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1.Introduction. Development of optical frequency standards is progressing rapidly and its

accuracy (uncertainty of the absolute frequency) is reaching about 10-1¢ in fractional frequency. Current

atomic time standard with Cs atoms will be replaced by optical frequency standards in the near future. Inter- Dual Pseudo

Random Noises

comparisons of the generated frequencies between laboratories are necessary in order to make time-scale (DPN)
\ >f

defining sources of next generation. However these frequency standards are operated in a carefully

controlled environment in each laboratory, and thus cannot be moved and compared directly against a clock

on another site. Optical fiber-linked frequency transfer has been realized for distances around 100km, and its

frequency comparison precision is better than 10-1°(Fig.1). However, high precision time & frequency GPSationX GPSSIEIation
. ; . . .. (a) GPS Common View (GPS-CV) is a technique of T&F
(T&F) transfer over intercontinental distances does not reach sufficient precision to support such a clock transfer by observation of GPS satellite. Reference (1) Two way satellite T&F transfer (TWSTFT) is a technique
_ ] ] signals provided to GPS receivers are compared. exchanging timing signals each other though a
performance. T&F transfer techniques have been used for inter-comparison of locally generated UTC geostationary communication satellite. Most of the delay
- i ; .. : ; ] ] component in the signal paths are cancelled out, thus
among Independent laboratories for maintaining national time standards. In this paper, several technologies higher precision is expected. NICT has developed a new
Radio Source technique to Improve time resolution by using dual

used for T&F transfer are introduced, and we propose to use VLBI as an tool for T&F transfer. (Quasar) pseudo random noise (DPN) signal, which is the same

principle with bandwidth synthesis used in VLBI.
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Fig.1: Typical stabilities of long distance T&F transfer
techniques and stabillities of atomic time standards. Koganei

Kashima

3. T&F Transfer Experiments
T&F transfer experiments have been conducted on Koganei(Tokyo)-Kashima(lbaraki) 100km

distance to compare the performances of the techniques (Fig.3). The Japanese time standards (JST) Is
maintained by NICT at Koganel, and H-maser signal synchronized with JST was provided to Koganel
station for reference. Another H-maser frequency standard iIs located in Kashima. The difference of the

two atomic standards were compared with TWSTFT, GPS, and VLBI. Fig.4-6 show the results of the

comparison experiments, where a parabolic curve due to clock behavior was commonly removed in the
plot of each experiment. Arbitrary clock offsets were removed as well from each data set so that

measurement data were easily compared in the plots.
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