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TeamChina Report

Section Ie Executive Summary
Introduction and Purpose
An international team ofVLBI experts visited the Seshan and Nanshan stations over a three-week
period in 1997 July. The visits were sponsored by the NASA Space Geodesy Program and the
European VLBI Network/Joint Institute for VLBI in Europe (EVN/JIVE).
This report describes the team's activities and reports their recommendations. The report is
organized as follows:
Section I is an executive summary ofthe team's findings.
Section II provides a list of recommendations for improvements in performance.
Section ill is a narrative of the technical activities during the station visits.
Section IV lists the team members who visited the stations and contributed to this report.
The team took a complete set of digital photographs documenting the trip and the station
equipment. The photographs may be accessed at ftp:/laleph.gsfc.nasa.govtGPSlpixlchina.
The goals ofthe trip were to:
• assess the condition of the stations for doing VLBI experiments,
• fix any problems that could be handled in the brief visit period,
• provide some training to the staff in VLBI techniques, and
II
make recommendations on how to improve performance ofthe stations.
All of these goals were accomplished and are described in this report. In addition, the team
established good initial relations with staff members and will be able to follow up effectively as they
continue working on problem areas.
The team found the staff at both stations to be enthusiastic about increasing their knowledge of
VLBI techniques. The teanl worked closely with the station staff throughout the visit. Numerous
hardware and software items were repaired or adjusted during examination and troubleshooting of
the stations' VLBI systems. The team members, in collaboration with the station staff, are continuing
to work on some of the remaining problems. We provide recommendations in this report for all of
the areas where the team found problems.
Despite some language problems, we felt that we were able to establish good commtinicaticms.
We found that most ofthe staffhad a good theoretical knowledge about VLBI and radio astronomy,
and although they lacked experience in the practical aspects of VLBI they were happy to learn from
us. We also found, L.'l many cases, that the stafflacked understanding of western technology but were
eager to learn more about it.

A. Seshan Station (Shanghai) Summary
There have been major improvements in the equipment and overall performance of the Seshan
station in recent months. In particular, the pointing is much more stable, the phase calibration at SIX
is working properly, and many of the problems identified by Lars Baath during his 1996 visit have
been corrected. The SIX-band system sensitivity measured in the VLBI fringe test is consistent with
the sensitivity measured through single-dish observations, which is good evidence of the improved
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quality of the data acquired at Seshan. The results of the fringe test show that Seshan should be able
to produce first-quality VLBI data, with a few additional improvements to the equipment.
Nevertheless, some problems remain at the station. Station reliability is still a major concern. The
station personnel need to strive for a smoother and less adventurous operational routine. The
hydrogen maser problems must be addressed. Direct Internet connections atthe site would offer a
significant improvement in operations and communications. The recorder heads could not be
calibrated due to problems with the head positioner which are still being diagnosed. The station lacks
an interface between the antenna and the Field System software. Finally, many cables and connectors
need to be repaired or replaced.

B. Nanshan Station (Urumqi) Summary
11uchhas been improved at Nanshan in the past year, but the remaining RF-related problems are
more serious than those at Seshan. Nanshan lacks properly working phase and cable calibration
systems. The Chinese-made local oscillators (La) modules used in the SIX and C-band receivers were
found to have serious coherence problems. We replaced the SIX La with a similar US-made unit and
found significant improvement. On the positive side, the X-band system sensitivity is excellent, and
the SIX fringe amplitudes and phases have excellent stability after the LO was changed. The staff
responsible for the receiver and Mark III systems need further training to increase their RF
knowledge. Unfortunately, many details of the RF systems now reside only in the minds of the
original Mark ill builders in Shanghai and the receiver builders in St. Petersburg.
Regarding the VLBI instrumentation, we found that the electronics racy..., tape recorder, and Field
System computer are nonstandard. Consequently it will be difficult for experts to provide meaningful
consultation on problems or to help with troubleshooting. We recommend that the equipment be
made as standard as possible. The station does not have an interface between the antenna and the
Field System software, nor is there an operational method for backing up software. Like Seshan,
cables and connectors need attention.

c.

Hydrogen Maser Summary

Each station has two second-generation masers designed and built at the Shanghai Astronomical
Observatory (ShAO). In addition to VLBI applications, ShAO is supplying masers for several nonVLBI (timing) domestic Chinese users.
We had discussions with representatives of the ShAO maser section during our visit. To us, it
appears that the fundamental design ofthe ShAO masers stresses the requirements for accurate longterm (hours to days) timing. However, we found that the masers lack stability at time scales shorter
than ~~ hour, which is a requirement for phase coherence in VLBI. This isa fundamental error in
maser design philosophy for VLBI, which we feel needs serious attention. We observed significant
modulation sidebands on the maser's 5 MHz output. These sidebands must be reduced if the stations
are to achieve acceptable VLBI performance. The design of the receiver/divider unit is fundamentally
flawed and we recommend that the entire unit be completely rebuilt.
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Section II. Summary of Recommendations
The recommendations listed in this section are extracted from Section III's narrative of technical
activities. These recommendations are based on the status at the two stations as of the time of our
visit in 1997 July. Those items that we know have already been addressed are indicated by comments
in brackers [ ].
The recommendations are listed in priority order. The priority of each recommendation is
indicated by "*,, characters as follows:

***
**

*

very important, requires immediate attention
important for high quality, reliable operations
recommended for smoother operations

A. Seshan Station
***
***

**
**
**
**
**
**

**
**
**
**

*

.*

*
*

Work needs to be done on the electronics racks to :fix the extensive grounding problems
which still exist.
My-jng of metric and standard c'onnectors should be avoided everywhere. We suggest
painting the two connector types in different colors.
The unused LCP port ofthe S-band feed should be tenmnated with a 50-ohm load.
We recommend that a scatter cone be mounted on the subreflector to avoid standing waves
between the flat sutface ofthe subreflector and the hom.
Until the maser 5 MHz signal is cleaned up, the 100 MP.1Z from the maser should be used to
lock the SIX LO and the lIP synthesizer should be elimirlated.
A current staff member should become familiar with the electronics rack and should be
designated as the contact person for maintenance.
The samplers should be tested to determine the problem with no fringes in BBC 9.
The problem with the LVDT reporting erroneous values of the recorder head stack position
needs to be solved so that head calibration can be done properly.
An inexpensive oscilloscope should be purchased and dedicated to displaying eye patterns
during experiments.
The problem with the computer's X display resolution needs to be resolved.
The station should develop an antenna interface so that the pointing can be controlled from
the Field System.
Disk backups must be done regularly following the instructions in the Field System manuals.
The polarization purity of the C-band feed needs to be improved.
The station should purchase a new, standard FS computer for reliability, compatibility, and
improved operations.
The station should purchase and install a Haystack Dry Air kit in the recorder. [A kit is being
assembled at Haystack.]
A humidity monitor should be installed in the recorder and the humidity level during
experiments should be reported.

December 1, 1997

Page 3

TeamChina Report

*
*

*
*
*
*
*

The recorder should be powered on 24 hours before an experiment to warm the inside of the
drive.
Before the upgrade to Mark IV, station staff should carefully read Mark IV Memo #167
which discusses more reliable operation.
The stability of the LO phase should be monitored on a long-term basis, using the Field
System.
The L-band phase cal injection method should be changed (see narrative for suggested
solutions).
The cause of the phase cal drift in S-band channel 6 needs to be investigated.
The total power detector in BBC5 USB should be checked because its sensitivity is weak.
The difference between the level of 5 MHz into BBCs 1-8 and BBCs 9-14 should be
investigated.

B. Nanshan Station

***
***

***
***
***
**
**
**
**
**
**
**
**

**
*
*

Work needs to be done on the electronics racks to fix the extensive grounding problems in
the control room.
Mjxing of metric and standard connectors should be avoided everywhere. We suggest
painting the two connector types in different colors.
The power level ofthe IF signals at the receiver outputs should be increased at least 10-20 db.
The phase cal system is unstable and requires serious and immediate attention. The cause of
the problems needs to be identified and a solution found. (See narr&tive for details.)
The vacuum motor assembly should be replaced with the brushless type. [A brushless vacuum
motor assembly has been shipped. Installation has not been verified.]
An agreement must be worked out to accommodate the very different requirements for phase
eal in the different geodetic programs.
The cable cal system does not work and the problems must be identified and fixed.
Unused equipment in the receiver cabin should be turned off when observations are in
progress.
The lack ofRF expertise at the station should be addressed so that receiver problems can be
handled better.
The sources ofRF interference should be identified and the leakage attenuated if possible.
The reel motor brakes in the recorder should be replaced as soon as possible. [A reel motor
brake retrofit kit has been shipped. Installation and receipt have not been verified.]
All inexpensive oscilloscope should be purchased and dedicated to displaying eye patterns
during experiments.
The station must have a way to make an operational software backup. We recommend the
simplest solution, which is to obtain a standard FS computer.
The station needs to have an antenna interface so that pointing can be controlled from the
Fjeld System.
The C-band LO should be replaced with one similar to the CTI unit that was installed for SIX
during the trip.
The LO phase noise of some of the video converters is excessive and should be reduced.

December 1, 1997

Page 4

TeamChina Report

*

*
*
*
*

*
*'

The cause of weak fringe amplitudes from VC 14 needs to be identified, and the problem
fixed.
The station should obtain a good prerecorded tape that can be used in recorder tests. [A
prerecorded test tape has been shipped. Receipt has not been verified.]
The phase cal signals should be monitored on a long-term basis using the Field System.
The station should install a humidity meter in the recorder and report the humidity level for
all experiments.
Before the upgrade to Mark IV is installed, a special visit by a recorder expert is needed to
assess the hardware. At a minimum the photographs documenting the recorder should be
studied. The video converters should also be investigated for potential upgrade problems.
Before the upgrade to Mark IV, station staff should carefully read Mark IV Memo #167
which discusses more reliable operation. [A copy ofthe memo was shipped.]
The weather and cable cal instruments should be checked to determine why their output is not
reliable.

C. Hydrogen Masers

***

The hydrogen maser receiver design philosophy should be reviewed. Particular emphasis
should be placed on the spectral purity and modulation sidebands on the 5, 10 and 100 MHz
outputs and on improving the maser's stability in the 0.1-1000 second time periods. Refer
to the narrative in Section III for details.
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Section III. Narrative of Technical Activities
This section contains a narrative of the technical activities of the team during visits to Seshan
station and Nanshan station. The narrative is roughly in chronological order. Hydrogen masers are
treated separately because the same maser design exists at both stations and because we feel that the
masers are the cause of fundamental problems at both stations.

A. Seshan Station
1. Antenna
Current Situation
The 25-m antenna at Seshan is a cassegrain telescope with beam waveguide optics between the
secondary focus and the feed/receiver systems, which do not rotate with the antenna.
Problems Discovered and Tests Conducted
Pointing ofthe antenna seemed adequate, but we observed that some of the electronics boards
in. the control room had to be exchanged frequently. No explanation was given for this except that
work was going on with the control electronics..
There is no scatter cone at the center ofthe subreflector. We recommend that one be mounted
to avoid standing waves between the flat surface ofthe subreflector and the hom.
There is no inteIface between the antenna pointing and the Field System. We strongly recommend
that em interface be written. See the Field System section below for more details.

2. Receiver and feed
Current Situation
Seshan has installed 6 em and 3.6 em receivers ofRussian design and manufacture for C-band and
SIX-band observations.
Problems Discovered and Tests Conducted
The normally unused LCP port of the S-band feed should be terminated with a 50-ohm load,
rather than with a plate. Tests showed that replacing the plate with a termination increased Tsys by
-3 K. If there were perfect isolation between the RCP and LCP ports, there would have been no
effe<."! on Tsys. Therefore, to improve the isolation between ports, the LCP port should be terminated.
With a termination, the LCP signal will not be reflected back into the feed and thence to the Rep
port. This should improve the polarization purity of the system. Ideally, in order to minimize the
increase in Tsys, a cold load, such as a room-temperature S-band amplifier, should be used to
terminate the port, rather than a simple 50-ohm passive resistor.
The 6 em polarizer was checked and found to be about" 5 dB elliptical, in accordance with what
had been found in VLBI experiments. The polarizer was exchanged with an older one which had
much better performance. We suggest that the new system be retested with the addition of a piece
of circular waveguide inserted between the square-to-circular waveguide converter and the hom.
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The feed system showed several reflections from the mirrors in the antenna optic system. On
inspection we found that the mirrors were dirty and should be cleaned. We observed significant
reflections in the S-band polarizer. These reflections could be major contributors to the high SEFD
(system equivalent flux density) at S-band. The SEFDs were measured to be about 3000 Jyat S-band
and about 800 Jy at X-band, in reasonable agreement with the values inferred from the VLBI fringe
amplitudes from the July 11 fringe test.

3. LO and phase cal
Current Situation
The X-band LO signal is free of any significant modulation sidebands. The design of the LO
system puts the 405 kHz and 1 MHz sidebands on the 5 MHz from the maser outside the loop
bandwidth of the phase-locked oscillator.
At present, for L-band the phase cal is injected in the IF at -350 MHz (RF is -1650 MHz, 1st LO
is 1300 MHz).
Tests Conducted and Problems Discovered
The July 11 fringe test demonstrated that both the S- and X-band LO signals have significant
phase drift and acceleration, which can degrade the VLBI coherence over time spans longer than
1-2 minutes. Some preliminary tests indicate that most of the drift originates in the lIP synthesizer
used to generate the 100 MHz reference signal for the SIX LO from the maser 5· MHz. If further
testing confirms that the drift originates in the synthesizer, our recommended solution is to use the
100 :MHz directly from the maser to lock the SIX LO. This would eliminate the synthesizer from the
signal path. As demonstrated in a test on July 21, the LO will lock to the maser 100 MHz when the
100 MHz signal is suitably amplified. The stability ofthe LO phase can, and should, be monitored
locally over long time periods by measuring the phase cal phase in one or more SIX channels ofthe
VLBA backend with the Field System DQA command.
For L-band, the NASA-style phase cal antenna unit does not work well at the low frequencies of
the phase cal injection due to interference between the pulses and the antenna unit's internal switching
signal. As a resl,llt, the phase cal level vanes by up to -20 dB between frequency channels, and the
phase cal phases do not align the mnge phases well.
The L-band phase cal injection method needs to be changed. The simplest and quickest solution
is to lower the first LO frequency to below 1000 MHz. The IF frequency would thus be raised to
650 MHz where the antenna unit works better. Even better performance could be obtained either by
injecting the phase cal at RF (difficult to do with the L-band system at prime focus) or by using·a
pulse generator designed to work at IF frequencies.

4. Electronics rack
. Current Situation
Seshan has a VLBA rack with 14 BBCs that was built at Signatron. We are concerned that most
ofthe knowledge ofthis equipment is in the mindofWu Lin Da. He was trained at Haystack several
years ago where he learned the Mark III system and later he was trained at Signatron where he
learned the VLBA system. He is no longer working at the Seshan station and is only available on a
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consulting basis. We did not see anyone on the staff at Seshan who is clearly responsible for this
equipment, but we strongly recommend that a person be identified.
Tests Conducted and Problems Discovered

In the fringe test, no fringes were found in S-band channell, which corresponds to the USB
output from BBC 9. Tests at the station showed that the problem is not in the BBC but rather
somewhere farther along in the signal path, most likely in the sampler. It appears that the proper
signal is not reaching the sampler, but instead the sampler is picking up a signal from a different
channel.
The phase cal amplitude and phase in S-band channel 6 drifted systematically on time scales of
minutes during the fringe test. The cause needs to be investigated. Some additional clues may be
found with further analysis of the fiinge test data.
The total power detector in BBC 5 USB appe.ars to have a sensitivity which is ----6 dB weaker than .
it should be. As a result, the AGC gain mns ----6 dB higher than in neighboring channels. We observed
strong modulation sidebands on the LO signals in BBes 9-14 on the first day of our visit. We found
that these sidebands were due to a 5 MHz level into those BBCs that was too high. The solution we
adopted was to reduce the overall level into the entire rack. Now we are concerned that the level into
BBCs 1-8 may be too low. There is no evidence of a problem, but we recommend that the origin of
the 5 MHz level difference be investigated.

5. Tape recorder
Current Situation
The tape path ofthis VLBA recorder is the latest version before the thin tape upgrades became
available. There is no evidence of excessive wear at any point and (by eye) we could not detect any
t~.pe shift with changes in speed or direction. Ac~eleration and deceleration are smooth at all speeds.
The forward-to-reverse offset was determined to be at an acceptable level because we could not
detect a significant tape shift optically.
Tests Conducted and Problems Discovered
Training. The station staffwas shown how to determine the proper movement of tape through
the tape path and how to use a flashlight to determine the space between tape and precision plate as
well as forward-to-reverse offset. We also set the tape loop sense voltages as described in the Metrum
.
Manual.
\Ve recommend that the station staff read carefully VLBA Acquisition Memo #3711Mark IV
Memo #167 titled "Reel ServolDriver Configuration and Margin Analysis, Recommendations for
More Reliable Operation at 320 ips Maximum", by Hans Hinteregger, 24 Sep 93. This may be
advisable before the upgrade to Mark IV.
Headpositioningproblem. There is one major problem in the head positioning system. The Field
System reports that the head is in the wrong position after a number of interrogations. The head
positioner would apparently position correctly, but then it would occasionally report being out of
position although no movement had occurred. The offset in this incorrect position varies, but the
Field System appears to report the same several numbers repeatedly. Because the VLBA system has
only one head stack, it is not known if the actual position is changing or if the reporting is in error.
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Our initial diagnosis is that the inchworm is positioning the head properly and the head itself is not
moving when the Field System indicates it is. There is no evidence that the signal is mistracking when
the tape is played back.
The problem lies somewhere between the LVDT (within the head assembly) and the reproduce
electronics. Initially it appeared that the read-out was unreliable only when the LVDT had been
turned on for a short period oftime. Leaving the LVDT on all the time appeared to cure the problem.
However, it is still not possible to peak the heads because the read-out became unreliable at times
when the Field System issued commands to tum on the LVDT. Even though the LVDT was already
on, these commands appeared to make the read-out unreliable.
Our next efforts to debug this problem focused on the fact that one ofthe head temperature readouts was saturated at -10 volts. We corrected this problem with no effect. On the Mark ill systems
this saturation would have been a problem, but apparently on the VLBA system it does not matter.
After our trip George Peck (NRAO) confirmed this.
Further efforts focused on the analog conditioner module since this item was the easiest and least
expensive to replace. A replacement module was shipped from Haystack and was tested when we
visited the station during the last week of the trip. Replacing the analog conditioner module did not
solve the problem.
After our trip, a spare AID module and the cable that connects the AID module to the analog
conditioner were sent to Seshan to be tested. The purpose is to find the defective module or to
determine that the problem lies in the head assembly.
The biggest problem now at the station is that the head calibration procedure cannot be
completed. As soon as it is possible to calibrate the heads, the forward-to-reverse offset should be
re-measured.
. After our trip, Dave Fields (Haystack) speculated that there may be a problem with the transport
control module chips that activate the LVDT· oscillator. This possibility will be investigated if the
replacement of the AID module does not solve the problem. Also during discussions with George
Peck after our trip, he suggested that grounding problems could also be the cause in the apparent
misbehavior ofthe head position read-out.
Humidity. High humidity in the room with the VLBI backend is a concern. The room humidity
level was about 41 %. Wrth a meter inside the tape drive and the power on cOlltinuously, the humidity
inside was about 35%. These readings were probably higher than normal because the door to the
room was opening often with sometimes as many as 7 or 8 people inside at the same time. A small
humidity meter will be shipped from Haystack to be mounted near the head assembly. Information
will be sent about Haystack's Dry Air kit, with the recommendation that the station purchase one.
Construction of the kit has been started at Haystack. We recommended that station personnel tum
the tape drive on twenty-four hours before an expetiment to warm the inside of the drive to reduce
humidity.
Eye Patterns. We recommend that Sesha.l1 should obtain an inexpensive oscilloscope that can be
dedicated to displaying eye patterns during experiments. Geodetic schedules allow enough time
between scans for periodic parity checks in forward and reverse.
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6. Maser

Current Situation
The 5 MHz from the maser, which is used in all the RF, phase cal, and VLBI backend systems,
has significant modulation sidebands at 405 kHz (-56 dBc) and at 1 MHz (-57 dBc). These sidebands
should be reduced.
When the backend 5 MHz is multiplied up to 8 GHz in the phase cal antenna unit, the relative
strength of the 405-kHz sidebands increases by --64 dB. Even with a bandpass filter on this 5 Mhz,
the sideband level at 8 GHz is -14 dBc. This level should be reduced further.
Tests Conducted and Problems Discovered
With a bandpass filter on the 5 MHz feeding the VLBI backend, the sidebands are still present
at -71 dBc and -75 dBc. A narrower filter could be tried, but the danger of such an approach is the
high temperature sensitivity of the delay through a very narrow filter. It would be far better to
eliminate the modulation at its source, in the maser receiver.
Ifthe 5 MHz from the maser receiver cannot be cleaned up, another possibility is to use the maser
100 MHz, which is much cleaner than the 5 MHz. The 100 MHz has no 405kHz sidebands to below
-95 dBc, and the only sideband greater than -80 dBc from 300 Hz to 10 MHz is a -75 dBc sideband
at ~34 kHz. The 100 :MHz could be divided down to 5 MHz externally from the maser receiver,
thereby avoiding the modulation sidebands imposed in the maser receiver.
7. Field System

Current Situation
Seshan has been using "L1.e Field System (FS) for more than one year. The EVN paid to send one
of GSFC's removable hard disks loaded with a working system to Seshan in early 1996. Seshan
copied tins system onto their removable hard disk and returned GSFC' s disk. Seshan is using a TAG
33 MHz 80486 FS computer that had been originally purchased to run FS8 ,vith VENIX. The fact
that Seshan uses a standard system greatly simplifies data exchanges.
There is no antenna interface between the FS and the antenna control computer.
Tests Conducted and Problems Discovered
Slow Computer. The FS computer at Seshan had two significant problems. The first problem was
that it was running too slowly by a factor of about five. This problem occurred because the internal
and external cache was turned off in the BIOS. After we enabled the cache, the computer ran
normally. Apparently this computer had this problem ever since the vendor delivered it.
X Display. The second significant problem was that the X display was using 640x480 resolution
instead of 1024x768 as it should. Initial attempts to resolve this problem failed. We then attempted
to get the X display to run in higher resolution using advice supplied by AriMujunen (Metsahovi).
The basic approach was to try different clock settings in the X server configuration file. None of his
suggested values fixed the problem. Then an attempt was made to determine clock settings by
probing the video board, but SuperProbe failed to return any clock values. When the X server was
run in "probeonly" mode it returned clock settings that were different from all those supplied by Ari
Mujunen. However, these new values did not resolve the problem either. After our visit, we sent
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Seshan a video card that worked at GSFC, but even that did not solve the problem. This is still a
mystery.
Other Problems. We found and solved additional minor problems with the computer. The Turbo
switch was jumpered backwards. The hard disk activity light was incorrectly attached to the IDE
controller board rather than the SCSI controller. These problems had probably existed ever since the
system was delivered.
Manuals. The FS manuals for Seshan and Nanshan had inadvertently been mixed up and spread
among several binders at Seshan. We sorted the manuals and made two complete sets. Some parts
were missing from one manual set, but were later found at Shanghai Observatory. Eventually two
complete sets of manuals were assembled. One set was left at Seshan and one was carried to
Nanshan.
Antenna Interface. There are tw'O problems with the lack of an antenna interface. One is that the
powerful FS tools cannot be used to verify the performance ofthe antenna. Secondly, there is no
feedback about the onsource status of the antenna in the log file. It will be much easier for the staff
to do the pre-experiment pointing and SEFD checks with an antenna interface. We strongly
recommend that Seshan develop an antenna interface with our help.
Training. Vie spent some time answering detailed questions from the staff about UNIX, Linux,
the FS, and VLBI operations. vYe want to stress again that it is important that disk-to-disk back-ups
be done with the Boot a.qd Root floppies and NOT from the system booted from the hard disk.
Station-speCifiC Software. We found that the Seshan station-specific software was located in the
FS directory structure. We explained to the staff that this creates a problem because every time a new
version oft.lte FS is installed the station software has to be moved. To solve the problem, a new "st"
directory stmcture was established and the station software was moved to this new directOIy. The
software was th~n modified so that it would compile and load. Although the station software was
written in C, it used some FORTRAN routines to carry out certain operations. We explained to the
staffhow to handle these operations without using the FORTRAN routines. A back-up copy ofthe
station software was made on floppy. One copy was left at the station and another copy was carried
back to GSFC for archiving.
New computer. We recommend that Seshan obtain a new FS computer. To use the new Linux
. 'kernel (to be released in December, 1997), the computer will need new (larger) disks. The old
AT-GPffi card can still be used. With the video display problem, the fact that the machine is an aging
486/33 MHz TAG machine, and the need for a CD-ROM to ease future kernel upgrades, getting a
new machine would be the prudent thing to do.

8. Cables and connectors
The cable length between the maser 1 pps buffer and the VLBA 1 pps input was measured to be
199.29 m electrical or 664765 nanosecs. This length is considerably longer than the actual distance
between the two points. The cable from the X-band receiver to the VLBA rack was 27.886 m, while
the cable from the S-band receiver was 18.711 m. The extra 9 m from the X-band receiver was found
as a loop of cable under the floor.
We found several reflections in the IF cabling, mainly from open, nonterminated ends and from
the mix of standard and "metric" connectors. We strongly recommend that unused connectors, for
example at power splitters, be terminated with 50 ohm loads. We also recommend strongly that
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connectors not be mixed. The male "metric" type connector may mate mechanically to a standard
female, but the electrical connection is not sufficiently good and a large mismatch in impedance is
created.

9. Other
A fiinge test was run Friday by the station staff They demonstrated good skills with all aspects
of running experiments.

B. Nanshan Station
1. Antenna

Current Situation
The antenna at Nanshan is a 25-m cassegrain telescope with feeds at the secondaty focal point.
Tests Conducted and Problems Discovered
The pointing of the antenna was adequate and repeatable. We found some significant outside
interference, probably due to local television and military installations. Some ofthe signals seemed
to be leaking in at IF. The points at which the leakage is occurring should be identified, and the
leakage should be attenuated through improved shielding, grounding, etc.
.

2. Receiver and feed
Current Situation
Nanshan is using Russian-built 6 cm and 3.6 cm receivers for SIX and C- band experJIlents.
Tests Conducted and Problems Discovered
The power level of the IF signals at the receiver outputs is too low and should be increased by
10-20 dB at least. Such an increase will reduce the relative level of any interfering signals picked up
between the receiver and the control room, including in particular spurious signals that corrupt the
phase cal.
Some interfering signals observed in the receiver IFs originate in other equipment in the receiver
cabin. We recommend that whenever possible unused equipment in the receiver cabin-in particular
the local oscillators-be turned off when observations are in progress.
The L-band system temperature was higher than it should be. On inspection we found·that the
preamplifier was connected to the feed via a long cable. This cable was removed and the preamp was
mounted directly to the feed. The system temperature was reduced from 150 K to 125 K. We also
removed a cable between the S-band preamp and the feed, thereby lowering the S-band SEFD from
about 3000 Jy to about 2500 Jy. The X-band SEFD was measured to be 400-500 Jy. Both the Sand X-band SEFDs are consistent with the VLBI values derived from the July 18 fringe test.

3. LO and phase cal
Current Situation
There are two phase cahbrator antenna units available at Nanshan-one built at Kashima and the
other at Mizusawa. The Mizusawa unit is a near copy of the standard NASA unit. The geodetic
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programs led by NASA and by Kashima have differing requirements for phase calibration. The
Kashima group requires a calibration signal much stronger (~20% of total power) than the level the
NASA group finds acceptable (1-2%). The Kashima unit does not support the cable calibration
system employed in NASA geodetic experiments.
For their geodetic experiments, Kashima has requested that Nanshan use the Kashima-built
antenna unit, which has much higher output power than the Mizusawa unit.
Tests Conducted and Problems Discovered
The 2020/S0S0-MHz LO originally in the SIX receiver proved to be highly microphonic. The LO
also had strong and variable sidebands at 11-13 Hz that appear to be caused by the search oscillator.
We replaced the LO with a CTI 2020/80S0-MHz phase-locked oscillator, and this eliminated both
problems.
The C-band LO showed similar evidence of microphonics and instabilities. We recommend
replacing the C-band LO. The replacement could be one of similar design to the CTI unit. The
rep!acement could also be similar to the Nanshan L-band LO, which uses the maser 100 MHz £i'om
the maser for its reference signa1.
Until the replacement is available, we recommend bypassing the 5-to-l05 MHz section of the Cband LO and driving the LO directly with a 105 MHz signal from the lIP synthesizer in the control
room. The lIP synthesizer signal was considerably cleaner than the signal from the Chinese-made
oscillator at 105 MHz.
The L-band LO was by far the cleanest, as was observed during the 1996 visit to the site. At
L-band the LO is driven directly by the clean 100 MHz signal from the maser. This 100 MHz signal
should be used to phase lock all systems if possible.
The phase calibration system requires serious and immediate attention. Of the two phase cal
antenna units at the station, we believe that only the Mizusawa unit is suitable for use in SIX geodetic
observations. However, the July IS fringe test revealed serious problems in the phase cal signals with
the 1tfizusawaunit. For example, the phase cal amplitudes and the differential phase cal phases
between channels were unstable. At this time we do not know whether the problem lies with the
a.,qtenna unit, cabling, a 5 MHz buffer amplifier, or elsewhere. The problem could also be caused by
variable modulation levels on the 5 MHz. We intend to work closely with station personnel to identify
the cause(s) and arrive at a solution. An integral part of the testing process will be long-term
monitoring ofthe phase cal signals at baseband using the Field System PCAL command.
We are concerned about the phase and delay stability of the Kashima antenna unit. We are also
concerned, as mentioned above, about the Kashima unit's higher output power. The lack of cable
calibration system is a concern as well. It is essential to have an agreement among the groups involved
as to how phase calibration will be done at Nanshan for each type of experiment. The Kashima
antenna unit should be satisfactory for astronomical observations at L- and C-band.
The cable calibration system, made up of the antenna and ground units and the cable between
them, does not work with the Mizusawa antenna unit, although in principle it should. The ground unit
did work well in tests with an antenna unit that we brought to the station. As a first step in identifying
the cause, we suggest setting up the Mizusawa unit next to the ground unit in the control room, as
was done in our test, to see whether it works in that situation.
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4. Electronics Rack
Current Situation
Nanshan has the Mark III electronics rack that was formerly at Seshan. Half of the video
converters were built by Shanghai Observatory. These video converters have some differences
internally from standard converters. The two items to consider for the Mark IV upgrade of the video
converters are the filter boards and the SSB mixer module. If the standard PC board is used in the
SSB mixer, the capacitor change should not be a problem. The filter boards for Mark IV are a
complete replacement and will only be a problem if connectors are different. The MATs in the
Shanghai-built modules are not interchangeable with standard MATs because of non-matching
connectors. We appreciate that the station identified two people who are responsible for the backend
equipment. We can correspond with these people when problems need attention or suggestions need
to be made.
Tests Conducted and Problems Discovered
The 1.,0 phase noise of some of the Mark ill video converters, particularly those built at
Shanghai, is excessive and should be reduced. Most ofthese ves have markedly lower phase noise
when the LO is operated at the lower end of its frequency. range. The station should plan to move
ves to different slots in the rack so that only good VCs are used for the higher-frequency channels.
Note that such a strategy is not guaranteed to work in all cases!
We found that in the fringe test data, the fringe amplitude in S-band channelS was 30% lower
than in the other channels. Poor image rejection in VC14 is likely to be the cause, although excess
phase noise is another possibility. The image rejection of all video converters should be checked on
a regular basis.

5. Tape recorder
Current Situation
The tape drive at Nanshan is unique. The basic drive and control is a Mark III type system..
However, the drive was upgraded for narrow track use by installing VLBA read/write electronics and
head position control electronics. The drive has a single read/write head. A custom interface was
apparently built to interface the MATs to the VLBA electronics. The tape drive is like a Mark ill
system in its computer interface and in the way it controls the movement oftape, but the tape drive
is like a VLBA system for writing and reading of data and head positioning.
Tests Conducted and Problems Discovered
General. It was necessary to modify the FS to handle the Nanshan tape drive as a special case,
called a "Mark IIIB" drive. A special calibration schedule also had to be written. The unique aspects
of this tape drive make it difficult for the rest of the VLBI network to assist with maintenance, but
this problem will probably be reduced when the drive is upgraded to Mark IV. Because ofthe unique.
configuration ofthe Mark illB recorder, we recommend that a person from the EVN visit Nanshan
before the Mark IV upgrade is installed. A good set of photographs from all angles, such as those
documenting this trip, should be studied.
Ahhough the tape path ofthis recorder has old components in it, we detected no evidence of wear
or mistracking at any point. The spacing between tape and precision plate optically looked good with
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speed change and direction 0hange. The tape drive accelerated and decelerated smoothly in both
directions at both speeds.
Inconsistent Parity Errors. The most difficult problem with this tape drive was inconsistent parity
errors even though we had made no obvious changes between tests. The head stack recently was
replaced by people from Seshan with a head stack loaned by the EVN. It was reported that the parity
errors were excellent after the new head stack was installed, but soon the parity errors became
progressively worse. We verified this when we made a test recording and used CHECK2Cl. We
noted that the parity count was many thousands on all tracks. We were certain that the problem was
due to errors in writing the tape because the Bonn Correlator had reported that error rates were
excessive. Nanshan did not have a prerecorded tape so we could not tell at the station if the
reproduce was good. Following our trip, a prerecorded Mark ill test tape was sent to the station.
With some new heads the parity errors are very low at first. As the head is used and contours, the
parity errors go up drastically and then finally the errors become lower. To test this idea, a tape was
shuttled over the head overnight and through the next morning, a total of about 18 hours. A test
recording after the shuttle showed parity counts in the tens to low hundreds; this was a very
substantial improvement. However, later in the day, after passing tape over the head during routine
procedures, the parity errors were all $$$$.
After we examined many parts of the drive, we concluded that a grounding problem existed in
the upper portion ofthe tape drive. We also thought that there may be poor grounding inside the head
assembly. V&en we tightened connectors and cables and installed extra grounding, we were ableto
have acceptable error rates for the fringe test. But we noted that this is not a permanent fix. It is likely
that a grounding problem exists in the vicinity ofthe head assembly or the deck plate itself, and this
problem should be solved.
Despite these problems it was possible to run the head calibration schedule to completion. We
did have to intervene manually to handle situations where the MAT returned incorrect monitor data.
The result ofthe first calibration attempt indicated that the forward-reverse offset differed by about
20 microns from the value that had been used. A second calibration with the same tape gave the same
results. Then we did the calibration with a different tape to eliminate the possibility that the offset was
a tape effect. Again the results were the same, indicating that we measured the true offset. The FS
was left with the newly measured values installed.
Vve believe there may be grQunding problems in the head assembly, and so we recommend that
the assembly be sent to Bonn or Haystack for examination and testing. When the station receives a
new head assembly as part ofthe Mark IV upgrade, the old head assembly can be returned for testing.
Initially it appeared that the FS was not timing inchworm movement at the correct rate. An
empirical measurement of the oscillator used for the timing gave a frequency of approximately
3.082 MHz ± 10% rather than the usual value of 5 }.1Hz. The source ofthe frequency reference was
traced, not to the maser, but to the MAT. The MAT provides a 3.072 MHz signal. Coincidentally,
the FS has a provision to allow for a nonstandard frequency for timing the inchworm movements.
After configuring the software to use a frequency value of 3.000 MHz no further head positioning
problems were observed.
Vacuum motors. The tape drive still has one ofthe old brush type vacuum motors and we think
it is the original one installed on the recorder. The motor is likely to fail at any time. We
recommended that a brushless vacuum motor assembly be sent immediately. After our trip, a
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brusWess vacuum motor assembly was sent to the station. Installation of the new motor has not been
verified.
Reel motor brakes. The brakes on the reel motors are also very old. At one time during a test scan
the brake on the lower reel motor froze and we had to take it apart to release it. We recommended
that the Metrum brake replacement kit be sent to the station fairly quickly. A reel motor brake retrofit
kit was sent to the station after our trip. Installation of the kit has not been verified.
Humidity. A humidity meter should also be sent to the station. Although the humidity at Nanshan
is fairly low, it still should be monitored.
Training. We recommend that the station staff read carefully VLBA Acquisition Memo #371/
Mark IV Memo #167 titled "Reel ServolDriver Configuration and Margin Analysis,
Recommendations for More Reliable Operation at 320 ips Maximum" by Hans Hinteregger, 24 Sep
93. This is advisable before the upgrade to Mark IV. A copy of the memo was included in a parts
shipment following our trip.
Eye Patterns. Nanshan should obtain an inexpensive oscilloscope that can be dedicated to
displaying eye patterns during experiments. Geodetic schedules allow enough time between scans for
periodic parity checks in forward and reverse.
6. Maser
Current Situation
Nanshan has two Chinese-built masers, similar to the ones used at Seshan.
Tests Conducted and Problems Discovered
The modulation sidebands on the maser 5 MHz must be reduced. Despite our attempts to fix the
problem, the sideband levels are still too high. We found ~12 kHz or ~17 kHz (H-13 or H-ll,
respectively) sidebands at -75 dBc, 405 kHz sidebands at -70 effic, and 1 MHz sidebands at - 60 dEc.
A 5 MHz bandpass filter inserted in the 5 MHz line to the Mark ill terminal reduced the 1 MHz
modulation in the phase cal signals. This fix was not effective in reducing the level of the other
sidebands, which are ~o dB higher at 8 GHz than at 5 MHz. The options for improving the 5 MHz
cleanliness are the same as those outlined for Seshan.
Our examination ofthe maser receiver at Nanshan shows a need for inlproVed shielding and filter
feP.Al-throughs between submodules, better grounding, and jn general more attention to isolating the
submodules (e.g., divider and synthesizer) from each other.
We found several problems with the maser, especially regarding the receiver, divider, and phase
lock unit. These units were integrated into one single box without adequate signal shielding between
the parts. We also found that the box in one ofthe masers had been painted with the lid off, resulting
in a good but unintentional isolation between the lid and the box. It was immediately clear from our
tests that the sidebands originated from leakage of 17 kHz and 405 kHz between the divider and the
distribution and phase lock compartments. We tried to reduce the leakage by improving the electrical
shielding within the box. When we inserted a filter in the 100 MHz line to the divider/synthesizer, the
phase lock changed. Then we tried to phase lock again by adjusting the 5 MHz oscillator, but we
found that theadjusting port was loose and not soldered onto the circuit board. The 5 MHz oscillator
was therefore exchanged with the one from the other maser unit. Based on this work we found that
the quality of the oscillator was not sufficiently good for VLBI and the oscillator needs to be
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improved. We also feel that the design of the receiver/divider is fundamentally flawed and we
recommend that the entire unit be rebuilt.

7. Field System
Current Situation
Nanshan had not been using the Field System (FS) before our visit. Instead, a specially
customized version ofDave Graham's (MPlfR) "BonnFS" software controlled the Mark III system.
Nanshan does have a PC that can run the FS, but head positioning did not work and FS9 did not have
the station-specific code for the WX, CABLE, and CAL SNAP commands. Because of these
problems, Nanshan could not use the FS.
Nanshan's PC is not a standard FS computer of any type. It is a 100 MHz Pentium machine with
a 500+ megabyte IDE hard disk. Lars Baath had installed Linux on this machine as a dual boot option
with DOS when he visited in 1996. Nanshan also does not have an antenna interface.
Tests Conducted and Problems Discovered
At the time of our visit, the machine Nanshan was using for the FS had lost the dual boot
capability and would only boot to DOS from the hard disk. It was still possible to boot the Linux
system if a boot floppy was used. We are not certain, but the problem with the dual boot capability
may have started when someone repartitioned the hard disk to have two Linux partitions instead of
one. As a result the partition table did not accurately reflect the disk's contents. It is a mystery to us
that the system ran at all.
Initially we thought that the best option was to reinstall Linux from scratch. However, this
approach revealed a problem with the disk access because the disk was slightly too large for Linux.
We tried to follow the instructions with the Linux CD-ROMs for this situation but they did not work.
Consequently we decided to leave the existing installation ofLinux alone since the system at least
worked.
At this point, we tried to set up the system to be as similar as possible to a normal FS installation.
The final result was that the installation is typical of any FS station, except for running kernel 1.2.8
rather than 1.2.12. Ari Mujunen (Metsahovi) had donated CD-ROMs that were left at the site for use
in case it should ever be necessary to reinstall the Linux system.
The latest version of the FS was installed. Once the FS was installed, station-specific SNAP
commands for CAL, wx, and CABLE were ported from the BonnFS. The outputs ofthe WX and
CABLE commands were not reliable. However, it is likely that this is an instrument problem because
the BonnFS had the same problems. A back-up copy ofthe station software was made on floppy. One
copy was left at the station. Another copy was brought back to GSFC for archiving.
One problem with the FS computer is that it has only one removable hard disk, instead of the
standard two identical hard disks. This is a dangerous situation because the·operational system would
be lost if something should happen to the one hard disk. Another advantage of the second disk is that
the installation of a new system can be attempted without destroying the existing system. For
example, the second hard disk would have been helpful when we attempted to upgrade the Linux
installation. The second hard disk would also be helpful in the future when new releases of the
software are available. Having an operational back-up disk is particularly important at a station like
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Nanshan because there is no on-site Internet access and because other communication is also very
difficult.
We strongly recommend that Nanshan have a way to make an operational back-up. There are
several ways to accomplish this. It may be possible to simply add another IDE hard disk at least as
large as the current one. Alternatively it may be necessary to buy two new identical hard disks. A,
third possibility would be to obtain a standard FS computer. We recommend the simplest solution:
the station should obtain a standard FS computer.
The lack ofan antenna interface is a serious problem. The station's current practice is to use the
.DRG file, not a SNAP file, to run the antenna. As a result, Nanshan will have problems running
schedules'written as VEX files because the antenna interface will not be able to handle these files.
VEX schedules will start to dominate operations more and more. We discussed in some detail with
the staffthe issues involved in an antenna interface. We recommend that an interface be developed
in the next several months, with OUf assistance.
We spent some time familiarizing the station personnel with the FS manuals, the FS itself, and th~
standard practices of VLBI operations. The personnel at Nanshan had already run many VLBI
experiments and they were familiar with the BonnFS which was modeled on the FS.

8. Cables and connectors
The cables between the antenna front end cabin and the VLBI rack were extremely lossy and
should be replaced. The cable losses are typical ofthat type of cable, but we recommend replacing
the existing cables with better and more stable cables.
The major problem with the cabling system was the mix of connectors. Mixing "metric" and
standard connectors always creates an impedance mismatch and should be avoided at all stages. We
suggest that the connectors be painted in different colors, one for each standard, and that they never
be mixed.

9. Other
There appeared to be a grounding problem between the 110 volt system which feeds the VLBI
equipment and the 220 volt system into which we plugged an oscilloscope. While working on a video
converter which was plugged into the rack with an extender cable, Tom Buretta received a shock
when he touched the oscilloscope with one hand and the video converter with the other. He measured
110 VAC between the two grounds. After strapping the two together, the potential disappeared. We
strongly recommend that grounding in the control room area be investigated.
Transport oftapes is a large budget item at Nanshan. We suggest that other ways of shipping be
investigated. We noted that there are weekly flights to Istanbul and Frankfurt via Kazakhstan. These
could probably be used instead of flying the tapes first to Beijing and then back over Urumqi to
Europe on a trip which is three times longer than necessary. More direct flight connections would
also make it easier for JIVE personnel to travel to Nanshan to help and assist.
The culmination of the trip was the fringe test on the Friday before we left. Initially we had
planned to start preparing for the fringe test one day in advance, but continued tests and tinkering
with various aspects ofthe RF system prevented set-up from beginning until very late on Thursday
night. From an operational point of view the set-up went well in the short amount oftime allocated.
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Except for some uncertainty about a few FS commands which they had never used before, the station
personnel demonstrated good operational skills.

C.Hydrogen Masers
1. Masers
Current Situation
Seshan and Nanshan each have two second-generation masers designed and built at the Shanghai
Astronomical ObselVatory (ShAG). Comments specific to Seshan and Nanshan are contained in the
subsections titled "6. Maser" above.
Tests Conducted and Problems Discovered
It appears that the fundamental design ofthe ShAO masers stresses the requirements for accurate
long-term (hours to days) timing. However, the need for phase coherence in VLBI places stringent
requirements on stability at times scales shorter than ~~ hour. We found the ShAO masers to be
lacking the necessary short-term stability.
We found the following problems:
• significant modulation sidebands related to the 405 kHz synthesizer plus modulation at ~12,
~ 17, -208 kHz, and 1000 kHz on the maser's 5 MHz output,
• poor spectral purity in the maser's 100 MHz crystal oscillators when multiplied to microwave
frequencies, and
• very short « 1 second) phase-lock loop time constants. (We note that the phase-lock loops
in masers which use better quality crystal oscillators are typically in the 10-100 second
range.)

2. Microwave Las and signal sources
Current Situation
The 5 MHz signal from the maser is used to feed the RF, phase cal, and backend systems.
Tests Conducted and Problems Discovered
We observed three different schemes used to derive microwave signals locked to the hydrogen
maser frequency standard: .
• Modular phase-locked oscillators: We saw several examples ofthese units. They are typically
about lax1Ox 15 cm in size and have a 5 or 100 MHz input from the maser. The Chinesemade units are mechanically similar to units available in the West, but the performance of the
Chinese units is not good enough for VLBI applications. In many cases we found erratic
phase lock and poor short-term stability. These problems may be the source of the erratic
station performance we have seen in the past.
• Commercial synthesizer (Hewlett Packard) followed by frequency multiplier: The lIP
synthesizers accept a 10 MHz input from the maser and include a narrow-band filter. While
this filter eliminates some ofthe maser's modulation sidebands, our past experience is that the
delay through such filters is very temperature dependent. The instability due to temperature
dependence may be a cause of a loss of coherence at time scales ~~ hour.
~mberl,
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Direct multiplication of the maser's 5 MHz output: The VLBI phase calibrators produce a
frequency-domain comb with signals at integral 1 MHz steps, which are derived by direct
multiplication ofthe maser's 5 MHz output. The phase calibrator signal purity (and hence the
ability to use the phase calibrator as a' system diagnostic tool) was seriously degraded due to
the presence ofmodulation sidebands in the maser output (1000, 455, 208, 17, 12 kHz were
all observed).
Cables and connectors were a constant concern. Some cables were found to have mechanical
damage. The Chinese and Russian ''N'', "SMA" and "BNC" connectors appear to be similar to their
western counterparts, but must be regarded as incompatible for any RF applications. The output
connectors on the ShAO masers are twist-lock "BNC" connectors. We found that when the masers
were installed in the stations the signals were connected to ~ 1 cm diameter coaxial cables terminated
in ''N'' connectors, then passing through BNC-to-N adaptors. The ~ 10 cm long combination (heavy
coaxial cables plus connectors plus adaptors) is a likely source ofVLBI system instabilities.
Comments specific to activities at Seshan and Nanshan are contained in the subsections titled "6.
Maser" above.
II
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Section IV. TeamChina Travelers
The people who traveled to China and contributed to this report are:
Lars Baath - Halmstad University, Sweden, lars.baath@cbd.hh.se
Thomas A. Buretta - Haystack Observatory, tab@newton.haystack.edu
Thomas A. Clark - Goddard Space Flight Center, clark@tomcat.gsjc.nasa.gov
Brian E. Corey - Haystack Observatory, bec@newton.haystack.edu
William E. Himwich - NVI, Inc.!Goddard Space Flight Center, weh@vega.gsjc.nasa.gov
Chopo Ma - Goddard Space Flight Center, cma@virgo.gsjc.nasa.gov
This report was compiled and edited by:
Nancy R Vandenberg -NVI, Inc.!Goddard Space Flight Center, nrv@gemini.gs!c.nasa.gov
We recognize that there may be difficulties reading and understanding this report due to language
differences. Readers ofthis report should feel free to contact via e-mail any of the people listed above
ifthere are questions about any part of this report.
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