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THE PHYSICS OF LIGHTNING

ZHUANG Hong-Chun’
Center for Space Science and Application Research — Chinese Academy of Sciences Bejing 100080 China

Abstract The main focus of research on lightning physics is cloud-to-ground lightnings including its initial forma-
tion in the clouds propagation in the air and contact with ground structures. In a large cloud area with strong electric
field the corona at the tips of the water thread formed during passing collision between two raindrops or the corona on
the surface of ice-like hydrometerors will trigger lightning. The propagation of lightning in air is a transformation pro-
cess from corona to electric arc. The key process is the formation of an upward leader from the ground structure and its
joining up with the downward leader. Research physics should focus on the discharge to ground process together with

protective measures against lightning.

Key words lightning physics thunder storm  strike mechanism
250 Franklin
1
2 3
90%
1
2 3
Ims
* 2001CX19
2001 -11-14 2002 - 03 - 08

50m LLLS 30}1{5 T . E-mail zhuang@ center. cssar. ac. cn



2.5 %
10°V/m 1071°¢
2% 10" m™3.
4 x 10°V/m.
9.5 x
10°V/m
5.5x 10°V/m
1
2
5x 10°V/m
2.5%x 10°V/m
3
5.5km
3.9% 10°V/m.

Kasemir >

Eo

J.=C E - E,%E
C

1.5% 10°V/m 8



D = ?Av 3
A v .Dellera  Garbagnati '¢
A;=0.8um v;
= 500m/s D=1.33x10"*m*/s
pf = 5.32 x 107%1. 4
Ae=5.601;=4.53pm v, =
380v; = 190km/s D =0.86m*/s.
~ 1001:C/m +501:C/m.
10
3x10°V/m
11
5
17
. 1
Toepler 2 1 2
173 x 10°C 20mA 3
1/60pus
50MHz . 4
.Loeb Meek " Raether Rizk 1994 7

“ ? . Rizk

Richard Briet 2
“ y "



00

c=10'S/m R ¢ Q/m.
100A 1000—10000A di/di
VA
L vV Eriksson 2 2! Dellera/
i di/dt Garbagnati 2 #  Rizk
i = V/7Z di/di = V/L. 1 v_
Z =500Q V =50MV 50m L 2 H
= 100pH. 3
VA
L 4 v_ v,
7 =4/ C 5
v Eriksson 2
1
v = —— 6
v LC 3
L C 35¢m
L=2pH/m C =10pf/m.
Wagner '® 3% 10°V/m
. 4 Eriksson
i’L/2 V2C/2 V. V.
10%—30% -V
1
200—500ps 1. Eriksson
? R, = I' x 0.84H" 9
Imm a=0.7TH"®? | kA R, H
m.
Dellera ~ Garbagnati 2
2km 10km
100m
100p.C/m
3
3 x 10°V/m
Rt = 1 7
moa” 1 4 Dellera/ Garbagnati
11
at =0.93pp 17312 8



vy

IR
'

3% 10°V/m

TITER

%

E
4 Emx

\

v_

Eriksson

5% 10°V/m

v_/v,

1.

13K B A g(po/m)

~100pc/m

WA

~
e

5% 10°V/m

Dellera/ Garbagnati

Rizk

Eriksson

24 25

10cm

4—>5m.

0.7m.

Rizk

35cm

26



10ms

0.5—1ps
. 7
6.
19
4 : »
30 31 32
1500Q).
o
’ I maks
" g / R
s % | S«
) Sl mma

TEM L

28



AW oD =

W

.
°
°
.

o
$00800800400400400400400400S00S00400S00400S00S00S00S0000400S0000S00S00S00400400400S00S00S00S00S00400S00S00S00S00S00S00400400S00S00S00

Richards C D Dawson G A. J. Geophys. Res. 1971 76 3445
Crabb J] A Latham J Q. J1. R. Met. Soc. 1974 100 191
Griffiths R F Latham J Q. J1. R. Met. Soc. 1974 100 163
Schonland B. IV Proc. R. Soc. London Ser. A. 1938 164
132
Kasemir H J. Geophys. Res. 1960 65 1873

2000 9 536 Wang C W
Liu XS Zhang Y J et al. Wuli Physics 2000 9 536 in Chi-

nese
Jhwar D' S Chalmers J A. J. Atmos. Terr. Phys. 1967 29
1459

1999

Yu H. Master Thesis of Plateau Atmospheric Institute at Lan Zhou
City CAS 1999 in Chinese

Knoll M Ollendorff F Rompe R. Gasentladungstabellen. Berlin
Springer 1935

Fast Cheap Random Number

J. Gleeson

10
11
12
13
14

15

20
21
22
23
24
25
26

27

28

29

30
31

32

0000 ®0000S00S00S00

Aleksandrov G N. Z. Tech. Phys. 1969 39 4 744
Toepler M B. Annln Phys. 1917 53 217

Toepler M B. 1925 14 305

Loeb LB Meek J M. J. Appl. Phys. 1940 11 438 459
Raether H. Electron Avalanches and Breakdown in Gases. Wash-
ington D. C. 1964

Richard B. Proc. of 11th Intn. Symp. On High Voltage Eng.
1999.23

Dellera L. Garbagnati E. Proc. Of IEEE/PES 1989. California
1989

Rozl F A M. Proc. of IEEE/PES 1993 Winter Meeting. Colum-
bus 1993

Wagner C F. AIEE Trans. on PAS 1963.609

Rizk F A M. IEEE Tras. on Power Delivery 1990 PWRD-5
1983

Eriksson A J. IEEE Trans. 1987 PWRD-2 859

Eriksson A J. IEEE Trans. 1987 PWRD-2 871

Dellera . Garbagnati E. IEEE Trans. 1990 PWRD-2 2009
Dellera . Garbagnati E. IEEE Trans. 1990 PWRD-2 2023
Dellera L. Garbagnati E. IEEE/PES 1989 PWRD 89 605
Christopoulos C. Eng. Sci. and Edu. Journal 1997 149
Petrov N1 Waters R T. High Voltage Eng. Sym. 22—27 Aug.
1999 Conf. Publ. No.467

Little P E. J. Phys. D. Appl. Phys. 1978 11 1893
Herring J L Christspoulos C. IEEE Trans. 1994 Ap-42 1654
Christopoulos C Ward D D. IEE Publ. Savoy Place London
1996.7/1

Wlodarczyk A J Johns D P. Electronics Letters 1992 28 728
Johns D P Wlodarczyk A J Mallik A. IEE Conf. Publ. 1991
350 335

Trenkic V. Duffy A P Benson T M et al. Proc. EMC 1994
1994.321

.
-
.

Appl. Phys. Lett. 9 September 2002

$0040040040000S00S00400S00S00S00S00S00S00S00S00S00S0O0S00S00S00S00



