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Fig 1 Spectra at given heights in each discharge channd
(a): Spectrum of discharge B at a given height (place: Qinghai, 19:24: 16, 08 15, 2002);
(b): Spectrum of discharge B at a different heights;
(¢): Spectrum of discharge A at a given height (place: Qinghai, 19:31:12, 0815, 2002);
d): Spectrum of discharge C at a given height (place: Naqu of Xizang, 11: 16: 37, 07 15, 2004);
p g g g p qu 8
(e): Spectrum of discharge D at a given height (place: Naqu of Xizang, 01: 13: 08, 08 11, 2003);
(f): Spectrum of discharge E at a given height ( place: Naqu of Xizang, 19:32:47, 0711, 2004);
(g): Spectrum of discharge F at a given height (place: Naqu of Xizang, 19:40: 04, 0728, 2004);
(h): Spectrum of discharge G at a given height (place: Naqu of Xizang, 21:31:30, 0& 11, 2003)
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Table 1 The particle densities of stroke A and B before
and after considering Debye Hiichel corrections .
A B 1 A B s
T= 24 700K, T= 28000 K, ’ Debye Hi chel
Jem™ 3 ne= 9. 03x 1017 ¢m-3 ne= 1 75% 10%® em- 3
R Debye Hiichel

NI 2 261(16) 2 071(16) 3 161(16) 2 827(15) ’ Debye
AN 6 935(17) 6 909(17) 1 287(18) 1 270(18) Huchel - NI, NIL ol oIl Arl, Arll
nxm 7 283(15) 8 588(15) 4 322(16) 5 192(16) : Debye

ax 3 210(09) 4 874(09) 1 721(11) 2 777(11) , , ,

no1 9 004(15) 8 267(15) 1 223(16) 1 100(16) , -

no 1 842(17) 1 840(17) 3 490(17) 3 465(17) Debye

nom 4 174(14) 4 935(14) 3 259(15) 3 938(15)

now 4 892(07) 7 447(07) 4 660(09) 7 564(09) ’

A 1 271(14) 1 147(14) 1 531(14) 1 318(14) ’

naen 8 378(15) 8 225(15) 1 336(16) 1 297(16)

naem 7 580(14) 8 809(14) 3 622(15) 4 186(15) 7 ’
naev L 007(11) 1 507(11) 3 088(12) 4 793(12) . 10" em™* )
nyy 1 765(03) 3 701(03) 8 805(05) 2 025(06) ; )

10 . 2261(16)= 2 261x 1016 I~ 2 , NI ,
Table 2 The particle densities in different lightning discharge channels
A B C D E F G

T/K 24 700 28 000 28 100 28 700 29 000 29 900 30 700

ne 9 030(17) 1 750( 18) 1. 068( 18) 1 752(18) 1 810(18) 1 534(18) 3 267(18)
N 2 071(16) 2 827(15) 1. 014(16) 2 332(16) 2 256(16) 1 258(16) 4 818(16)
ANl 6 909(17) 1 270( 18) 7. 417(17) 1 238(18) 1 262(18) 9 960( 17) 2 230(18)
AN 8 588(15) 5 192(16) 4. 894( 16) 6 975(16) 8 089(16) 1 067(17) 1 709(17)
AN IV 4 874(09) 2 777(11) 4.202(11) 6 186(11) 8 952(11) 2 407(12) 3 495(12)
nol 8 267(15) 1 100( 16) 4. 024( 15) 9 093(15) 8 802(15) 4 996( 15) 1 851(16)
nol 1 840(17) 3 465(17) 2.065(17) 3 415(17) 3 498(17) 2 840(17) 6 212(17)
nom 4 935(14) 3 938(15) 3. 802( 15) 5 592(15) 6 660(15) 9 478(15) 1 554(16)
now 7 447(07) 7 564(09) 1. 177(10) 1 873(10) 2 853(10) 8 745(10) 1 368(11)
el 1 147(14) 1 318(14) 4.189(13) 1 016( 14) 9 540( 13) 4 585(13) 2 002(14)
Al 8 225(15) 1 297(16) 6. 712( 15) 1 178(16) 1 163(16) 7 850( 16) 1 983(16)
AT 8 809(14) 4 186(15) 3. 493(15) 5 155(15) 5 745(15) 6 358(15) 1 128(16)
Nl 1 507(11) 4 793(12) 6. 386( 12) 9 183(12) 1 237(13) 2 597(13) 3 891(13)
AV 3 701(03) 2 025(06) 4.277(06) 7 102(06) 1 255(07) 5 944(07) 9 273(07)
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Table 3 The percentages of particles densities in different lightning discharge channels
A B C D E F G
T/K 24700 28 000 28 100 28 700 29 000 29 900 30700
nn1 /N 0 288(- 01) 0 209(- 01) 0 127(- 01) O 175(- 01) 0 165(- 01) 0. 113(- 01) O 197(- O1)
it/ AN 0 959(00) 0 941(00) 0 926(00) 0 930( 00) 0 924(00) 0. 893( 00) 0 911(00)
i N 0 119(- 01) 0 384(- 01) 0 611(- 01) 0 524(- 01) 0 593(- 01)  0.956(- O1) O 698(— O1)
N v/ N 0 677(- 08) 0 206(- 06) 0 525(- 06) O 465(- 06) 0 656(- 06)  0.216(- 05) O 143(- 05)
101/ now: 0 429(- 01) 0 304(- 01) 0 183(- 01) O 255(- 01) 0 241(- 01)  0.167(- 01) O 283(- O1)
1011/ Mo 0 955(00) 0 959( 00) 0 963(00) 0 959(00) 0 958(00) 0. 952( 00) 0 948(00)
10 1 10wt 0 256(- 02) 0 109(- 01) 0 177(- O1) O 157(- 01) 0 182(- O1)  0.318(- O1) @ 237(- O1)
10 v/ Mo 0 386(- 09) 0 209(- 07) 0 549(- 07) 0 526(- 07) 0 781(- 07)  0.293(- 06) 0 209(- 06)
nart / Ao 0 124(- 01) 0 762(- 02) 0 409(- 02) 0 596(- 02) 0 546(- 02)  0.321(- 02) 0 639(- 02)
narn/ Maror 0 892(00) 0 750( 00) 0 655(00) 0 691(00) 0 665(00) 0. 550( 00) 0 633(00)
s MArot 0 955(- 01) 0 242(00) 0 341(00) 0 303(00) 0 329(00) 0. 445(00) 0 360( 00)
nar v/ Ao 0 163(- 04) 0 277(- 03) 0 623(- 03) 0 539(- 03) 0 708(- 03)  0.182(- 02) 0 124(- 02)
narv/ Naror 0 401(- 12) 0 117(- 09) 0 417(- 09) 0 417(- 09) 0 718(- 09)  0.416(- 08) O 296(— 08)
2 kg m?, , P 10720,
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Table 4 The characteristic parameters of lightning discharge channels
T/K ne/ cm= 3 P (kg* m-3) P/atm
A 24 700 9 B0x 107 2 249x 10-2 6 056 0 968
B 28 000 L 750% 1018 4 217x 10-2 13 048 Q0 977
C 28 100 L 068x 1018 2 501 10-2 7. 889 0 986
D 28 700 L 752% 1018 4 156x 10-2 13 281 Q0 981
E 29 000 L 810x 1018 4 262x 10-2 13 833 0 982
F 29 900 L 534x 1018 3 482x 10-2 11 854 Q0 987
G 30 700 3 267x 10'8 7 640x 10-2 26 198 Q0 979
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The Study on the Characteristics and Particle Densities of Lightning
Discharge Plasma
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Abstract According to the wavelengths, relative intensities and transition parameters of lines in doud to ground lightning spec
tra obtained by a slit less specirograph in Qinghai province and Xizang municipality, and by theoretical calculations of plasma,
the average tem perature and electron density for individual lightning discharge channel were calculated, and then, using Saha
equations, electric charge conservation equations and particle conservation equations, the particle densities of every ionized state,
the mass density, pressure and the average ionization degree w ere obtained. Moreover, the average ionization degree and charac
teristics of particle distributions in each lightning discharge channel w ere analyzed. Local thermodynamic equilibrium and an optr
cally thin emitting gas were assumed in the calculations. The result shows that the characteristics of lightning discharge plasma
have strong relationships with lightning intensities. For a certain return stroke channel, both temperatures and electron densities
of different positions show tiny trend of falling aw ay with increasing height along the discharge channel. Lightning channels are
almost com pletely ionized, and the first ionized particles occupy the main station while N I has the highest particle density. On
the other hand, the relative concentrations of NII and O Il are near a constant in lightning channels with different intensit ies.
Generally speaking, the more intense the lightning discharge, the higher are the values of channel temperature, electron density
and relative concentrations of highly ionized particles, but the lower the concentration of the neutral atoms. After considering the
Coulomb interactions betw een positive and negative particles in the calculations, the results of ionization energies decrease, and
the particle densities of atoms and first ionized ions become low while high ionized ions become high. At a temperature of 28 000
K, the pressure of the discharge channel due to electrons, atoms and ions is about 10 atmospheric pressure, and it changes for
different lightning stroke with different intensity. T he mass density of channel is lower and changes from 0 01 to O 1 compared

to the mass density of air at standard temperature and pressure (STP) .
Keywords Particle density; Pressure; lonization degree
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