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The dielectric constant E of the snow-mineral-mixture used for the comet simulation in the German 
KOSI 10 experiment was measured in the radio frequency range from 2 to 4 GHz. The traditional 
microwave bridge method was used, but instead of using a waveguide, that contains the sa~liple 
material, small X/4  antennas were used as sensors. A change in the dielectric properties indicates a 
change in density and/or composition, respectively. The method is presented as an analytical tool 
for measuring such density or composition changes during alternation snow-dust materials. 

The KOSI (determined from the German: Kometen Simulation) experiments, performed in 
the Space Simulator of the DLR/Institut fiir Raumsimulation, during the last years have revealed 
many processes that presumably take place on comets [I]. So far, modifications of the int,ernal 
structure could be identified only during the post-experiment inspection via hardness tests. It was 
the aim of the KOSI 10 and KOSI 10a experiments to emphasize on a synoptic detection of events 
like particle emission or crust formation. The composition of the KOSI 10 sample material was an 
ice-mineral mixture with about 10% of mineral (olivine) content. 

An excellent method to investigate the change of the density of the probe material during its 
exposure to the artificial sun in  situ is to do it via the measurement of the dielectric constant. The 
traditional method to determine E , by using a microwave-bridge to measure the transmission and 
the reflection factor of the sample material for electromagnetic waves in the radio frequency range, 
had to be modified, since the commonly used practice to fill the sample material into a waveguide 
was not compatible with the need for in situ measurements during the simulation experiment. 

Instead of the waveguide, small antennas were placed inside the sample container and their 
resonance frequency (which is dependent on the dielectric constant of the surrounding material) 
was determined by using both a sweep oscillator and a swept amplitude analyzer. The antennas 
were A/4 groundplane structures, as shown in figure 1. They were placed in &stances of about 
2.5 cm and 9 cm underneath the surface of the "cornet". 

Figure 1: Sketch of the used A/4 antenna 
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The dielectric constant of snow (which means a porous mixture of ice, and event,ually liquid 
water and dust) depends on the fraction and hstribution of all of these components. However, the 
most important parameters (in absence of liquid water) to influence E ,  are the density as well as the 
dust content; the grain size and shape exerts a much smaller influence. The effect on E caused by 
changing these parameters has been studied bot,h theoretically and experimentally for terrestrial 
snow [2-41. Figure 2 shows the dielectric const ant of terrestrial snow as a function of density (Tiuri 
et al. 1984). 

Figure 2: Real part of dielectric constant as a function of density [Tiuri  et al. 19841 

The measurements of the dielectric constant of the sample material during the KOSI experi- 
mental runs have shown that there was little or no increase of the density. Even though a crust 
formed, the density of the materials appeared not to have been modified within the measurable 
range. This indicates that the crust formation is mainly based on a structural change, at  least in 
this specific case. The KOSI 10 sample which was radiated for 6 hours showed an extremely slight 
density increase while in case of KOSI 10a (4 hours) there was no detectable change at  all. 

The described method will be used as a reference tool t o  characterize the stage of sintering of 
other comet-analogue samples, that are t o  be used for testing Rosetta1 hardware; in specific the 
drilling system. 
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