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Mechanism of energy extraction of rotating black hole : It is believed that the most drastic phenomena in the Universe such as active
galactic nuclei, micro-quasars, and gamma-ray bursts are related with black holes. The energy source of such drastic phenomena may
come from the rotation energy of the black hole. Using the numerical method, we revealed the magnetic mechanism of the energy
extraction of the black hole (Figure 1)

Development of numerical code of general relativistic magnetohydrodynamics : To investigate plasmas around the black holes, we
have developed the numerical codes of general relativistic magnetohydrodynamics (GRMHD). Recently, we investigate the resistive
GRMHD, where the electrical resistivity is not zero. It is expected that the drastic phenomena of the plasma due to the magnetic
reconnection near the black hole is revealed using the code.

Figure 1.

Energy extraction of rotating black hole due to Alfven wave. The black surface is the horizon of black hole. The yellow surface is the
ergosphere, where any material and energy propagates only in the same direction of the black hole rotation due to the frame-dragging
effect. The tubes are the magnetic flux tubes. The green tubes don’t cross the ergosphere, while the red tubes cross the ergosphere. The
red tubes twisted strongly by the frame-dragging effect. The twist of the magnetic flux tubes propagates outward. We find the negative
energy-at-infinity region in the ergosphere. The negative energy-at-infinity corresponds to the negative mass. When the matter with the
negative energy-at-infinity is swallowed by the black hole, the mass of the black hole decreases. This numerical result shows the
decrease in the energy of the rotating black hole and the outward Alfven wave propagation, which means the energy extraction of the
rotating black hole due to the magnetic field.
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