissions has been changed in correlation with the electron flux in the 40-60 keV 
range that is observed by ESH simultaneously. It has been clarified that the second 
kind emissions are plasma waves of the electrostatic origin which are also excited 
at the lower ionospheric level by the electrons precipitating along the auroral field 
line. 

¥ti: m°ffii:z ?" 7 r S-210JA-21 %:fl�cm:tt�.nts:: PWH tcJ: I), m"ffi�--]i�c 

iovt"G�m!rlit�7
°
'7 ;<"�ilslib?-�!! r 1vO)lJ1JlUil�fib.nts::. kO)*s*, i=z ?" 7 r ili:#J 

-C:'O) UHR mlilsl�il�G Z -=c� r'L�ttfrmiilsl�tctJ�vt-CO)*�• io'J:'CJ.-r-lf"1 ti i=z 

r i:z ':/m.lilsl��r. 0) 2 "?O)*��Cio'\,,"(hffi�t.i:.:c. � 7 v a ':/il•ftilU�.nts::. 
fij�O).:c. � 7 Va ':/-C�t, k0JmJilsl��ibiJ•••J1•-r�lt0)7}iffl:ffUt�:-J: < Bz� 

L-C io IJ, ;: O).:c. � 7 v a ':/iJ�.lt1i'.cB9 i:z ?" 7 r ili:#J-C·mbta �.ntd) 0)-c;-� G C c � � 
�- �k-�O).:c.�7Va':/t���ftffl�.nk•r•-r7'7-;ttl7-c��L-Cia'IJ, 

C .n GOJ.:c. � 7 v a ':/il�ffi�--]i�c-1) Jb'b'.rfil-r c O)ilslibf1-rffl1L{'Fffl OJ*s*, 
rffil •• Ji v�1vtCia'\, ,-cJ5bta �.nts:: 7

° 
'7 ;<"�ilsllb-c:-� G;: c il�fU!!ll Lt-:. 

* JR�t:k�3:!E�f$. Geophysical Institute, Tohoku University, Aramaki Aoba, Sendai 980. 

37 

** -�Jim:k�- The University of Electro-Communications, 5-1, Chofugaoka 1-chome, Chofu 182. 



38 

1. J¥ 

Jli:¥, ffi£ vc J: o 7
° 

7 ;(-;,'�ibO)mU�iUJ!Uh;m�lffi�:lwcvc� "? --Cfibho J: :>vet;."? k.iJ;, 

m�ll! 7
° 

7 ;(-;,' i7;�!:::5f-ffij·-e Lh· cb � \, ,m1t 7
° 

7 ;(-;,' '"t:' tlb o t. c "a:' lz� L--C, -t t. tc�:t�fi� 

�O)�ib.:£:- - Fi7;f¥tE-t :o c. c iJ;§J:J Gh·lctce 9 "'.)"'.)tlb :o. �vc, ;;t - p 7 ;;t -/� 1Hci@:*5 L 

t.::.m:1:JfJjHczil :> ili:lwcvc:tc;\, ,--c �i, zilm:1Jt)7l:151PJK� 9 � tr�Tf1rffvc J: 9, �+ Hz iJ. G 

fis kHz vC�,o ]AfglfflO) )WJ��m:lwcvc:tc;\, ,'"( 7
° 

7 _;:;(-;,"if!libiJ;ffj}J� � h, --C \,' o (GURNETT, 

1974; GURNETT and FRANK, 1977; OYA, 1979; MORIOKA et al., 1979). -t L--C t. h, t>�!Jt� 

=f km O)ffi:lg\cm�ll!vc:tovto�ibf1rfflli{'Ffflh;;;t- P 7-tj-':f.7-. r -AO)��vC)(";jl,'"(� 

boo--C *ff1¥Jtce��"a::' L--c \,, o c O)!;l�iM�l i 9 "'.)"'.) t!b o. 

� /{ �i, t. n i '"(·0)1fj£fflill'"t:'�:tffliu L�ft.iP "? t.::.�}Jt 100 km 1ru1f 0)1li1Hi l/-'"'/VVC:tci 

vf 0 � r,¥J � iJi:lwc ( 100 kHz-10 MHz) 0) 7
° 

7 �- -;,' � ib 7-. -'"' J7 1- 1v 'a:' ffl ill l,, -t t. vc :to V1 0 � 

ibf1rt§li 1t ffl "a::'M§J:J-t :o § 1¥J'"t:·, mffi p 1r 'Y He c1: o miu'a::' rr "? --c � t.:. 4-@J, s-2101A-

21 %�vC J: o ffliU-e t. 0) iJi:lg\cvC:tcivf o �ibfJL:rfflli {'f ffl 'a:' lz� l, f.::. §J:J�ft.�ib 7'-'"' J7 r Jvi'.J; 

miu � n t.::. 0) '"c', t. nvc "'?",--ct) r* 15-t :o. 

2. }Jl jlj � 7" -r L,. 

S-210JA-21 %�icm=��nt.::.�OO�m7
°

7;(-;"�ib7'-'"'Jl r ;vffliUi (PWH; plasma 

wave in high frequency range) 0) 7'' P 'Y J7 �"a:'� 1 vcffi-t, t. O)ffliu�-e�:t, 100 kHz-10 

MHz vc�-t o Nr]��iJi:lwcO) 7'-'"' J7 1- 1v"a::' 2 JWJ�m (100 kHz - 1  MHz � J: � 1 MHz-10 

MHz) vc:5} � L --C -t n.:f n 250 ms -e¥r1}5 [ HiU-t o . A :1J �!Jt 5 µ V rms '"t:' 3t 1 7 � 'Y J7 v :/ 

� 60 dB, m:lwc�i 5 kHz ({Ih,JWJ��iJi:lwcvcx;J- l, --C) :to J: � 50 kHz (�\,,r,Irj��iJ:lwcvcx;j l, 

--C) 0)�1a�iJ;, 1.2 m 0)-ffe: � "a:' cb "'.)-)("JO) 3?''1 ;f- -1v 7 :/7 7 vc�ifm: L --c \,, o. 

S-210JA-21 PWH 

� 1 S-210JA-21 %�f;:.i*:tt� n k PWH 0) f µ y � � 
Fig. 1. Block diagram of PWH system on board S-210JA-21. 



No. 69. 1980] 39 

3.1 Cl Jr "I � �t-j�Q) ��jl 

S-210JA-21 %1Ht, 1976ip 7 JI 26 El 3 �230- ( 45° EMT), al3�£:1:t!! J: 9 je!,LI:: r :%3 82°
, 

15&:%3 315° ··etr"t:>J::tf G.:h, i&j@jfUJij@joc�t 115.8 km v::.Ji L-t-:. 1=2 'T -:; r je!,t�vc:tovt 

Q;l:t!!���i -40 r (H 1*:0-) ��O)�"' CJ:? !LO)J&q:t--C:', P 'T-:; r �i diff use a urora O)ff 

ir$�-OlU 0) ftlm vctr't:>� 'i .:h --c", Q. fqJ �vc;l:t!!J:: --c:-�t. �51", hiss iMilU �.:ht-:. 

3.2 � L J;? illi&l�ctolt=5 7°7 ::(x 1{7 ;C-?'-

� 2 vc S-210JA-21 %ffl!O)� L, J:? ift�. :to J: ry� L, J:? ��vcz,f} -?t-:�:f;glt�nl<;;!t��mJ� 

f£ (UHR mJ�f£. Ur FuHR)' 1(-=f 7° 

7 ;(-;>' ml�f£(Fp), L (Z) ..:f: - r' .7J 'Y r :;:t 7 mJ�f£ 

(FL=o), :to J: rH!t-=f-lJ-1 !! 1=2 r 1=2 -:/ no�� (FH) O)��ltmJ�f£0)�{f::'a:'�i"- ;:. ;:. vc Fp �i 

fAJ�vcttf��.:htdi:-=f*�lUJE� (NEL) vcJ: QllffiU*li*iJ:. G;j(2sb, 'it-: FH �t IGRF 1975 

..:£-'f'1Hc£--::><�t�*li*'a:'15f!"?""C"'Q. FuHR :to.try FL=o �t;:.:h,G Fp, FH 'a:'£vc?x:i-:\ 

iJ:. G;j(2sb Q;: c iJ�--c:- � Q. 

100 
,... 

50 

.. , 2d 

00 00 
0 

50 
20 

FuHR= (Fp
2+pH

2)112 

FL=o= (Fp
2 +FH

2/4)112 -FH/2. 

S-210JA-21 

JULY 26, 1976 
03h2:J"'oo5 LT 

Fp : NEL 
FH: IGRF 1975 

3 
1.24 > 

u 
z 
w 

2 a 
1.22 � 

u.. 

40 60 60 100 120 140 ( km ) 

FLIGHT TIME ( s ) / DISTANCE (km) 

(1) 

(2) 

jg! 2 S-210JA-21 %M0)1ff L- J: ? ii�:t-o .t �1ff L- J: ? �\Ut�;::;t-ovt o 7°
'7 ;:("';>'%:ttmJilsl� 

Fig. 2. Trajectory and plasma characteristic frequencies along the flight path of S-210JA-21. 
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Fig. 4. Dynamic spectrum of HF plasma wave emissions observed on S-210JA-21. 
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Fig. 5. Comparison of HF plasma wave emissions (PWH) and electron flux (ESH) 
simultaneously observed on S-210JA-21. 
( a) Intensity level of Type I and Type II emissions. 
(b) Electron flux observed by ESH (40-60 keV for energy range and 75° for pitch 
angle). a is an angle between the rocket spin axis and the geomagnetic field line. 
(c) Dynamic spectrum of HF plasma wave emissions. 
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� 6 Type I .:r. � ';/ '/ 3 �O)*�*i.to J: � Fu HR, Fp, FL=o �Na?Bt�c O)�-f*. Apex #i'i 
0) A ,�K-.to1,,--c Fp<F<FuHR O)fff� (-'' ';I 7" lAdJi�) l*J--c:-j'e� Lt-: upper 

hybrid -1:- FiBZ�i., �::Jn:::.��L--C B ,�v:::.�-;-Q c Z -1:- }'O)�ltriNaiBZ� (A=o) 

v:::.��-;-Q. 
Fig. 6. Bandwidth of Type I emission and its relationship to FunR, Fp, and FL=o fre

quencies. The upper hybrid mode wave excited in the frequency range FP<F <FunR 
( shaded area) near the apex of the flight path ( point A) can propagate downward, 
and reaches point B, where the wave frequency coincides with the Z mode cut off 
frequency (FL=oJ. 
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Fig. 7. w-k diagram of plasma waves propagating in warm magnetoactive plasma. 
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t. (J) FuHR, Fp Ro��Jl[Bi]v:.:t-ovr 0�1bfil-=ff§1[{'fffl (J):fiUEHi , � 7 v:.ffi-t (J)-k �"1 7 !l" 

7 A .. -e 1:!JHtv:.1�IH-t 0 t. c iJ� ·-e � 0 .  -tt�b�,  � Hi Fp/FH=2, ffl:-=filfil.lt 2000 K (J) ru  

1r. 7
° 
7 X-0n:pv:.:t-ovt 0 �lb0-�1*J1*a>ilfil.Jt:t�* t 15°2sbt-:J& Q 1'bt\, , (Snx, 1962) --c-!t• L, k 

0-� liU,i --c-� 0 . "i t-: 7iIUl --c- , 

QJ-k · Y-b=nD e (n =0, ± 1 , ±2, . . .  ) (3) 

(J) Landau m!:t-o J: � cyclotron m!��!1H§1L{'Fffl�{4a>fil-=f.:r. .:f  1v =¥ - 'a' _,{ 7 .J. - fit  c V-Cffi 

l.,"( \, , Q ,  t. t. v:. D e viffl:-=f-it1 !1 µ r µ -:,;feEjmJ��--c-� 0 .  -tt�b�,  FuHR ;o:. G Fp v:. 

iJ:.vt-C (J) Ro��?ff�vi , JA\, , .:r.. .:f  1v =¥ - iffi ltt! (J) �  Tffl:r c (J) F1=1i--c·����14a> riMit-: l.,�0 :o� , 

Fp iJ:. G FL=o (J) Ro��?ff�vi , (J)/k>c (c vi1c3!Jt) (J) ill�v:. 'Ei"i .n 0 t-:2sb ,  t �i� Landau 

m!ffl1L1'Fffl vi�AJn� c t� 0 .  t.,t-:iJ� "=' -c ,  �Tfilr i:. J: 0 mt�EfJt��lblWJ�iJ�!t�  .n 0 (J) vi , 

F p<F <Fu HR (J) ml��?if�--c· � 0 ,  

��v:. ,  t. (J) ?if�v:.:t-ovr 0 �lbfJI-=f f§lL {'F ffl ic--::> 1., ,-c . 'W� 7' 7 x-;" v:.xt t.,-c 10-4 (J) � 

�Jta> ch --::>ffl:-=f e:· - A  C�Tffl:-=fnx:0-) :o�:rttE-t 0 �irv:.:t-ovt 0 �fb(J)1*:ffe)¥a>H• t.,tdt -

*iJ� � s --c-� 0 . �lb(}) k "" !1  r 1v 15 fPl a> ,,{ 7 _;. - � c t.,-c ss0 tJ:. G 20° "i --c·ffi t., -c 1., ,  0 -
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Fig. 8. Growth rate of electrostatic plasma waves due to the beam instability by the electron 
beam with the energy of 2 ke V and the number density whose ratio to background 
plasma is 10-4

• 

iJ�, -t:h.f :h Landau �����{4 (5;\ (3) "c' n =O) :J:o J:: U cyclotron �����{4 (5;\ (3) "c' 

n = ±1, ±2, . . . ) � tililiki""��iJUir::.:J:o 1..,  ,--c , ��l<::�n�nlt* lA� o ;:, c ii� � Gil� c tJ:. --=> --c 1.., ,  

-Q .  
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c � 6 � ,  -�� hk fy� l .:c. � ':I V a YO)ffi-�, � 6 Kffi�� lJ ,  � k O)��K� 

"\ ""(, vi vi FL=O ·jp. G Fu HR vc.bt-: Q m]rE[�fil.!IHC.}A;a; "'.) ""( "\ Q .  l_,;a,. L, � 0) m]rE[�ffi-'"c' 

mUtf�TittrE[ � §e1?. � Q vc. v-i , fflxtM/il¥J .:c. * 1v =¥ -� t "'::> f_ft -=f il; &f� ""c' � Q . � 0) �it, ;t- -

P '7 � Jff}J,m� Q �Tf1-=fvi , t-:iJ,.tiiJ,.� keV ii,. G 10 keV O)fglfflvc. �  lJ ,  � t vc.Jff}J,m � .h G  

t O) vi, Fp<F<FuHR O)fglfflO) upper hybrid -=c - F't8['"c'� Q .  "'::> °! lJ ,  " ' -0 t-:/v Fp<F 

<Fu HR 0) ffi. (� 6 VC.�" '""C ·"' ':I 7 L, ts: ii•) vc.Jff}J,m � h ts: ff m1¥Jtt:m. � t "'::> 7
° 

7 ;:<' �t8[ 

Jb;a\ P 1T ':I 1- O){ftfftvc.�" '""C vi, FL=o<F<Fp O)m7ifJrE[-=c - F (Z -=c - FrE[) vc.��� 

h ""C"'  G � c �ffi�. ts: c x:Ji , � 6 0) A ,B'"c'ffi�il• (apex #Jlr) '"c'§e� Lt-: Fp<F< 

FuHR O)ffi•vc.� Q upper hybrid -=c - f O)t8[vi,  §e� il•iJ,. G T:1Jvc.{�li� G vc.1Jt" ' ,  FL=o 

<F<Fp O)ffi.l*Jvc.'Ei'"! hMcsb , fd@:filgltrc.. l,""(� 5 km T:1J vc.{i;;li Lt-: B ,BVC.�" '""( , 

FL=O vc.-i:t L,  Z -=c - FrE[ c V-ClzM� h Q .  Type l .:c. � ':J V 3 YO)ffi.;a; FL=o<F< 

Fu HR O)fglfflvc.]A;a; -0 ""C \, '  G 0) vi , UJ::O) J:: ? t.i: 7
° 

P ..1z 7' '"c'm§)j� G � C iJ;--c-� Q ;a\ � 0) 

upper hybrid -=c - F (ffmrE[-=c - F) iJ,. GmTittrE[-=c - F'"""-O)��vi ,  t!t�il;�p-�'"c-� G� 

itK�� Q £*1¥Jm•O) l "'::>�� lJ ,  �£ � 7 ;:<'� Bl*J�§e�� GmTittrE[�!-j-0)951?_ � � =  

;< A c L, --c:m�tJ:�!U�*t-= L, ""C 1, ,  G (OYA, 1971, 1974) . 

4.2. Type II .J: � .. , � 3 :,... 

Type II .:c. � ':I v a YvilruiP""c'.7;.t-:� lJ ,  vi Vit OA<FIFH<0.6 O) m]t8[�ffi-� t -0 t::. 

continuous t.i: .:c. � ':I v 3 Y'"c' ESH O)� Tf_ft-=f 7 7 ':I !J 7' c J::��1¥Jxf J;t;a;� " ' · � 0) .:c. � ':I 

V a YO)�ffltfflU1'vc.� l,""( t ,  @:��� l,""( 1, , Q c�x. Gh G �  keV fglfflO)�""f--=fO)B 

iJlUiJ;tJ: "  ,f-:csb §)j1itt.i:*5i.ia� T� � c v'll!l•--c-� G ii; , tk O):fll!EB--C' ,  loss cone 711µt.i: " ,  L v'i 

ml.�A:1Jtt711fi� t -0 k�Tm-=f (-� keV) f¥vc. J:: lJ Jff}J,m � hk FH UTO)tffemrE[-=c - F 

(UT ESLC; electrostatic wave lower than electron cyclotron frequency) --c-� G c � x. G h, 

Q .  

�tJ:b'0,  � 7 0) w-k ;t1 7 !J'' '7 Ail,. G� keV-�-t keV O)m-=f �- - A ve. J:: G �- - AW. 

�*�lt--C'vi, rE[Jbf_ft-=fffl][fpffl�fi ? JW]rE[�il•iJ; Fp J1Im--c- vi , Fp<F<FuHR '"c'� G 

0) vc.xt L ,  FH UT--c-vt O<F<FH O) vivt�ffi-""c't§1f{tffl�fi , .  Lt-:iJ; -0 ""C-t:"hvc.# , 

mtO)ffltffe:¥t &::,f L t F:::::: o.s FH JliW--c-ict:Jdlll� t t-:f, amuM*� , "! < m§)j'"(- � t.i:: " ' · 

-t:"hvc.xt L ,  loss cone 71:,fp � Q 1, ,  v'lfmiI!tA:1Jt1:W.7t1fi�O)-� vc7ifJ1JmatvcfilW:7JfPJ vc..iji 

� Lt-:Ji�Jt:ffJ� t "'::> 7' '7 ;;(�q:,--c- vt ,  F::::::o.s FH JlIW-c�*�il•iJ;tr:ft� Q � c iJ;ffi G 
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;h, --c i. , 0  (YOUNG, 1974; KARPMAN et al. , 1975). � 7 v=.� 1,,, ,--c FH Ur"'C:'-'" ,:; :J- Lt:iJjgx;vt , 

iffil.l!t�nlt TJ_/Tu =10 ( .:: .:: v=. T.1_, T u  v1.:th-fh�:1Jf&v=.:¥@I� J: rPffin[P]O)iffil.l!t) � 

t '0nl<;:5til;�f*O) 1 %0)�WI!t"c'fftE L t-:�ir��5E c tJ: 0 (w, k) iJjgx;�ffi L --c i. , 0 .  .:: 

0) J: ? v=..:: 0) � 1 7
°
0)��5E1i."U1 , F::::=0.5 FH fiifiv=-��;Ei}jgx;iJ;m,;n, Type II .::i:. � ';/ '/ 

a YO) 7- -"'  !l r 1v c J: < -¥fc-t o .  

��v=. ESH "c'll'!mU � hk�rm-rO) pitch ftJ:5t::ftH1, .:t O)tmmUfrilffl 50°-130° v=.x;J- L 60°-

800 #Jliv=. 1:::0 

- !7 ii;� I) ,  loss cone �tJ: I. ,  L vtiffil.l!t�nlt�O) &{[P]�ffi L 't 1,,, ,  0 .  

4.3. Type III .:r. � ''I � 3 :,.. 

� 5 v=-�� L --C;J=�� Lk. J: :3 v=. , Type III .::i:. � ,:; v a '/"c' v'l. ,  �riil-r c O) l=!JHitJ::X't�� 

1*vtJ! Gh f, ts L6ftJI!t a O)i%x'.'Y'�, -ttd? ti µ  7 ,:; r ifimn[P]il;�::fJRin[P] c vi viffiv=. 

tJ: '? t-=�irv=-xt � L --c i. ,  o . .:: 0) .::i:. � ,:; v a '/ 0) Iwie9:lz\Ht c L --c � *- G n 0 0) vi , "i f  1 '0 

it , .::i:. � ')l :/ 3 '/i'.);wmu � hk.�,u v=-� keV �l!tO) .::i:. ;t.  Iv =¥' -� °4) '0?P'.-l:O)fi[-=f-�ril;� 

1J cwmu�v1m:.tt�n--c 1. , tJ: 1. , iJ;) , .:: .tn=. J: o  t::::' - A ���5Eil;� ctda*, F<FH v=-� 

\., ,"(  JAmjgx;O) ESLC .:f: - F�il;!wie9 � ;h,f_:J:iJFJ�ii.il;�vf Gh o .  Lil� L Type I .::i:. � ,:; V a  

'/v=. vt ,  Type III .::i:. � ,:; v a '/ c ln]Jtij Lt-: §131i'{/UJ: 1/-"'Jv J:�il;J! Gh f (� 5 ��) , tmmU 

*5-*�;f}§tJ: < m§'3i" 0 .:: c vt"c- � tJ: 1. , .  

vo=-m 2 O)"j:jJFJ�ii. C l,  't '  µ 7 ')l r ��O)OCifJv=-1f\,, ,  Type III .::i:. � ')/ V 3 Ytf:W!�v=-vt, 

7 YT :r 0) 5'l:�%=1i.il; ,  %:v=-11£.mJ� i&� --c- e - !l � t '0 J: :3 v=. tJ: '?ts: .::  c ii;� vf G no .  -t tJ: 

b ti ,  � 9 v=-ffii"� I) µ 7 ,:; r ii; 7- l:::
0 

Y-t 0 rl"li v=- �,, 1 ;t; - Jv 7 '/ T :r c �::fJt,,, c 0) tJ:-tftJ (3 

ft , f'XAO)� IJ oc1t-t 0 .  

(3(t) =cos-1 (sina • sinwt) (4) 

.:: .:: v=. w v'l.7' l::.° Yftj)WJ��"c'� Q .  1 7'  l:::
0 '/0)rlcl, "c' vt ,  O< lsinwt l<l  "c'� o il� G . (3 O) c  

IJ 14 0 fri lffl vt, 

cos-1(sina)<(3(t)<90° (5) 

"c'� o .  �lOvt , apex #:irrv=-�vt o  .::, 0)  (3 O)fg[ffl�ffi Lfs: "i O) "c'*11i:f,,i"c'-'" ,:; :J- Ltc.iJtg\c;iJ; 

-l-;h, "c' � 0 . c .:: 6 "c' , 4- ESLC -'E- - F iJ; 5't{B" � h --C I. , 0 c -t 0 c , -l- 0) 5't{B" �t1i. v'l. 7 '/ 

'T TJJrtl (/3) c k  )][P] ({}) c iJ;-fk Lt-:�irv=-:it'l::k c tJ: 0 ,  ESLC .:f: - F�0):5J-�'*11*v1 ,  

1ri k i. , 7
° 
5 �--z 0) :ilI {r.l c L --c � 5:\ "c' � x. G h o . 
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a :  Angle between the rocket spin axis and the geomagnetic field line. /3 :  Angle 
between the dipole antenna and the geomagnetic field line. 
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(6) 

t.:.t.:.. L, , R=Fp2/FH2, Z= F2/FH2, D= me/mi -.ttJ:b'b,  �l l K  .. ffi-.t� 9 1 '0 (})  0 VC)({ l,'"( nrJ 

7Bl��i. k (J) * � � vc{tftt�f-Jl,vcJE°i �) .  L,tdi� '? 't ,  /3 =0res(�F) (J) �{lf:ir". I? ESLC 

.:£:- - r"7Bl vc:xt L, --C:4t t ��:tjJ�(J) � 1., ,  WJ7Bt�i1� �lO(J);t°y/ffi(J) 7- 7 - ,v� J: , vci#: �  � .  -.ttJ: 
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Fig. 11 .  Relationship between the wave normal angle and the frequency of ESLC mode 

wave. 

:b't:> ,  Type III ;;r.. � 'Y '/ 3 :/O)flJJlU 2' .:ht-:�tUvctn, ,---c vt-l-O) JJYEt�m�iJq�uf O<F/FH-::;, 

0.2 c. tJ: 1J ,  ,@O) �tU vcJ:t�---c �vc{fJJYEt{JW'"c'§l:{83W�iJ;� < tJ: -:, ---c \, ,  0 .  

tJJ:O) J: ? vc , Type III :::r.. � -:; V 3 :/ 0)  l±lmvt , 7 :/7 :r§l:{§jj[PJ 0)�1t c. -t:.:h vcxti" 0 

Jl��{trfFt! c. \, ,  '.5 ft�iJ. G+0-vcftUlU$�'ia::'m�i" 0 ::.  c. iJ;'"c- �  0 .  

5. � 

S-210JA-21 %1Hcffi:.$;; 2' .:ht-: PWH vc J: 1J ,  100 kHz iJ, G 10 MHz vc?1f0 �JJ�ili�vc 

:to t,t 0 7
° 
7 ;( � �jJJO) 7' -"  ? r ;vftlialU'ia::' rr "? t-:.*s *'  3 11� 0) � �tJ: ;;r.. � 'Y V 3 :/iJ;i&alU � 

.:hk. t. .:h G'ia::'��Ktmru LkM���:t-o J: ��r�T 7 7 -:; ? 7' c. ��M�'la::'fi -:,k*s*, 

;:_ ;rL G 0) ;;r.. � -y '/ 3 :/ vi:ffi�--Jlvc� 1J � ts� rf.ftrvc J: 1J p p<F <Fu HR (Type I), :[-o 

J: � F <F H (Type II, III) 0) � Jl1Et�m v:.:t-o \, '---C Iff;bm � ;h, k ff M!¥1 7
° 
7 ;( �YEtlb'"c' t5 0 t. c. 

iJ�fU� Lt-.: . � G vc ,  ;:. 0) '.5 't> Type I .:r:. � -:; v 3 :/ vi , iY• t.r_ 1J O){ffiJ}M��-1:- - F "i  '"c'-1= 

- F'��� m ;:.  L ---C \, ,  0 ;:.  2::: iJ� � Gil· c. t.r_ -:> t-: . 

UJ:, ::4s: P 7" -:; r i&alU vc J: "? ---c � � 100 km 1ru1:& c. \, ,  5 �lbf.ftr�{Lf[ {t ffl 0) ft�iJ. G vi , 

iJ,tJ: 1J {.f&\, ,ggt]I V-"IH:.:t,o \,  'L t ��ire� rf.ftrvc J: Q �lblffl7miJ�fib.:h ---C \, ,  0 ::.  c. iJ�� 

ru£2' .:ht-:.. 4-@JO)fmalUnxJl!��"i *----c , 4-1:&, J: 1J �uttJ:BalU!':�vc£v::>\, ,f-:.BalUHffifil'!a::'ti 

Jii" Q �\�iJ;;:5;.s ? .  
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* µ 7' 'Y 1- nmuO)����x. --cf � v:)tdID:tz:ffi:tmM�m, tJ:. G uv�� L�,ffl�O)i:f::t-e�� 

v� µ 7 ,y r trt>J:if:to J: U:imJ:t&mUO)#� c G :htdt17{'j(wJffi:tt!!�flmU� (JJfffil*:�:!st) 

O)n � v�}!J[ < �fJtO)Ji�* L ii". i t-:IP.]�v�ffl=-� :ht-: NEL :to J: U ESH 0)-*-r - pr �i, 

.:t:h.f :h 11t�1iJF�mB'�£Z.El;i, 3'.1t�?iJf�JW,J,±IE5ll:E;v� � ,t-: ti "' ,t-: . �b-lt--C fJti':�* L 
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