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ABSTRACT. The Munich Dust Counter (MDC) is a scientific experiment on 
board of the MUSES-A mission of Japan. It is the result of a cooperation 
between the Institute of Space and Astronautical Science (ISAS) of Japan 
and the Chair of Astronautics of the Technische Universitat Munchen 
(TUM) of Germany. The MDC is an impact ionization detector designed to 
determine mass and velocity of cosmic dust. Here a short overview over 
the MUSES-A mission is given to show the measurement situation of the 
MDC experiment. The measurement principle of the instrument together 
with a discussion of the scientific objectives and the design of the 
experiment Is summarized. 

1. Introduction 

In 1987 ISAS offered TUM the opportunity to fly a scientific experiment 
on the MUSES-A mission, the 13th scientific satellite developed and 
launched by ISAS. The MUSES-A mission has been launched on January 24, 
1990, from Kagoshlma Space Center, Japan. ISAS and TUM agreed that TUM 
would develop and built a space experiment to measure cosmic dust par
ticles by impact Ionization within the specifications and the time frame 
set by ISAS. The weight of the instrument was limited to 800 g, the 
power consumption to 2.5 W. This experiment has been named Munich Dust 
Counter (MDC) and has been delivered to ISAS in September 1989. 
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The MUSES-A satellite is a spin stabilized type spacecraft composed of 
a cylindrical main body, 1.4 m in diameter and 0.8 m in height. The MDC 
is installed on the edge of the instrument platform with an aperture of 
12 x 12cm. As the spin axis is maintained perpendicular to the ecliptic 
plane and the spin rate is 20 rpm, the MDC therefore scans within 3 sec. 
over 360 in the ecliptic plane. The field of view of the experiment is 
about 148°. Details of the mission of MUSES-A, which includes multiple 
lunar swingby maneuvers, are given by Uesugi et al. (1990). 

2. Scientific Objectives of the Experiment MDC 

The sensitivity and effective sensor area of the MDC are similar to the 
dust detectors on board of the spacecraft Pioneer 8, Berg and Richardson 
(1969), and HEOS-2, Hoffmann et al. (1975). Phenomena to be investigated 
in detail will include the interplanetary dust flux, dust in the earth's 
magnetosphere and magnetotail, and the lunar dust environment. 

3. MDC Measurement Principle 

The MDC experiment measures the electrical charges generated by the im
pact of small masses on a gold surface. The basic setup of the MDC as 
shown in fig. 1 consists of a target and two charge collectors which are 
biased by positive and negative high voltage, separating the impact 
plasma into positively and negatively charged components. Connected to 
the charge collectors are charge sensitive amplifiers which convert the 
input charge into an output voltage. 
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Figure 1. MDC Measurement Principle 

For each charge signal amplitude and risetime are evaluated. The mass m 
and velocity v of the dust particles can be determined by using the fol
lowing empirical formulae, first found by Friichtenicht and Slattery 
(1962) and adapted for the particular setup by Iglseder (1976): 

QmaxK / m = C r K 
.Jx and = C 9* 

rVi 
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valid for the Ion channel (K - I) and electron channel (K = E) with: 
Qmax: maximum charge In Ion/electron channel 
t : rise time of signal In Ion/electron channel 

The constants CrI, CrE, /Jj, /?E, 7/j, ?/E have been calibrated by using 
the Electrostatic Dust Accelerator of the Max-Planck-Institut fur Kern-
physlk in Heidelberg with particle masses between 10"15g to 10"10g and 
velocities between 2 km/s and 58 km/s, and by using the Plasma Accelera
tor of TUM with masses between 10" g to 10" g and velocities up to 
20 km/s. The sensitivity range of the MDC experiment is shown in fig. 2. 
The accuracy of the calculation of the mass is at a factor of 0.4 to 
2.5, the accuracy of the calculation of the velocity is at a factor of 
0.7 to 1.5 . 

2 

Figure 2. Sensitivity range of the MDC experiment for normal impacts in 
the target center. 

4. Design of the Experiment MDC 

The actual dimensions of the MDC are 105 * 110 * 160 mm, the weight of 
the flight model is 605 grams. The effective sensor area is 100 cm . 
Figure 3 gives a general outline of the MDC design. 
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Figure 3. Outline of MDC mechanical design 
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The impact charges are converted into a voltage signal by charge sen
sitive amplifiers with a sensitivity from 5-10"'5 Cb to 5-KT11 Cb. The 
output of the charge sensitive amplifiers (electron and ion channel) is 
digitized and stored in a transient recorder consisting of two 8 bit A/D 
converters, clocked with 5 MHz each and using a FIFO memory. 
A microprocessor system, 80C85 CPU with 2 KByte ROM and 32 KByte RAM, 

processes measured signals, controls the spacecraft interface and moni
tors voltages and temperatures. A switching power supply uses +29 V in
put to generate a ±6 V output for the charge sensitive amplifiers and 
±200 V for the bias voltages of the charge collectors. The power con
sumption of the MDC flight model is 1.8 Watts. 
Generally this design allows to record and store the whole particle 

impact signals. The amount of impact data is 1 KByte per signal or 512 
byte per channel, giving a total measurement time of 100/is. Together 
with the impact data calibration and housekeeping data valid for the 
time of impact are stored and transmitted down to ground, giving the op
portunity to inspect on the ground the real signals measured in space. 

5. Conclusion 

Within a cooperation between the Institute of Space and Astronautical 
Science of Japan and the Technische Universitat Miinchen of Germany the 
scientific experiment Munich Dust Counter has been developed and manu
factured within two and a half years from start of the project until 
integration on the satellite MUSES-A. By measuring dust particles in a 
high-elliptical earth orbit and in the vicinity of the Moon, valuable 
information about the mass, velocity and the flight direction of cosmic 
dust will be obtained. Preliminary results of the operation of the MDC 
from January to July 1990 are described by Igenbergs et al. (1990). 
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