21st October 2004


TWSTFT Activities at PTB (November 2003 to October 2004)

The PTB01 station (TWSTFT in the Ku-Band with European and American stations via Intelsat 903)

The PTB01 station was installed in 1991. The whole setup consists of outdoor parts located on a roof top and indoor equipment installed in the measurement room of PTB’s time laboratory (see Figure). The roof-top setup consists of an outdoor unit and antenna developed and distributed by Dornier GmbH. The antenna has a diameter of 1.8 m with a dual offset geometry (1.8DPK). The outdoor unit contains the up- and down-converter (Dornier), SSPA (Fujitsu) and LNA (MITEQ). All these components are located on the von-Laue-Building in a distance of approximately 300 m from the measurement room (Kopfermann-Building). Koaxial cables (attenuation 3.8 dB/100m at IF frequency of 70 MHz) are installed to connect the outdoor unit with the equipment located in the temperature stabilized measurement room.
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Figure: Hardware setup of the TWSTFT station PTB01

We use a SATRE modem (V3, S/N 037) with an external time interval counter (TIC) for data collection. The frequency reference for the Tx signal of the modem is currently the hydrogen maser H4. To determine the difference UTC(PTB)-Tx (REFDELAY) a koaxial switch was inserted between the Rx output of the modem and the stop input of the TIC. Modem and TIC are controlled by a PC which additionally collects and processes the measurement data in a fully automated mode. Also, pre-selected operation modes (i.e. RF frequencies and transmitter power on/off) of the outdoor equipment are driven by the computer via the control panel.

Since 17th December 2003 (MJD 52990) parts of the measurement equipment were modernized, i.e. a new computer with newly developed measurement and data evaluation software is in use since then. The software enables PTB to follow the schedule of several sessions per day, because measurements are made fully automated. In the following, the data processing is described.

All valid one-second-data (Tx-Rx) are recorded and saved into a file following the ITU recommendations [1]. The data analysis software includes a quadratic fitting routine with a filter for outliers. We apply only a rough filter, the Tx-Rx values should be in the range of 0.25 ns to 0.28 ns (editable), which corresponds to typical results for measurements via geostationary satellites like Intelsat 903. With a minimum number of 30 measurement points (nominal 120 points, editable) the fitting routine determines the measurement result TW following the ITU recommendations [1]. This result is saved in the so called ITU file if it fits the above mentioned validity range and the standard deviation of the one-second-values to the quadartic fit is below 10 ns. No common 3sigma outlier removal procedure is applied.

We provide the ITU file of one day at 17:00 UTC and 24:00 UTC on our ftp server. The 1-s-files are provided on request.

The PTB X-Band station (TWSTFT with USNO in the X-band)

A second earth station is installed at PTB to enable TWSTFT with USNO via a military satellite (transmit and receive frequencies in the X-band). Measurements are carried out nominally 24 times a day. By this means, hydrogen masers of both laboratories are compared during 15 minutes each hour. Since summer 2002, hourly data points were calculated and provided on USNO’s ftp-server. PTB processes this data to connect the USNO master clock 2 to UTC(PTB). These data are submitted monthly to the BIPM as a backup for the Ku-band link.

Calibration Activities

Transatlantic campaign USNO-PTB-USNO

Two exercises were performed in 2004 between USNO and PTB, with substantial support from USNO, the first one during March and the second one in September. The preliminary analysis shows a very good agreement between both experiments regarding the X-band link (within one nanosecond). By the end of July, the Ku-Band link was disturbed due to interfering signals on the satellite transponder for transatlantic measurements. The link was reestablished with new frequencies (a few MHz away from the old ones), but a jump in the data of about 14 ns was recognized in the links to USNO and NIST. The latest calibration exercise between USNO and PTB hopefully enables us to recalibrate also the Ku-band link with an accuracy within one nanosecond. To finalize the calibration constants for both links the closure experiment at USNO which is performed just now (October 2004) should verify the preliminary results.

European campaign PTB-OP-NPL-VSL-PTB

From 5th to 16th July 2004 a calibration was carried out to measure the differential earth station delays of four TWSTFT systems at PTB, OP, NPL, and VSL by means of co-location with the calibrating reference station from Technical University Graz, designated TUG01, at each site. The first measurements at PTB were verified by a second series of measurements at the end of the campaign. Calibration constants were determined with a statistical uncertainty (standard deviation) of few tenth of a nanosecond: PTB01 0.6 ns, OP01 0.9 ns, NPL01 1.1 ns, VSL01 0.5 ns [2].

Frequency comparisons of hydrogen masers

During the period from MJD 53083 (19th March 2004) to MJD 53097 (2nd April 2004) H-masers at BNM-SYRTE and PTB were compared by means of TWSTFT. For this purpose an intensified schedule consisting of 24 measurements (each consisting of 120 s data collection) per day was used. Because of various gaps in the data collection, only 119 subsequent hourly points were recorded which permits an analysis of frequency stability, e.g. the Overlapping Allan Deviation sigmay(tau) for 104 s is 10-14. Unfortunately, not enough data points were available to reach 1 d [3].

Forthcoming activities

During October and November a H-maser comparison between OP, NPL, IEN, NIST and PTB with TWSTFT will be carried out. Furthermore Caesium fountains in the participitating laboratories will be operated in parallel to enable a simultanous comparison of up to five primary fountain frequency standards.

In a corporate project between NICT and PTB an Asia-Europe TWSTFT link will be installed in 2005. The setup at PTB will be installed with support from NICT. Furthermore, the modem developed at NICT will be employed the first time in an European time laboratory.
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