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Aurora coloring the polar night sky. The variety of colors and curtain-like shapes and behaviors have continued to attract
people. Aurora is a light emission phenomenon when plasma particles emitted from the sun and falling on the earth collide witt
neutral particles in the atmosphere and particles in the excited state return to the ground state. Neutral particles emit light i
the earth’s ionosphere, but in order for plasma particles flying from outer space to penetrate into it, a physical mechanism the
accelerates that plasma particle is necessary. Moreover, we can not give clear answer to the fluctuating behavior characteris
of aurora even today. Since the aurora is observed even in the quiet time without explosive energy opening phenomenon such
magnetic reconnection, its physical mechanism exists potentially in the terrestrial ionosphere and the magnetosphere surroundi
it . However, its details are often unresolved.

The theory considered to give the most influential answer to these problems is the physical mechanism of Feedback instabilit
in the magnetosphere - ionosphere coupled system.

The area where we can observe aurora is the ionosphere E layer (altitude 100 - 120 km), and the degree of ionization in th
region is low and it is filled with weakly ionized plasma. Therefore, collision with neutral particles is important. The electron
cyclotron frequency is larger than the collision frequency with neutral particles, so that the collision with neutral particles can be
ignored. However, in the ion motion, the collision frequency with the neutral particle is larger than the ion cyclotron frequency,
so the influence of the magnetic field is small for ions.

Unlike such ionosphere, the magnetosphere (altitude 1,000-100,000 km) is filled with completely ionized plasma, so tha
collisions between neutral particles and electrons or ions can be ignored.

The outline of Feedback instability is as follows. In the Earth’s magnetosphere, there is a magnetic field line extending from the
ionosphere to the magnetic equator. The Alfven wave along this magnetic field and the wave of density fluctuation propagatin
in the vertical direction to the magnetic field existing in the ionosphere resonate with each other. As a result, field aligned curren
and density fluctuation grow spontaneously. Therefore, it is believed that only waves of frequencies causing resonance gro
selectively, resulting in the generation of aurora.

In previous studies, physical quantities in the ionosphere have been treated as uniform with height averaging and not highl
dependent (Robert L. Lysak, 1991, T. - H. Watanabe, 2010 etc). This is due to the fact that the thickness of the ionosphere is a ve
small scale compared with the it of the magnetosphere. However, the physical quantity of the ionosphere actually depends on tt
altitude, in particular the conductivities are changing drastically. Therefore, in this research, we performed a linear analysis witt
a model that treats various physical quantities in the ionosphere as heterogeneous with altitude dependence. As a result of t
linear analysis, it was found that there were situations that became unstable even in consideration of ionospheric heterogeneit
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