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VLF-LF Radio Bursts Observed at Local Onsets of Magnetospheric Substorms 

Tadanori 0NDOH*, Hisashi Y ABUUMA *, Masami OsE* 

and Ichizo NISHIMUTA* 

Abstract: Observations of VLF hiss narrow-band intensities (5.0 

±0.2 kHz, 12.0±0.5 kHz, and 50.0±1.0 kHz), horizontal component 

(H) of the geomagnetic field, and the ionospheric absorption of cosmic 

radio noises of 30 MHz have been carried out at Syowa Station, 

Antarctica, since May, 1972. 

Characteristics of VLF-LP radio emissions associated with 59 

magnetospheric substorms which occurred for six months in 1973 have 

been statistically analyzed by using the above correlation data. Wide

band VLF-LF radio bursts are often found at all channels of 5 kHz, 

12 kHz, and 50 kHz within 5 minutes of local onsets of magnetospheric 

substorms. Small absorption (less than about 0.5 dB) of the cosmic 

radio noises at 30 MHz suggests that precipitations of energetic electrons 

above 10 keV into the auroral-zone ionosphere have little relation with 

the generation of VLF-LF radio bursts. The cerenkov-type wide-band 

emissions from auroral electrons below 10 keV may generate VLF-LF 

radio bursts, since the auroral breakup occurs simultaneously with the 

local onset of magnetospheric substorm'. 

In the growth phase of the magnetospheric substorm, intensification 

of the westward electric field in the neutral sheet associated with thinning 

of the plasma sheet causes the inward plasma flow in the magnetotail. 

The electrostatic plasma instability causing the pitch angle diffusion of 

electrons occurs near the inner edge of the plasma sheet (L < 1 O) as the 

plasma convection develops, and then the plasma sheet .electrons (0.1-

10 keV) precipitate, due to the pitch angle diffusion, into the auroral 

zone along the geomagnetic field line. 

Thus, the cerenkov-type emissions generated by the auroral electrons 
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precipitating from the plasma sheet may produce the wide-band VLF-LF 

radio bursts at the local onsets of magnetospheric substorms. 
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Fig. 1. Scales of spectral power flux densities at each 

frequency channel of VLF hiss narrow-band data 

(Syowa Station, Antarctica). 
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2. ���./itO)rr:a?.Jr�lffl��c# '.5 VLF-LF �"tBt,,� - A I-

IZI 2--4 �i, -t"h-th 1973 � 10 A 7 B, 6 A 29 B, 6 A 24 B O)lpfij 2 �---3 �lj[ CW: 

!&I 2-8 ��!ffi,0010)m}Bfl¥J!fflfra� (:;t- P 7 breakup) 0) VLF-LF ltrBt,,� -7-. r (lllf¥0£:1:!!!) 

Figs. 2-8. Examples of VLF-LF radio bursts observed at local onsets (auroral breakup) of 

magnetospheric substorms. 

Fig. 2. 
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Fig. 3. 
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Fig. 4. 
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Fig. 6. 
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Fig. 7. 
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Fig. 9. Substorm-time variation of occurrence 

frequency of VLF-LF radio bursts (in 5 minute 
interval) occurring for 59 magnetospheric sub
storms observed for 6 months in 1973 (Syowa 
Station, Antarctica). 
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jg) 10 1973 �O) 6 :h JH-mc..:Je� lA-: 59 @JO)wl�f?litO) 

lffl�{:
f
iruf&tc..;Je� L, t-: VLF-LF iitrer,� - 7,. r O)*lfiwG�i�, 

0) 0-:fn (11Bf0£:!m) 
Fig. JO. Distribution of durations (in 5 minute interval) 

for VLF-LF radio bursts occurring for 59 magneto
spheric substorms observed for 6 months in 1973 (Syowa 
Station, Antarctica). 
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173vc. VLF-LF tv(!,j-O)Je�$iJ�i&:;k--C\3I> '? k.:. c c �'15' L, "(\,, Q. 

� 11 vi 1973 � 8 A 13 Svc., :l:fu��fisibc�mH*vc..J;;�q:tl.;J,BtHC..R9.:. '?f.::. VLF-LP 1tl. 

M 0) -WU"'t::' S Q. 30 :B-Fsiu 1: t � < 12 kHz :to J: tr 5 kHz 1tl.M 0) � 9 � vc. 50 kHz :McM iJ� ,,.:; -
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� 11 il'A�tnc� 1* ts:. L vc9f§1:_ Lt::. VLF-LF ffl:lBt:/� - 7-- r � ffU (�5¥0£:!m) 

Fig. 11. Example of VLF-LF radio bursts which occurred independent of the magneto
spheric substorm. 

� 12 �f1J£t-tl!.--CWlmU�;ht-=: VLF 1:::7'7' r -A�{fU 
Fig. 12. Example of VLF hiss storm observed at Syowa Station, Antarctica. 
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� 12 vi!t!Htfl�mtb, CNA 30 MHz 'm:1Jl��JDU::� < �M�vc,tg.:_ "? k. VLF 1::: 7-7- r -

A O),WU··es Q. 5 kHz l::: .A 0)5$Jl)i 10-13 w ·m-2 Hz-l vc t J¥ L, 2 a�Hait.LI:: t i!H�tEBVC3e 

1:Lt..:.:. c.�5r-V-Cv,0. 12kHz --Cvi 10-15 W·m-2 ·Hz- 1 itdi-t:":ht.J..r, 50kHz --Cvi 

10-17 W·m-2 -Hz-1 O)�§\,,t 0) LiJ•tiiJ!U�ntJ:iJ�-?t..:. wl�lffli.tlffl�ii'lltj=O) VLF-LFm�/�-
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A 25 B, 10}3 6 B, 10}3 16 BO) wl�!IJjtvcf=j: "? -C§e1:Lf.:.\,,,0\,,0fJ:ffi_O) VLF;f&:!fJO) 

-WU�#� 1,._,11 vc5f- Lt..:. 

3. i" - o :111-f-iJ, G 0) k L/ Y ::r 7 VLF t&M 

firim--COO GiJ�tJ: J: 5 vc, :t- - r:i =; 0) breakup i tdiwl�!llit 0) �?.frEBlffl� llti= vc 1t9.:. G 

VLF-LF m�/{ _ 7' r vi, J.t7*:rgx:7,. « !l r ;1,,�fif'b, -t:"0)5$0C l:::° - !l vi 10,._,20 kHz raivcs 

-?-C, 3x10-14 W-m-2 -Hz-1 fflilt--CSQ (KOKUBUN et al., 1972). 
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(j!gwl�:iG��OC A= 65°) �·Ji G wl jJ� vcfJ "? -C 0) tl-r 0) 7
° 
5 ;( '""'<' JW.1 zEl� fpe, tl-r 0) � -t 1 
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, J=l.5-2.5) n�G 0)-t v ':/ ::r 7;f&:!fJ$.O)Jt1fj�� 14 vc5f-'j". A= 

65° O)jjg3*wl:1J�JjtJ:O)jjgiM� G if0 2.5 X 104 km (j!gwl�tlilt,._,30°) O)F,}rvc, 3 kHz, 400 Hz "c' 

lli::k 0) -t v ':/ ::r 7 t&M i;: JJ :rgx; n � t¥tE--t 0 . ftl! 0) m zEl � --c:, t , :iTi 5$ 0) -t v ':/ ::r 7 t&M:rgx; vi jjg m 

��J!IOOJ:vCvi tJ: < ' wl��oc 30° ill 9 vCtttE.i"" Q. 

MAEDA (1975) vi, Aiffi£0)fiiJ{Uf@:iJ� G >l<�t.:. mead-fairfield wl�-=E-T ;1,,t,o J: U 1 ;t ':/ 

iffi.fflt, 7·=; ;<'""'<'WJltO)Aiffi�JcJ: QtiiJ!Uf@:n�G�\,,f.:wl�!ll7
°
5 ;(""'<'Jt1fi.:i:- T. JI,,� ffl \,, 
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::r 7 t&M�JJ�tt• Lt,.:. Mead-fairfield .:f: -r ;v·-evt, �:ffi-=fm�vc < G «--cmJJ�b��-OlU 

--c�:nvc�vi� n --c tu 0, wl:1:J�O)f.$:ffin�::k � < tJ: 0 -c1., Q. L k.'/J� "? -cmJJ�P'JO) ;t- p 

5�-rn�G O)�t&M'm:JJ t, �ffi-rwl�O)�it J: 9 f "? c.::k� < tJ: 0 .. 

A=70° O)�{JlijO)JJgfJ<wl:1:J�P'J��Ti"" G 0.1,-,10 keV O):ilf}(.7,. « !l r ;t,,�.'.:fviE Js(E)=4 X 
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108 E-2 (cm2 · s · ster · keV)-1 , :to J: (f fill! ;7,. � !J r 1vmrvft: JiE) =S x l01E-1 - 2  (cm2 · s • ster • 

ke v)-l 7J � G 0) 1 :/ :::l l:: - V :/ r -1:: V :/ :::l 7 :fiZM vi' -t tL 7c ti, 20 kHz :to J: u 10 kHz "t:'md( 
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Appendixes 1-11. Correlation records of VLF hiss narrow-band intensity, geomagnetic H
field, and ionospheric absorption of cosmic radio noises of 30 MHz observed for mag
netospheric substorms in 1973 at Syowa Station, Antarctica. 
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