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Fig. 1 The original spectra of lightning return stroke channels
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Fig. 2 The spectra of lightning return stroke channels at a given height

(a): The spectra of first return stroke R1; (b): The spectra of subsequent return stroke R2;

(c): The spectra of subsequent return stroke R3; (d): The spectra of subsequent return stroke R4
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Fig. 3 The luminous radius of lightning return stroke channels at a given height by luminous pixels
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Fig. 4 The waveform of fast electric field change caused by lightning
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Table 2 The characteristic parameters of the lightning return stroke channel core
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Fig. 5 Correlation analyses

(a): Correlation analysis between the conductivity and the peak power per unit lenth;

(b): Correlation analysis between the return stroke speed and the peak pwoer per unit lenth;

(¢): Correlation analysis between the initial electric field peak and the peak pwoer per unit lenth;

(d): Correlation analysis between the peak current and the peak pwoer per unit lenth



3274 S 5 6 M

CEENE o

MBS BT LAE 2, (8]l 38 G A% O L R Y I (S R
I A A B FEL ST AR 0 L I W R A A S M A 2 5 el i
JE AR SRR+ 5 W v U P AR S A i e o MR 0 DR R R )
JyF AL, I R S E A DR AR AR L R BT
S [6) = A 2 B0 2+ IS = A kX [ o 3 A R 8 S [ Y
RO o TRII s Io o A (P O S AR fal 5 A OGS Tl i
A AR W (A OG R I WA (i v 7 0 B 2 6 2 ) LA BRI Y R
PEAH S o B TR R A T A /) [ o A R A U {E
Ty A& RIS 25080/ 8 G AZ O HP R D B HL O o TR ML U A MR A Y
E 15 7% ST WA - DRV [ o T A TR B RO R B
(B =) AR RS S, (S a—z) FfE
7B R 55 A A OO R R L 1 IR, i
RT3 18 s S R T E R BT .

References

345

A 4 ve ST ) 43 99 A S 33 R AN ) 5 H 3 W kL, TN
FL 3 7 B R T A I R R o A% D R AE S 8. 4
WEW, B EEE (L. 2~2.3)X10° m s " [WEHEK; EH
ol 38 TEAZ O 0 Rl HE A | AR ) E 3 R S N 9 B Y i R AE A
WIZE (1. 42~1.74) X 10° Ve m™ ', (8.22~9.99) X10° V »
m ' 151 ~2.83 T Bl 9. 24 (A B 9 0 B HL O TE
7.52~24.05 kA (¥ 5 1B N IS, [0 o 58 3 A0 1 06 H T SR AR
(0.63~1.92)X10° W« m “"[IEHE N . 7540, o0 KB IE
A A D) R B RIS R . R4 Rl MR R
DA R [ 30 T T TR A R A ROOR g BRI R . 3 T O R4
LR e &

[ 1] WANG Dao-hong, QIE Xiu-shu, GUO Chang-ming( Ei#jt, 25 45, 38 E ). Lightning and Artificial Triggering Lightning (5 H 5 A
T.5]%8). Shanghai: Shanghai Jiaotong University Press(_Fif§ . 3830 K247 H k), 2000, 111.

[ 2] QIE Xiu-shu, ZHANG Qi-lin, YUAN Tie, et al(Z§ % 15, #HHAM, 7=

Jent: Bl At . 2013, 75.
[ 3] WANG Xue-juan, YUAN Ping, ZHANG Qi-lin( F H1f, %=
2019, 39(12) . 3718.

2, %%). Thunder Physics(EHL I FL22). Beijing: Science Press

M, JEH M. Spectroscopy and Spectral Analysis (S 2% 563443 #7) .

[4] LiuGR, Yuan P, An T T, et al. J. Geophys. Res.: Atmos. , 2019, 124 4689.
[5] LiuGR, Yuan P, An T T, et al. Appl. Phys. Lett., 2019, 115; 064103.

[ 6] Walker T D, Christian H J. J. Geophys. Res. Atmos. , 2017, 122 8000.

[ 7] Walker T D, Christian H J. J. Geophys. Res. Atmos. , 2019, 124, 3930.

[ 8] Borovsky J E. J. Geophys. Res., 1995, 100(D2); 2697.

[9] Wang XJ, Yuan P, Cen ] Y, et al. J. Geophys. Res. Atmos. . 2017, 122 4993.
[10] Uman M A. J. Geophys. Res., 1964, 69; 583.

[11] Haddad M A, Rakov V A, Cummer S A. J. Geophys. Res., 2012, 117; D10101.
[12] Charles D W, Krider E P. Geophys. Res. Lett., 1980, 7. 955.



%10 # il 2 563 i 3275

Study on the Characteristic Parameters of Lightning Return Stroke
Channel Core Based on Spectroscopy
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Abstract High current and intense electromagnetic radiation in the lightning return stroke channel core are the leading causes of
many lightning disasters. With the rapid development of modern science and technology, lightning protection is becoming more
and more important. In order to perfect the lightning protection system, it is necessary to investigate the microscopic physical
mechanism of the lightning channel formation and development from the characteristic parameters describing the channel core.
Up to now, spectral observation is the most effective means to obtain the lightning channel core characteristic parameters. In a
field experiment on the Qinghai Plateau in China in the summer of 2015, a slit-less grating spectrometer assembled by a high-
speed camera as a recording system was used, combined with a fast antenna ground electric field measuring instrument, the
spectra of a cloud-to-ground discharge process including four return strokes and the synchronous fast electric field change
information were recorded. According to the spectrum and plasma theory, the conductivity of the lightning return channel core is
calculated. On this basis, the lightning electrodynamics model is used to calculate the lightning return stroke velocity, peak
current, electromagnetic field across the return stroke channel core and peak power per unit length of the channel core. The
results show that the return stroke velocity is in the range of (1.2~2.3) X 10* m * s~ ', and the maximum values of the axial
electric field, radial electric field and magnetic induction intensity across the return stroke channel core are in the range of
(1.42~1.74)X10° Vem™ ', (8.22~9.99) X10®* V« m ' and 1.51~2.83 T, respectively. When the peak current is in the

', In

range of 7.52~24. 05 kA, the peak power of the return stroke channel core is in the range of (0. 63~1.92)X10° W « m
addition, the correlations between the electrical conductivity, the initial electric field peak value, the return stroke velocity and
the peak current and the peak power are analyzed, it is found that the peak current and peak power has a good linear
relationship. The results can provide a reference for further exploring the microscopic physical mechanism of the formation and

development of the lightning return stroke channel.
Keywords Lightning spectrum; Return stroke channel core; Characteristic parameters; Physical mechanism
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