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The mode conversion process, one of the generation mechanisms of planetary radio emissions, occurs where
one propagating mode is coupled to other mode(s) in the presence of inhomogeneity of background plasma
environment. There are various phenomena related to the mode conversion process such as terrestrial contin-
uum radiation, auroral kilometric radiation, and Jovian decametric emissions. Stix (1965) investigated a theo-
retical basis for the conversion mechanism. It was further extended to apply the mechanism of double mode
conversion of beam radiation proposed by Oya (1971,1974) to Jovian decametric radiation. However, we often
find observational results related to the mode conversion process in a region where theoretical assumptions are
not valid; e. g., where WKB approximation is violated due to small spatial-scale variations of background
plasma environment. Numerical experiments can be a powerful tool to investigate the conversion process
under such conditions. On the mode conversion process in magnetosphere, however, a self-consistent simula-
tion which is free from the WKB approximation has not been used in previous studies. In this dissertation,
we performed numerical experiments by using a two-dimensional fluid electron model and an electron hybrid
model so as to evaluate the conversion process quantitatively.

First, the coupling properties of UHR mode wave to LO-mode wave have been studied in order to discuss
parameter dependence of the conversion efficiency. We performed three sets of simulation runs in Chapter 2.
In the first set, we consider the single mode conversion with different wave normal angles. The results indi-
cate the efficiency is low for all of the incident wave normal angles, showing that the mode conversion ef-
ficiency just from UHR-mode wave (w,<w<wu) to LO-mode wave is very low. In the second and third
sets, we consider the double mode conversion, UHR mode wave to LO-mode and Z-mode waves (w.<w<
w,) and then from Z-mode wave to LO-mode wave with different wave normal angles and different incident
wave frequencies, they can be led to strong mode conversion under special condition.

Based on the simulation results, we study the conversion process theoretically by analyzing the dispersion
relation of the cold plasma. The maximum conversion efficiency obtained by the simulation is explained by
the matching of both parallel and perpendicular components of the refractive indices of UHR and LO-mode
waves. The incident wave normal angles that lead to the highest efficiency of mode conversion are calculated.
These normal angles increase with increasing frequency of incident wave. We evaluated the efficiency of
mode conversion depending on the wave normal angle and the steepness of density gradient. The initial results
indicate the efficiency of mode conversion depending on the steepness of density gradient exponentially, but
for the critical incident wave normal angle the efficiency is almost independent of the steepness of density
gradient.

These results demonstrated that our simulation model can adequately treat plasma wave processes in the
inhomogeneous plasma medium. In the present study, the oblique propagation of incident UHR waves is con-
sidered while the density gradient is fixed to perpendicular to the external magnetic field. We can apply this
assumption to the equatorial region of the plasmapause in the Earth’ s inner magnetosphere. However, the
WKB approximation might be violated in the storm-time inner magnetosphere, despite the fact that the effi-
cient conversion process often takes place under such disturbed plasma condition. Since we can assume
arbitral initial settings in the numerical simulation, it is invoked as a powerful tool to discuss the conversion

process under the realistic condition.



Next, we applied our simulation model to the realistic plasma condition based on the observations of the
Akebono satellite in the plasmasphere in Chapter 3, so as to discuss the generation process of LO-mode
waves observed around the plasmapause. We performed simulations under the initial condition determined
from the observation results. We confirmed that the properties of LO-mode waves observed in the simulation
results are consistent with the observation results. We also found that the propagation angle of generated LO-
mode waves is slightly smaller than the propagation angle predicted by the previous theory, where the smaller
propagation angle is required for the explanation of recent observationa. findings (e.g., Hashimoto et al,
2006). The difference between the previous theory and our study could be explained by the slight mismatch
of the refractive index of each wave mode from theoretical value which results in the highest conversion ef-
ficiency at the site of mode conversion around the plasmapause.

In Chapter 4, we have investigated the generation mechanism of RX-mode. From simultaneous observations
of plasma waves and energetic particles, it has been suggested that the emissions from the plasmasphere are
related to the existence of unstable velocity distributions of particles localized in the equatorial regions (e.g.,
Kurth et al., 1980). Especially during geomagnetically disturbed periods, these plasma waves are intensified in
a narrow latitude range around the geomagnetic equator (Green et al., 2004), and free energy sources are ex-
pected to be fed by strong wave-particle interactions in the equatorial region. The Akebono satellite which
passed through the geomagnetic equator indicated the possibility of the local enhancement of RX-mode waves
in the equatorial region. However, the generation mechanism of RX-mode waves in the equatorial region has
not been well understood.

In Chapter 4 of this dissertation, the linear growth rates of Z-mode, UHR-mode, whistler and RX-mode
waves have been calculated under the cyclotron interaction process, and then numerical simulations have been
performed. The results of simulations are consistent with the linear growth rates and showed the simultaneous
enhancement of Z-mode, UHR and whistler mode waves through the instability driven by the ring-type veloc-
ity distribution. Then a generation of RX-mode wave is examined by using an electron hybrid code (Katoh,
2003). We have carried out a numerical simulation by assuming the ring-type velocity distribution for ener-
getic electrons. Simulation results show an enhancement of RX-mode wave as well as an enhancement of Z-
mode. The wave spectrum has been analyzed by FFT. The results show the frequency separation of wave
frequencies of Z-mode and RX-mode waves is exactly equal to one cyclotron frequency. By referring the re-
sults of the linear growth rate and the nonlinear coupling condition, we suggest a possibility of RX-mode

wave generation by nonlinear wave particle interactions.
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