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Fig. 1. Altitudinal variation of eastward electrical field in the simulation.
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Fig. 5. Evolution of plasma bubbles caused by one dimensional disturbance with o = 0.1.
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Fig. 8. Evolution of plasma bubbles caused by TIDs with o = 0.1.
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Fig. 9. Evolution of plasma bubbles caused by TIDs with o = 0.01.
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Fig. 10. Evolution of plasma bubbles caused by TIDs with a = 0.
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Abstract

Plasma bubbles in the ionosphere have a significant effect on radio wave communication and navigation.
Under the worst condition, it will fail to function the systems relying on the ionosphere. On the other hand, the
physical mechanisms of evolution and diurnal variations of the plasma bubbles in the ionosphere are still
unclear. Therefore, it is still worthy to simulate the plasma bubbles in the ionosphere for radio wave
propagation and science. In this study, the equatorial plasma bubbles induced by one- and two- dimensional
disturbance in the ionosphere are simulated, where traveling ionospheric disturbance (TID) is used to produce
the two-dimensional disturbance in the ionosphere. The dispersion relationship of gravity wave is used to
represent the corresponding wavelength of TID in this study. More importantly, we investigate the effect of
recombination rate on the development of plasma bubbles by numerical simulation. The simulation results show
that the recombination rate of the plasma in the ionosphere has a significant effect on the development of
plasma bubbles. The greater the recombination rate, the more time it takes to produce the plasma bubbles. For
one-dimensional disturbance in the ionosphere, there is no significant effect in the structure of plasma bubbles
for the recombination rate of the plasma. However, the recombination rate plays a significant effect on the
structure of plasma bubbles induced by TID. When the recombination rate is less in numerical simulation, the
complex structure including bifurcation, plume-like structures, and pinching of plasma bubbles can occur in the
development of bubbles. In contrast, the structure of plasma bubbles is simpler when the recombination rate is
greater in simulation. As a result, the recombination rate of the plasma is a significant factor for simulating the
plasma bubbles in the ionosphere. The greater recombination rate can result in the slowing down of equatorial
plasma bubbles and the simplifying the structure of the bubbles as well. In addition, it is found that not all of
plasma bubbles at the bottom of the ionosphere can grow to the top of the ionosphere when many bubbles
occur on the bottom side. The direction of the polarization electric field near the bubbles can be changed in the
non-linear development of the bubbles. Therefore, only the bubbles where the polarization electric field is always

eastward can develop to the topside.

Keywords: chemical recombination rate, equatorial plasma bubble, travelling ionospheric disturbances,

numerical simulation

PACS: 94.20.—y, 94.20.Vv, 94.20.W—, 94.20.w]j DOI: 10.7498 /aps.68.20190173

* Project supported by the Young Scientists Fund of the National Natural Science Foundation of China (Grant No. 41604133).

1 Corresponding author. E-mail: chuajiang@whu.edu.cn

199401-10


http://dx.doi.org/10.7498/aps.68.20190173
mailto:chuajiang@whu.edu.cn
mailto:chuajiang@whu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

