
i) Introduction In the Large Helical Device (LHD),
the Electron Cyclotron Heating (ECRH) system is used
for the plasma heating. In ECRH, the electromagnetic
millimeter waves are transmitted using long corrugated
waveguides, and a miter bend is used to bend the prop-
agation direction of electromagnetic waves at a right an-
gle. The miter bend is primary cause of the transmission
loss. In addition, various higher-order modes are gener-
ated during the propagation process. It is known that
the generated various higher-modes degrades the trans-
mission efficiency.

The polarizer miter bend is implemented for mak-
ing the polarized waves for efficient plasma heating, and
the polarizer miter bend is substantiated by digging rect-
angular grooves on the miter bend’s reflector surface.

The purpose of the present study is to develop
the numerical code for analyzing the wave propagation
phenomena in the corrugated waveguide by a three-
dimensional Finite-Deifference Time-Domain (FDTD)
method. In addition, the influence of the miter bend
and the polarizer miter bend on the transmission modes
are numerically investigated 1, 2).

ii) Results and Discussions The electromagnetic
wave propagation phenomena in the corrugated waveg-
uide with the miter bend and the polarizer miter bend
are simulated by three-dimensional FDTD. In Fig. 1,
we show the spatial distribution of the time-averaged
electric field intensity in case of the miter bend. Note
that HE11 mode that is an eigenmode of the corrugated
waveguide is adopted as the source wave. Despite the
distortion of the intensity is observed, it can be seen
that the intensity distribution is propagated while con-
centrated near the center of the waveguide. It can be
said that the main transmission mode is HE11.

On the other hand, the concentrations of the electric
field intensity are confirmed periodically by the beats
which are interference between the base mode and the
other higher-order modes as shown by dotted circles in
the figure. Thus, we can gather from the figure that the
beat length is assumed as 60 mm. However, adjacent

Fig. 1: The Spatial distribution of the time-averaged
electric field intensity in case of the miter bend.

shapes of the concentrated parts are different. That is
to say, the shape changes downward from left to right to
upward from left to right, periodically, and we can also
gather from the figure that the beat length is assumed as
120 mm. From this point of view, the candidates of the
higher-order modes excited at the miter bend are HE22

mode (or degenerated TM03 or TE02 mode) for the beat
length of 126 mm, or HE42 mode (or degenerated EH23

mode) for the beat length of 60.4 mm.
Finally, the distribution of electric field intensity

and the electric field E on output plane a (see Fig. 1)
are numerically investigated. From the result, the lin-
ear polarization is confirmed in cases of miter bend and
polarizer miter bend with θ = 0◦. Here, theta denotes
the rotate angle of the polarizer miter bend. Although
the linear polarization is also observed in case of θ = 90◦,
the direction of the vector is opposite comparing with the
result of θ = 0◦. On the other hand, the elliptical polar-
ization is clearly confirmed in case of PMB with θ = 45◦.
From the above results, it is suggested that the polariza-
tion can be controlled by changing the rotate angle of
the PMB’s reflector 2).

Additionally, the wave propagation simulations are
implemented by means of meshless based method. Mesh-
less Time-Domain Method (MTDM) is adopted for the
wave propagation shimulation in complex shaped waveg-
uide. In the method, we employ the interpolating mov-
ing least-squares for the weight functions of MTDM, and
the stability of the method increases than the original
MTDM 3).
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Anomalous transport phenomena have been believed 

as dominant processes observed in high-beta field-reversed 
configuration (FRC) experiments. Resultantly, conventional 
FRC plasmas formed by a field-reversed theta pinch method 
can be maintained for at most a few 100 s. Estimated from 
the comparison between the plasma lifetime estimated using 
a resistive decay model and that measured in FRC 
experiments, the anomalous factor in the electrical 
resistivity is approximately 10. Moreover, one of the authors 
has explained that a spontaneous toroidal flow generation 
arises from a direct conversion of the resistive flux decay. 
Therefore, the relationship between global FRC plasma 
motions and transport phenomena is an important subject to 
be clarified. Besides, it is necessary to develop theoretical 
model that can explain transport phenomena measured in 
recent FRC experiments such as an anomalously fast 
reconnection in a merging formation of two FRC plasmas 
and effects of relatively higher magnetic field fluctuations 
on particle transport processes. 

In order to reproduce an axial collision of two FRCs 
and subsequent merging process by a numerical simulation, 
we need to give an anomalous resistivity in the reconnection 
region. In our present study, the electrical resistivity is given 
by a sigmoid function of the current density as shown in 
Fig.1. In Fig. 1, our model describes an anomalous increase 
in the resistivity due to generation of a current sheet 
between two adjacent FRC plasmas. Introducing this current 
density model to our 2D resistive magnetohydrodynamic 
(MHD) simulation, however, we never observe merging of 
two FRC plasmas. Therefore, particle effects may give an 
important role of merging processes. 

Considering the above reason, we have carried out 
hybrid simulation in order to reproduce a FRC translation 
process. When an FRC plasma is supported by the mirror 
fields in both axial end region, a translation of FRC plasma 
is triggered by an external field control. We have prepared 
two cases: the mirror field in the one axial end region is set 
to decrease gradually (Type 1) and the gradient of the bias 
magnetic field pressure increases with time (Type 2). 
Figures 2 and 3 show the density profile in the axial 
direction on the surface where the field-null point exists for 
Type 1 and Type 2 respectively. It is found for Type 1 that 
plasma ions gradually diffuse out from the separatrix and 
move toward the weak field region. On the other hand, a 
density increase is never found for Type 2. Furthermore, we 
also found that the position of the separatrix slightly shifts 
rightward (toward the weaker mirror field) for Type 2. 

Unfortunately, we have not as yet been able to reproduce an 
FRC transport by our hybrid simulation model. 
  
 

 
  

 
Fig. 1. Relationship between resistivity and current 
density. 

 

 
Fig. 2. Axial profile of the ion density for Type 1, 
where the density is normalized by that of the field-
null. 
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Fig. 3. Axial profile of the ion density for Type 2, 
where the density is normalized by that of the field-
null. 
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