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We have conducted a series of test particle simulations of obliquely propagating whistler mode 
wave-particle interaction [1], showing that the perpendicular wave electric field can play a significant role 
in trapping and accelerating relativistic electrons through Landau resonance. A further theoretical and 
numerical investigation verifies that there occurs nonlinear wave trapping of relativistic electrons by the 
nonlinear Lorentz force of the perpendicular wave magnetic field. We have performed a subpacket analysis 
of chorus waveforms observed by the Van Allen Probes [2], and calculated the energy gain by the 
cyclotron acceleration through Landau resonance. We compare the efficiencies of accelerations by 
cyclotron and Landau resonances in typical events of rapid electron acceleration observed by the Van Allen 
Probes. By performing test particle simulations of relativistic electrons scattered by electromagnetic ion 
cyclotron (EMIC) rising tone emissions, we find a nonlinear scattering process named SLPA (Scattering at 
Low Pitch Angle) totally different from the nonlinear wave trapping. The nonlinear wave trapping, 
occurring for high pitch angles away from the loss cone, scatters some of resonant electrons to lower pitch 
angles, and a fraction of the electrons is further transported into the loss cone by SLPA after being released 
from the wave trapping [3].  

Geomagnetically induced currents (GIC) is known to be hazardous to the power grid system. When 
great magnetic storms occur, the magnitude of GICs increases in particular at high latitudes where auroral 
electojet flows in the ionosphere. Previously, the power grid system in Japan is regarded to be safe to the 
GICs because Japan is situated at geomagnetically low latitude. In order to assess whether the power grid 
system in Japan is definitely safe for extreme geomagnetic storms, we have conducted numerical 
simulations. First, we modeled propagation of the electomagnetic fields transmitted from the ionosphere to 
the ground by the Finite-difference time-domain (FDTD) method. A global relief model provided by 
NOAA and a global map of sediment Thickness provided by Gabi Laske and Guy Masters were 
incorporated to derive a three-dimensional electrical conductivity that is required to calculate the 
geomagnetically induced electric field (GIC). Secondly, we 
modeled the 500 kV power grid system consisting of >100 
substations and power lines. From the requirement of 
continuity of the electric current, we calculated the GIC 
flowing in the power grid system in Japan for given GIE and 
the power grid model. Figure 1 shows an example of the 
simulation result. The distribution of GIC appears to be 
complex because of non-uniform ground conductivity, and 
uneven distribution of the power grid system. 
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Figure 1. Example of simulated GIC in the 
power grid system in Japan. The radius of 
the circle represents the magnitude of GIC. 
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Identification of wood heritages has provided beneficial information on the origin, historical 
background, wood selection and also new perspectives. In specific, historical cultural exchanges would be 
one of the possible factors that influence the wood selection in Japan. Recently, microscopic wood 
identifications were performed on the decorative and structural elements of several Japanese traditional tea 
ceremony rooms “Chashitsu” in Kyoto, Japan [1]. Although Japanese tea ceremony rooms are well-known 
as representative expression of “Wabi-Sabi” the Japanese senses of beauty, scientific wood identification 
has not seen as important in the past. 

For wood identification, minimum amount of samples that are necessary for making preparation were 
collected carefully from deteriorated parts or cracks so as not to alter the appearance and strength. 
Hand-sectioned samples were observed under an optical microscope and the samples were identified on the 
basis of microscopic anatomical features. However, in many cases, it is not easy to collect enough size of 
samples from old valuable wooden artifacts. In many cases, only one tiny sample can be provided. In order 
to preserve such a precious tiny sample, synchrotron X-ray microtomography (SRX-ray μCT) that is 
non-destructive and non-invasive method has been widely applied. Our investigation recently revealed this 
method is effective for identification and observing anatomical structure [2] [3]. From Japanese traditional 
tea ceremony room, it was difficult to get enough size of samples; SRX-ray μCT was also applied to 
identify the wood species. 

As a result, the unique wood usage peculiar to tea ceremony rooms was revealed. For instance, 
combination usage of Pinus densiflora and Zoboku (wood with bark) or Cryptomeria japonica and Zoboku 
for Tokonoma was confirmed. Furthermore, some results concerning about the wood selection envisaged a 
very unique cultural interaction between the architectural styles of Korean peninsulas and Japan. Now, 
other investigation of tea ceremony rooms in regard to wood species has been started in Kansai area. In 
order to deeper the “Wabi-Sabi concept” in wood selection and reveal the linkage among Asian counties, 
wood identification would be more and more important. 
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