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Fig. 2 Analytical dispersion curves of the longi-

tudinal oscillation at d=5

1 3 d=5 ~W-Swt!M]pIp2�:p
Fig. 3 Analytical and numerical solutions of the

dispersion relations of longitudinal oscillation at

d=5u�0 2∼3 �~Y<�!Vu0g
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Table 1 Parameters of the longitudinal oscillation when d has different values

d = ε∗/mc2 A B C D

3 1.32383 -0.01656 0.25788 -0.02056

5 0.81956 -0.03052 0.44019 -0.06363

10 0.56747 0.03092 0.54288 -0.09934

15 0.24653 0.20551 0.79775 -0.25235

2006 K6C^ [8] YV(LoVu0*bN Maxwell �%U+Q[ur�K�0 5:LoVu0*bN
fO�%� Maxwell �%U+Q[urfS�E0�4�
fO�%� Maxwell �%U+Q[ur�K!zi[!��8D���[g?�
Æ�O[�%+��H�#-��~urfS[Y�8y#-�

1 4 d=5 ~J5]wthU
Fig. 4 Simulation curve of dispersion relation at

d=5

1 5 �hQ	' (mU) � Maxwell 	' (�U)]wt!M
Fig. 5 Dispersion relations of fast electron dis-

tribution (dashed line) and Maxwell distribution

(solid line)
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Dispersion Relation of Longitudinal Oscillation of
Relativistic Plasmas with Fast Electron Distribution

GUO Hong-mei LIU San-qiu
(Department of Physics, Nanchang University, Nanchang 330031)

ABSTRACT In the case of relativistic regime, the dispersion equation of longitudinal

oscillation for fast electron distribution is derived from the longitudinal permittivity in un-

magnetized, collisionless and isotropic plasmas. The equation is analytically solved, then

the long-wavelength and short-wavelength dispersion relations are obtained. Because the

analytical dispersion curves are discontinuous, the dimensionless dispersion equation is nu-

merically calculated and a full dispersion curve is obtained. Furthermore, by fitting the

numerical solutions, a simple function expression of the dispersion curve is given. This is

easier to use. Finally, in the case of ultra-relativistic regime, the dispersion relation of fast

electron distribution is compared with that of the Maxwell distribution. It is shown that

these two dispersion relations share a similar property in a certain range of wave number.

Key words plasmas, relativistic processes, methods: miscellaneous


