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This thesis describes a method developed to calculate the distribution of electromagnetic
fields generated by a monochromatic or impulsive ELF/VLF source in or below the lower
ionosphere. The calculation also covers the propagation and time evolution of those fields.
For the case of monochromatic ELF/VLF waves, we have improved efficiency of calculation
of the field distributions at satellite heights by using Fourier expansion of a spherical wave
into a large number of plane waves, and parallel computation by many workstations with PVM
(Parallel Virtual Machine) software. With the improved method, we have calculated energy
distributions of Omega signals (10.2 kHz) in the altitude range from 300km to 2,000km. The
calculated results are in good agreement with the actual measurements by Akebono satellite.
As for the analysis of impulsive ELF/VLF waves, we have calculated the time evolution of
ELF/VLF electromagnetic fields generated by a return stroke of a lightning discharge, in free
space and in the lower ionosphere above the discharge. The calculation method developed
involves electrostatic fields originated from charge placement as well as inductive and
elctromagnetic fields, with a full wave technique. The calculated results reproduce an intense
electric field generated by the lightning discharge, which explains the relation between the
ionospheric region of the intense field and newly discovered luminous emissions called
"sprites” associated with the lightning discharge.
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ZEHRZEHME-—FEIPLAFAATE-FENOEARHERLERBNOIA VT —EBEYS
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T, BEBLYEEFROAMIBENIEATILRE L THELEB CEEAAIISE L, &
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BFREICOEEZLEINETA3NTH), EHBTOEHRZEHD L (X THREHRE
HiIcHBE—FERD LISV ARREE»SO ELF/VLF BRICEX2EBHEMB LY
EHBIOERASH BB IHETHIFELHEL, L, 5D ELF/VLF BP BB
HITRT 2 ERESAL, BREMENFA AT E-—FENLESTI AL 2SS
P A EERIC, BREOBEICIZFEEONT A — s R EHEREOHEED TR
BAZLxBHETS.
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% Ko BEERD S OB, ¥4 K- VEES S ORER L FERCENL, BHS
N-ZFERRICLL2BEHRETOERRL full wave FTEEICL DR, RBRICEHME SIS
BUTIhLOFEREERREERT 20 TH 5.

IRECH LT, () REEROFEENOBHICT — ) TEREPEAT ST L L (i) FEE
BERRO full wave 5HE % PVM (Parallel Virtual Machine) [3] £FHENZY 7+ ¥ =7
RFIE L CHEROSER (T— 2 A5 —Ya Y, DT WS LBY) CHFIMERITI %R
Ko7, FEEREIC7—)IERPERTAC LIV HEHEIITERY — ) T &R
(FPT) #FIETE 5720, STEBEOSKIEBCERTE T, EROFECENTHVZHR
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h, BEDZBEUZHETI TCVAREHETHS. TITE, HITIZOEEN T A FRE
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INEVEZATETEDOEIIRENVWEIATI0dBIZd o7z,

FIT1ODBEINAIZBWTHEESBETA2HEICBT 2 BEFEE L HIREH 7 b
VOBESOT 7 ANOERLRFANE A, BICEEICL AHERBEOKRADEIK
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F 7, HEBRRENRZ VI T 53 AT BHEOEBR I P NVERLS VF 4 TR PV
DHMAZEBRRME L full wave FHEFEREOTMATHEE L THRLZE A, HIREENS b
WHTIGRF EFVEFBILLIL—HLTWwAEZ LE, HESE L THRBIET A LDOZ
UM L DL PICE o 7.

4. EREICLY)RET S ELF/VLF &R D full wave 5t E

EWREICL ) RET S ELF/VLF BROEME TOEHEMB I UERBH IS 2E
RASHOREE L BB CHENET 2FELRELL 5. STEFHRE, ERE (B—
REER)EMPEEREMLKEL, F2E TR/ EOX—FEEKD ELF/VLF ¥ 1
R VEEICI2BERETOHEHEZHBIUVERBTOERMAIM L ETE T 5 FiEICHHE
BAERCETA 7 ) IEREEASDLET, BRAOBHEILZFIETS0D0THS.
ZOFEFERR full wave EEFAVTWVWA 720, BRAOBERB L UFER, BRI
TOEDTZEATEBY, T/, BHBOBEEFHMOAHE L o TELIGREZEDFE
BEN-HEBELHEFETHLILIRETDHA. FEEIFEICEZV 2D PVM 2FIH
LE-BEO WS I AEFIETEIC X > THO TEBRNTEEL 2o 7.

RIS, COFEFELRAVTEE R LEHERE L - TEL S BRASHORHELE
EREEHPD 2ms TTOHHE, ZHNCREREOMNEZ SO LTHEIL100kn B &
UBE30km 25 140 km OEEHETEE2To/z. I, EREERICL > TRAE
THREERREB L UHFHERAZT TR, EREBECIIEWOBENIC LI > TELSH
BERESDEOBRAOBBEETHELACTAI LN TS (K3, M4). £, &
BEPLDERFNSVATGTEE L2 D OBHBICASF LTAARATE—FENERBITT S
BT, ERRENSVAPEREB LI HEE L OMERFZEIELEFSERT 2EFLE
PERTAIENTE .
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72, 7y Lo TERCERINZEE 300 km fHEICBIT A ERBICERL7-
BRNAVAER[6) I LT, BL2EREERYREL TEAFRICIVBA L - SECLS
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CHETCIHEIN TV ABRROERERND 7 - ) ZERLT AT T 4v 27 —
VK, full wave BERAVWTTHRERE RO A K- VRELLEET XS VLF BED
EEOBHBICBISBRASMHLIETHFE, 10] 1, EAA VY OEREMA S
£i2E ) ELF ~NO#EFA Z W HEIC L7z,

JBEB 200 Hz TF 4 B— VIEIEZ BE 70 km (ZEW2BEDOEE 300 km i2B81) 5 84
VFAVT TG ABESGHIIBNT, A3 VRERLEVE ZICIIZEBN BN
BOEHFBENLTWDN, 13V 2ZEBTHEIAIEATERMBIC DL DRI
LT EDGholz. T, BE1200km i2BWT, A AV EERTAETOL A1
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6. ¥HiR

DY A K- IVIKESSD ELF/VLF EiC L 2 EMBHFOERRASMOSEFHEICS
WT, REROFEEERIC7 - xR E2EATA L L PVM 28 B L THEHED WS
THEFIEETAILICL), RRIDVBVWEELBEVWCHEGE CERASMLEE TS
CEHHERIC o7, TREEAWT, HEDVLFRER (F AFR) E22EB T 244
BILIYVBRSN-RER»S D VLF BEOZEHEMBEDSAOFM L BTSSR L 2o/,

X5z, HEICBITAE—FEKRD ELF/VLF ¥ 4 K- VIEEIC X 2 BHEFOERR
GADETEFECRE-BERICET 27— ) BB EAGDEAZ LIZLD, ERER
IOV RETHEMBTOEHZEHB L UEREF D ELF/VLF BRASA ORBEILE K
FBIHETAI LIRS LA T2, EREBILL-TELAEHB TOEHZERIC
B AHEBEN L BRFOBMZEIL® ELF/VLF EF BB ICAS L TR A ATENEE
1T 2 BENCZBERGZEZHOPICTEZ EITE,

¥, THEEBHOY A R—VEE,LSD VLF EICX 2HEEE (~1,000 km) 28
T ABRRSHOEFE, BHBFOGRRICAF VOB ERTH I LIZLD ELF
FETOBBIITERIC L.

ABOMRBEE LT, HITROBRICL B4 ATEROBET — 7 O full wave 5HE %
AWRBRCBVW TR, ERBOBEEAROARYERZFTEFEORICHARADL I L2945
Fons, TAFERTENTE S ICAVEBOGERENICAFEFEATRE 2L LE
rohn, $72, EREIZL S ELF/VLF BEREFASMORMEILOREIZBVTE, 56
CEBROBAERICSTT ABALEDLI LR, HEOBRALRDS Z £ 2HAL T tweek
ZELREOBHRERLEOBBEITI LR EVBTOLNG.
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