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Abstract The characteristics of sub-microsecond electric field change waveforms during the initial stage of intra-
cloud (IC) flashes and preliminary breakdown process of cloud-to-ground (CG) flashes have been studied based on
the observation data. The data include fast electric field change and slow electric field change of IC flashes and CG
flashes measured in Yangbajing of the Tibetan Plateau in 2008, and in Da Hinggan Ling in 2009. It is found that the
electric field change waveforms during the initial stage of IC flashes and preliminary breakdown process of CG fla-
shes appear as a series of pulses. The majority of pulses are narrow with pulse width less than or equal to 10 ps.
The majority of pulses are weak with the normalized amplitude value less than 0. 5. Compared with the lower alti-
tude area, the number of pulses during the preliminary breakdown process of negative CG flashes measured in the
Tibetan Plateau is larger and the proportion of narrow pulses is smaller. The proportion of large bipolar pulses with
large peak-to-peak amplitude that is equal to or larger than the peak amplitude of electric field change of the first re-
turn stroke is small. Based on the statistics, the mechanism of discharge processes that produce bipolar pulses has

been discussed theoretically. It is found that if the propagation speed of current pulse and the damp length of current
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pulse are large, the peak-to-peak amplitude of bipolar pulse will be large.

Key words lightning, initial stage of discharge, sub-microsecond electric field change, lower positive charge center

(LLPCC), modified transmission line model
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Fig. 1 The diagram of calibration system of fast antenna and

slow antenna used for measuring lightning electric field change
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Fig. 2 Electric field record of intracloud (IC) flash 20080818204336: (a) Electric field record of initial stage of IC flash; (b) positive large bi-

polar pulse; (c) negative narrow unipolar pulse; (d) “chaotic” pulse
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Fig. 3 Characteristics of pulses during the initial stage of IC flash 20080818204336: (a) Occurrence of pulses with different amplitudes dur-
ing the initial stage of IC flash; (b) occurrence of pulses with different pulse widths during the initial stage of IC flash; (c¢) histogram of

pulse amplitude for four types of pulses in the flash; (d) histogram of pulse width for four types of pulses in the flash
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Table 1 Summary of occurrence of smaller and narrower pulses in 12 selected IC flashes observed in Da Hinggan Ling
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Fig. 4 Histogram of unipolar and bipolar pulses vs. pulse width during the initial stage of IC flashes: (a) 12 selected IC flashes observed in

Da Hinggan Ling; (b) 12 selected IC flashes observed in Yangbajing

R2 FIN\FUEX 12 RN B INEK iR FA%E Bk BT & L B

Table 2 Summary of occurrence of smaller and narrower pulses in 12 selected IC flashes observed in Yangbajing
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Fig. 5 Electric field record of negative cloud-to-ground (CG)
flash 20080815184231: (a) Electric field waveform of the whole
CG flash; (b) electric field record of preliminary breakdown of
CG flash; (c¢) positive large bipolar pulse

3 ms ZJm s Akl S AR /N K v BORE I 1A Al 23
A FEAR—E BRI R . RZEBK b & T 5tk
Pk

5 3 HHmINGEHH R AR A1
BOUHFE R GE iR W], A2 LBP Wl Z )5 2 2 ms,
KB A IR B (R, /£ LBP HHILZ 54y 5 ms,
ZE Bk b BOR B T — EAE . SRR Bk b (-5
WV 2 oA 1. 46, AR/ ok boxsd o7 5 i 48 55
DRV W:T QU LRS! QUIDT NIVE B2 3t N I =SSR DRV ;S

tho TR T B AE H A X A7 7E 23 o A HL 3 IX
(Pawar and Kamra, 2004), #iNITE T EH 2o E
70 R g XX TS 5 1 LAy DX B M o 2 i L . TR
RGBT LBP, SR G S AT X 5 T &R IE HL A X
Z )P A K s 2, X L AR L 3 AR Ak AR
SN BN R 32 ) 2 e A A
HLSE S g0 AR IE LA X, T A
3.2.2 MR E F BRI 57 4IRSt

33 TG L IX 7 R A M DN 2
B PRRIEM GET T 25 5 R s /N ik i AR
AN AL AT 5 ELB A 39 Y0 ~95 %6, A Bkl T o e
Bk 83%~100% ., 4 4 H T H/\IHIX 7 ki
i A T 2B Bk A AE A ST R, W LB
v Jir A DX Pk v B8 R T AR T A M DX . AN [ bt A
N i R R N ik i R i RGBSR 77 06 ~
97 % ZEBKIPHT 5 EL B R 6026 ~87% ., Nag et al.
(2009) X} Florida Hb X () 12 Y [N #E4T T G2t
R BUASTR) A g Ttk 2l A e, /N K b AR N ik i
AL A7 FBi Ry 57 %0 ~98%, Jik i 5E B /N T4 T 4
ps WIZE K P IE b7 LU Ry 2206 ~89 %0, MGRiT45 5%
XA TR A . 5 Florida # X AH . ARG
255 4 /0N i i AR /D Bk e BT A B 4B A X AN
Qie et al. (2002) X r [ P Fifi w5 Jirt b, DXt DA 5 ]
AR TR 2R B B I A 48 L 37 28 AL Hh 1 fik o
FRESEAT T80T, i G I 38 152 4 ik i 55
SEWFIE] R 32.0£20. 0 ps. HSZA L, ATWSIT
PR B ok vh 58 B2 1) AR A BBl

FRATTXF D220 1l X T2 /\ - [X i PR RSB
RIkmiE 5 E R Bl 2 i T 7481t HE
ARk 0. 14~1.46 1 0. 03~ 1. 64, {40 3K
0. 65 F1 0. 48, MF{E AJ 5 (sl T WA (E A ELADL A XU A4
Jik e B T | B EE B TR 406

Bl 7a, b 25 H T KIS HLIX 7 YR 67 1 N A=
JNIEHI DX 7 YR A7 DN T3 o 28 B B Mk v Sk Rk e
SR A . AT LA s kP 58 B2 1 o3 A 3 2
STBOER A o KOS HIIX . ok b 5 BE SR -3
HN 4.4 ps, ZERKRIT S EB Dk 9426, Hor 620601
Bk hFERE/INT 26T 4 pss £\ IFHBIX, ko5 B2 58
ARIIE R 10 sy ZE BRI & E B 7000, Horp
18 Y0 ko 58 B /N F 45 F 4 ps. SR b X AH
LU 50 D DX b DA 900 2 B BB 78 ik o e o L B8] 3
%, Bkoh5E BE SR B ER K



X " B ¥ 35 4
652 Chinese Journal of Atmospheric Sciences Vol. 35

16 15
14 @ (b)
EIPN & B NFEF10 ps
12 LR - M = KF10ps
& 10 o /N &
< m B | &
o o
B 6 = 5
4
: 4. 0
0 0 [
—1 4 9 14 19 —1 4 9 14 19
Fif [B)/ms fi 8] /ms
80 45
© wh @
B IEXUHE B el B X Rk
m SRR ol ® SRR
£y O IERKH F=d O IE Rk
& m G fikpf & 25 u G ik
£ £ 20
= = s
10
5
0.25 0.50 0.75 1.00 0= 4 10 20
H—4b iR B Jok v B B /s

[ 6 futhiA 20080815184231 Wik ZE B Bk th A4, AR A 3
Fig. 6 Same as Fig. 3, but for characteristics of pulses during the preliminary breakdown process of negative CG flash 20080815184231
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Table 3 Summary of occurrence of smaller and narrower pulses in seven selected CG flashes observed in Da Hinggan Ling

L _— SN SR N B R b5 D Bkl 55 B AN F AT 10 s BOBKAEL CFF 15 HD
CE/ A/ H /B30 - KUK Bl P Bt WA Bl Bt
200906171259 31 5 20 25 (81%) 4 23 27 (87%)
200906171301 30 3 16 19 (63%) 5 20 25 (83%)
200906181602 22 1 8 9 (41%) 7 15 22 (100%)
200906181606 23 3 6 9 (39%) 6 14 20 (87%%)
200908101725. 06 78 43 31 74 (95%) 46 31 77 (99%)
200908101725. 29 19 6 10 16 (84%) 6 12 18 (95%)
200908101726 68 17 46 63 (93%) 20 45 65 (96%)
Mt 271 78 137 215 (79%) 94 160 254 (94%)

R4 F/\HMX 7 Rt AT S 2 BB/ A0 A8 Bk i B o L

Table 4 Summary of occurrence of smaller and narrower pulses in seven selected CG flashes observed in Yangbajing

IR H Ik hS RN R OUF A ER B ik e BE /N F BT 10 ps W BK PR O3F i LD
I QUDEY e
G/ /H /50 MU B P Bt AR A B Mt
200808151812 48 23 20 43 (90%) 19 19 38 (79%)
200808151813 31 12 18 30 (97%) 12 15 27 (87%)
200808151826 129 56 65 121 (94%) 40 55 95 (74%)
200808151839 40 14 21 35 (88%) 6 18 24 (60%)
200808151842 78 26 48 74 (95%) 19 32 51 (65%)
200808151843 39 16 14 30 (77%) 13 12 25 (64%)
200808182054 58 29 26 55 (95%) 17 18 35 (60%)

it 423 176 212 388 (92%) 126 169 295 (70%)
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Fig. 7 Histogram of unipolar and bipolar pulses vs. pulse width during the preliminary breakdown process of CG flashes: (a) Seven select-

ed CG flashes observed in Da Hinggan Ling; (b) seven selected CG flashes in Yangbajing
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