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Evaluation of thermal noise spectra in unmagnetized and magnetized plasmas for

development of future noise receiver
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Observation of electron temperature and density by satellites is important to consider physical phenomena in space
plasma. Various kinds of particle detectors have been installed to Japanese scientific satellites to measure these
parameters. However, it is difficult to obtain the temperature and density of cold plasmas whose energies are below the
spacecraft potential. On the other hand, in Europe, the plasma wave receiver called “thermal noise reciever" has been
widely used to obtain the cold electron temperature and density from the spectral shape around the plasma frequency
[1]. The thermal noise receiver is required to observe faint voltage fluctuations induced by thermal motion of the plasma.
Thus the noise level of the receiver needs to be much lower than the voltage fluctuation. In order to reduce the noise
level of the receiver, a low noise amplifier and a narrow band filter are essential, while use of the commonly-used
amplifier and narrow band filter make the total size of the receiver large. The purpose of this research is to reduce the
size of the thermal noise receiver by utilizing the ASIC technology so that the receiver can be installed to miniaturized
spacecraft. In this paper, in order to consider the specifications required for future miniaturized thermal noise receiver,
we derive the signal level of the thermal noise which is induced in the electric field antenna based on the theoretical
and numerical analysis [2][3]. We assumed two kinds of plasma distribution; one is a single Maxwellian distribution
and the other is two Maxwellian distributions consisting with “cold" and “hot" plasmas. For each case, we assumed that
the magnetic field has a large influence (magnetized plasma, for example, the inner magnetosphere) [4], and the
magnetic field has no influence (weak) (unmagnetized plasma, for example, the solar wind and the tail of the earth's
magnetosphere) [5][6]. From the derived voltage spectra, the noise level required for the receiver is evaluated using
the characteristics of the antenna. The assumed electric field antenna is a dipole type antenna traditionally used in
Japan. From this result, we will discuss the design policy of the amplifier and filter that can be installed in the thermal
noise receiver.
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