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N E RARTHESH AFBRNE VLF/ VHF 52034, WBET -KEd12
WA HE ) 5, SR [E 5 B B 70 ms. RFZERT ARt 800 ms B HLIN B A K VLF / VHF 8
HEHLBRURSHGEGR, X~ PHBBHAERT - EFENAR: (1) ZVEENKL S ms
WM T®IA VLF R X FD. EEFoAVRGFERESL MHT—HRF VLF
EETEAHA TRAN VHF @&, Sk EF, A7 380 ms #E] VHF S R B, 2
AR EEES. 25BN VAF G5B EH BN HPBERFE. (2) 5
| & e e VHF BT EHARE, HNR®RE) VHF SR8 NBEFAdRME &G
~HEEEEY B ENENER TR, EMHEESFHEMEGEENE, HATALE KA
FUH) VHF 57148 & AR B VLF 84, (3) BIEGEREE - PRaas~4E —
RI|EFWH I~ us £H. HEMEL 10° Hz 19 VLF teikrh s, %N IkrR B Rraad a2y |
ms, AEiMEEEKIRAE 60~90 kHz, FHFMEERE VHF 85, ZERBERSTHELRHEE—
., HAREXRE - K B, (4) &N TR NG E L VLF / VHF 383
BRI GRAE, it B a5 X4 FH4% F K (8] 5 18] B /)T 40 ms B3 f5 T[] s 06 4 1] T B R i ()
F 85, X4 [E) el AT ) AT 100 ms B, 5 T B o B AT (9] o 0 69 BT BE K

SRR HNGRE, miE viGES; HELS. VLF/ VHFES
1 HIE

DR B B AR ST AR IR SR A B .  RMRFEE M LB ZE LT HEERE, IR
D) B 7E AR 7] 491 B A B A i DL R T2 M E X RIBRNE R AT RN ELERE
P Ahse R R B B, FL7E 20 t 40 60 4E{C B 4L F 43t 17 N E 72 RF 48 4t
[y S 08 4 TR A4 B BT 2L Brook %5178% 24 1) 62 eB S5t A8 4K AT 400~ 1 000 MHz §t
B A RS WML R, BRERNEHRSFESHESERBEEFRNAD, mMeEER
# 50~ 100 us DUE A B M SEH R HIEHSHELES. EEASUER
K B0 R 5 ML — 8. BN S 4470 & 35281k 5 5 B8 & 2 BT
5t KB RFEEGRAMERLE, X—-TAEMERNFRXERFEENBT
#5 A.
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METHYETHHMA, Krider V8 T EAMBTE 3. 69, 139, 295 MHz % 4
B H RF |5 VLF SRS Kk eh A Mg, B8 EREHER HF / VHF
WATHE R AR VLF BRrb i) = AR, M EWE KN ZHHAR —BMERR, FH
=N NE SR E 2 A= N B4 RE S EAMEHE, RidizfEgic®
KERA I ms, FAERXAEN =AW (intracloud impulse) " £ JLH = A E (8§
EZHNBHZHNES) W2 AdBIF=4, Hayenga™fl 34.3 MHz R0
WA VHF 885F, e T =W st B g VHF 58 57 F18 /1 15781 (7] 4 0 0 45
B, W YitEHEES: RF & STHEE 1 BT 08 3 AR i 48, RAEREH B 3
ZJ6 100 us 764 VHF 385 BB % BB L aential s ik (/DT 50 us),
BTN 8 A5 e, LU0 380 Bl j5 gk o) i i 584k 5 VHF 38 51 2 [6) /Y 36 /5 ¥
MEBRRME L ARFEFEM RF 85 #8E. Cooray ZUNMIRE T ZHINGEE. fEHH
WAH I 3 MHz 898 —NRM S R, fiel§ HF S5 29854t E)4y 140 us (100
~ 600 us), MW IEMF LA HF WS R BB L, M Sms F 25 ms, Hil AKX
MEBRBXREH IR EZAR RFESRAPR G B CFZHEER (Leader corona sheath)
PHRMEER. RBRTEERFEERF 1~50ms, RETHHESHNEE I FiIHE
) RF 38 5t M3 38 95. Rhodes %4254 T B 274 MHz F #5 (3L 30 69 — 451 [ B i B 50
. o TARERNNERBETIEMSREREG, 2HESHEEK VHF i85 %
SZEEREGERAZE. BEEIL T EEEFWN, FEHEXSEINE T IR E 1
VHF 5 A gE = A T mE R AR & EEMN EFE 8. MEJS B 38K LN
VHF Sl ERFE T A SEEXEE AR EF /NS, SHEEGEIES N R ENR:
JEakE R EE B AL 200 us B9 VHF $85H 8B #. #F B4 %% T8 20 MHz
BHMMER, EANEYRETRARE FHUBRAMMATSIFHER. xR,
Z= N B A VLF fl VHF SR FEMEN N X R, BRECNSEMAERE
LIEHE AR, FRARNTIER 112 R XN XREB THEAB KA BB EVLE.
EN/ BRI ToiiiNE KRR 4id®E VLF/ VHF 5 ama iR, KER. &
BN BT R 43 AT 65 R E, BESC E 3 Ap T80 AN (X T 20 B e 2 % 1 T & A
VHF / VLF & E W X R, Wi 7HE®R VHF BRI AR EZEE K &
R IR, AN EARTNEEATEN TISEEE (RTURE. RU%E. B
BEMOCEBES) RMM (M), HBAGHKRMELRDELHERY,

EAXENENE VLF/ VHF B KFBRRERHA, A - KARNESE 12K
Bl HHZHNBEE 2RSSR, FREML SO X A AR VHF / VLF %
T VT H%ALE.

2 REREREMIR

BA1#8T7TKAEE VLF/VHF VB ES RERENGHER. ZE45BHE
VLF/LF &£l x. VHF BB T RESICRB T =87, HP VLF/ LF #if
B 57 SR B o B R B R K A ok AU R S 0 5 T SR ARG B 5 1 R E (AT ALY, A —
N EHOEGEYGEE (BEERNEE A TR ™S AREESHEL) 54
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1 X&E®R VLF/ VHF [HEFSRERKHEER

HIERZ W KPR EEWGEE, 5488 &5 5%E 800 Hz~ 400 kHz ( X F 55 A By
., RE 10%~90% LFAFTEL 1.25 us; WEXTF 2.5 us W FBEETIZRH )G EE
W ILERFAL). VHF BB TRHAEBEREERASENBRFRLE (BEESP
E R AR KSR 7 80 DIEEHEFBRREBERRFEHANR. REP.O IEHSZE 127
MHz, # %5 100 kHz, 28 rHERMBULLLRBSEEICR AR, BAICFHY
SRR 8 (v, REEIAKEE 08 us, BRKRHEAEE 1| MB, XM REENE{SE 838.8
ms, BBICFEXERZNAMAKB TR RALRPIK VLF il HBFERE S
BV S5SX&ENEIHERE EZRNBEXRINT.

— iy V (E=F8A)
E(Vm~ )= 14.88 ’ (1)
il VHF X432 S SIS SRICE NN FEEREZRFEN THRE X R
Euvm™ )=V (¥FB{r) X 174 (2)

B A R G S KO — N B F AL
BEREHSERARLZZITHER - T EME=ZNNEEVEMEL. XRE
B EERRAETEBERERERELRE, BERRNMVBEXERA, HiFHE S5
REHEBEMBMNTAZEN, = UAREMENL=/AK, WELH 110km, HTHE—F
RRNEFRVENTENE, SERENSETERERHFENHXERE, He 1998
FEMSMNEMNEESSREMA 74 HFEEHEEMNER, —HEEEHNDT 10%. X
WRIBIEGIERE 998 F4 RER 177 MMANURER 199 F9 A 4 HERAERALE
B 75 Y], P 1998 ERIBEARHA | MB B /A FREOAHEES, TERTH
IWE & VLF EEMiTieEGEB S EG\ER X R, 1999 FHIEEEH A~ 1 MB A&
B VLF/ VHF B@iEE S EM T 8 kB ERNWEGEEGFS (MEMNFA), TER
*itigH A VLF/ VHF B85 2 XN XR (REK 1). BTFREEBTOARU L
HWINE SFREEEK. 1999 F 75 KAALE 2 FK VHF BEERME L, HEMEMN
BARASENAERS, XGHN3E VHF 85784 L2~ W3, E4
#) VHF Bt QR EGRBELAIEsHEnG B ZEEE, 25 VHF BRI —
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&1 FXFHRARBREEIEEMBR

H R & EadE AL g E| R ¥ bR iE 1B
1998—06—28 42 [20G~ 200 VLF 7K-F&% 5
1995 —06—30 26 125~ 200 VLF 7 ¥ #E il
1998 -07—0]) 37 90~ 150 VLF K RS
1998—07—02 72 30~ 60 VLF /K 8 i§
1999-09—-14 75 < 80 VLF / VHF &i§ 8
F 70 [E) R HY 38 3 A AE .

3 BRFMAREEIE VLF/ VHF E5H5 RS

3.1 SRR

F2RI199F9IH 4P 1755 EELHBEXEFEREGFSRERZFICKIIN — K Ik
MM N BT R (L TR 1755) VLF/ VHF @k resmE. BEYPEEEH
EE KT I08FH VLF/ VHF $#FEF S id 2 MM A, VLF B{E S mikikst Ll X (46
ko B AR R R BT R | TR . kY VHF (5 S1RE{E %R VHF &
SR, EHNEEESIERRRE 60°, R 30kn, FiaFERERREREEIZH
N EBRSEBMIGE, B4 10km. B 28 EE VLF B8 B, HA 1755 £945
RKIVRERRRFF (LBPs) /5, HHSELET 12 KXf#Bl&FH (RI~RI2), B4
o R SR SRR [ T 800 ms: AHAR [ 5 W) BRI MK K 527, 1304, 16, 725,
27.7. 100.5, 68.0. 143.3, 214, 959 #1 56.4 ms, VK 70ms. HPHE I kEFHYS
FAXRETFERIBEF Loms. AENE., RTYHE S KEHEEETHEMANELERNE
Bl B/, WE S KEEGFL. SHESEBEREDEBDTFRHER 70 ms b, 5§
mETE TSR /DTRIKEITHWE, HR, BEHFERHEX T FHEE 70ms i, &
KA GEEXLEERTHXREGTHE (RE2), RIBESENITIEPH—HEZEE
S ERERA -, B26 FE VHF E5#Heg Bxn, WET— K% VLF 85
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Bkp FHERAE T — WA %2 A 1755 FE® (30 km) HFREEHENR
VHF 18 8. Sk L& 0~ 380 EETS  SLEE,  FGEm,  EGWER
ms # B}, VHF 38§ ¢ & 98 71, Vm™ ms v,/ V, )
FL2 B0 24 6 o 0 i 4 o o ]
7 1 HES 2k B o 41 3R A o " _
VHF 38 & T & #th 3= B 5 53 3L Mk 8.0 1.6 -

E.0 72.5 |
4.7 277 0.39
6.3 10415 1.34
6.0 68.0 0.95
7.9 1433 1,33
4.4 21.4 0.55
>8] 95.9 > 1.86
3.0 56.4 < (.61

AR AERIE (BEXT 200

pVvm™), EFHIP 1755 &F

i # VLF / VHF 38 51 45 K

A 2E Hg L BAR B 2 (B R Y % B

T FE— AT,

32 VIREEFTE BExES
TR RE X EE
B34 T HIA 1755 B W E 4 M B BT 27 ms #H[EIET VLF #1 VHF 48 814538 /2 3¢

WRF. TEL Sms ;I BLASURY VLF XU KkebFF5) (LBPs) , B VLF Uikt

Bk 08 B R R B /. X 8 KBk ah KL TR AT T8 33 89 Z5 PN BCE 58 S B 1 SR 4 K Bk

sl P 3d S T LR 3 ms R URIEBK P SIRERE 1%, BRES BRI ERETE

$£hiE 60 kHz D) T, iK€ 257 20~ 40 kHz ffit. VHF B3 L+ 5 VLF B3 RS

&), VHF @4E7E 4~ 6 ms A FIR AR, Z/REZE 20 ms VHF @E 2R AR 18

BARE. 20ms 2 EEHKEFH/E3), VHF S4&EREJLEAREITREL. B

LBPs RHNHI MRz NG F I REINISEEGE. RmAZ0RE A LM, VLF §k

MEEK/NS VHF B5 B 2 BB X RHEHESR, FELE, 29 51 69 74

# 10,1 ms b4 5 WiE{EFEMT 200 uV m™ ) VHF Bkrbi2 %, BRE#EH VLF 5

H{LH 02~035Vm ', BREAHT 0TV m™, HMKMEKrLRE R 3~ 35 ps.

H BT2EAR R 5k M B TBRRE 8 B Mt B S5 B G 5 #138. Krehbiel'?HA
HEREGHREZHZARSE —RAFEIE, XEFXHRITUREELZRY, oLl
RAKFERBE, MBEAERHGSHERAPHN—-PRIEERBTMAFETY E. #XE, —&
BT HNEMERLER, BNFHRME =N ERESR 2R/, HE
¥k F VHF B8 EFOCHERNEE RN FTHAY, REITEANZZE, VHF
WHEAEAEREMR TV REZDAHE. ARIIK VHF SR EEXE, K4
£ 17 ms Bi/5 VHF B RZEBTHBBIHEIAFTFEER. BRINANXEIFES
M TERMUSRLERTH. MBEIENE. NBATSIRBFEALA 10ms, KEBT
[F)VE & 18 B B S B T B Rpamd @) 6~ 40 ms ¥ 5.

B 3c BRTHREGEFEER (GXEE X yEHERME 10% ST 50% THE
WA BREG R 200 us BiEE VLF / VHF B8 N R, HERNR: &M@
HEL A E VHF 3B S84 45, /BN 17 uVm™, WHH LI EEE 30
~70 uVm~ B/, WERGHEKEZFHAMEN VHF 5 (T8 KTF
200 uVm™') EFHE,
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B3 B 175s guihlEHEu EMEEiL# VLY #4t0L A E S VHF #E it
(¢) VLF/ VHF #{8$f 5.%: (b) HidrFut R VLF/ VHF BHEERTE, (¢ HEFLIEH
53R VLF/ VHF 5 B A (d) HGFids VLF S i%, HKrpilfda 1 000
WF-854dB (Vm™ Hz ™)

33 HELXEBHNGHMDE

Kitagawa &g 54 4w HEIBLE, LKA T 100msif, FENEELS
)i B S HERT ATRE S ERME LS. FAEZ A I MELR T B3R B §d B ek
ERSEREFHAEM. HIA 1755 W 3K, B 7 KAE 9 K% =k EHLL M [ )
FREE)ER M T 100 ms, RIYPEMNBHZH I~2ms NERER LS IR (ANEH
SR BEE 1x10 ms™, VEREES~10kn'), HEIFES TUBE, £5K
FE 11 RiE & Z 806 VHF / VLF 8 8HigAExT 8098, 6 11 REIHaT8Y VHF IE L]
B k55 P EBRAVIE LB A EHER G BAMNEELE. H4PHEELR VLF EEE
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K4 WI1755 8 11 KpHEARTESPLR
(a} VHF / VLF &t & BEE; (b) HEHEREFE, F&IELHZEEAS VHF 88 LFE
Bl & R Ehed 20 A, RS B EARY ARt VHF 87 L #5848 B X stk
WA (¢) EHZWHSE S VLF E5i4, #8a 1000 25 F-854dB (Vm™' Hz™")

MA— RN IEE 10° Hz, R 3~4 us BB FF, HIEBSESWR S S
B LBP Bk FFIFIEFHE AR, Mac A TX— S EHMNIRIBIE BiteER
FEEARFE 40~ 160 kHz Z 6], KIEA{TF 65 kHz MHift., miB7EXY 120 kHz B
KB WEBI. RN, HLpdkbl &2 at VLF/ VHF #5585 (@A 6 A
7 ERRER), NERFEAME 4 57 230 R 4850,

E4~6 WHE 11 kG BMERE Y VHF aE 4502 0. 17, 5 f1 38
pVm'', X —EREW, J54E E I B % a)E fEfEERS5R0 VHE 85,

34 KE#

IR VHF BT MM R, FuxE "y =i K FEMESR.
S RF 854 M EEMAREN, X854 QS E B EHEEREE 58 %GR
W, REPRFEEEE R 10 ms™, HFENES 0.5~1ms, AR K HHERPT
Proctor "' X ) Q BaF. Hayenga it HE LS K 34 2 Y X 9L P
TR EFMEAZRFBIEALIRE, MEEMNETREKAKFERER LRE. B Sb
B THEIN 1755 %5 5 WE AT 4 ms B4R — W VLF/ VHF 8518 %, FEREY 1
ms, VLF BBHELR - RFIERYH 3~4pus, HIHERYL 1.2x10° Hz Rk F
5|, MK VHF B EEEWMLEEPRIENIIBRAE. B 5d iS40 VLF &6
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s MR 1755 S KEHHRGHZA =P id & VLF / VHF $#5
(a) VHF/ VLF 888 %. (b} K BHRER KA (¢) MERELEEKD (A~D)
FH VHF BB ERARE: (d) K FH# VLF EAEE N, #8E 1000 85T
~85.4dB (Vm™' Hz™)

i, BRBEEER FESTTE 40 kHz~ 180 kHz 2 (|, %66 4 704 80 kHz fHig. X
— VLF/ VHF 8§18 % H40 et BEAHER SE 7 P EBE LS XM B
M 1755 S BTRH— X KB, X—-ad#BrdT9EmE (FHEEY S0
uVm') B VHF Wiz,
35 EHFHRREBSHZRAME

H4~7 BR, TitHXRBEERGHRE G, EEERREERZER 100~ 200 us
HEELTEE TR LEREE - R KREEEENR, HFERBENY VHF %, 55
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e (a) HN 1755 B3 KP4 X EBlEid# VHF / VLF 8 #EE;
(b) ®Bi1/m &G VLF VHF S5EHRERARE
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B8] / ms

7 #IN 1755 i 6 XA KRG =l VHEF / VLF 347
(a) SEIEK, (b) BoKXFLGHERAE (c} EifiF
Jo TUAR v Bk b 4% B o % 1R T R

MR PLED 200 sV m ™ Bl E. Le Vine £Vsiy. mEFi@E (AEHFAZSHUR)
H) B 4 F AR DA T A AR . (AR — BT

A 7c 1l 5¢c BR, EEREGEERZBILEME, VLF BEEEXHHA—FIILK
a3 LB KRR ERK R (B e PRIk A~F, B ScPHfkef A~D), WK VHF
SatAEKEE. B 7c B B Bk RIE Sc th iy D fkab BB VHF 388 #7E 200 pV m™
PLE, T Sc ke A DIRE 7c R D B JLEAREEEXRE VHF 385, (H154E
B, XS Kk E4ER RESMR 25BN, FEKEEGZEEEA W E 2405
Pig, mWiH, RN R kRN A IE B o] gERE R K (R B B o D Atk
)., RIMNMFASGILFRP TURERIGITE AR ETiza) (siFEBA M LiEa), W EE
RIERERAE A EABEEN R ABEEE L8, EAXNM S EIFERTXBIE
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AT T . FEIFSEENRRE D/ BBk R S ER TR A, &
TSy, X EEAREKRATER EAAF P05 EFEBR X 2B K. BHEE -
W 1a] B R R AT, PN e IS B V8 I L R IE e AR X G,

4 QTR EF VHF/ VLF RS iH4S4E

4.1 HaAEE VLF B AZFE

ME3I~TaTLiEY, RN pl Gl --4-BEIER LA ER— N #I8 T
LB TREATAAL. T H RN EE A& NA - ReE, WNEGEE DR T
B 7 RS B, i B o A (A 0 S R S S R SR A B R, &
FEFIEFH A 10%~90% £ F031E) L Ko FR0t R # A 4$E, X3 SHE A LEE
AYERFEFmEER GRS TIEYHPHEFERE L. FiHL. X BTt
E#8 10% E AN ZI5 WA HE REZEHEIEE. SERNURGEAFAEAAEARNIEE
AffeE XA, X B E XA TREalgEf/ 2~4 us. B8 5 T ETHINRE TS
B 10%~ 90% & A0 E L Rid Fet AT 44E. mAERITTERBPHIRT B 1
HHEGEESRES DT O HFRMVHELEEFES, HERERZEARNKT Lo us (F4RE
Bl ). 262 I HEIY B 47 F 8 10%~90% L FrHdJa] 5.4 us (bRAEE 16 us). H 95%
(247 /7 262) HN[EHE 10%~90% bk ARFEIETE 3.8~ 7.8 us XA, B KM FRKXE 5.6
~64pus, RBES%AREIEI ps UL b, 262 FIHA Al F 35 FAFE R 23.8 us (FRfEE
T70us), MARAIMEHIEBNEKRTF 40 us. BITEHIHIBTHBHANBERSEK
m i MG gkmlE, BRIMNEHXELAHNATERBE LR T RBET 5260 &5 2R,
Cooray %"/ i8 78 8 B = R 26 15 K ml 35 0%~ 100% EFAATEEE K 4.6 us, |5
2 [o] 7 i3 AT [B) 3 40 ps, 75 T ST 30 B A s 5 4k ) 353 TR A) 1 49 ps, Lin
a0 22 40 o B K I B A 1 Ok I o 5 R IRD 52 pis, S K ) ot sk R A) 2 19 K 36
ps. XEREAR XK MM RASHEE . HBHEE, BNV RE 30~200 km 3§
BN EERHINEGHER, SEEEEYoIgETIRE HRVEMTE 2~ 4 us. HTFH
TR SR 10% ~ 90% L FHast 8] BT & bt S B (8w k.

Al

T FHy=54us 3) - FH=238us g
1\_] PRMERE = 1.5 ps ’—[L!i IREE =71 us
60 | FE=260 L #Ek =262
1 1| 20
E — ‘ ’d .I -
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Observations of Cloud—to—Ground Lightning Discharge
by Using the Bulky VLF/ VHF Acquisition System

Zhu Baoyou, LinYifeng and Tao Shanchang
(Department of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026)

Abstract A multi—channel bulky acquiring system, which can synchronously record VLF / VHF
signals radiated during lightning discharges with a time resolution of 0.8 us for about more than 800 ms
is described. The general view of VHF radiation as well as associated VLF radiation produced by a typ-
ical cloud—to—ground (CG) lightning flash is presented. This flash lasts about more than 800 ms and has
in total 12 return strokes with a mean interstroke interval of about 70 ms. The case study of this flash
shows that: (1) In view of the tolal discharge, VLF radiation events are accompanied by VHF radiation
events. The flash tends to produce intermittently a series of quasi-—continuous strong VHF radiations
for the first 380 ms and then a series of isolated VHF bursts occur for the rest of time. (2) The strongest
VHF radiation can be produced by both preliminary breakdown before the first return stroke and ex-
tension of old channel or formation of new channel after the return stroke while VHF radiation associ-
ated with the return stroke peak is quite weak. It is noted that during the preliminary breakdown and
the Intermission between return strokes, strong VHF radiations are observed for more than once to as-
sociate with weak or quiet VLF radiations, (3) Dart leaders as well as a type of K events produce a train
of VLF pulses (about 3~ 4 s in half width) at a frequency of about 10° pulses per second for a duration
of about 1 ms, The amplitude spectrum of these events tends to peak in the range of 60~ 90 kHz, (4)
Statistics on YLF / VHF waveforms of return strokes in the Changjiang—Huathe region of Anhut Prov-
ince is also presented, It is interesting to note that the former of two successive return strokes at an in-
terval of smaller than 40 ms tends to be more powerful than the latter, while the case with an interval of
greater than 100 ms shows a reverse tendency.

Key words: CG lightning; returnstroke; initial breakdown; dartleader; VLF/ VHF




