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Full Wave Calculation of VLF Waveforms Induced by Lightning Discharge
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Fig.1 Calculation model.
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Fig.2 Current model of a lightning discharge.
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Fig.4 Electromagnetic characteristic waves on the
layer boundaries in full wave calculation.
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Fig.5 Electron density and collision frequency profiles
with altitude used in the calculation.
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Table 2 Calculation parameters.
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£3 WS OrOAEBCHB T FEREEH BT 55
BT A-F
Table 3 Parameters for expansion by plane waves at
various frequencies.
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392

& (b) MLk S E, 0EESFE2BRRTR 6 R
Uz, EEIESABILT, AFABEERLTWS,
t=300us Tit, ERBICL > TREL-EBRE LV
ADEEE 40 km TREIL £80km DA ¥ T, B 80km
THdL £50km DHEE TEREL T3 2 EBbd b,
t=37us T, BEELOEE 65~80km T E, ®
HWEH 7~12dBV/m OFEBRBSHE=ATicE > T3,
Zhiz FREERS L EE 0 km i COERBRE I
I A TRERSODELZVICI>TELCLLDOTHY,
RE% D E, CI3EE 70~80km, Bt 140 km i
DHEFETOBEOKRE LESFHFEU  BREBR I X
ATEHETHZLEZONS, ZFLT, t=450us®
E, CREEERSTC L IEEOKRE ORI R ICKE
TLTWBDHb» 3,

¥7:, BRELFOEE 40~50km OER E, OME
Zt=450usBIBRIZFEAYELLEYL, ThiZER
Bz L 2BRHOBENC L > THE UL BEBENREITH
5EERD, CORDBREERRIDSOLETOD
Bl t=0cBU2BREERZ0LLTWEDT, &
OWEE, Fh-EBHE2VIEEE (=5km) O 1
BEBE, MEGBLUEEE (BE 4km &) %
SEeBE L LBARER S W2 HEREEICITIZ—
HLTWw3,

ZFLTC, t =375us CBWTHEE LOBE 50~
80 km iZ THE DK X WERSHSEILIERY 20 km DFFE
i, t=450us CBLTIFERIEZ->TWw3, Zhid,
BESNTOIERBCH THEREBORARS
(Red Sprites) OFERABL([6] L BLEF—HL T3

FZ25LEMC, ZORKLHEARS L > TE
EEIXINDEWIHM )b —BT 5, ZOFKX
BHRIIE~E+ ms OMGFERFRE S DO L BbhoT
WAH[6), COFETIIEE 70km »HHEME L
TWEDTHENRS IV OETIRIKFIBZ L
%0, Mz (ZZTRRLTeHELY) BE 80km i
BWT t=400us CERBESFECHETAHER L
TEY, F550BEICBIT 2BOLETGAR ORISR
Md, FAEROMGRFHOMEFERENHAL Tk
Vv, ZORETREERLTWEWLS, EBIEIEED
HEICHE- CTTHEEBEMISAHEL, BRI
IOWERBNETIVDEELONS, FLTHE
HBCBIT2 ZOBBICL>TELTWAERBEN
EAFHROYUGHFRICFS T 5 L BEbh s [14].

DFK, EREOELOEE 140km & 60km iZ
BIIFBROFELZRS (§F 140km T y K5,



WL BB, St s h s VLF BRESER O full wave 3H&

t=300us 0dB=1V/m E,
120
E 4
=100
e J
2 80 —
< 60
40—
-100 0 100
NS Distance [km]
t=375us 0dB=1V/m E,
120
E n
=
[
©
2
2
-100 0 100
NS Distance [km]
t=450us 0dB=1V/m E,
120
£
— 100
()]
el
2
2

~100 0
NS Distance [km]

(a) EROEERS E.

t=300us 0dB=1V/m Ey
120
E -
=100
o i
e
2
<
-100 . 0 100
NS Distance [km]
t=375us 0dB=1V/m E,
140
120
E -
=
Q
©
=
<
-100 0 100
NS Distance [km]
t=450 us 0dB=1V/m E
140 £ / y
120
§
— 100
]
2 80
< 60
40-

-100 0 100

NS Distance [km]
(b) BA DRSS E,

6 EESHEMEREC L o> TEL 2 THBRBRBHLOBRMEE A ORHEL
Fig.6 Time evolution of the spatial distribution of electric field intensities produced
by a cloud-to-ground lightning discharge.
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Fig.7 Frequency spectra and waveforms of the electric fields at altitudes of 140 and
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