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ABSTRACT. The right ascension of the radio source 3C273B, which serves as a right
ascension zero point in radio astrometric work, has been determined from lunar occultations
and photographic observations.

We re-analyze here the lunar occultations of 3C273B using the recent precise lunar
ephemeris and obtain its right ascension referred to the FK5 equinox at J2000.0. The
obtained right ascension is 12129™0626946 02007 at its mean observation epoch of 1963.62.

Predictions of occultations of radio sources by the Moon and planets are also given.
Observations of them are encouraged in order to improve the accuracy of the linkage between
radio and stellar reference frames.

1 Introduction

In the astrometric observations of radio sources by VLBI, relative right ascensions can only
be determined. The radio source 3C273B has been recommended as right ascension zero
point in radio astrometric work and its right ascension 12"26™332246 referred to the FK4
equinox at B1950.0 was based on lunar occultations and photographic observations (Hazard
et al., 1971). The occultations were analyzed using the lunar ephemeris j = 2 based on the
theory by Brown with the corrections to the ephemeris, which were deduced, with slight
modifications, from an analysis of occultations of stars by Morrison and Sadler (1969).

There is a confusion about this adopted right ascension. For example, Witzel and Jonston
(1982) assume that in this value the E-terms of aberration are included while Clark et al.
(1976) and Elsmore (1979) assume that the terms are not included. The right ascension
12h29™06°6997 referred to the FK5 equinox at J2000.0 was converted from the B1950.0
value, but its conversion procedure leaves some problem as Aoki et al. (1986) pointed out.

In Sect. 2 we re-analyze the lunar occultations of 3C273B used by Hazard et al. using
the recent precise lunar ephemeris. In order to improve the accuracy of the linkage between
radio and stellar reference frames, observations of occultations of radio sources by the Moon
and planets are important. In Sect. 3 prediction of occultations by the Moon is given and
in Sect. 4 prediction of occultations by the planets is given.
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2 Re-analysis of occultations

We analyze the lunar occultations of 3C273B used by Hazard et al. (1971), based on the
lunar theory ELP2000-82 by Chapront-Touzé and Chapront (1982). The constants for the
lunar theory and the correction to the Watts’ (1963) charts we use are those obtained by
Séma (1985) from an analysis of lunar occultations of stars.

Fig. 1 shows the difference between the ephemerides used by Hazard et al. and used
by us. The difference reaches about 03 at 1964. Fig. 2 shows the difference between the
ephemeris LE200 of JPL and the ephemeris used by us. The LE200 is the lunar ephemeris
appearing in The Astronomical Almanac for the year 1984 onwards and it is consistent with
the planetary ephemeris DE200. The constant difference in longitude of about 0''4 shown
in Fig. 2 is almost due to the difference between the center of gravity and the center of
the mean limb adopted by Watts (1963). The linear trend of about 07004 /year is due to
the difference in the mean motion, which probably includes the difference in the adopted
precession constant. The small periodic terms are due to the difference between the adopted
values for the eccentricity, inclination, etc. The difference is less than 0''04.

In deriving the right ascension of 3C273B, we adopt the declination § = +2°03' 0859
(J2000.0) obtained from VLBI observations. Of 5 occultations Hazard et al. cited we omit
that of 1963 Mar. 11 (grazing occultation) because the accuracy of the Watts’ charts of
that field is poor and the accuracy of determining the right ascension is not good due to
the position angle being near 90°. We also omit the occultation of 1964 Sept. 7 as Hazard
et al. did because of its poor observational accuracy.

The geodetic coordinates (longitude A, latitude ¢, and height h) of the observatories
(Australian National Radio Astronomical Observatory at Parkes and Arecibo Observatory)
are taken from The Astronomical Almanac for the year 1981 (p. J46 and p. J36). The data
for reducing the regional geodetic coordinates to the geocentric coordinates are taken from
The Astronomical Almanac for the year 1990 (p. K13).

The obtained right ascension of 3C273B referred to the FK5 equinox at J2000.0 (without
the E-terms of aberration) is

a = 12"29™06°6946 + 00°007

and its mean observational epoch is 1963.62. The difference 008 between this value and
the presently adopted value is within the accuracy of observation.

It should be noted that the value obtained here is dependent on the precession constant
used in the analysis. The precession constant we use is the constant in the IAU (1976)
System of Astronomical Constants (Duncombe et al., 1977).

In order to improve the accuracy of the connection between the radio reference frame
and the optical reference frame, further observations of occultations of radio sources by the
Moon and planets are recommended.

3 Prediction of occultations by the Moon

Table 1 shows the radio observatories for which lunar occultations are calculated. Coordi-
nates of these stations are taken from The Astronomical Almanac for the year 1990 (pp.
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J6—J16). Radio sources are taken from Argue et al. (1984), Morabito et al. (1986) and
the recent JPL catalog JPL 1989-3 (Sovers, 1989).

Catalogs of stars may include systematic errors of about 0'1. Accordingly if we rely
on only one radio source 3C273B for the connection between radio and stellar reference
frames, the radio reference frame should include the error of that field in the stellar reference
frame. Therefore it is important that positions of many radio souces should be determined
independently.

Prediction of occultations by the Moon for the year 1991 is shown in Table 2. It shows
the observatories where occultation is visible at more than 20° above horizen when the
Sun’s altitude is less than —10°.

Occultation of the radio source 3C273B will occur during 2000—2002.

We can provide occultation predictions for any observatory on request.

4 Prediction of occultations by planets

We have found 4 occultations of radio sources by planets during 1990—2000: the occultation
of 1748-253 by Venus on 1992 Nov. 11, the occultation of P 2208-137 by Mercury on 1996
Mar. 7, the occultation of P 2008-159 by Venus on 1998 Mar. 6, and the occultation of
1215-002 by Mercury on 1998 Sept. 26. Fig. 3 is the maps showing the regions where
these occultations are visible. On the maps the sunrise and/or sunset terminator is shown,
with hatches indicating the side of nighttime visibility. The radio source and the occulting
planet are in the zenith for an observer at a site indicated by the center of the circular
projection of the Earth; the objects are on the horizen for sites at the edge of the circle.
The altitude above the horizen can be estimated for any site shown on the map; the cosine
of the altitude is the distance of the site from the center of the circle divided by the radius
of the circle.

Recently we received a paper about the prediction of occultations by planets written by
Linfield (1989) of JPL. Our prediction is in good agreement with his prediction. In addition
to the occultations we found, he predicts many possible occultations of radio sources with
poor positional accuracy. Observations of occultations should be encouraged.
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Table 1. Radio Observatories

Name of Observatory East Long. North Lat. Height

Ch: Chatanika Incoher. Scatter Fac. —147°27'1 +65°06-2 235
HC: Hat Creek Radio Ast. Obs. —121 28.4 +40 49.1 1043
Gs: Goldstone Complex —116 50.9 +35 23.4 1036
Hv: Harvard Radio Ast. Sta. —103 56.7 +30 38.2 1603
Ri: Richmond POLARIS Obs. — 8023.1 +25 36.8 11

Hs: Haystack Obs. — 71293 +42 37.4 146

CT: Cerro Tololo Inter-Amer. Obs. — 70 48.9 —-3009.9 2215
Rb: Robledo Deep Space Sta. — 4149 +40 25.8 774
On: Onsala Space Obs. + 11 55.2 +57 23.6 5
SR: Radio Space Research Sta. + 27 41.2 —25 53.4 1382
By: Byurakan Astrophysical Obs. + 44175 +40 20.1 1500
Gu: Guaribidanur Radio Obs. + 77 26.1 +13 36.2 -
Bj: Beijing Normal Univ. Obs. +116 21.6 +39 57.4 70

Ka: Kashima Space Commun. Center +140 39.8 +35 57.3 32
Ti: Tidbinbilla Deep Space Sta. +148 58.8 —-35 24.1 656

Table 2 Occultations by the Moon in 1991

Date Radio Source 2000 82000 Observable Places
1 7 1237-101 12 39 43.07 -10 23 28.8 Gs Hv Ri Hs
1 25 CTD 26 4 3 5.59 26 0 1.5 SR

1 29 GC 0802+21 8 S5 38.60 21 6 50.6 Ti

2 1 P 1055+01 10 58 29.61 1 33 58.8 Ka

2 3 1237-101 12 39 43.07 -10 23 28.8 Bj Ka

2 S P 1354-174 13 57 6.03 -17 44 1.3 Hv

2 8 P 1622-253 16 25 46.91 -25 27 38.3 cT

2 22 CTD 26 4 3 5.59 26 0 1.5 CcT

2 22 3C 133 5 2 58.47 25 16 25.4 On

2 24 0610+260 6 13 50.12 26 4 36.9 ()

2 27 MC 0938+119 9 41 13.55 11 45 32.0 Gu Ti

3 1 P 1055+01 10 58 29.61 1 33 58.8 Rb

3 2 P 1223-074 12 26 16.33 -7 41 6.2 SR

3 2 P 1225-083 12 28 19.84 - 8 38 17.2 Rb

3 3 1237-101 12 39 43.07 -10 23 28.8 Hs

3 22 3C 133 5 2 58.47 25 16 25.4 HC

3 30 1237-101 12 39 43.07 -10 23 28.8 Ka

4 1 P 1354-174 13 57 6.03 -17 44 1.3 Ri

4 4 P 1622-253 16 25 46.91 -25 27 38.3 SR

4 S 1748-253 17 51 '51.27 -25 23 59.8 Ti

4 18 3C 133 5 2 58.47 25 16 25.4 Bj

4 24 P 1055+01 10 58 29.61 1 33 58.8 By Gu

4 26 P 1223-074 12 26 16.33 -7 41 6.2 Ti

4 26 P 1225-083 12 28 19.84 - 8 38 17.2 Gu

4 26 1237-101 12 39 43.07 -10 23 28.8 Rb On By

https://doi.org/10.1017/5S0074180900087465 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900087465

508

Table 2 Occultations by the Moon in 1991 (Continued)

Date Radio Source 2000 62000 Observable Places
s 2 1748-253 17 51 51.27 -25 23 59.8 SR

S 23 P 1225-083 12 28 19.84 - 8 38 17.2 SR

S 24 1237-101 12 39 43.07 -10 23 28.8 Hv Ri
S 25 P 1354-174 13 57 6.03 -17 44 1.3 By Gu
5 29 P 1657-261 17 0 53.15 -26 10 51.7 HC Gs Hv Ri
5 30 1748-253 17 51 51.27 -25 23 59.8 CT

6 3 P 2124-12 21 27 30.49 -11 51 20.2 Ti

6 25 P 1657-261 17 0 53.15 -26 10 51.7 Ka

6 26 1748-253 17 S1 51.27 -25 23 59.8 Ti

6 30 P 2124-12 21 27 30.49 -11 51 20.2 SR

7 8 GC 0322+22 3 25 35.91 22 24 12.2 Rb

7 17 P 1225-083 12 28 19.84 - 8 38 17.2 Ti

7 23 1748-253 17 51 51.27 -25 23 59.8 SR

7 28 P 2124-12 21 27 30.49 -11 51 20.2 CcT

7 28 P 2128-12 21 31 35.26 -12 7 4.8 Ri Hs
8 &4 GC 0322+22 3 25 35.91 22 24 12.2 HC Gs
8 6 3C 133 S 2 58.47 25 16 25.4 By

8 15 P 1354-174 13 57 6.03 -17 44 1.3 Gu

8 19 P 1657-261 17 0 53.15 -26 10 51.7 Hv Ri
8 24 P 2124-12 21 27 30.49 -11 51 20.2 Ti

8 25 3C 446 22 25 47.26 -4 57 1.4 Ti

8 31 GC 0322+22 3 25 35.91 22 24 12.2 Bj Ka
9 2 3C 133 5 2 58.47 25 16 25.4 Ri

9 3 P 0601+24 6 & 55.27 24 29 23.2 Hs

9 15 P 1657-261 17 0 53.15 -26 10 51.7 Ka

9 18 ov-235 19 23 32.19 -21 & 33.3 CT

9 20 P 2124-12 21 27 30.49 -11 51 20.2 SR Gu
9 20 P 2128-12 21 31 35.26 -12 7 4.8 By

9 27 GC 0322+22 3 25 35.91 22 24 12.2 By

9 30 0554+242 S 57 4.56 24 13 53.7 Ch HC
9 30 0556+238 5 59 32.03 23 53 53.9 Ch

9 30 P 0601+24 6 & 55.27 24 29 23.2 HC

10 18 P 2124-12 21 27 30.49 -11 51 20.2 Ri

10 18 P 2128-12 21 31 35.26 -12 7 4.8 HC Gs
10 19 3C 446 22 25 47.26 -4 57 1.4 Ti

10 25 GC 0322+22
10 26 3C 133

10 27 0554+242
10 27 P 0601+24
10 28 P 0618+23
11 14 P 2124-12
11 15 3C 446

11 21 GC 0322+22
11 22 GC 0423+23
11 23 P 0504423
11 24 05544242
11 24 0556+238
11 24 P 0618423
11 26 GC 0759+18
12 1 P 1223-074
12 11 P 2124-12
12 19 GC 0322+22
12 21 05544242
12 21 0556+238
12 21 P 0618+23
12 23 GC 0759+18
12 28 P 1223-074
12 30 P 1354-174

25 35.91 22 24 12.2 Hv Ri Hs

2 58.47 25 16 25.4 Gu

57 4.56 24 13 53.7 Bj Ka

4 55.27 24 29 23.2 Gu

21 0.34 23 18 43.9 On

27 30.49 -11 51 20.2 Bj

25 47.26 - 4 57 1.4 SR

25 35.91 22 24 12.2 Gu Bj Ka

26 54.95 23 27 48.4 Ch

7 6.41 23 51 13.7 Ch

57 4.56 24 13 53.7 Rb By

32.03 23 53 53.9 Rb On By

21 0.34 23 18 43.9 Ch HC Hs

2 48.06 18 9 49.3 Rb On By

26 16.33 -7 41 6.2 SR

27 30.49 -11 51 20.2 Rb

25 35.91 22 24 12.2 Hv Ri Hs

57 4.56 24 13 53.7 Gs Hv Ka

59 32.03 23 53 53.9 Ch HC Gs Bj Ka
21 0.34 23 18 43.9 On By Bj Ka
2 48.06 18 9 49.3 Ch HC Gs Hv Ri Hs
26 16.33 -7 41 6.2 CcT

57 6.03 -17 44 1.3 By
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Fig. 3 Occultations by planets
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Discussion

FeisseL: Radio source 3C273B has played a historical role in the initial definition of the right
ascension origin of the kinematic reference frame, based on extragalactic objects, in
agreement with that of the dynamical one based on solar system objects. In recent years,
other processes have been used, e.g. (a) define the agreement with the FKS system by a few
tens of quasars whose positions are known in the FK5 system, or (b) maintain the directions
of axes of the reference frame by a no-rotation condition based on well measured extraga-
lactic radio sources.

Soma: I think occultations are still useful for checking the agreement between the radio and stellar
or dynamical reference frames.

StemnerT: Radio source 3C273 has a variable structure. Is that not a disadvantage for a zero-point
of the RA system?
Soma: Yes. Ithink amore stable radio source should play the role of the zero-point of right ascension.

FrisseL: This zero-point of the radio system in RA (i.e. 3C273) has its history and it seems not
necessary to change it.
Soma: The variability of the structure, for example, has not yet been established.

MorrisoN: I was involved in the original reduction of the lunar occultations which led to the position
published in the paper by Hazard et al. It seems to me somewhat fortuitous that your new
position reduced with a modern lunar ephemeris should agree so closely with the original
value. Do you agree?

Soma: Yes. The close agreement is merely fortuitous. In the present work, I also wanted to stress
this point.

TreunarT: Is the dominant error contributing to your 7 millisecond error in the right ascension of
3C273 due to the uncertainty in the structure of the limb of the Moon?

Soma: Yes. I'think observational timing error and the error in the limb correction are the main sources
of error in the derived right ascension.
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