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Space debris are objects in the space including spent rockets, broken satellites and paint chips. Since 
the velocity of the space debris is on the order of several km/s, it can pose danger to operating satellites and 
to international space station. Therefore, observation and orbit determination of the space debris are very 
important problems. In previous study, a tool to design the scheme to observe space debris passing over 
MU radar based on known orbital elements was developed. In addition, observation method of debris using 
MU radar has been established. Therefore, in this study, the technique to perform the orbit determination of 
space debris observed by MU radar is developed. We have developed orbit determination technique using 
Gauss-Newton method by means to decide orbital elements from plural position vectors estimated from the 
observation. Our technique can apply for any observed results without considering the time for observation 
and number of detected points. With this method, elements defining the orbital plane can be estimated with 
its error is smaller than 1 deg. The results show that if the orbital inclination angle is small and the time for 
re-passing is short, the observation by MU radar provides enough accuracy to perform the second 
observation. To improve the accuracy of the estimation, we also study the probability to observe a given 
debris for several times. The estimation error of orbital period is also improved by the second observation. 
Moreover if the second observation can be conducted, the estimation errors are improved and the number 
of observation can also be extended. 
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Wood-rotting fungi are the only organisms that can decompose wood because the lignin in wood cell 
walls is hard to degrade. Biodegradation of lignin is an essential role and characteristic feature of 
wood-rotting fungi in the ecosystem.  Lignin degradation by fungi is explained as mostly to the fungal 
enzymatic activity of ligninolytic enzymes.  However, not only ligninolytic enzymes but also metabolites 
secreted by fungi have known to important in the lignin degradation system.[1,2]  Here, we have focused 
on a wood-rotting fungus, Ceriporiopsis subvermispora, which has the ability to decompose lignin in 
preference to cellulose. Thus, the fungus, C. subvermispora, recognized as a selective lignin-degrading 
fungus. Previous studies reveal that the importance of secondary metabolites of C. subvermispora. [1,2]   

Stable-isotope (non-radioactive) labeling has been used to study metabolites of C. subvermispora and 
has been determined the structure and diversity of them.[2]  High-resolution mass spectrometry enables 
the establishment of incorporation of heavy atoms from precursor substrates into different metabolic 
products.  Here, we try to understand metabolic dynamics of extracellular metabolites, ceriporic acids, by 
stable-isotope labeling experiments.  We analyzed intra- and extracellular metabolites and observed 
several metabolites that can separate as isotopically labeled compounds based on the mass difference. 
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