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Characteristics of Electric Wire Antenna onboard Scientific Spacecraft
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The calibration is an indispensable work for the wire antenna that observes the electric field intensity of the plasma waves ir
thin plasma of space. One of the important parameter for the calibration is 'effective length’ of the wire antenna. The effective
length is the proportion constant between input electric field E and the output voltage of the antenna V. Generally, it is shown by
the expression named V=hel, where heff is the effective length. Itis very difficult to measure an accurate value of the effective
length of the wire antenna onboard satellite by the ground testing. Because the intensity of the electric field of plasma waves ai
ordinary very weak, and we need very long wire especially when we observe low frequency waves such as several hundreds H
For example, 'Akebono’ has 60m antennas, 'Geotail’ has 100m antennas. Additionally, the space is a plasma medium so that tt
antenna characteristics in the space are different from those in free space. For the above reasons, in the analysis that has b
done up to now, the effective length for the exchanging electric field measurement is assumed to be L/2, and for the electrostat
field is assumed to be the L, where L is the length of wire antenna. However, there are few researches that investigate wheth
this assumption is really correct is few.

Then, to clarify the frequency characteristics of the effective length of the wire antenna for the satellite in the low frequency,
the experimental measurement that is called 'Rheometry experiment’ and the numerical simulation with electromagnetic fielc
simulator MAFIA were done in this research. The outline of the Rheometry experiment is described. The board made of the
stainless steel is arranged at both ends of a plastic water tank as a pole board. The exchanging voltage that generates it w
the signal generator is impressed. In the measurement in water, it is possible to keep low antenna impedance of low frequenc
Therefore the detecting phase in the receiver becomes possible. The value of the effective length is obtained from the relatic
of V=heffxE, where V is an output voltage of the antenna, E is an electric field in water (= input voltage / pole board distance),
heff is the effective length. Structure of reception antenna used by this experiment. (1) Structure that cut section alone doesn
have enamel insulation coating. (2) Structure to remove all enamel insulation coatings. The frequency characteristic of these tw
kinds of structures was measured. Electromagnetic field simulator MAFIA is a general-purpose simulator that used the Finite
Integration Algorithm, and the input model is delimitation numerical value calculated like the grid. The model input by this
simulation is the same environment as the Rheometry experiment.

Result of experimental measurement and numerical simulation confirms the effective length in the low frequency depends o
the structure of the antenna, the effective length in the high frequency changed to the L/2 regardless of the antenna structur
(1) Structure, effective length in the low frequency became the L, and the effective length in the high frequency became the
L/2. (2) Structure, it did not depend on the frequency and the effective length always became L/2. The wire antenna onboar
satellite is possible to approximate with (1) Structure, and the frequency characteristic of the effective length can be considere
that it is possible to approximate with (1) Structure. In other word, we were able to confirm that the effective length for the
exchanging electric field measurement is assumed to be L/2, and for the electrostatic field is assumed to be the L is correct. |
the future, experimental measurement and the numerical simulation is improve, and the more accurate frequency characteris
of the effective length of wire antenna will be pursued.
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