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Extended Abstract 

 
The electric field observation of electromagnetic waves in space is an important purpose of scientific satellite. The parameter 

that correlates the voltage value obtained by the sensor with the intensity of the electric field in space is the effective length.  

 

A rheometry experiment is a method to estimate the effective length on the ground in advance. The rheometry experiment [1] 

is to measure the output voltage of a scale-model antenna generated by the known electric field, which is provided by 

applying a low-frequency voltage between two electrode plates, arranged parallel in the water. According to this experiment, 

we can calculate the effective length using the intensity of the electric field and the output voltage. We performed 

experiments using two antenna models to analyze the frequency characteristics of the effective length. One is the model that 

the spacecraft body and the base of antenna wire are electrically shielded. The shield is attached for the purpose of reducing 

the artificial noise generated inside the satellite and picked up by the antenna. Another model is the antenna with its 

preamplifier placed near the wire tip. The advantage is that the antenna becomes less sensitive to the noise generated from the 

satellite body. In both models, the antenna is a dipole and the side surface of the wire is covered with an insulator. The total 

length of dipole is 30 cm. In the later model, the preamplifier is placed at the position of 3 cm from the wire tip. For 

comparison, in the former model, the length of the shield is 3 cm shorter than the wire length. 

 

According to the results of the experiments, when the wire is shielded, we found that the output voltage becomes smaller 

compared to the case of non-shielded one, when the frequency becomes higher. On the other hand, such a phenomenon was 

not seen in the antenna with the preamplifier placed at the tip. There can be two possible factors causing the difference 

between them. One is the distortion of the electric potential distribution around the satellite, which is caused by the shield. 

The other is the capacitance between the shield and the wire. We analyzed the potential distribution by computer simulations 

and calculated the output voltage theoretically using on equivalent circuit model. In the computer simulation, we used the 

CST EM STUDIO LF solver. As a result of simulation, we found that the potential distribution in the vicinity of the wire is 

not linear, which is different from the linear distribution of the non-shielded case. Then, we did a theoretical calculation by 

applying the potential distribution obtained in the simulation, to the equivalent circuit that includes the capacitance due to the 

shield. Comparing the calculation result with the experimental ones, the frequency variations of the effective length are very 

much consistent with each other. From these results, it has become clear that the capacitance between the shield and the wire 

affects the impedance of the antenna, which is the cause of decrease of the output voltage at high frequencies. In the case of 

the later model which does not have shield, the output voltage did not decrease in the theoretical calculation. As a summary, 

from the viewpoint of noise tolerance and sensitivity, the antenna with preamplifier placed near the wire tip has an advantage. 
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