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Abstract 
 

For satellite observation of the electric fields of waves, a dipole antenna using a wire (wire antenna) is often used. For 

calibration of a wire antenna, the effective length is a problem. In our present research, we clarified that the 

characteristics of the effective length depends on the frequency and the structure of the wire antenna, such as the wire 

insulator and the shape of tips by holding “rheometry” experiments[1]. In this paper we describe about “DPS method” on 

which we calculated the characteristic of the effective length theoretically. 

 

1. Introduction 

 

Observation of plasma waves in space is an important task for scientific satellites. The electromagnetic waveform 

detected by an electromagnetic sensor on the satellite is transformed to a voltage by the sensor, is converted to digital 

data by A-D conversion during the observation equipment, and then transmitted to the earth by telemetry. Hence, in 

order to accurately determine the magnitude of the original electromagnetic field, the calibration of the observation 

equipment and the sensor must be accurate. For observation of the electric field component of the wave, a dipole 

antenna using a wire (the wire antenna) is often used. Since sensitivity must be assured at frequencies of several 

kilohertz and below for plasma wave observation, the total length of the wire is extremely large, ranging from tens of 

meters to 100 m. Since the surrounding environment at the time of observation is plasma medium, it is difficult to 

acquire the needed characteristics, for example the effective length (heff) in a ground test. 

 

2. Rheometry experiment 

 

  In order to study the transition of the effective lengths of the wire antennas, the authors performed a rheometry 

experiment [1]. In this experiment, a signal is applied to two electrodes placed in parallel in water so that a quasi-static 

electric field is generated between the electrodes. This field is considered as the electric field component of an 

electromagnetic wave and is received by an antenna whose output voltage is measured. In the experiments reported in 

this paper, measurements were performed at frequencies of 10 Hz to 100 kHz for an antenna with 0.3 m length.  

For the experiment, the three types of antennas shown in Figure. 1 were prepared and measurements of variations of 

the characteristics due to differences in structure were performed: (1) The antenna without insulation, so that the entire 

length of the wires (copper) was exposed to the water, (2) the antenna with its sides insulated so that only the cross 
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sections of the two ends were exposed to the water, and (3) the antenna with aluminum spheres attached on both ends of 

the wires with their sides insulated. The wire diameter was 1.3 mm. A differential amplifier with input impedance 

consisting of a parallel connection of 10 MΩ and 2 pF between the wires was inserted. 

Figure 2 shows the experimental results. The horizontal axis of the figure represents frequency over the range of 10 Hz 

to 100 kHz. The vertical axis represents heff/L where L is antenna length. If the value is 1, the effective length and the 

wire length are equal. “Naked” denotes the case without insulation, “Cylindrical” denotes insulation only over the sides, 

and “With Probe” denotes the structure with spherical probes. As shown in Figure. 2, three entirely different 

characteristics are obtained for the three antennas. There is no observable phase difference between the input waveform 

and the output waveform. Below we present a theoretical analysis of the results based on an equivalent circuit.  

 

 

 

 

 

 

 

 

 

 

     Figure 1. The structure of model antennas 

                                                           Figure 2. The experimental result. 

 

3. DSP method (theoretical calculation) 

 

The circuit elements located on the wire are considered to be those in Figure. 3. The insulating coat is considered as a 

capacitance C1 between the wire core and the water and is connected in series to the grounding resistor R1 of the wire 

through the water. Grounding resistances exist from the wire cross section and the probe surface and are designated as RM 

and RP. When a wire antenna is placed parallel to a uniform static electric field, a potential difference arises as the 

location is moved away from the center, where the potential is 0, and a differential amplifier is installed. The potential 

becomes the maximum at the end. This phenomenon can be expressed by an equivalent circuit in which many voltage 

sources are connected in parallel through impedances as shown in Figure. 4. By regarding the electric field to be 

“distributed potential source”, we can calculate the output voltage of a wire antenna with complex structure. We call this  

“DPS (Distributed Potential Source) “ method. 

  Applying DPS method to the rheometry experiment, we got the result shown in Figure 5. Figure 5 shows the result of 

calculation applying the actual physical parameters of the experiment environment. The solid lines show the calculation 

results, and the symbols shows the measurement results. When the numerical values and the measured values are 

compared in each case, the frequencies at which the effective length starts decreasing at all cases agree well.  

 

 

 



 

 

Figure 3. Equivalent of impedance of a wire 

 

 

 

 

                               Figure 4. Concept of DPS method 

 

 

 

 

 

 

  Figure 5. The result of theoretical calculation by using DPS method 

 

4. Current work 

 

Currently, we are working on an advanced rheometry experiment. The advanced factors are the following: (1) 

improvement of accuracy, (2) clarification of the applicable limit and (3) diversification of the antenna model. In the 

current result, the transit frequencies are consistent, however, the value of the effective length have some difference, 

between the experiment and DPS calculation. We try to clarify the cause of the difference and take better result by 

improvement of accuracy of the experiment. To clarify the applicable limit, we use the computer simulation. By 

reproducing the experimental environment on the computer, we identify the requirement for the experiment, such as the 

tank size, the water depth and so on. For diversification of the antenna model, we make models of antenna that have 

complicated structure, such as Hockey Pack antenna. 

 

5. Conclusion 

 

In this paper, we made explain about the rheometry experiment and DPS calculation method. By using DPS method, 

we can calculate the effective length of a wire antenna at low frequencies, and the result is clarified to be consistent to the 

result of the rheometry experiment. Currently, we are working on an advanced experiment, and the computer simulation.  

As a future work, we try to apply DPS method calculation to the wire antenna aboard actual scientific spacecraft.  
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