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ABSTRACT 

The techniques of differential radio astrometry with a connected-element interferometer are 
presented. The motion of the compact, nonthermal radio source in the galactic center is found to be 
consistent with the secular parallax expected for an object at rest in the galactic center. The proper 
motion of PSR 1929+10 has been improved, and new limits on its trigonometric parallax are 
determined. 

Subject headings: galaxies: Milky Way — galaxies: nuclei — pulsars 

I. INTRODUCTION 

Differential radio astrometry with microwave in- 
terferometers has the potential for measuring many 
quantities of astronomical interest: proper motion and 
trigonometric parallaxes of pulsars, orbital parameters 
of compact galactic radio stars located in binary sys- 
tems, kinematics of objects in the galactic center (includ- 
ing the secular parallax arising from galactic rotation), 
proper motions of the centroids of violently variable 
extragalactic sources, and gravitational deflection of 
electromagnetic radiation by the Sun. At the present 
time, only a few of these tasks have been accomphshed. 
The central problems have been both instrumental and 
human: sensitive long-baseline (> 106 À) interferome- 
ters with astrometric capability have been constructed 
only in the last decade, and great persistence is required 
to obtain and to analyze the necessary series of observa- 
tions. 

The 35 km Green Bank interferometer, operated until 
1979 by the National Radio Astronomy Observatory1 

and since 1979 by the US Naval Observatory, has 
provided new opportunities to perform the aforemen- 
tioned experiments. We have reported previously our 
first results on pulsar proper motions (Backer and 
Sramek 1976, hereafter Paper I; 1981). The use of the 
instrument to measure gravitational deflection has been 
described by one of us (Fomalont and Sramek 1975). In 
this paper, we expand on the description of our differen- 
tial astrometric techniques contained in Paper I with 

’The National Radio Astronomy Observatory is operated by 
Associated Universities, Inc., under contract with the National 
Science Foundation. 

particular attention to analysis of errors. Then we pre- 
sent two results from this program. Our measurements 
of the apparent position of the compact, nonthermal 
radio source in the galactic center, Sgr A(cn), are con- 
sistent with the secular parallax arising from rotation of 
the Galaxy and set a limit on one component of its 
peculiar motion. Our determination of the proper mo- 
tion and trigonometric parallax of pulsar 1929+10 is 
compared with the values obtained both by previous 
interferometer programs and by the pulse-timing tech- 
nique. 

II. METHOD 

The use of the Green Bank interferometer for dif- 
ferential astrometry has been described in Paper I and 
by Fomalont and Sramek (1975). The observations pro- 
ceeded in three stages: recording at the telescope, cor- 
rection for a priori effects, and analysis for differential 
position and proper motion. In this section, we will 
present the phase data model used in various stages of 
processing. 

For our experiment we used only the three 35 km 
baselines formed by the four-element Green Bank inter- 
ferometer. The observable containing source position 
information for each pair of antennas is the interferome- 
ter phase 

t) — • s + k cos 8 + <^(5, O-*" ^«(0 

+ <l>s(h) + ,l>Àt)’ (1) 

where b = (bx cos Qt + by sin &t, bx sin Qt — by cos fíí, 
bz) is the baseline vector which moves as a consequence 
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PROPER MOTIONS 

TABLE 1 
Accuracy of Phase Model in Different Processing Steps 

Parameter Telescope Correction Difference 

Precession    0.01 0.01 <0.00 Ia 

Position (1950)   0.2-10 3 0.3 
Baseline     1 0.1 <0.005 
Sidereal time   1.5 0.03 <0.001b 

Propagation: 
Troposphere0  0.5 0.2 <0.010 
Ionosphere0   0.02 0.02 < 0.001 
Gravitational deflection ... <£ 1 1 <0.001d 

Note.—All entries are in wavelengths at 2.7 GHz or, equivalently, arc 
seconds. 

aPrecession error during Epoch V at telescope was removed. 
bSidereal time error in edit step for Epoch XII was removed. 
0 These terms increase with secant of zenith angle. 
dOnly significant error occurred for Sgr A(cn) during Epoch VII. 
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of Earth rotation (£2); s = (cos a cos 8, sin a cos ô,sin Ô) 
is a unit vector toward a radio source in a quasi-inertial2 

frame of reference; is a constant which accounts for 
the difference in the separation of the polar and declina- 
tion axes of the two antennas; <¡>p is the phase difference 
resulting from propagation delays from the radio source 
to the two antennas; <£„ is the random noise; <¡>s is the 
consequence either of asymmetric structure in the ob- 
served sources or of background sources in the field of 
view and is dependent on the hour angle h — t — a\ <f>c is 
the electrical collimation which varies slowly with time; 
and t is the local sidereal time. In equation (1) and 
below, phase is measured in cycles, and baselines are 
given in wavelengths of the standard observing frequency 
2695 MHz. 

The accuracy of the phase model at various stages of 
data reduction is summarized in Table 1. The second 
column in Table 1 gives the model accuracy at the 
telescope. The propagation term is unmodeled, and a 
smooth approximation to local sidereal time is used. 
Slow variations of the actual center frequency of the 
instrument are monitored for later correction. The resid- 
ual phases from the model for the three baselines with 
two polarizations are recorded on magnetic tape for a 4 
hr observing sequence of: reference 1 - reference 2 - 
program object - ref 1 - obj - ref 2...ref 1 - ref 2. The 
typical interval between object observations is 10-20 
minutes. Separations between object and reference 
sources are typically 0.1 rad or less. 

The third column in Table 1 lists estimated errors 
after applying five corrections to the telescope phases 

2We use the term quasi-inertial because we explicitly recognize 
the diurnal motion of the basehne, not the sources. However, we 
do update the source positions during each observation for preces- 
sion, nutation, and aberration, not the baseline. Other secular 
irregularities in the Earth’s spin are incorporated into the baseline 
vector determination each epoch. 

using standard NRAO/USNO software. (1) Errors in 
the assumed 1950.0 positions are removed based on 
information obtained after the initiation of the program. 
(2) Baselines were corrected to values determined by 
NRAO/USNO personnel. The new values included ef- 
fects of the variable spin parameters of the Earth and 
Earth tides at the time of their determination. At the 
epoch of our observations, the accuracy will have been 
degraded slightly. (For example, polar motion is ~0'.T 
month- The phase was corrected both (3) for drifts in 
the actual center frequency from the nominal value and 
(4) for the error in the approximate sidereal time used at 
the telescope. (5) A bi-exponential model of the tropo- 
sphere was removed according to 

+ secz + (Vs0) 

'x{r\whwe~A/hw + r\DhDe~A/hD) sec2 z/R. (2) 

In equation (2), tj^, tjd and hw,hD axe the refractivities 
and scale lengths for the wet and dry components of the 
atmosphere, respectively, A is the altitude difference 
between the antennas, and R is the radius of the Earth. 
The refractivities were computed using average pressure, 
temperature, and dew point measurements obtained 
from weather stations near the control room and at the 
remote site. Scale heights of 9.0 and 2.5 km for the dry 
and wet terms, respectively, were used for all epochs. 
Typical zenith corrections are 0.5 A for the altitude 
difference term and 0.15 A for the spherical Earth term. 
Errors in the model and from a difference in weather 
between the local and remote sites probably do not 
exceed 0.2 A for high-elevation observations. 

The propagation phase in equation (1) will also con- 
tain differential retardation of the ionosphere. We have 
not attempted to model this effect since we had no 
ionospheric monitor. Komesaroff (1960) has shown that 
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at a zenith angle of 45°, typical refraction angles for a 
spherical ionosphere at 20 MHz are Io. The refraction 
angles at 2.7 GHz would be 3" using a. v~2 scaling. We 
approximate that typical errors from ionospheric propa- 
gation are 0702 for high-elevation observations since the 
zenith angle difference between our antennas is \b\/R 
«0.005. This error term has diurnal, seasonal, and 
random variations of nearly 100%. In particular, 
Komesaroff suggests that “wedge” refraction resulting 
from diurnal and latitudinal variations has a magnitude 
comparable to the spherical value. 

The phase residual, observed minus model, after the 
corrections contained in the NRAO/USNO standard 
programs may be represented as 

&(*/> 'y) = *o(0) * ^si+ ^(*,,6, + 

+ <>c(iJ.) +0(0.1) (3) 

for each source at st and for each observation at tj. The 
final term in equation (3) represents a collection of small 
terms remaining from equation (1). These residual 
phases, and the corresponding amplitudes, are written 
on magnetic tape and brought to Berkeley, where the 
phase differencing and final analysis are done. 

In the differencing step the reference source phases 
are interpolated in time to the times of the adjacent 
object scans. A weighted mean of the interpolated refer- 
ence source phases is subtracted from the object source 
phase to form a difference phase 

2 
$(s,tj)=<¡>r(s,tj)- 2 (4) 

/ = 1 

The weighted average of our two reference source posi- 
tions is called the pseudo-reference source position and 
is typically 0.02 rad from the object position. The sec- 
ond and third terms of equation (3) may be Taylor 
expanded about the object source position and observ- 
ing times. The linear terms in angle and in time dominate 
the expansion. The differencing removes these leading 
terms from the object residual phases, thereby reducing 
the phase errors by 0.02, as tabulated in the fourth 
column of Table 1. 

The difference phase for each epoch, T, may be 
modeled as 

=b0(tj,T) • Aspp(7’) + noise. (5) 

In equation (5), Aspp is the pseudo-position offset which 
we determine for each epoch from a least-squares fit to 
0 over the tj using a basehne for that epoch accurate to 
1 X and using the apparent position of the program 
object, 5. Pseudo-position offsets are determined for 
each channel on each day of a given epoch. Since our 
UV coverage is limited, the errors in a and Ô from the fit 
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for Aspp are highly correlated. Following the work of 
Brosche, Wade, and Hjellming (1973), we determine the 
principal axes of the error ellipse and rotate Aspp to 
these axes. The offsets and their errors, the date, and the 
position angle of the new coordinate system from each 
fit are stored for final analysis. 

From equations (3) and (4) we can see that the 
pseudo-position offsets for any program object will 
contain both a constant of order 073 resulting from 
imprecise determination of the absolute positions of all 
sources in a sequence and a varying term arising from 
proper motion (jui), and perhaps annual parallax (w), 
and secular parallax (P): 

2 
A5PP(7’) = Asciro)- 2 ^A5ref(0+i*Ar 

/ = 1 

+ w(i,)+/>Ar. (6) 

In our final analysis step, we consider all pseudo- 
position offsets from all epochs. Data which are obvi- 
ously spurious are edited, and each offset is rotated to a 
single coordinate system with the average postion angle; 
differences of ± 1 ° between the principal axes exist for 
the different baseline channels and for observing days 
foreshortened owing to scheduling or to equipment 
failure. The differential gravitational deflection of elec- 
tromagnetic radiation by the Sun is then removed from 
all offsets. This effect was as large as 0703 for our Sgr 
A(cn) observation in 1976 December. 

The edited and corrected offsets are then averaged for 
each epoch. If desired, weights equal to the inverse of 
the variance from the fit are used in computing the 
mean. The error in the epoch-average offset is the ob- 
served standard deviation of the N values entering the 
average reduced by (N/2)x/1. The factor of 2 is some- 
what arbitrary but does account both for the correlation 
of offsets determined from two polarization channels on 
the same basehne and for the correlation of the propa- 
gation phase between all channels. The reduction in N is 
not taken to be greater than 2 since we are dealing with 
faint radio sources with significant random noise. 

The epoch-average offsets are fit by least squares to a 
constant and a proper motion along each axis. 

in. RESULTS 

We describe below results from our differential 
astrometry program for the galactic center source and 
for PSR 1929+10. Proper motions for other pulsars 
have been presented elsewhere (Backer and Sramek 
1981). A journal of the observations is presented in 
Table 2. 

a) Galactic Center Source 

We added the compact, nonthermal object in the 
galactic center, Sgr A(cn), to our differential astrometry 

BACKER AND SRAMEK 
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TABLE 2 
Journal of Observations 

Epoch 

Julian 
Date 

(2,440,000.+) 
Calendar 

Date 
Group I 
PSRsa 

Group II 
PSRsb Sgr A(cn) 

I ... 
II .. 
Ill.. 
IV .. 
V ... 
VI .. 
VII . 
VIII 
IX .. 
X .... 
XI ... 
XII . 
XIII , 

2176. 
2350. 
2494. 
2742. 
2878. 
3054. 
3129. 
3227. 
3305. 
3395. 
3528. 
4343. 
4701. 

1974 May 
1974 Oct 
1975 Mar 
1975 Nov 
1976 Apr 
1976 Oct 
1976 Dec 
1977 Mar 
1977 Jun 
1977 Sep 
1978 Jan 
1980 Apr 
1981 Apr 

X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

aGroup I: 0329 + 54, 0950+08, 1133 + 16, 1929+10, 2021+51. 
bGroup II: 0355 + 54, 0950+08, 2020 + 28. 

program in Epoch IV, 1975 November, soon after the 
object was definitively observed by Balick and Brown 
(1974). We hope to obtain sufficient accuracy in these 
observations to detect the galactic rotation as a secular 
parallax of Sgr A(cn) viewed relative to an (assumed) 
extragalactic frame. Any peculiar motion of Sgr A(cn) 

relative to the expected secular parallax would provide a 
mass estimate for this enigmatic object. Current models 
favor both high masses (Lynden-Bell and Rees 1971; 
Oort 1977) and low masses (Reynolds and McKee 1980). 

The secular parallax for an object in the galactic 
center consists of the difference between Oort’s con- 

TABLE3 
Astrometric Parameters for Sgr A(cn) Observations 

A. Positions 

R.A. Decl. 
(1950.0) (1950.0) 

Source h m s o / /, Weight 

35 km/l 1 cm 

SgrA(cn) ... 17 42 29.291 -28 59 17.63 
1741-312... 17 41 09.32 -31 15 20.4 0.63 
1748-253 ... 17 48 45.79 -25 23 17.7 0.37 

VLA/6 cm 

SgrA(cn) ... 17 42 29.319 -28 59 18.54 
1741-312... 17 41 09.340 -31 15 21.00 
1748-253... 17 48 45.792 -25 23 17.74 

B. Apparent Proper Motion (" yr 1 ) 

Weighting x-Component (P.A. = 136°) x-Error y-Component (P.A. = 46°) y-Error 

A-uniforma ... +0.0077 0.0250 —0.0061 0.0024 
B-varianceb ... -0.0104 0.0190 -0.0075 0.0023 
Average  -0.0014 0.0220 -0.0068 0.0024 

a Equal weight given to each epoch. 
bWeight for each epoch proportional to inverse of variance from intraepoch average. 
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slants, A — B, and the peculiar solar motion. In galactic 
coordinates, the expected secular parallax is 

-P/— ~(A — B) — Ÿ0/Rq, 

Ph=-Z0/R0. (7) 

These motions are 

— O'.'OOSó yr_1, 

Ph= — O'.'OOOl yr_ 1, (8) 

with 

{A — B) — 250 km s-1/10 kpc, 

70 = 15.3 kms“1, 

Zq — 1A km s_1, 

Äo = 10kpc 

from Allen (1973). 
Two compact reference sources near Sgr A(cn) were 

found in the survey of Clark and Crawford (1974). Their 
positions, measured with the 35 km interferometer, and 
the weights used in our analysis are given in Table 3A 
along with the assumed position for Sgr A(cn) (Balick 
and Brown 1974). We also list for future reference 
improved coordinates for the three sources from 6 cm 
VLA observations. We assume that the reference sources 
are extragalactic. Our principal arguments for their ex- 
tragalactic nature are that their brightness temperatures 
exceed 1010 K (unpublished VLBI observations) and 
that their variability time scales exceed 1 yr. Apart from 
Sgr A(cn), the only galactic objects with comparable 
brightness temperatures are binary radio stars which 
vary with time scales of days (e.g., Cyg X-3, Algol). 

Phase residuals (eq. [3]) for the three sources from one 
correlator channel are displayed in Figure 1 for 6 days 
to illustrate the difficulties associated with astrometric 
observations. During Epoch V there was a 1 day preces- 
sion error which resulted in the phase drift in Figure 1. 
The large dip in the Epoch VI observations probably 
was the result of a tropospheric delay correlated over the 
Sgr A(cn)-reference sources angular field. The Epoch 
VII measurements were obtained in mid-December when 
1748—253 was only 5° from the Sun; the large fluctua- 
tions are probably the effect of turbulence in the solar 
corona. Measurements at 8 GHz were simultaneously 
recorded during Epochs VI, VII, and XIII. The higher 
frequency measurements were difficult to analyze owing 
to rapid tropospheric phase variations. 

Pseudo-position offsets for Sgr A(cn) are given in 
Figure 2 along with two least-squares fits for proper 

Vol. 260 

-I 0 ! 2 
HOUR ANGLE ( Hours) 

Fig. 1.—Residual interferometer phases for Sgr A(cn) {filled 
circles) and two reference sources {open circles = 1741—312; trian- 
gles = 1748 — 253) after corrections with the NRAO software. 
Baseline is between fixed antenna 1 and the remote site. In each 
box the epoch and day are given in the upper right. The height of 
each box corresponds to one turn of phase at 11 cm, or ~ 1". 

motion components. The measurements are most accu- 
rate for a position angle (P.A.) of 46°, the mean projec- 
tion of the baseline. This principal axis, the y-axis, 
nearly parallels the galactic plane at P.A. of 32°. Two 
solutions for proper motion using different weighting 
schemes are plotted in Figure 2 and listed in Table 3B: 
solution A, uniform weight to each epoch, and solution 
B, weight proportional to the inverse of the variance for 
each intraepoch average. The 8 GHz measurements are 
shown with crosses on Figure 2. The consistency of the 
pseudo-position offsets for the two frequencies indi- 
cates our insensitivity to ionospheric errors. 

The average of the two proper motion fits, 

-O'.'OOM + O'.^Oyr“1, 

lx y = - 0'.'0068 ± 0'.,0024 yr ~1, (9a) 

agrees well with the secular parallax computed above 
projected into the (x, y)-coordinate system: 

Px = +0'.,0016 yr-1, 

-0,.'0054yr“1. (9b) 

BACKER AND SRAMEK 
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Fig. 2.—Pseudo-position offsets for Sgr A(cn) along axes at 
P.A. = 136?0 (x-axis) and 46?0 (^-axis). The position angle of the 
galactic plane is 31?8. Two fits for proper motion components in x 
and 7 are given; fit A weights all measurements uniformly, while fit 
B weights measurements by the inverse of their variances. The 
crosses (“X”) denote pseudo-position offsets measured simulta- 
neously at X band (À = 3.7 cm). The 7-component proper motions 
correspond to velocities of 290 (“A”) and 360 (“B”) km s-1 at a 
distance of 10 kpc. 

The residual motion in the 7-coordinate, fiy — Py, 
corresponds to —65 ±100 km s_1. The 3 a limit for the 
peculiar motion in 7 is 300 km s-1. The present accu- 
racy does not allow a discussion of either the object’s 
mass or the accuracy of the galactic constants. The 
measurement does confirm that Sgr A(cn) is at the 

galactic center and is not a chance background extraga- 
lactic object. Further observations are in progress using 
the VLA which will provide improved accuracy, as well 
as two-coordinate coverage. The 35 km program will be 
continued until superseded by the VLA measurements. 

b) PSR 1929+\0 

The proper motion of 1929+10 was found to be 
~ 071 yr-1 during the first 2 yr of this program (Paper 
I). More recently the proper motion has been de- 
termined by Helfand et al. (1980) and by Gullahom and 
Rankin (19780,6) using the pulse-timing technique. 
These three measurements disagree with each other. We 
have reanalyzed all of our observations with the revised 
software described in the preceding section. An error 
was found in the analysis software used in Paper I which 
had a serious effect on the right ascension motions. All 
objects in Paper I would be affected in a similar way. 
Final proper motions from this program both for the 
five objects in Paper I and for PSR 0355 + 54 and PSR 
2020 + 28 are tabulated in Backer and Sramek (1981). 

In the 1929+10 observations, we used two reference 
sources located to the southeast and southwest. The 
coordinates of these sources are given in Table 4A along 
with the weights used to form the pseudo-reference 
source residual phase. The absolute accuracy of these 
coordinates is ~ 072. 

In Figure 3 we present pseudo-position offsets of 
1929+10 in a left-hand coordinate system in which the 
minimum errors occur along the 7-axis. The 7-axis is 
oriented at P.A. 40?6. The measurements from Epoch I 
(JD 2,442,176) are shown without errors and were not 
included in the fit described below, since only a few 
correlators were operating correctly for pulsar signals. 
The errors for each epoch are determined from the 
internal consistency of the data from the three basehnes. 

TABLE 4 
Astrometric Parameters for PSR 1929+10 Observation 

A. Positions 

R.A. Decl. 
(1950.0) (1950.0) 

Source h m s o / ,r Weight 

Pulsar  19 29 51.93a 10 53 03.8a 

Reference 1 ... 19 15 22.10 6 15 55.6 0.445 
Reference 2 ... 19 47 40.17 7 59 34.9 0.555 

B. Apparent Proper Motion (" yr 1 ) 

x-Component (P.A. = 130?6) x-Error 7-Component (P.A. = 40° 6) 7-Error 

0.0010 0.0300 0.0701 0.0025 

aThese positions are for epoch 1975.5 for the proper motion expressed in the coordinate 
system of 1950.0. 
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Fig. 3.—Pseudo-position offsets for PSR 1929+10 along axes at P.A. 130?6 (x-axis) and 40?6 (^-axis). Solid lines show results of 
least-squares fits for proper motion in x and in y. The two lines marked “A” and “B” correspond to fits with uniform and error-dependent 
weights. The errors are determined from the variance of individual measurements for each epoch. The residuals from the proper motion fit 
are shown relative to a horizontal line along with vertical bars which indicate the expected residuals for the 0'.'02 trigonometric parallax of 
Salter, Lyne, and Anderson (1979). 

This procedure overestimates the ^-errors owing to a 
small and constant difference for all epochs between the 
^-offsets for the three baselines. We attribute the dif- 
ferences to structure in one of the reference sources. The 
results of a weighted least-squares fit to the measure- 
ments are tabulated in Table 4B and plotted in Figure 3. 

Included in Figure 3 are the expected residuals from a 
linear fit to the ^-offsets resulting from the 0'.'02 trigono- 
metric parallax reported by Salter, Lyne, and Anderson 
(1979). Our residuals indicate a much smaller parallax of 
07004 which, to be consistent with the dispersion mea- 
sure, requires a mean electron density of 0.013 cm-3 

along the 250 pc path to 1929+10. 
We present in Figure 4 a comparison of our new 

proper motion with the timing results mentioned above. 
The agreement with Helfand et al. (1980) is satisfactory. 
These results disagree with the nominally more accurate 
values of Gullahom and Rankin (1978a, Z>). Our new 
results indicate a motion primarily in galactic longitude. 
The apparent approach of this pulsar toward the galactic 
plane, which we reported in Paper I, was a result of the 
program error discussed above. At a distance of 250 pc, 
the projected motion of 1929+10 is ~ 85 km s-1 paral- 
lel to the plane and ~25 km s-1 perpendicular to the 
plane. If 1929+10 were at 50 pc, then its space velocity 
would be 18 km s-1, much smaller than the typical 
transverse velocity of 145 km s “1 (Lyne 1981). 

IV. CONCLUSION 

The accuracy obtainable in differential radio astrome- 
try programs on faint galactic objects is ~ 0701 /T yr"1 

Proper Motion in RA (mas/yr) 

Fig. 4.—Comparison of proper motions from radio inter- 
ferometry and from timing analyses. The boxes labeled “GR” and 
“HTBC” are from Gullahorn and Rankin (1978a, b) and from 
Helfand et al. (1980). The interferometer result presented in this 
paper is labeled “BS.” The axis labeled b— — 3?9 is parallel to the 
galactic plane at negative latitude 3?9. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
82

A
pJ

. 
. .

26
0.

 .
51

2B
 

No. 2, 1982 

with a baseline of 3 X 105 X, where T is the time range of 
the observations in years. We have determined with this 
accuracy the proper motion of PSR 1929+10 and have 
set a new limit of 0'.'004 on its trigonometric parallax. 
Measurements of the galactic center compact radio 
source are consistent with the secular parallax expected 
for an object nearly at rest in the center of the Galaxy. 

The VLA will provide new opportunities for differen- 
tial astrometry on galactic objects. The larger effective 
aperture and lower noise receivers provide an increase in 
the sensitivity which, in turn, allows measurements with 
closer, fainter reference sources. Improvements in mod- 

519 

eling the troposphere, a major error source in the pres- 
ent work, will also reduce the uncertainty in future 
work. Motions less than 07001 yr-1 should be observa- 
ble with connected-element interferometers. 

We are grateful to the interferometer staff at Green 
Bank for their diligent assistance and to NRAO, Cornell 
University, GSFC, and the University of California for 
their support during the execution of this program. We 
thank also the USNO for allowing the continuation of 
the Sgr A(cn) observations. 
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