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Charactenst1cs of VLF Hiss Observed by S-310JA-2 Rocket 

Tosh10 MATSUO", ]wane KIMURA� and Tetsuo KAMADA'" , 

Abstract: VLF hiss was observed on the S-310JA-2 rocket at Syowa Station 
m the Antarctic region (69°00'S, 39°35'E) at 03 22 LT on February 10, 1977, durmg 
polar magnetic storm ('1H, -680 r) This hiss was observed only with a 2 4 m 
tip-to-tip electnc dipole antenna, not observed with a fernte core loop antenna, and 
exh1b1ted a sharp lower cut-off frequency which seemed to be associated with lower­
hybnd resonance (LHR) in the vicmity of rocket, 1f we assume the 10n compos1t10n 
and electron density, at the observmg altitude Therefore 1t may be the first rocket 
observat10n of LHR hiss We also obtained altitude profiles of sheath impedance 
and 7 kHz hiss strength 

��: VLF )11(02� lOkHz) ��ft_QJllj��f,g-lik, Lt-: S-310 JA-2 -ij'tfvc::_ l I) VLF 

l: 7' i.MtJlJllJ� ,ht-.:. ;: 0) l: 7- vifi�:W- (H) --t /T --u1t£1UWJ � ,h-_?-, '�JI!. (E) --t / 
-it - O);l;J::::.f_QiJl!J� h, Li.J, "i:i 1::-0)T�.RO) n v r- :-t 7 i.J,:,, -,, - 7°-c, i.J,--::>1::-0) OOiBl� 
i.J, P Jr v r- i[t;qO) LHR Jil\JaH!U::-fzi-0 c HfjE�h0;: c i.J, G, C 0) l: 7,vi LHR 

l: 7, c%f� Gh, t L�c 5 t-:t --l0 t p 17" 'Y Hiiurn-ci1tJJa1_)-cO)tm,J111J-c00 l: 7, 
0)7kHz��O)��c�-7'1/�-�/7,0)�&7°P771�tfflGhk 

1. (i t, ?!) P: 

{illiJW< "( ;lf� L J: ? {* "( C7) d/- t& �lj � h 6 l: 7' C7) ? '0 -t C7) TrN C7) 7] 'Y ], :;j- 7 iJ; WH::dP tee 1t> C7) c L 

"C 1) V-shaped l: 7,, 2) VLF 'J --it-, 3) LHR l: ;z, 'ia:' 1ivf 6;:. c iJ; "C' � 6. lnJtm 5 ffi 

£C1)ffil{Jl1Jr:.16 t 1) it'�M�YlU--C'� 1? (MosrER, 1971), 2) v:t H n1Z5t J: 1? t E nx:5tC7)J:th;*� 

j:::. � 'tt,;:. cir• G �Jl C7) wave normal iJ; resonance cone angle �cJlf 0 < Fiffe�s";tce �7i}l1E[ c � x.. G 

h "( 'tt, 6 (MOIER and GURNETT, 1969). 3) v'l E --t :/--l;l- -C7) d/-VCW!�U � h, -t C7) r}l C7) j; 'Y r 

::t- 7 JWJ1E[1&iJq!JrfilO)if�fil. r�Et c t t v� I{Ib iJ, Ztr£0)fnJfflJ:tJtce LHR Ji181E[Jnc-f§:--t 6 

(BRICE and SMITH, 1965). S-310 JA-2 %t-t--c wimu � ;h kl: 7' Vi 77 'Y ], :;t- 7 0) §)=j G h� tee l: 7' "C' 

'Jj "? k. 

* :�flilljc$I$$1lt�I'=f=�=t!t�. Department of Electncal Engmeermg II, Faculty of Engmeer­
mg, Kyoto Umvers1ty, Yoshida-Honmach1, Sakyo-ku, Kyoto 606 

** 15r'=i"r&::k$��1ilf9'Er9r Research Institute of Atomosphencs, Nagoya Urnvers1ty, Toyokawa 442 
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1977 if. 2 JI 10 El, 03 � 22 5t (LT) V(. VLF, HF ffim?ElWiiJ!U�, mr*l5!, mrml.!5!, 

mr7 =J :;, !! ;t..iJ!UJE���ti�Lts: S-3IOJA-2 %t!IM;aR%0£:f.:tl! (66.7
° S, 72.5

° 
E: Geomag­

netic) ird:::i�JJ�JJ[P]VCJEM�h, tr*l5!iJ!U;E�tJ: J::'�{m��\,,-C�iHinlt� Lk.. ¥e!-1 

�viffi:twUit (iJH; -680r) O)Jlq:t-C', :!mJ:.WiiJ!U (VLF, 1J :;t /. - !J -, j:-tg��' !iimltr'bJ:.vf 

�) 2::��Wi!UiJ;tJ:�ht-=.. t=21T:;, r*-�O) VLF m?ElWiiJlU�0)7-t=2 :;, !!��� 1 vcffiLts:. 

VLF m?El, 7
° =J ;(�{§%0) E 1*;5J-O)WiiJ!Uvi t1p-to-t1p 2 4 m -e BeCu 0) 1J ;f :/vC J: 0 F9�71; 

!J' 1 � -JI,, 7 :/ T -riJ;, its:, H 1*;5J-O)WiiJ!U 2:: L -C 7 :r. =J 1 r :::z 7 7i;J1,, -7
° 
7 :/ T -r (1 cm¢, 

15 cm ffe.: :::z 7, 16000 !J - Y) ii;ffi\,, Ghk.. ;:: ;h G 0) 7 :/ T -r 0) t±l JJvi 0.2-10 kHz 0) /::. :/ 

F$1�if--t 0{1£JWJ?El�$1�, AGC �$1��im Ltdit, J:tffi�T v /. - !J - (WBTM) -C'1A* 

�;ht-=.. E, H 0)1*;5J-vi--z:-;h..f;h IO tr;, 5 tJ;F1=190)�5J-!U-C'1A*�;h, WBTM O),@vc IO kHz 

0) /::. :/ F� O){"B%0)'§�*l5j!5!<b )(;j"�ff:� �;h -C1A* �;ht-=.. i k., !J''1 � -JJ; 7 :/ T -r vc 

vi 15 fy;::'J::vc�tr;F1=19t.:vt 7kHz O):iE�?EliJ;�pjJQ�;h, }WJ?3l��-:h-vC'"f0 c��vCS/-

7-.1 Y 1::
0 

- !J'' Y 7-. �mUJE--t 0 0) vcffl \,, G ht-=.. 

DIPOLE 

IMPEDANCE 

CONY 

� 1 S-310JA-2 ��r::.m:Il� :htc. VLF '�iIUl'l&U�O) 7 P 'Y !1 � 
Fig 1. Block diagram of VLF receiver on board S-JJOJA-2 

3. WVJlU�*c�� 

� 2 v:t.Wimu �ht-=�� L J: :> i=j=t 0) VLF 7,.-"' !I r JI,,-('� 0. �.§t 150 km l;J_�O) JI,, -7
°-0{U 

--e��� < tJ: -0 -C\,, 0$5tvt, H 1*:5tti;��m.1'J;O),@O)��iJ, G O)=f��, vt, � < � 7, !I 

�;ht-: cb 0)-C'� 0. JI,, -7
°
7 :/ T -r cb 'Ei2l?:)fu1,, -7°,;�*0) JWJ?lsl�*rtt��.ll Vt cb, !J''1 � -

JI,, *vcWilU �h -C\,, 0 1:: 7-. viJJ; -7
°*-C'viJ!�t-= G tJ: \, '. �JJ, !J''1 � -JI,, 7 Y -=r -r vc J: 0 

E 1*:5tvtJ:.:niWi!5! 150 km ftili:il· G 210 km ;rli: < i -c- 2::, 'F�� 211 km iJ, G 150 km ;rli: < "i 

-C' 1:: 7-. ti:ttlU �;h, *1 5-6 kHz �J:.O)J:.-O{UvcftlU �;ht-=.. ;:: 0) 1:: 7-. vi'F�JiO) :h :;, r :;t 7 ti:� 
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JH(z ,, ,, 2�:;o'' 
�o-, 

S-310JA-2 

' 

)i:,5 

10 FEB 77 

1J}1 

, � , � < ,., , , '', ' ,' LOOI"' , ,, w+!(l" 

� 2 S-310JA-2 JJHt--cfrJliJHJ::tU·_:: VLF /,�/' 1, 1v 

Fig 2 VLF wect, um obse1 ved bv S-3/0JA-2 

V,LF GBOUND OBSERVATION , 10 FEB 77 

� 3 J:!ftJ_:: --OJUTIIJ � :hf:: VLF ;:1-, � /' J, ;t,, 

Fig 3 VLF 1pect1 um obse1 ved 011 the g, ow1CI 
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jAJ�vctum�nt-:.J!QJ::O) VLF 7' � !7 r }V (� 3) 'a:'d/-6 c, 1:: 7' c � x.GtL015�0-vi 'i "'> 

ts:.<;;,_ Gn f�11tviir• VJ -r:.-'!b -:d-=.. P 1r v r �M�vi5$\, ,&t.$G_ooO)�i=p-c 'lb VJ, � �fir-=fvc 

J:: VJffl:.lliJ;'ffl'.-�n, 5j\,,g&JtZ (30MHz cosm1cno1seabsorpt1on; -3dB) 'ia:'tt-:.G Lt-: 

ts:.©ttftJ::-C-vi, 1:: 7'.n;rmmu�nt�iJ./)t-=.PJFJgltt '!80. L-n· L, p 1r v i- -cnJtu�nt� 1:: A 

0) A� !l i- Jv n; LHR 1:: A t 1tL-c ::fD 1'J, L-iJ· t E nlt5t 0) ;;,_ -c:.- H rn:5t v=. vi@,FU � n -c"', t�"', 

;:. ciJ•G LHR 1:: 7' c�x.Gtl,6. 

-l ;:_ -C', t L, ;:_ 0)1BltfJ3l,�'ia:' LHR 1:: Ac -t"tLvi, :ftgJ::-C:.'vitrl}JtU �;ht�< -c ��-c 'lb Q. 

'its:., LHR 1:: AC -thvi-l O)��jO) }-�<Jsl�vi, A (l) -C--§'-x. G:h Q frnR vc-iz L,t�vt:hvi 

t�Gt�"'' OruEB, *H 1970). 

( I ) 

fflMJiO) 1 :t- :/ O)ftllnltvi, 02 +, NO+ , O\ He+ , H+ iJ. G t,r:_ 0 c � x. G :h 0 iJ;, 1.:: 7' O)Jt�A!IJ � 

:ht-=. 1so-210km O)�,rl-C'vi, 02
+, NO+, o+ 0)-::::'."�0)1 :t-:/'ia:'�P!-t:hvfJ::\,, L-t:iJ�/)--c 

X(02-), X(NO" ), X(O+) 'ia:'-t::h-t:hO) 1 :t- :/ O)'ffl:-=f W�vc:x�·-t 6:t§:xt*JJt c T 0 c, 

X(02 -1) + X(NQ+) + X(O+) = 1 ( 2) 

� 1 .. - -- X(02 +)_..L X(NQ_"J_L X{O _) 
M - 32 

1 

30 
1 

16 1 rff 

( 3 ) 

-c:.-'lb 0 . i=z 1T v r �Ma� vi ffi f.$G lit 0) � i=f:t -c:.-, 

ilH vi -680 r 0) �11::'ia:' L- substorm �-c­

'!b "'> ts:. 'i ts:., B 0) /±\@I 110) � tt-c-, ::t- -

i:z '7 vifi.tllU-c- � t�iJ· 0 t-=.iJ;, :t- - i=z '7 iJ�PB 

flJ�tlQJ::� �c tf=l:!l L---c"', ts:;:. c vi +5t� x. 

G:h 6. �t�O) ::t- - i=z '7 ;1*-C'O) i=z 1r v r ti. 

tJlU (SWIDER and NARCISI, 1977; JHONSON et 

al., 1958) -c-ff Gnk ::t- - i=z '7 r=j=tO) 1 :t- :/ 

W�iJ. G, 1 * :/ O)�tj;f:fl��:l:'ia:':1<©ts:. 

O)iJ;� 4 O)��-c-'!86. ;:.ti,Gviyt15(r=p0) 

"T' - � -e 'lb VJ, � /{ 0) S-310 JA-2 -�fiO) 

��vi, lflru 3 � 22 5t (LT) -C''/b 0;:. c 'ia:' 

200 

� 180 
::J 
I-

I­
_J 

<( 

160 

16 20 24 28 32 
X1836 

� 4 1:sn11o);Jili:tiv:=-i>vt Q o+, No+, 02+ v�xt 

�Q1*:/��AA���-����P77 
11v (1, 2, 3, 4, 5: :tllif!ti� i.:: 1 ? iLrf'-t, 6: 
Mtt�Jiy) 

Fzg 4 Altitude profile of the effective mean 
mass numbe, for O+, NO+, 02 + m the 

mghtflme polar regzon (], 2, 3, 4, 5 di:,­
turbed, 6 un disturbed) 
1, 2 JOHNSON et al, 1958 
3, 4, 5 . SWIDER an d NARC/SI, 1977 
6 ZHLOODKOandKLYUEVA, 1970 
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Fig 6 Altztude profile of elect, on denszty de­
duced from the obse1 ved LHRfrequency 

�I! L-C, t-JT-C-v'i� 4 O)filUIO) .t 5 tJ:!J2f 

·ti.� ffl�,-c'�-=f*OCO)tl5£�fi 5. m-=fO) 

-Jt 1 !J P f' P :/ m � � (J He) VJ- )? 1 $ - IV 

fili:L�iJ:, G -z: v'i tJ:. < , fti*3�Jl'*l �c .t o t 0) 

tJ:,G;-1'11-to. Uffi.U�:ht� JLHR (� 5) 0) 

{w. c I� -=f 0) -it 1 !! P r ;:i :.,; m � � I He 0) � t 

Yi'�{@� ffl � , o c , 5:\ (1) vc .t VJ m -=f 0) 7
° 
5 

;< "Ha¥Bl� (f pc), -ttc1:b 't:>m-=f*OC (NJ 

vt-� 6 K-ffi-t .t 5 tJ:. 7
° 
p 7 7 1 Jv t tJ:. o. 

�O)P 1'T 'Y r��-cvt-��tc1:iJ;G111-=fW& 

0)71*/!!5Atffi�O)ft�'"{77y!} 

7 17 J, (1]\JI I, pnvate commurncat1on) c tc1: 

1? , _l:.t� 0) 1� 6 0) {@:� Tif iJ:, '?ho -t"" t tJ:. �, 

iJ;, ;Eui J'filO) C 1 '5 rSL!litO) !lH c CNA O)jc 

t � iJ, G, Wu::?§" c t vc jc t � , vi c' � -=f ?ff OC 

n:?@j�, (,Nil@, 1977) O)'t*�td\1ic� 

x..G:ho. 

?;kvc 7 kHz 0) IE�.k�� !J 1 # - ;v 7 :/'T 

-:r vcf-P1Jo L, NavJl�" - }J -�fro c ct 

ffi L k:. 0) iJ: � s -z:-� o. 1tt:W-s$m'. 0) {�v'i p 1r 'Y r 0) ��iJ; 7G §JJ tc1: � t iJ, G, 7' 1:: :.,; , 7
° 

� --1:: 

'Y -Y 3 :.,; 0) f�WiJ; Jv� f: i i O){[l[-Z:- � o. J::jtB;-0) 160 km frili:� p,;r:�, -c ?@j�, i@jJ'.!:tO) JJiJ\ 

5�ocn:5�� ,ffirnJ�ffi L-C�, o . .l::�� c T��O) J:t�-c v'iT��O)JJiJ;5!RiJ:, 0 t:.. 

� 0) P 1T 'Y r c'v'il8]B�vc 100 eV-10 keV (�{*®· 1979), iu .t cf� 10 keV-J& 100 keV O)�� 

��IY:J1tt-=fO)@{}{UiJ;fib:h, 1 keV t-JJ::O) 7 5 'Y !l 7,v'i 7kHz 0) e. 7'0)5j)JtO)�OC7°P 7 71 

;v t �ffll;t:j--c-, .l::�ffifO)JJiJ:T��� .t VJ t 5!R�,. LiJ:, L � 8 vcffi L k .t '5 vc, 740 eV t-J Tc­

v'iJE O) t§l�lJiJ;Jj_ G ;h, t L � 0) e. 7' iJ;�l::�!¥.Jfil-f- c Mi*iJ;� o c -t":hvi, � 100 eV t-J TO) fl£ 
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Fig. 8. Altitude profile of 7 kHz LHR hiss 
stren gth an d electron fluxes . 

LHR e. 7.. (!) ��IHI 2:: L --C, 1) LHR Jl !l 1' v;:. J: 0 trappmg (SMITH et al, 1966), 2) low 

energy ilr-=fK.J: 0 LHR 7G3(/E (HORITA and WATANABE, 1969), 3) �L.i: 5-f*E!JlvcJ: 0Jff}J 

�' ts:. c'iJ;�x_ G;h,--C\.,, 0. LHR e. 7.. (!)�� L�-t"\., 'tlitOCvi, 7G�:l:tl!��;r;toc-c· 45
°
-58

° 

:to J: u 68 °-70
° 

vc� 0 (i:pf1fm, 1976) ;:_ 2:: �� x. 0 2::, 3) vi�;'.E(J);r;toc�ID?.l=!]j Lvc < "',. 

'i k, 2) vc ":)\.,, --c vi, 68 °
-70 ° 

(!) J: 5 ts:_;ti�'c'vi low .:r.. -t 1v =¥ � f.ft-=f(J) 1$ rt 4H, ;:_ ch� G, 

2) (!) AJt�ttiJ;� 0 iJ;, i:p;r;toc{J[U-c'(!)�§J:l iJ; L vc < \.,, (!) -c-, l) (!) AJt�ttiJ;5j\.,,. � 8 vcffi L k. 

LHR e. 7.. 5jlt(J) �it 7° 

i=r 7 711viJ;�OC(J) iWtJ < ts:. 0 vc1fE\., ,, 5j < ts:. 0@l[P]vc� 0 ;:_ 2:: vi, 

(_(J)�M(J)��--��X.0��(!)e.Y1'K�0��6?. 'i.k, Aiffi£�ttLHR e.7.. 

(J);r;toc®ts:. �1tvi11lU5:E-c· � 0 h�, �oci¥J�1tvi�1Jrn-c- �ts:."',. 

*tlH!r-c'vi 'i "? k < .bhts:.h� "? t.:.h\ � 2 (!) ft 1 ;t; � 1v1JlU (!) 7.."" !7 r 1v -c-, *9 140 km (J: 

::n�)-160 km (Tl$�) (J)Ft=1ivc 1-4 kHz (!) 7.."" !7 1' 1viJ�� Gh0 iJ;, ;:_ :hviD�l¥JzEllb c �x. 

Gh0. ;:_ (!) 3( 1 7
°
(!)ZBll!Jvi, jqi�vcaff¥1J£:J:tg-c-�M�ht.:. S-310JA-l, S-210JA-20, 21 % 

8-C' t �mu� ;h, --C \.,, 0 iJ�, � (!) ��-flvijrJts:. t (!) c � x. G ;h, 0 (KIMURA et al., 1978). A, 

@J(!)mti i=r ,r 'Y r ��(!) J: 5 vc, zElt!J c firr(J):flDH'F.ffl� 5- � �vc Lk�,IHi, �z.rit-c-t 
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c:.. 0) p 1r 'Y r ��vt, f� :{r,ti:ttlfb,Jf 5'GJ=ifr0) 4t 21JiJr* c L --c fibn t-.:. t 0) --c as � .  ��O) a;g� 

�Jtlrc-0) p 1r 'Y J, }J 'bJ::r:f ::t � v - / 21 :,; u 1 �:t!QJ::WUJlUvt , 1 s  <X� (ti*�fi:, !�%W:i1J 

�ffe:) O)� < O)�JtO)JJ k 0) c:..''2r'.%' vc l -::i --cnx::s/1 Lt-.: cb 0)--C-, c:.. c:.. vc ,C..,iJ, G �fflO)��� L 

i -t". [r§'J l�Jf{Hfl,ll;O) irt=f 7 7 'Y !l 7' {J!UJE� (ESL) 0) T - !J vi, :wJ�7C+�'m!IDt�iYT-'.9Effl, j{._ {% 

Y�filf1Zi vc, i t-.: P 1T Y H'e-!M S�0) -1 ::t / !l "7 A0)7 - !J vi, i�{BZNJ'.0cFfriJ, G ffl1t , tc. . asb-tt 

--C �JJ���:f. L i -t" . 
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