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ABSTRACT

Millisecond pulsars are attractive as future reference clocks, because of their highly stable pulse tim-
ing. Communications Research Laboratory (CRL) aims to apply millisecond pulsars to the construction of
a new time scale, and have developed a millisecond pulsar observation system using the 34 m antenna at
Kashima Space Research Center. Since the 34 m antenna is rather small for the receiving of weak signals
from millisecond pulsars, we had to develop a highly sensitive observation system. This system is equipped
with an acousto-optic spectrometer (AOS) for wide-band observations, and a special digital processor for
performing numerous pulse integrations in real time. Using this system, we have started weekly observa-
tion of PSR1937+21 at the 34 m antenna in S-band since November 1997. The residuals of pulse phases for
two years show some drift, and more precise timing analysis is required. Current observation precision is
2.9 us for one day’s observation, which shows that the 34 m antenna’s performance is enough for the
highly precise timing measurement of the weak pulse signals from millisecond pulsars.
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compare different ephemerides™ since they are reflected

1. Introduction

A pulsar is a celestial body that emits light and/or
radio waves that seem to blink on and off at a precise
regular frequency. Pulsars are actually thought to be
neutron stars that are rotating at high speed. They emit
beams of electromagnetic waves from their magnetic
poles, which are shifted from their rotational axis, with
the result that periodic pulses are observed in synchroni-
zation with their rotation. A pulsar with a pulse period
(i.e., rotation period) of a few milliseconds is called a
millisecond pulsar. The pulse periods of millisecond pul-
sars remain extremely stable for long periods. Figure 1
illustrates the frequency stability of two different milli-
second pulsars™. As this figure shows, the frequency sta-
bility of PSR18556+09 is almost 107", which rivals that of
an atomic clock.

As a result of their high stability, it has been sug-
gested that millisecond pulsars could form the basis of
time scales and frequency standards. A time scale in
which it is defined from the pulse period of a pulsar is
called a pulsar time scale. Pulsar time scale has various
unique advantages, such as a virtually indefinite life span
and a complete lack of dependence on the Earth’s motion
and gravitational field. However, pulsars cannot be used
as primary frequency standards because their inner
workings are not yet entirely understood, and it is still
difficult to construct an accurate model of all the phe-
nomena that give rise to fluctuations. FFor reasons such
as these, we are currently investigating methods for the
construction of long-term stable systems incorporating
atomic time scales, and we are trying to find practical
applications for these methods™®™. We are also expect-
ing our research to find applications in various other re-
search fields. For example, the results can be used to

with high precision in the motion of the solar system.
They can also be used to compare different coordinate
systems®™ by comparing the positions determined with
VLBI observations with the positions determined by tim-
ing observations. Millisecond pulsars can also be used as
highly precise probes for detecting the minute effects of
gravitational fields and interstellar matter in the propa-
gation path. A detailed discussion of pulsar time scales
can be found in reference®.

Millisecond pulsar observations are also being made
at many observatories overseas, including the 305 m an-
tenna at Arecibo in Puerto Rico, the Nancay observatory
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Fig. 1 Frequency stability of the millisecond pulsars
PSR1937+21 and PSR1855+09" (results obtained
with the Arecibo 305 m antenna).
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in France {(equivalent to a 93 m dish), Jodrell Bank in
the UK (76 m), Green Bank in the USA (43 m), the
Parkes observatory in Australia (64 m), Effelsberg obser-
vatory in Germany (100 m), and Kalyazin in Russia (64
m). However, these observatories are mainly involved in
astronomical research, and there are currently only a few
researchers whose work relates to frequency standards.

Research into pulsars at CRL began in 1989 once the
34 m antenna had been installed at the Kashima Space
Research Center. Our research focuses on three main
areas: theoretical research into timing accuracy and the
like'™™, VLBI observations of pulsars in collaboration with
other countries such as Russia™, and millisecond pulsar
timing measurements. With regard to the timing meas-
urements, we started by developing our own observation
system. This involved developing technology for measur-
ing the timing of extremely feeble pulses with high accu-
racy. Although the 34 m antenna is a much smaller
antenna than the observatories mentioned above, we nev-
ertheless managed to make successful observations in
1992 of the millisecond pulsar PSR19374+21 with an ex-
perimental observation system (based on a 270 kHz X 16
channel filter bank, and with a receiving bandwidth of 4
MHz). The measurement precision of these observations
was about 18 us, which demonstrates the feasibility of
millisecond pulsar observations with a 34 m antenna™.
After that, improvements were made to the system, and
in 1997 a new system with an available bandwidth of 200
MHz was completed. Instead of using a filter bank as
employed in many other stations, this pulsar observation
system is unique in that it uses an acousto-optic spec-
trometer (AOS). By developing a special-purpose data
processing system we also made the system capable of
performing long-term integration in real time. As a re-
sult of such enhancements, the daily observation preci-
sion of PSR1937+21 was improved to 2.9 us. This level of
precision constitutes a significant achievement, consider-
ing that it was obtained with an antenna whose area is
a hundred times smaller than that of the Arecibo 305 m
antenna (which has an observation accuracy of 200 ns).
From a technical viewpoint, the development of this
highly precise timing measurement system involved
bringing together and making advances in various tech-
nologies that have so far been cultivated by CRL, such as
precise measurement techniques for frequency standards,
time comparison techniques, and techniques for making
astronomical observations with a 34 m antenna. CRL is
playing an important role in this research. Since autumn
1997, we have used the system to make routine weekly
observations, and we have been the only observatory in
Japan making continued observations of a millisecond
pulsar.

This report presents an overview of the observation
system developed here, and describes the current status
of our continuous observations.

2. Observation System

2.1 The characteristics of pulsar signals
Before describing the system, we will list the proper-
ties of pulsar signals that should be considered when

making timing measurements.
(A) The signals are weak (low flux density).

Millisecond pulsars have exceedingly weak signals.
For example, the most intense millisecond pulsar in the
northern sky is PSR1937+21. But the flux density (S)
of this pulsar (calculated in the 2.2 GHz band) is only
about 3 mJy™, where one Jansky (Jy) is equivalent to
107® Wm™Hz™'. This is about a thousand times fainter
than the quasars used as radio wave sources for VLBI.
(B) The signal intensity is roughly inversely proportional

to the square of frequency.

For example, the intensity of PSR1937+421 is repre-
sented by the following equation™.

S(f) = S{1 GHz) X f“
S(1 GHz) = 25.9+26
a = —26%0.05

Ii

where f =observation frequency (GHz), S(f) =flux den-
sity at f (mJy), and S(1 GHz)=flux density at 1 GHz
(mJy). The signals are stronger in lower frequency
bands, which makes observations easier, but in low fre-
quency bands, problems are caused by smearing of the
pulse waveform due to the effects of (C) below.
(C) The signals are dispersed by interstellar plasma.
This causes a frequency-related shift occurs in the
pulse arrival times. During the propagation of a pulsar
signal, it is delayed by interstellar plasma according to
the following equation™.

dtpy(f) = 415X 10° X DM X f 2 (§) woeenen 2

where f =observation frequency (MHz), and DM =Dis-
persion Measure (pc/cm®) = total number of electrons
per unit area in the line of sight. High frequency compo-
nents arrive earlier, and low frequency components arrive
later. In other words, when a pulsar signal is received
over a wide bandwidth, its waveform is smeared due to
the different amounts of delay. The spreading of pulse
duration by dispersion can be calculated by transforming
equation (2) as follows™™,

At =83X10°XDMXf 3% B

where B =bandwidth (MHz). For equal receiving band-
widths, the spreading of pulse duration increases for sig-
nals of lower frequency bands.
2.2 System design strategy

The aim of the observation system is to make precise
measurements of the pulse timing of signals having the
properties mentioned in section 2.1. Specifically, the pulse
waveform is first detected from the background noise,
and then the pulse’s time of arrival is determined from
the position of its peak. In the following equation, the
measurement error o, of the pulse arrival time is derived
as a function of the system sensitivity™.

3/2,

— (B-TV-VP)I Z,I-;<SS>-G .................................... (4)
where W =half width of observed pulse (s), P =pulse pe-
riod (s}, T,, =system noise temperature (K), (S) =aver-
age flux density of pulse (Jy), B =receiving bandwidth

g,
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(Hz), G =antenna gain (K/Jy), and T =integration time
(s).

The 34 m antenna has a much smaller aperture
(lower G) than the Arecibo and Nancay telescopes, so for
our system it was essential to increase the receiving
bandwidth B and integration time 7. It was also neces-
sary to increase the time resolution so that pulse
waveforms of the order of a few tens of microseconds
wide could be reproduced.

2.3 Characteristics of the CRL observation system

The basic requirements of the system design are: (i)
wideband receiving, (i) long-period integration, and (iii)
high time resolution. To fulfill requirements (i) and (iii),
we had to introduce AOSs and fast CCD cameras, and
for requirement (iii) we had to develop a dedicated proc-
essor. These components are described below.

To achieve a wide observation bandwidth, we set our-
selves the target of receiving signals over the entire IF
band. Since our observations were made in the 2 GHz
band (2150-2350 MHz), we therefore aimed to make the
system capable of processing signals received over a
bandwidth of up to 200 MHz. Since dispersion delay
(2.1(C)) causes serious smearing of the signals over such
a wide bandwidth, we employed a method whereby the
wideband signal is partitioned into separate channels, and
then the delay of each channel is corrected. This allows
the spreading of the received pulse duration to be more
or less confined to the amount of delay occurring within
the bandwidth of a single channel. To suppress the pulse
corruption in the 2 GHz band to about 10 #s (the extent
of time resolution), Equation (3) shows that it has to be
partitioned into individual channels with a bandwidth of
approximately 200 kHz. Although many observatories use
filter banks to implement frequency division techniques,

it would be unrealistic to use a bank of 200 MHz/200
kHz=1000 filters. Instead, we decided to use an AQS™,
which is an efficient frequency division tool.

An AOS 1s a frequency divider that utilizes next
principle. When laser light and electrical signals are
input into an acousto-optic element, the laser light is dif-
fracted through an angle corresponding to the frequency
of the input electrical signal. The intensity of the electri-
cal signal can be inferred from the intensity of the dif-
fracted light. The diffracted light is extracted in the
form of an electrical signal by a CCD camera. Each CCD
element thereby corresponds to a separate band channel.
The introduction of an AOS made it possible to produce
a compact system because a single acousto-optic element
measuring just a few cm can partition a 50 Mz band
into 256 channels.

The time resolution of an AOS is limited by the
readout speed from the CCD camera. Since millisecond
pulsar timing measurements require a time resolution of
about 10 us, we selected a CCD camera capable of high-
speed data readout, and thereby obtained an AOS suit-
able for practical use as a timing measurement device for
millisecond pulsars.

The 34 m antenna is better suited to long-period in-
tegration because it is able to track stars, unlike large-
aperture fixed antennas that have to wait for stars to
enter their field of view. In principle, it is also possible to
integrate between successive pulsar observation sessions.
In this case, the number of pulse additions for a millisec-
ond pulsar can easily exceed ten million. To perform this
huge addition processing efficiently, we developed a new
dedicated processor. By using a design in which the data
acquisition and calculation operations are performed con-
currently, and in which dead time in the calculations is

Table 1 Various parameters of CRL’s millisecond pulsar timing

measurement system

Antenna
Aperture 34 me
Observation frequency 2.2 GHz
System noise temperature K
;ntenna gain 0.426 K/Jy
Signal processing unit (including AOS)
Band partitioning method AOS
Receiving bandwidth 200 MIz (50 MHz X 4 units)
Frequency resolution 200 kHz

50 MHz / 256¢ch

Sampling number

100 / period

Time resolution

Approx. 16 us

Averaging processor

A/D conversion

8 bit

No.of pulse additions

Max. 2%
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suppressed as much as possible, we are able to obtain the
integration results in real time while the observation is
still in progress. Table 1 lists some of the important pa-
rameters of our observation system.

2.4 Data acquisition system

A block diagram of the system is shown in Fig. 2.
We decided to make our observations at S-band frequen-
cies 80 as to achieve a balance between intensity attenua-
tion and the amount of distribution delay {(see 2.1(B)
and (C)). The system was also required to make observa-
tions in the L-band, but these were not easy due to the
large amount of radio interference. Although the
polarizer is capable of selecting either right-handed or
left-handed circular polarization, we used right-handed
circular polarization. The IF signal is first divided by a
frequency converter into 50 MHz X 4 units, and four
AQOSs are then used to divide the signal from each unit
into 256 channels. The frequency resolution is about 200
kHz. Since the AOSs use laser diodes and are therefore
prone to frequency drift, their frequencies are periodi-
cally calibrated by using a carrier signal.

The AOS outputs are transferred serially to an aver-
aging processor. This serial transfer is clocked by a sig-
nal synchronized to 1/100 of the pulsar period, which
becomes the time resolution of the sampling. In the av-
eraging processor, the processing for each individual AOS
unit is assigned to a single board. The data for 256 chan-
nels which 1s sent in every 1/100 of pulsar period is sub-
jected to 8 bit A/D conversion and stored in memory,
and every period the data for the same phase in the same
channel is added together. The boards are capable of per-
forming these additions for up to 2* (about 16 million)
cycle periods.

2.5 Timing control system

The pulse addition timing must be perfectly synchro-
nized to the pulsar period. However, the observed pulsar
period changes continuously due to factors such as the
Doppler effect caused by the Earth’s motion, so a com-
puter (Host #2) calculates a predicted period which is
used to control a synthesizer in real time. This predicted
period is calculated in real time by interpolating between
values pre-calculated using the “TEMPO” program (see

Bandwidlh : 50MHz x 4
Channels 1256 x 4

Freg. resolulion : approx.200kHz
Time resalulion : approx 16 s
A/D conversion : 8bil

o )
st Lo No. of addilion : 2" max.

IF signal

130~330MHz 50MHz
BW

section 3) for each four-hour period. Signals synchronized
to the predicted period P are supplied from the synthe-
sizer to a clock-signal-generator. This clock-signal-
generator produce serial transfer clock signals with a
period of P/100, which are sent to the AOSs as data
transfer triggers (sampling triggers), and clock signals
synchronized to a period of P which are sent to the proc-
essors as averaging triggers.

A frequency standard with good short term stability
is indispensable for pulsar timing observations. For ex-
ample, if the averaging trigger stability is only around
107° (as achieved with ordinary quartz oscillators), then
an error of about 10 us will develop during integration
over a three-hour period. The 34 m antenna, which is
also part of a VLBI observatory, has a hydrogen maser,
and all the oscillators can attain a short-term stability of
about 107® by synchronizing their phase to the hydrogen
maser reference signal.

The start time of an observation is obtained by read-
ing the hours, minutes and seconds from a laboratory
clock, while the fractions of a second are obtained from
a time-interval-counter which measures the time differ-
ence from the 1 pps data acquisition start trigger of the
laboratory clock. Since the laboratory clock measures
time by counting up the 1 pps signals from the hydrogen
maser, the time difference with UTC needs to be moni-
tored by a GPS receiver. This time difference data is used
for time correction during analysis.

2.6 Observation procedure

Host #1 is assigned to controlling the data acquisi-
tion. After various parameters (such as the number of
additions) have been set up in the processor, it is put on
stand-by until the time of observation. When the start
time has been reached, a trigger to start data acquisition
18 output to the processor from the PIO board in the
host #1. The data is stored in the hard disk of the host
#1 after the addition has been completed. Four types of
data are stored -—(i) addition data (averager output; 100
samples X 256 ch per period, number of additions), - (ii)
a log file, which is recorded by an observation control
program (pulsar name, observed frequency, etc.), (iii)
the addition start time (time difference between start

Predicted

- pulsar period [ |L.ITC
|3 E | ICln:k |

1PPS

Data acquisition

i ‘> | Time interval
—_ - cgun]er

Data acquisition
start time

T
&
=

Distributor /
Frequency convertor

AOS (acousto-optic spectrometer) ~ Averaging Processor

Fig. 2 The millisecond pulsar observation system using the 34 m antenna S-band system.
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trigger and 1 pps signal as measured by the counter),
and (iv) the time difference between the observation time
and UTC (the laboratory time is constantly monitored
by a GPS receiver). The database of the predicted period
1s also required in the analysis. After the observation has
been completed, the distributed delay of each channel in
each unit is compensated and synthesized off-line. Since
the compensation quantities are rounded to 100 divisions
per cycle —which is too coarse— the intervals between
the sampling points are then further subdivided by a fac-
tor of 10 using a linear approximation. in this way, the
delay can be compensated with a resolution of one thou-
sandth of a cycle. The peak points are determined from
the final waveform obtained in this way, and the pulse
time of arrival is obtained from the phase and start time
thereof. The above constitutes the primary process. In
the analysis, the arrival time of each pulse as obtained in
the primary process is compared with the predicted value
obtained by calculation from a timing model, and the re-
sidual difference is obtained (see section 3).

3. Observation Results

3.1 Pulse waveforms of PSR1937+21

The above system was completed in 1997, and since
November of the same year it has been making routine
observations of the millisecond pulsar PSR1937+21. We
chose this pulsar as our first target because it is the
most intense in the northern sky and has been the sub-
ject of long-term observations at other observatories,
which provide a useful source of data for checking the
system. Observations were made on one day each week
during the four hour period before and after the merid-
ian transit of the pulsar. Each session involved perform-
ing addition for about 30 minutes, and observations were
made every hour. From 5 to 8 sessions were performed
per day. The observations were made at S-band frequen-
cies (2120-2320 MHz), and in right-handed circular polari-
zation. ;

Figure 3 shows the pulse waveforms observed on in-
dividual days. These results were obtained by combining
the signals from 256 channels (50 MHz bandwidth) in
one unit. This figure illustrates how the results can dif-
fer depending on the S/N ratio on the day in question.
Although these observations were made under the same

conditions, there are sometimes pronounced differences in
the S/N from one day to the next.
3.2 Phase drift of pulse peaks

The peak phase determined from the observed
waveform is converted into the time of arrival, and the
residual is determined by comparing it with the predicted
value. To calculate the predicted values, we used the
“TEMPO” analysis program, which is produced by the
pulsar group at Princeton University. TEMPO calculates
the residuals after converting the pulse time of arrival at
the observatory into the time of arrival at the solar sys-

tem barycenter (SSB). The transformation equation is as
follows™™!.

t, = t—D/f2+(r'n)/c+Ac+AE—AS .................. (5)

where ¢, =time of arrival at SSB, ¢t =time of arrival at
observatory, f =observation frequency, D =dispersion
constant, r = vector from SSB to the observatory, n =
unit vector from SSB to the pulsar, Ac = time difference
between the laboratory clock and reference time scale,

AE =gravitational redshift due to planetary motion (Ein-
stein delay), and AS = delay due to gravitational fields
in the propagation path (Shapiro delay). Ephemerides are
required for the model calculations, and DE200 was used
in the present analysis. UTC was used as the reference
time scale. The predicted pulse phase at SSB at time ¢, is
calculated next. The pulse timing at SSB can be regarded
as being almost the same as the pulse timing produced
by the pulsar itself, so the pulse phase at the solar sys-
tem’s center of gravity can be predicted in the following
way from the pulsar’s own rotation speed attenua-
tion[ﬂ[lS].

d(T) = ¢y +vT+vTY2, T = L=ty rerreeeeeeeeeeeeees (6)

where T = elapsed time from a certain epoch ¢, at the
solar system’s center of gravity, ¢, = phase at the epoch
(phase at 7'=0), and v = rotation frequency. Since ¢, is
the time at which each pulse arrives at SSB, ¢(7) should
always be constant (or, by sclecting a suitable value for
t,, zero). But in practice, when the value of ¢, determined
from the observed value of ¢ includes errors and the
model calculations of Equations (2) and (3) are not accu-
rate, this can also lead to errors, so ¢(7T) does not be-
come zero perfectly. These appear as residuals.

* Millisecond pulsar (PSR1937+21)
P ~1.6 msec
<8> ~3.3mJy @ S-band

* Observation frequency
§-band (2146.5-2203.0MHz) RHCP
0.2 MHzBW x 256 ch

+ Observation interval
1 observation (27 min.) / hour
8 hours /day, 1day/week

0.08 o1
'98.5.7 '00.2. 3
0.07 01}
0.09

006 |
2 N SV S 2008
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Single period (approx. 1.6ms)

* Dispersion delay of each channel
is calibrated in off-line.

Fig. 3 Pulse waveforms of PSR1937+21. Waveform after integration for about 27 minutes in a single AOS unit
(50 MHz bandwidth). This figure shows daily observation examples for a day with a good S/N and a day

with a bad S/N.
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Figure 4 shows the phase drifts obtained from observa-
tions made between November 1997 and December 1999,
Here we used the results obtained with one unit (50 MHz
BW) and 27 minutes’ integration. The data from the
other three units was not synthesized due to problems
such as defective periods. Figure 4 (A) shows the peak
phase obtained from each observed waveform. Since the
observation start times are arbitrary, the observed
phases are scattered. The phases predicted from each of
these values were canceled out (Fig. 4 (B)). It can be
seen that the phase residuals become more or less con-
stant, so the prediction calculation was more or less able
to trace the observed phase

When data with large observation errors is elimi-
nated and Fig. 4 is enlarged, the long-term trend becomes
clear (Fig. 5 (A)). This shows that the prediction calcu-
lation is not yet completely accurate—after removing
first-order trends, the standard deviation became 6.6 us.
Next, we tried plotting the average phase obtained on
each observation day (Fig. 5 (B)). This is equivalent to
the phase drift that occurs when the integration time is
increased by a factor of 5-8. The standard deviation is 2.9
us, which is about 45 times better than the results ob-
tained by integration for 27 minutes. As originally ex-
pected, the effects of long-term integration are
immediately apparent.

As an experiment, we tried to calculate the effect of
changing the ephemerides referred to in the calculations.
In Fig. 4 (B) and Figs. 5 (A) and (B), the pulsar posi-
tion obtained using DE200 (the value supplied to
TEMPO) was used as the initial value in the calculation,
and DE200 was also used in the analysis. But when the
ephemerides used in the analysis was changed from
DE200 to DE405 without changing the initial values of
the calculation, a considerable annual drift appeared in
the predictions (Fig. 6 (A)). This result arises naturally
due to the inappropriate combination of the initial values
of the calculation and the ephemerides it refers to, and it
can thus be seen that widely differing results can be ob-
tained depending on the analysis conditions.

Figure 6 (B) shows an example of the results ob-
tained when errors were left in the observation time com-
pensation and the AOS frequency correction. Although at
first glance there appears to be an annual drift due to
the large phase drift in two places, this drift disappeared
when the observation conditions were suitably corrected.
It can thus be seen that careful treatment of the observa-
tion conditions and prediction calculation conditions is es-
sential when analyzing phase drifts.

4. Conclusion

With the aim of application to a millisecond pulsar
time scale, CRL is developing an original observation sys-
tem which uses a 34 m antenna, and has been making
routine  observations of the millisecond pulsar
PSR1937+21 since 1997. We have achieved a timing obser-
vation accuracy of about 6.6 ys from the data obtained
with an integration time of about 27 minutes, and about
2.9 us from the data obtained in a single observation day
(equivalent to an integration time of 2.5 to 4 hours).

Since 100 m class antennas are generally used for the ob-
servation of millisecond pulsars, whose signal strength is
extremely feeble, it may be said that the 34 m antenna is
the smallest class of millisecond pulsar observatory. But
with a backend adapted to wide band receiving and a
long-time integral that exploits the benefits of tracking,
we have been able to make up for the antenna’s handi-
caps, allowing millisecond pulsars to be observed even
with this class of antenna. Compared with the 305 m
Arecibo telescope, which has an observation accuracy of
about 200 ns, the observation error of our system 1s
about 10 times larger. However, considering the area of
its antenna is about 100 times smaller, it can be said that
our system exhibits adequate performance. Qurs is the
only antenna in Japan making continuation observations
of a millisecond pulsar, so it has an important role to
play.

Areas for future work include climinating the resid-
ual trends by parameter fitting, and making a detailed
determination of the pulsar parameters. We will work to-
ward revising the pulsar parameters so that the phase re-
sidual obtained by the least squares method is minimized.
If the observation results and the prediction computation
model are correct, then it should be possible to obtain
suitable convergence values for each parameter, while at
the same time eliminating the long-term trends in the
phase residuals.

When the ephemerides used in the analysis were re-
placed with DE405, a large change was observed in the
phase drift. If the pulsar position can be re-determined so
that this phase drift is eliminated, then the pulsar posi-
tion can be found on the basis of DE405. From the re-
sults of Fig. 5 (A) and Fig. 6 (A), it is expected that the
pulsar positions according to DE200 and DE405 will differ
considerably. A comparative examination of these posi-
tions should allow the ephemerides to be verified. It
would also be interesting to compare our results with the
positions obtained by VLBI. This is a matter for future
study. The 34 m antenna has also been used in VLBI ob-
servations, and has been making VLBI observations of
pulsars for several years together with Russia and Can-
ada. We would like to make the most possible use of this
merit of being able to implement timing observations and
VLBI observations with the same antenna.
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