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

Tadanori OnpoH*, Hisashi YABUuUMA*, Masami Osg*

and Ichizo NisHIMUTA*

Abstract: Observations of VLF hiss narrow-band intensities (5.0
4+0.2kHz, 12.040.5 kHz, and 50.04-1.0 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-LF 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 <10) 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

* A EEPZH. Radio Research Laboratories, Nukuikita-machi, Kogagei—shi, Tokyo 184.
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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 2.3x10::;'
5.9x10 50 kHz
frequency channel of VLF hiss narrow-band data
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(Syowa Station, Antarctica).
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2. WKBEORBFAIEBCH > VLF-LF Ei <~ 2 |
R 2~41%, ThZTh 193410478, 6 A29H, 6 A 24 BOFR12 F~3 B (R

B 2~8 MXBEERFBE (4 — = F breakup) » VLF-LF B — 2 + (B H)
Figs. 2-8. Examples of VLF-LF radio bursts observed at local onsets (auroral breakup) of

magnetospheric substorms.
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_ July 16,1973
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Fig. 9. Substorm-time variation of occurrence 26' 5 kHz
frequency of VLF-LF radio bursts (in 5 minute ~ o
interval) occurring for 59 magnetospheric sub- 10
storms observed for 6 months in 1973 (Syowa o
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Fig. 11. Example of VLF-LF radio bursts which occurred independent of the magneto-

spheric substorm.
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Fig. 12. Example of VLF hiss storm observed at Syowa Station, Antarctica.
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B 12 13BERIEE), CNA 30 MHz BEEE TR & 4 { EBIRICHR Z o7 VLF e AR |~
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ALz 2R LTS, 12kHz w2 1008 W-m2-Hz! ¥73FhLF, 50kHz Gl
107 W-m~2-Hz™! g\ b D LB S hinds » 1o BB BASR O VLF-LF B~ —
A, 10-20kHzZ IZARZ PABEDOE — 2% > T X L, K120 VLF v &
AL—AFHGMT 10KHZ L FD VLF i AR 2 MABEDO E— 2% b, FOFRERE
BLiiEobnL 3R sb0tBhhs. ZORXOKREK, &L LT, 191344 A
197, 4820Q8,781\8,7823\8, 7TA26A8, 7TA27RH, 7A30[, 8A1[H, 8
A25H, 103608, 107316 B0 BIKBREICH > TRELIWAWATRO VLF Kbt O
Bl%&FF X 1~11 IZ7R L.

3. A—uvSEFNnbDOxIya7 VLF 4

RIEICHL AL X 518, #—r 50 breakup ¥ IXRKER © RFTWEBRCRE Z %
VLF-LF B — 2 M3, EEEA <7 P ARHD, TOME Y — 213 10~20 kHz B
T, 3X107* W.-m~2.Hz ! EF T4 % (KOKUBUN et al., 1972).
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10° E~% (cm?-s-ster-keV)™!, 3t OB A <= 2 b BT J(E)=8 X 107E~1"% (cm?-s-ster-
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BIEOPITRA X 5, MREREBKBE O VLF-LF & — 2 MY, HBREU x 58l
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oYXl Fig. 14. Percentage distribution of the power

Fig. 13. Distributions of the electron plasma fre- flux density for the cerenkov emissions
quency (fpe), electron gyrofrequency (fw.), and from auroral electrons (100 eV-10 keV)
lower hybrid resonance frequency (frzr) along the along the geomagnetic field line of A=65°
geomagnetic field line of A=65°. These parameters for 3kHz and 04 kHz waves. Left end
are computed from the collisionless plasma model of the figure is the geomagnetically equato-

and the centered dipole magnetic field. rial plane.
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ET 7 XMW T 0, TuTy 53835 (TL 3 X O Ty 3N EE B X 0T iiR
EERRAY). LT LS10 ORIz TG, 735 X~ v — 'HBEMN 7 7 X ~RE
ENEL, EBHFHLERCL-T, 779X~ v— 1 BFOy FABOREES. 20
BRI A<y — P BTFRIBIRCE - TEBHEE~HET 5. L=101% 4=715°, L="7.1 %
A=68°, L=5.6 13 4=65" THsH Z L EETH L, Yo FAIMTHRTIS /I X~ —
MNEFIL, BAUOBEHEEBICE T 5 Lkt 5 (KENNEL, 1969; FREDRICKS, 1975). =
£, ANIHEOBAHERCIE, 773X~<v— VETOHEREEL 0.5~10keV T 108~
107 (cm?-s-ster-keV) ' BET, v 4 v NI HZBECHBERATCOL— v IBRTETFO LR
LIFE—FK LTS,

4, &%

FEIBRRANES G L7c VLF thgteariRane (5kHz, 12kHz, S0kHzZ), % I OHIRESK
TS, FHBUEML (CNA) 30 MHz OBEEERINO A correlation data % 1973 4ED 6
» AR Z -7 59 BOoRIBEC W THET Lie. £ ORKR, KB O RETIELA
BRI, REGERERIN S LI O AE D VLF-LF Bt <— & P 23R4T 5 & & V8 L.
DB - A MTES CNA 30 MHz OBEERBRIUL, BDTNHEL 05dBEIFTH 5.
L7eti->C CNA 30 MHz BEEE RINCRIBICA < & 5 7eig= F A — RiF DR T2, VLF-
LF B~ — A + 0FA LBIRAR L.

HXERE DR RIICRSBR 12 5 H X BHOBRRCHE, 77 A<v— D75
A=k, KBREHREZES L, LI10 0t 28 5 M MK EE L ZE 354 )
T, BBENT I AARRERRIT. 20D 0.5~10keV D F5 X< — FVEFOL »
FHEINBC L D, A— v BT LR TRIBRCE - TBREHF~ETT5.

CDF—rSBFNLDEV VI IHEHARS P, 10~20kHz Bic ' — 2 2#FHb,
RSB 5AtRESE © VLF-LF Bl — A P OFBEHA <27 P A &—FT 5. T LEHHRER
O VLF EFHEOBEHEBRIUIH ABLI T RO T, v vz 7HEBHEREED 104 W.m2.
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Hz ' 13, 313# F3st) s VLF-LF Bl A~ X  OBE LRBETH 5.

Ei *
AEFNZEHL T correlation data ORANCEI L €, RHMFETECE 14 REBBLEEDOFE
REBELCEL BB L LT F3. ¥4 VLF BHZEHREOFERICOWT, hETFTI ok
BB RFLEBEREIH Pz A ELIC O bR LT

X [

FreDpRIcks, R. W. (1975) : Wave-particle interactions and their relevance to substorms. Space Sci.
Rev., 17, 449-480.

Isozakl, S., M. Ose and T. ONDOH (1974) : Correlation records of VLF hiss and ionospheric
absorption of cosmic radio noise at Syowa Station, Antarctica in 1972. JARE Data Rep.,
22 (Ionosphere), 19 pp.

KENNEL, C. F. (1969) : Consequences of magnetospheric plasma. Rev. Geophys., 7, 379-419.

KokusuN, S., K. Makita and T. HirasawA (1972) : VLF-LF hiss during polar substorm. Rep.
Ionos. Space Res. Japan, 26, 138-148.

MAEDA, K. (1975) : A calculation of auroral hiss with improved models for geoplasma and magnetic
field. Planet. Space Sci., 23, 843-865.

ONDOH, T. (1963) : The ionospheric absorption of the VLF emissions at the auroral zone. J. Geomag.
Geoelectr., 15, 90-108.

BEEDR L (1974) : RS ER (Magnetospheric substorm). &G IeRTER, 20, 323-345.

(19754 12 § 17 HXH)



No. 55. 1976] RS B BRHs > VLF-LF B <— 2 b

R 1~11 BRESTHN S -BEBEEIZ4 S5 VLF R OTHBEEMS 30 MHz
D EHERE RN

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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