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Forward

There have been many advances in radio astronomy during the last three years, and a sample of these are
highlighted in the following Report. The coverage of all facets of radio astronomy is certainly not uniform,
because much of the text has been provided as voluntary contributions by Commission 40 members, and
the finished report will therefore be weighted according to individual interests. Nevertheless, hopefully
this Report will show the enormous scope of today’s radio astronomy, and reflect some of the excitement
of the latest findings.

1. Radio Telescopes, Instrumentation and Techniques

1.1. RADIO TELESCOPES

1.1.1. Single Aperture Instruments

Sub-millimetre Wavelength Telescopes. A new 2-mm/3-mm SIS receiver built at the Onsala Space Ob-
servatory (OSO) has been a very useful addition to the Swedish-ESO Submillimetre Telescope (SEST).
The 3-mm receiver replaced a less-sensitive Schottky diode system, whereas the new 2-mm system opened
up a new spectral window on the southern sky. The tuning flexibility of the SEST operating system cou-
pled with the 1-GHz bandwidth of the backend have been used to advantage in the search for molecular-
line absorption towards lensed galaxies, and the confirmation of possible detections by searches for other
transitions with similar redshifts (e.g. PKS 1830-211).

A Japanese group which includes the Nobeyama Radio Observatory (NRO), University of Tokyo, and
the Institute for Molecular Science has begun the construction of a 1.2-m sub-mm telescope on Mt Fuji
(at elevation 3700 m); it will be used for surveys of CI (at 492 and 809 GHz) and high-sensitivity searches
for new interstellar molecules.

Millimetre Wavelength Telescopes. For the 45-m telescope of the NRQ, a prototype 4-beam SIS receiver
has been used at 100 GHz for large-scale mapping of molecular clouds. A new optical instrument has
been constructed to monitor the geometrical deformation of the reflecting surface; this provides real-time
estimates of pointing accuracy and antenna efficiency in windy conditions.

A second 3-mm receiver has been installed on the 30-m antenna at the Pico Veleta Observatory of the
Institut de Radio Astronomie Millimetrique (IRAM); four-receiver operation is now possible. The new 19-
channel bolometer supplied by the Max-Planck-Institut fiir Radioastronomie (MPIfR) has been integrated
into the observing system in a way similar to the heterodyne receivers. The frequency-switching mode can
now operate with three receivers simultaneously. An on-the-fly observing mode has been implemented,
enabling observers to map relatively large areas of sky.

The James Clerk Maxwell Telescope (JCMT) in Hawaii represents a collaboration between the UK,
the Netherlands and Canada. The Canadian JCMT group within the Herzberg Institute of Astrophysics
provides staffing support for the telescope, builds advanced receivers, and assesses Canadian observing
proposals. The group has just completed a dual-polarization 345-GHz receiver which will operate in the
frequency range 330-360 GHz and provide nearly an order-of-magnitude improvement over the current
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system. Remote operation will be possible with the system. The group is collaborating with the University
of Alberta in the production of a planar array for the telescope.

The 12-m telescope of the US National Radio Astronomy Observatory (NRAO) at Tucson operates
with dual-channel SIS receivers providing a near-continuous frequency coverage, excluding atmospheric
absorption bands, from 68 to 300 GHz. Remote observing capabilities are provided. Observing modes
include position, beam and frequency switching, total-power observing, and on-the-fly mapping for both
spectral-line and continuum modes. An eight-beam (2x4 array) receiver is available for observations at
220-260 GHz. A polarimeter is available for spectral-line and continuum observations at frequencies near
100 GHz.

The 22-m ‘Mopra’ antenna of the Australia Telescope (AT), operated by the Australian Common-
wealth Scientific and Industrial Research Organization (CSIRO), is equipped with a set of 20-cm/13-
cm/6-cm/3.5-cm AT receiving systems. The antenna was used to support the Project Phoenix of the
SETI Institute during the first half of 1995; the 13-cm system was modified to cover the frequency range
1.2-3.0 GHz and the 20-cm/13-cm feed horn was modified to increase the efficiency at the higher fre-
quencies. The inner 15-m of the reflecting surface has solid panels yielding a reasonable efficiency at mm
wavelengths, and a dual-channel SIS receiving system for frequencies between 85 and 116 GHz was in-
stalled for testing on the antenna in September 1994. The system is now being used for routine observing,
although tuning cannot yet be carried out remotely.

A new 2.5-mm receiver was successfully installed during 1996 on the 13.7-mm radio telescope operated
at Delingha, Qinghai province, by the Purple Mountain Observatory.

The University of Nagoya has installed a 4-m telescope at the Las Campanas Observatory in Chile,
in a collaboration with the Carnegie Institution of Washington. Operation begun in 1996 using a super-
conducting Nb mixer receiver with SSB receiver temperature of 50 K at 110 GHz.

Following a similar project carried out at Nobeyama, a radio astronomy group at the University of
Tokyo has installed a 60-cm telescope at the La Silla Observatory of the European Southern Observatory
(ESO) in Chile. The prime objective is to carry out a CO J=2-1 survey of the southern galactic plane with
a beamwidth (9 arcmin) similar to that used for the previous Columbia Survey of CO J=1-0 emission.
An SIS receiver and 2048-channel AOS are used on the telescope.

The Instituto Nacional de Astronomia, Optica, y Electronica (INAOE), Mexico, and the University of
Massachusetts at Amherst, USA are developing a joint project for the construction of a 50-m telescope,
the Gran Telescopio Milimetrico/Large Millimetre Telescope (GMT/LMT), to begin at a high-altitude
Mexican site within two years. The reflecting surface will consist of a composite of 126 segments, each
of size 5 m; active control systems will maintain high aperture efficiency and pointing accuracy. The
antenna will be enclosed in a radome. Operation will be with array receivers in bands within the nominal
wavelength range 1-4 mm.

Centimetre to Metre Wavelength Telescopes. The 1000-ft telescope of Arecibo Observatory has under-
gone a Gregorian feed upgrade in recent years. The first phase involved the construction of a 50-ft high
groundscreen surrounding the main reflecting surface, and this suppresses the effects of ground radiation
during observations at higher zenith angles. The second phase consisted of the construction of the Gre-
gorian subreflector system within an 85-ft aluminium spaceframe which is mounted under the observing
platform. The Gregorian system will enable efficient operation at frequencies ranging from 300 MHz to
above 10 GHz. It will result in higher sensitivity (11 and 8 K Jy~! at L-band and C-band respectively)
and lower system temperatures than with the old Arecibo systems. Routine operation is expected to
begin in early 1997.

The decimetric radio telescope (NRT) of the Nancay Radio Observatory is undergoing a major reno-
vation (the FORT project). This instrument is a transit telescope consisting of a fixed spherical reflector
300 m long and 35 m high and a tiltable flat mirror of dimensions 200 m x 40 m. The existing hoghorn
feed system is being replaced by an optimized system using a dual-reflector Gregorian antenna designed
in collaboration with the CSIRO Division of Radiophysics. The new system will improve the sensitivity
of the telescope by a factor of about 2.5. It is expected to be fully operational by the end of 1998, when
a considerable fraction of the observing time will be dedicated to long-term scientific key projects.

MPIHR in Bonn operates a 100-m telescope at Effelsberg. Following a fracturing of the azimuth track
in 1993 and 1996, the track has been replaced and the telescope is now back in action with new azimuth
wheel bearings, slightly changed wheel geometry, overhauled motors and new elevation encoder. During
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the last two years, several new or improved receiving systems have been installed at the secondary focus
- new dual-feed 6-cm receiver, new 11-cm receiving system, new multi-frequency system containing dual-
channel receivers at 2, 1.3 and 0.7 cm (for particular use in future VLBI activities), and a three-feed
9-mm system for continuum mapping.

The Green Bank Telescope (GBT), an offset paraboloid antenna with a reflector diameter of 100 m x
110 m, is under construction at NRAO, Green Bank (West Virginia). An unblocked-aperture design will
increase the useful reflector area and eliminate reflections and diffraction effects which ordinarily compli-
cate the response pattern of a conventional parabolic-reflector antenna. The 2000 reflecting panels will
be mounted on actuators to facilitate surface adjustment. A laser-ranging system using a ring of ground
stations surrounding the telescope will monitor the deformation of the reflecting surface under forces of
gravity, wind, and temperature variation, enabling compensation by telescope motors, subreflector and
panel actuators. Designed to operate at frequencies between 25 MHz and 52 GHz, the expected final
aperture efficiency at 50 GHz is 60%. It is hoped that high-quality observing will be possible even at
frequencies as high as 80 GHz, with 3-arcsec pointing in calm conditions. The anticipated commencement
of radio astronomy operation is 1998. Several of the Gregorian focus front-end receiving systems have
been completed and installed on the 140-ft telescope for user evaluation. Work is continuing on the new
256K digital spectrometer; it will provide instantaneous bandwidths of up to 800 MHz on eight separate
IF outputs.

The 76-m Lovell Telescope at Jodrell Bank continues to be used in Multi-Element Radio Linked
Interferometer (MERLIN), VLBI, and for single-dish research, mainly involving pulsars. A major upgrade
of the dish is planned, and preparations have included assessment of the foundations, azimuth track, and
dish structure, and computer modelling of the elevation rotating structure.

The 64-m telescope of Parkes Observatory, part of the AT, was used by the SETI Institute for Project
Phoenix during the first half of 1995. For the project, the Australia Telescope National Facility (ATNF)
constructed a low-noise receiver and appropriate feed horns for operation in the frequency band 1.0-3.0
GHz. At the end of 1996, NASA will use the telescope to track the Galileo spacecraft orbiting Jupiter. To
prepare for the tracking, a new prime focus cabin has been installed to enable a quick switching between
receiving systems; the translator mechanism can support four standard receivers. A 21-cm multibeam
receiver, consisting of a focal-plane array of 13 beams, is due to be commissioned in late 1996. It is
intended principally for an extragalactic HI survey of the southern sky together with a deep HI search
for optically obscured galaxies behind the southern galactic plane; however, a 20-cm survey for pulsars
will be conducted simultaneously with the HI observations.

Major revisions have been made to the Cassegrain receiver system of NRAOs Green Bank 140-ft
telescope. The maser-upconverter systems have been replaced by X- and K-band HFET receivers built for
the GBT. This has resulted in performance and stability improvements, as well as providing experience in
equipment to be used on the GBT. The receivers will be transferred to the GBT in 1997. The telescope
is used for routine monitoring of frequencies of particular astrophysical interest, to both build up an
interference data base and a list of relatively clear frequency bands. When the GBT begins operation,
the telescope will cease to be supported as a general-user facility.

The Istituto di Radioastronomia has 32-m dishes in Medicina (Bologna) and Noto (Siricusa). The
first operates in several frequency bands between 1.4 and 43 GHz; the second operates between 0.3 and
22 GHz. The antennas are used for VLBI, spectral-line observations, and flux-density monitoring.

The Hartebeesthoek Radio Astronomy Observatory (HartRAO) situated 60 km west of Johannesburg
has a 26-m cassegrain antenna which operates at frequencies from 1.6 GHz to 12 GHz. It is being used
effectively as a single dish for surveys of OH and CH30H masers and also plays an active role in southern
hemisphere VLBI programs.

Shanghai Observatory operates the Shanghai VLBI Station, Sheshan. It has a 25-m radio telescope
equipped with a VLBA data acquisition system and S2 recording terminal. In addition to VLBI, it
is occasionally used for single-dish continuum and spectral-line observations. A new 22-GHz receiver,
provided by the ATNF, was installed on the antenna during 1996, yielding a system temperature of
about 100 K.

Established in 1994 and operated by the Urumgqi Astronomical Station, the Urumqi VLBI station
has a 25-m radio telescope equipped with receivers operating at wavelengths of 92, 18, 13/3.6, and 6
cm, and a VLBI data acquisition system. A new 22-GHz receiver provided by the National Astronomical
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Observatory of Japan (NAOJ), will be added towards the end of 1996. Although mainly used for VLBI
observations, the telescope is occasionally used for pulsar and radio continuum observations.

The Owens Valley Radio Observatory (OVRO) of the California Institute of Technology (Caltech)
is located at an altitude of 4000 ft on the eastern side of the Sierra Nevadas near Bishop, California.
It has several instruments operating at cm wavelengths. A 5.5-m telescope has been in operation since
1993, providing fundamental measurements of the Cosmic Microwave Background (CMB) at 32 GHz,
both in the detection of intrinsic anisotropies on angular scales of 7-20 arcmin and in the detection of
the Sunyaev-Zeldovich effect (SZE) in nearby galaxy clusters. It provided the first detection of the SZE
in a nearby cluster, and is currently observing the effect in an X-ray limited sample of clusters; these
measurements will assist in reducing the systematic errors due to cluster elongation in the estimation of
the Hubble Constant (Hp). The Observatory also has a 40-m telescope operating in the frequency range
13-22 GHz. It is used in conjunction with the 5.5-m telescope for CMB measurement; under-illuminated
at 14.5 GHz to match the 5.5-m beam, it provides a second frequency channel for spectral discrimination.
It is used at 20 GHz for high-resolution driftscan mapping to enable point sources to be subtracted from
the 5.5-m telescope data. With its smaller beam it complements the SZE project on the 5.5-m telescope,
and has provided early detections of the SZE in more distant clusters. It is also used independently for
driftscan surveys of high-frequency radio sources, and for monitoring of recently discovered soft gamma-
ray repeaters and new gravitational lenses.

Orbiting Telescopes. The next Swedish satellite ODIN will be an orbiting observatory devoted to astro-
nomical and aeronomical spectroscopy at mm and sub-mm wavelengths. Onsala engineers are currently
designing and building major components of the sub-mm receivers.

1.1.2. Antenna Arrays
Ezisting Sub-millimetre/Millimetre Wavelength Arrays. A sixth 10-m antenna has been added to the
Nobeyama Millimeter Array (NMA). 230-GHz receivers have been installed on two antennas.

The Berkeley-Illinois-Maryland- Association (BIMA) mm-wave array at Hat Creek (California) is now
an operational 9-element interferometer with baselines as large as 1.3 km providing a resolution of 0.4
arcsec at 3 mm wavelength. The array has an extremely flexible wideband correlator enabling observations
of both the broadest-known mm-wave spectral lines in galaxies and the narrowest lines in quiescent
molecular clouds. The array is capable of full remote operation, including receiver tuning, pointing,
calibration, data gathering and data transfer. Quarter-wave plates have been recently installed to provide
sequential switching between right and left circular polarization. This capability will enable the imaging
of magnetic fields associated with warm dust in molecular clouds (in particular those containing observed
Zeeman effects). Future developments include completion of outfitting with 1-mm receivers, and adding
a tenth antenna. The increased number of antennas will facilitate snapshot observations, and lessen the
effects of atmospheric fluctuations. The scientific achievements of the current BIMA array include. the
highest resolution mm-wave observations using a single connected array, the first large mosaics with all
spatial frequencies using a single instrument, and a sizeable number of surveys of galactic and extragalactic
sources.

Berkeley researchers are investigating schemes for correcting atmospheric phase fluctuations based on
measurements of the fluctuating atmosphere brightness in the total power of an antenna. For observations
with the BIMA array, it was found that on a time-scale of several minutes, visibility phase fluctuations
for one baseline were correlated with the difference in total power for the two antennas. Another possible
approach is based on a rapid switching between target source and nearby phase calibrator source; Hat
Creek results have shown that if the phase-calibration source is at intervals of only a few minutes, the
largest atmospheric phase fluctuations can be partially removed by subtraction of the calibrator phase
from the source phase.

The OVRO operates a mm-wave array, consisting of six 10.4-m antennas, in the frequency ranges
85-115 and 215-270 GHz. Currently, the antennas can be stationed with baselines of up to 220 m N-S
and 200 m E-W; expansion of maximum baselines to 400 m in both directions is underway. Each antenna
has 3-mm and 1-mm dual-channel SIS receivers feeding correlators with a combined width of 2 GHz.
The highest angular resolution is 0.7 arcsec at the moment. The 3-mm receivers have been recently
outfitted with tuneable polarizers which can be set to any desired polarization state. The array has a
fully automated observing system and remotely accessible archive database extending back to 1991. The
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observing programs have involved spectral-line and continuum imaging of phenonema such as cometary
and planetary atmospheres, stellar circumstellar envelopes, galactic high-mass star-formation regions,
and features (nuclear distributions, central bars and spiral arm molecular-cloud concentrations) in nearby
spiral galaxies. In addition, CO has been imaged with arcsec resolution in high redshift objects. Imaging
the SZE in galaxy clusters observed at X-ray wavelengths has become possible with the installation of
26-GHz HEMT receivers on all antennas.

Several major steps have occurred in the development of the IRAM interferometer. During 1995,
dual-channel 3-mm and 1.3-mm SIS receivers were added to the array. The receivers perform so well that
230-GHz total power measurements can be used for active phase corrections. The E-W track was extended,
with the addition of three more stations, to a length of 408 m, while the N-S track was extended with
the addition of one more station to 232 m. Sub-arcsec imaging is now possible. More recently, Antenna
5 has been completed and is now in operation.

Future Sub-millimetre/Millimetre Wavelength Arrays. The Submillimeter Wavelength Array (SMA) is
under construction and is expected to begin reasonably routine operation by the end of 1999 on Mauna
Kea near the Caltech Sub-millimetre Observatory (CSO) and JCMT. Initially, it will consist of six 6-
m diameter antennas arranged on the sides of Reuleaux triangles. Four array configurations will be
available with diameters of approximately 24, 64, 171 and 470 m. A cryostat at the Nasmyth focus of
each antenna will accept eight receivers covering all the usable frequency bands between 230 and 850
GHz. The maximum angular resolution will vary from 0.4 to 0.1 arcsec over this range. The array will
have a special purpose XF correlator which will accept two channels (for either dual-polarization or dual-
frequency operation) each of bandwidth 2 GHz. In the laboratory, the SIS mixer receivers with junctions
fabricated at the US Jet Propulsion Laboratory (JPL) have yielded (DSB) receiver temperatures of 23,
30 and 65 K at 230, 345 and 460 GHz. In June 1966, an agreement for collaboration was signed between
the Smithsonian Astrophysical Observatory (SAO) and the Institute of Astronomy and Astrophysics of
the Academy of Science in Taiwan (ASIAA). ASTAA will initially provide two additional antennas for
the array and the associated electronics to increase the number of baselines from 15 to 28. Preparations
are being made to include the 15-m JCMT and 10-m CSO telescope in the array on a part-time basis.

Several other large sub-mm or mm arrays are being proposed, and their completion should mark a
new era for radio astronomy. NRO has proposed a new project, the Large Millimeter and Submillimeter
Array (LMSA), with fifty 8-10 m antennas and baselines longer than 2 km, high-quality imaging between
80 GHz and 800 GHz. With a maximum baseline of 2 km, an angular resolution of 0.2 arcsec would be
achievable at 300 GHz.

NRAO has proposed the Millimeter Array (MMA), consisting of forty 8-m antennas erected on a site
of high elevation, and providing operation in all atmospheric windows between 30 GHz and 850 GHz
and baselines of 80 m to 10 km (with angular resolution as high as 10 mas). This project has evolved
considerably over several years, and an initial design has now been submitted for development funding,.
Planning discussions for MMA partnerships with international groups and other government agencies are
proceeding; a promising possibility of combining the MMA and LMSA periodically and thereby creating
a single array with 10 mas angular resolution will be reviewed in 1997.

A European study project for a large mm array in the Southern Hemisphere (LSA) is continuing.
A two-year activity involving IRAM, ESQ, OSO and the Netherlands Foundation for Radio Astronomy
(NFRA), the broad conceptual aims are a total collecting area of about 10,000 cm? (e.g. 50-60 x 15-
m antennas), frequency range 43-350 GHz, and angular resolution of 0.1 arsec at 100 GHz. The study
includes a search for an appropriate site in Chile.

Sites in northern Chile are being considered for the future mm arrays - the area contains one of the
most arid deserts on Earth, with a mean annual precipitation below 10 mm. The site-testing activities have
been conducted in a collaboration between NRO, SEST/ESO, University of Chile, and NRAO. NRAO
had previously considered other sites such as the Magdelena Mountains near Socorro (New Mexico) and
the east coast of Mauna Kea (Hawaii). NRO is in fact also considering Mauna Kea (Hawaii) as a site for its
array; this would make effective use of the infrastructure set up for the SUBARU 8-m telescope. However,
because other groups are already site-testing this site, NRO decided to concentrate site-testing activities in
Chile. Starting in 1992, NRO members visited about 20 possible sites, set up four meteorological stations,
and used a 220-GHz tipping radiometer developed at NRO to measure atmospheric opacities at five sites
(including Paranal). In 1995, the radiometer and an 11-GHz radio seeing monitor (RSM) were installed

https://doi.org/10.1017/50251107X00011809 Published online by Cambridge University Press


https://doi.org/10.1017/S0251107X00011809

534 COMMISSION 40

at the Rio Frio site (elevation 4050 m). The RSM is an interferometer consisting of two 1.8-m antennas
separated by about 300 m, and receiving an 11.2-GHz signal from an INTELSAT satellite. It provides
direct measurements of the atmospheric phase fluctuations. NRAO also located similar equipment at the
Chajnantor site, also called the San Pedro de Atacama site (elevation 5050 m), about 300 km northeast of
the other site. Analysis of the opacity and phase stability at the sites for more than six months indicates
that both are excellent mm and sub-mm sites, but that Rio Frio has 225-GHz opacities (0.06 and below
for half the time) which are about 40% higher, and rms phase fluctuations (less than 4 deg for half
the time) which are about 20% higher. For the Chajnanter site, the terrain significantly limits possible
antenna configurations; however, with the aid of digital site elevation models, recent studies have shown
that a 12-km array can be accommodated.

Centimetre to Metre Wavelength Arrays. For the 27-element Very Large Array (VLA}) of the NRAOQ,
three more 40-50 GHz receivers have been added to the ten built by NRAO with funds from the Institute
of Astronomy of the Universidad Nacional Autonoma de Mexico. With retrofitting to replace first stage
amplifiers in the previous receivers, the zenith system temperature is about 70 K. A general VLA Upgrade
Project is in progress. Design and prototyping is underway for a new generation of wide bandwidth
receivers - all receivers except the 1.5-, 8- and 45-GHz systems will be replaced with modern HFET-
amplifier designs. In addition, the correlator will be replaced with one capable of wider bandwidths.

The Molonglo Synthesis Telescope (MOST) is operated by the University of Sydney (Australia) at
a frequency of 843 MHz. A recent upgrading has increased the field size from 70 arcmin to 160 arcmin.
This has been achieved without loss of sensitivity by installation of 352 HEMT (typically 12 K) uncooled
preamplifiers and computer-controlled phasing of the array to give time-domain multiplexing. For a
complete 12-hour synthesis observation, the sensitivity is 1-2 mJy beam~! with a beamwidth of 43
arcsec.

The synthesis telescope of the Dominion Radio Astrophysical Observatory (DRAO), Penticton has
both continuum (1420 MHz and 408 MHz) and spectral line (HI) capability. The angular resolution (1.0
and 3.5 arcmin) and wide field (2 and 8 degrees) at the two frequencies makes the telescope well suited
for studies of the interstellar medium (ISM) of our Galaxy and nearby galaxies.

The Westerbork Synthesis Radio Telescope (WSRT) is undergoing an upgrade which began in 1995
and is expected to be complete in 1999. The antennas are undergoing extensive maintenance. A flexible
pulsar filter bank has been added, enabling a tied-array mode of operation. Multi-frequency frontend
(MFFE) receivers will be installed, providing wide bands in the frequency range 200-10,000 MHz. The
backend correlator will be replaced by a correlator with high capacity in early 1997.

The OVRO has a 5-element solar array operating in bands in the frequency range 1-18 GHz. Three
2-m antennas augment the two 27-m antennas of the original Owens Valley cm-wave interferometer.
Designed to study magnetic fields at the surface of the Sun, the combined imaging and frequency agility
provide not only flux density spectra of solar flares and active regions, but also brightness temperature
spectra which can be compared directly with theory.

The Nancay Radio Observatory operates a radioheliograph dedicated to observations of the solar
corona at frequencies between 150 and 450 MHz. It consists of 42 antennas each of diameter 4 m, set in a
T-shaped configuration of dimensions 3 km (east-west) x 1.2 km (north-south). During 1996 the north-
south branch will be lengthened to 2.3 km to provide a more circular beam to complement results being
obtained by the SOHO spacecraft. The interferometer is currently being equipped with a new correlator
to enable rapid (20 times per second) two-dimensional imaging at as many as ten frequencies.

The Nancay Radio Observatory also has a decametric array - the largest operational dual-polarity
telescope for frequencies of 10-100 MHz. It is still mainly used for observations of the magneto-ionized
environment of Jupiter and of the Sun. Recently, eruptive stars and pulsars were also detected with it.
In 1995 the time resolution of the acousto-optical spectrometer was increased to 3 msec, enabling the
detailed study of rapid Jovian radio bursts.

The Nobeyama Radioheliograph of NRO began routine observations at 17 GHz in 1992. Eighty-four
80-cm antennas arranged in a T-shaped array provide a spatial resolution of 10 arcsec and temporal
resolution of 1 sec or better. More than 1300 events have been imaged. Dual-frequency observation at 17
and 34 GHz began in November 1995.

The Australia Telescope Compact Array (ATCA) consists of a 6-km array of six 22-m antennas
operating in bands at 20, 13, 6 and 3.5 cm. Recent developments include provision of an on-line mosaicing
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mode, a tied-mode in which all antennas can be linked together in phase (e.g. for VLBI operation), a
binning correlator mode enabling the collection of data in a set of time intervals synchronized to a
periodic signal (e.g. for pulsar observations), and an option enabling position correction of the antennas
using the phase reference calibrators during observing. A 225-GHz water vapour radiometer has been
constructed as a PhD project, spearheading future initiatives to correct for atmospheric phase errors at
high frequencies.

All 45-m antennas of the Indian Giant Metre-wave Radio Telescope (GMRT), in which 12 antennas
are located in a central array 1 km x 1 km in size and 6 antennas are set along each of three 14-km
arms of a Y-array, have been handed over to the Tata Institute for Fundamental Research (TIFR) by
the contractors. Front-end electronics will be fitted to all antennas at 150, 235, 327 and 610 MHz by the
end of 1996. Interferometer observations are being made for baseline calibration, and pulsars have been
observed. Electronics for frequency ranges 40-60 MHz and 1000-1430 MHz will be added in 1997. It is
hoped to start regular observations by mid-1997.

Waseda University (Japan) has completed its 64-element direct-imaging digital interferometer, oper-
ating at 10.6 GHz. The HEMT receivers were installed during late 1995. Gamma-ray quasars (QSOs),
Active Galactic Nuclei (AGNs) and galactic transient radio sources are being monitored.

The Istituto di Radioastronomia continues to operate its 408-MHz transit instrument in Medicina
(Bologna). It is a T-shaped array with 560-m arms for which the east-west arm is a 560 m x 25 m
cylindrical parabola tiltable in declination, and the north-south arm contains 64 cylindrical-parabolic
antennas 125 x 8 m?. The instrument is mainly used for surveys, pulsar observations, and flux-density
monitoring.

The Pushchino Radio Astronomy station has a new 151-MHz array consisting of 1344 nine-element
Yagi antennas operating as a meridian instrument. It has a beam size of 0.5° (EW) and 1° (NS) and an
effective area of 7000 m?. It has been used since mid-1995 for the monitoring of shock waves and other
perturbations in interplanetary plasma. Simultaneous observations with 32 beams separated about one
degree in declination provide daily maps of interplanetary scintillation indices.

The Square Kilometre Array. Amongst the concepts for future large-scale facilities in astronomy is the
next-generation Square Kilometre (1KT) radio telescope. The purpose is to provide a facility with an
order-of-magnitude increase in collecting area compared with that currently available. The requirement
is based on the premise that significant new discoveries occur with each leap in effective collecting area.
Groups in several countries (Australia, Canada, China, France, India and the Netherlands) are interested
in constructing such a telescope operating in the cm to m wavelength range, and an URSI-IAU Working
Group has been set up to coordinate the various interests. Although the project is science-driven, its real-
ization will provide a great technological challenge. For instance, new concepts such as flat-tile antennas
will require consideration. The Canadian concept has flat elements which could be tilted by actuators,
whereas the Indian concept is based on the antenna philosophy of the GMRT.

1.1.3. LBI and VLBI Networks
Millimetre Wavelength Networks. A mm-VLBI array coordinated by the Haystack Observatory of the
Massachusetts Institute of Technology (MIT) consists of antennas at Onsala, Bonn, Pico Valeta and
Metsahovi in Europe, Haystack, Quabbin, Kitt Peak, Owens Valley in USA, Nobeyama in Japan, and
SEST in Chile. Observing sessions at 86 GHz are run on average every six months.

Combined 3-mm and 1.3-mm experiments have been carried out between the IRAM 30-m telescope
and one antenna of the IRAM interferometer.

Centimetre Wavelength Networks. The European VLBI Network (EVN) is a consortium of 14 institutes
with 16 radio telescopes in Europe and Asia. It operates at wavelengths of 0.7, 1.3, 3.6, 3.6/13, 5, 6, 18,
21, 50 and 90 cm, either alone or in conjunction with the NRAO’s Very Long Baseline Array (VLBA)
and the MERLIN array. Comprehensive support for users is available at the Joint Institute for VLBI in
Europe (JIVE). Recent significant developments include the first fringes for new antennas (e.g. the 32-m
telescope in Torun, Poland), physical implementation of the MkIV upgrade, continuing construction of
the 16-station data processor at JIVE, and organized assistance for new EVN participants (e.g. Urumqi,
Shanghai and Torun). Efforts are being made to improve the present and future quality of EVN amplitude
calibration data.

https://doi.org/10.1017/50251107X00011809 Published online by Cambridge University Press


https://doi.org/10.1017/S0251107X00011809

536 COMMISSION 40

The VLBA, consisting of ten 25-m antennas distributed across US territory, is now an operational
instrument, performing routine astronomical observing 60% of the time. The array is now operated in
nine frequency bands between 0.3 and 43 GHz; plans are in place to extend the range to 86 GHz. The
VLBA correlator has more than sufficient capacity to keep up with the large amount of data generated by
both the VLBA and global networks. The correlator software has undergone major revisions to produce
a more robust and automated operation. The VLBA can now operate efficiently in conjunction with the
Effelsberg 100-m and Green Bank 140-ft telescopes because observations and monitor data with these
telescopes can now be written in VLBA-style format.

The MERLIN array is being upgraded to provide frequency flexibility. Three of the dishes, at Darnhall,
Knockin and Pickmere, which are the same as VLA dishes, have had a rotating carousel installed at the
secondary focus. The carousel can carry up to six receiving systems, and by rotation, any system can be
placed on axis at the focus position within one minute. Dual-frequency operation at 5 and 22 GHz will
be offered in 1997, and a 1.4-GHz system will also be available the following year.

A Japanese domestic VLBI network (JNET) has been set up involving the NRO 45-m antenna, a 10-m
antenna in Mizusawa, a 6-m antenna in Kagoshima, and often the 34-m antenna of the Communications
Research Laboratory. A limited configuration of this network was effective in providing the first positional
information for the separate water vapour velocity components in NGC 5248, Routine 22-GHz observing
is not possible with the network.

For the Australian VLBI array, wideband S-2 terminals have been installed at the ATNF and Hobart
antennas. The AT S-2 correlator has been expanded to 6 playback terminals for handling six stations,
providing a rapid turn-around even during observing sessions. An international experiment between
Tidbinbilla (Australia) and Bear Lakes (Russia) has been undertaken to compare MkII and S-2 b-factors.
It is possible to use the 5-2 terminals to directly record pulsar signals so that they can be played back and
de-dispersed coherently rather than be de-dispersed via a band of filters. The 4t* Asia Pacific Telescope
(APT) Workshop was hosted by ATNF in December 1995.

Space VLBI. The VLBI Space Observatory Programme (VSOP) is a joint project between the Institute
of Space and Atmospheric Studies of Japan (ISAS) and NAQJ to launch an 8-m antenna into a 20,000
km high orbit. The ground-based infrastructure for VLBI measurements has been set up - antennas
committed, observing programs selected. Launching scheduled for September 1996 has been delayed until
February 1997.

The URSI/TAU Global VLBI Working Group (GVWG) has assisted in coordinating the ground arrays
to be involved in VSOP. A special working group of the GVWG is working on the problem of scheduling
ground-space VLBI observations.

VBLI Techniques and Recording Systems. Phase-referenced VLBI has proven to be an exceptionally
powerful tool for the absolute astrometry of weak sources. Sub-milliarcsec precisions have been demon-
strated for sources as weak as 2 mJy during observations to link the Hipparchos optical star catalogue to
the extragalactic radio reference frame using optically bright radio stars.. The phase-referencing technique
is being further refined and applied to a VLBI search for planets orbiting nearby radio stars.

Radio Astrometry. VLBI astrometry of optically bright radio stars to link the Hipparchus optical star
catalogue to the extragalactic radio reference frame was carried out over many years and has now been
completed.

The measurement on the Digitized Sky Survey of the optical positions of 153 QSOs with accurate VLBI
positions has shown that the rms uncertainty of the optical positions is 0.6 arcsec in both coordinates
except for objects located near the edge of the Survey plates.

1.2. NEW SITES FOR RADIO ASTRONOMY

1.2.1. Radio Astronomy from Antarctica

The Antarctic Submillimeter Telescope and Remote Observatory (AST/RO), consisting of a 1.7-m off-
axis parabola submillimeter telescope operating at 230 and 492 GHz, was installed at the Amundsen-Scott
Station at the South Pole in late 1994. The telescope is primarily designed for a large-scale survey of the
492-GHz CI line in our Galaxy and the Magellanic Clouds. The receivers have SIS mixers and receiver
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temperatures around 200 K (DSB). Two accousto-optic spectrometers are available with bandwidths of
100 MHz and 1 GHz. Observations have been on-going since early 1995, with studies of the large-scale
distribution of the CI line in the galactic plane, the z-extent of the CI emission at selected longitudes,
galactic HII regions, and galactic high-latitude clouds, and studies of the Large Magellanic Cloud. It
has been found that the CI emission is spatially more extended than, and complementary to, the CO
emission. Observations of molecules in the Earth’s stratosphere have also been obtained. The project is
a collaboration involving astronomers from SAQ, the University of Illinois, Boston University, and the
University of Colarado.

1.2.2. Future Radio Astronomy from the Moon

Because of the increasing use of the radio spectrum by transmitting services, radio astronomy is faced with
the future prospect of increased interference to radio astronomy observations, and sites of low interference
are being sought. A large area of the back side of the Moon viewed from the Earth is always hidden
from the Earth and low-orbiting transmitters, and is thus shielded from terrestrial interference. There
are already proposals to install VLF instrumentation in this shielded zone, together with international
proposals to keep the zone free from transmitting services.

1.3. THE SEARCH FOR EXTRA-TERRESTRIAL INTELLIGENCE

Projects related to the search for extra-terrestrial intelligence (SETI) are taking place at several institutes
around the world, and in general radio astronomy facilities are used, usually in conjunction with a very-
high resolution spectrometer provided by the SETI researchers. This area of research is fully covered
by IAU Commission 51 (Bioastronomy: search for extraterrestrial life), and will not be discussed in this
Report.

1.4, INSTRUMENTATION

1.4.1. Multi Beam Systems

A 15-element focal plane array receiver (QUARRY) has been operating for the last four years on the 14-m
telescope of the Five College Radio Astronomy Observatory (FCRAO). In the near future QUARRY will
be replaced by the second Quabbin Observatory imaging array (SEQUOIA), a 32-pixel array covering
the frequency range 85-115 GHz. The use of MMICs, the increased number of beams, and other improve-
ments will enhance the telescopes mapping capability compared with the current system. The receiver
temperatures will be better by more than a factor of two. It is expected that a 16-element version will
be available for use early in 1997.

A 4 x 4 focal-plane receiver array operating at 100 GHz is being constructed for the OSO 20-m antenna;
the first SIS receivers, operating at 4 K, have been manufactured. For spectroscopy, each receiver will
feed a 1024-channel digital spectrometer.

A 25-beam SIS focal plane array operating at 100 GHz has been constructed for the NRO 45-m
telescope.

A 13-beam focal-plane array operating at 21 c¢m is being constructed for the Parkes 64-m telescope.
At least initially, it will be used for an HI survey of the southern sky, and a simultaneous ‘piggyback’
pulsar survey. It is a collaborative venture involving several institutes in Australia, together with Jodrell
Bank and the University of Cardiff. CSIRQ is providing the feed design and construction of focal-plane
feed system, cryogenic package, IF system and digital correlator backend. Jodrell Bank is providing the
21-cm low-noise amplifiers. Commissioning is planned for late 1996.

1.5. TECHNIQUES

1.5.1. Mosaicing

BIMA researchers have been developing and testing a homogeneous array capability, which is the central
design issue for the planned NRAO Millimeter Array. The strategy involves mosaic observations with the
compact array during a normal 6-8 hour track, coupled with single-antenna observations with all array
antennas mapping the same extended field. The technique has been used to map C'80 in NGC 2024. A
mosaic of 7 fields, the map contains all spatial frequencies from 8 arcsec to 4 arcmin, and includes both
cross-correlation and auto-correlation data.
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Approximately 15% of the observing time on the ATCA is spent observing mosaics. To optimize
efficiency and ease of use, a mosaicing mode is built into both the on-line observing and off-line reduction
systems. For example, the on-line system allows a new pointing centre to be observed every 25 seconds,
with only a few seconds of this time consumed by slewing and other overheads. The largest mosaic
produced on the ATCA to date is a 1344 pointing-centre spectral-line observation of the Large Magellanic
Cloud. Joint imaging and deconvolution of this data produced a 1997 x 2230 x 120 pixel cube.

1.5.2. Data Processing

The AIPS++ project is a collaboration of several radio observatories (ATNF, BIMA, NFRA and NRAO
are currently actively involved) to develop the next generation of data reduction software. It specifically
aims to provide general formalisms that apply to all observatories. Over the last three years the project
has developed to a stage where real astronomical data can now be processed. Currently, the single-dish
side of AIPS++ is used in the commissioning tests for the GBT and will also be used for the Parkes
Multi-beam HI survey. In the synthesis-processing area, important progress has been made during the last
year, including the completion of a full polarization imaging formalism for a generic interferometer. This
has now been used to produce a number of good quality polarization images from VLA and WSRT data.
AIPS++ will feature a programmable command-line interface supplemented by graphical user interfaces
and a large C++ library of general and astronomical classes. The first public release of AIPS++ is
planned for mid-1997.

1.5.3. Laboratory Molecular Spectroscopy

Japanese scientists have carried out extensive laboratory spectroscopic studies of a number of molecules
and isotopomers of astrophysical interest such as MgNC, FeCO, HCS*, CH;, CaNC, AlH and ND. MgNC
was subsequently detected in IRC 410216.

2. New Observational Radio Astronomy
2.1. OUR GALAXY

2.1.1. Solar Neighbourhood

Solar Radio Astronomy. Expansion of the BIMA array to long baselines has led to the first arcsecond-
resolution images of solar flares, and images have been made of the impulsive non-thermal mm-wave
emission for two flares. For a flare of 1994 August 16, comparison of the temporal behaviour of the
emission with hard X-ray emission detected by the Compton Gamma Ray Observatory (GRO) of NASA
showed two radio components. The first was a brief pulse at the onset of the X-ray emission, whereas the
second was of longer duration and caused by nonthermal electrons producing no X-rays. Such comparisons
will provide important constraints for models of the spatial distribution of accelerated electrons in flares.

The Nobeyama Radioheliograph has detected many interesting phenomena which have been studied
in combination with X-ray data from the YOHKOH satellite. Radio bright spots in the quiet Sun were
found to have X-ray counterparts. Polarized gyroresonance emission was detected from a large sunspot.
A prominence eruption and its following flare were studied with simultaneous optical, radio and X-ray
observations, the results supporting the scenario that the reconnection of anti-parallel magnetic fields is
produced by the prominence eruption. The high spatial and temporal resolution of the instrument have
yielded many new features of flares.

The National Research Council of Canada has been making regular determinations of the solar flux
at 10.7 cm wavelength since 1946. This wavelength is close to the peak in the spectrum of the slowly
varying solar component. These measurements have been adopted worldwide as the primary index of
solar activity. Since 1990, the program has been operated from DRAO, using its 26-m antenna; data are
distributed automatically to scientific and commercial users.

Solar Wind, Asteroids, Comets. Distributions of scintillation index in the interior region of an inter-
planetary shock wave have been constructed from 102.5-MHz imaging with the Pushchino Large Phased
Array. The derived shock-front parameters correspond to distances of about 1 AU from the Sun.

The velocity structure and plasma turbulence in the solar wind have been investigated at Kashima
by observing interstellar scintillation of QSOs at 2, 8 and 22 GHz. Ooty facilities and the GMRT have
been used for simultaneous observations of the solar wind at high latitudes.
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In 1995, the 34-m Kashima telescope was used for radar observations of the Earth-approaching asteroid
6489.

The IRAM 30-m telescope has been used for molecular-line observations of comets. HCN, H,S, H,CO
and CH3OH were detected in comet 109P/Swift-Tuttle; their strongly asymmetrical line profiles were
probably due to the effects of jets seen at visual wavelengths. The CO J=2-1 line was detected in comet
Hale-Bopp in 1995 and is now being monitored with the IRAM telescope and the JCMT. The line is
slightly blue-shifted, indicating outgassing from the day side of the nucleus, which can be related to dust
jets in optical images.

The QUARRY system on the FCRAQ 14-m telescope was used in early 1996 to search for molecular
lines in Comet Hyakutake. HCN J=1-0 emission was monitored; observed HCN structures were in good
agreement with jet features present in images of the inner corona.

For other comets: several molecular-lines have been observed in comet P/Halley - H,S, CH3;0H, H;0,
NHj;. The water vapour has yielded D/H and #0/!80 abundance ratios. CH3OH has also been observed
in comets Austin 1990 V and Levy 1990 XX

Planets. A global network of eleven radio telescopes observed Jupiter and the behaviour of its syn-
chrotron and thermal radio emission before, during, and after the period of impacts of Comet Shoemaker-
Levy 9 in July 1994. Single dishes monitored the total radiation output on short time scales, while imaging
arrays - VLA, WSRT and ATCA - were used for high-resolution imaging. The radio emission increased
dramatically during the impacts; the change was wavelength dependent, ranging from around 10% at
70-90 cm to about 45% at 3.5-6 cm. High-frequency VLA and ATCA observations showed that the ther-
mal disk remained unaltered by the impact, whereas the non-thermal radiation and polarization from
the Jovian Van Allen belts increased; the enhancement was localized in longitude and concentrated near
the equator. However, dips in thermal emission at 0.8-3.6 cm were also reported. The radio spectrum
hardened, flattening towards shorter wavelengths, during and after the impact. After the impacts, the
flux density began to decrease at all wavelengths. ATCA observations twelve months later showed that
the radiation has returned to its pre-impact state. There have been several suggestions for the cause of
the synchrotron enhancement - acceleration of magnetospheric electrons by shock waves from the impact
point; pitch angle scattering; an increase in the inward radial diffusion of electrons. On the basis of ATCA
observations, a 3-D tomographic image of the radiation belts has been reconstructed. Characteristics of
the deduced magnetic field close to the planet, fed into existing magnetic field models, appear to account
entirely for the observed features of the radiation belts. The collision sites have been monitored with
the JCMT in sub-mm spectral lines of CO and HCN for more than a year. The lines are seen in both
emission and absorption, and vary with time.

The complete polarization state, as a function of both frequency and time, has been determined for a
large number of lo-related and non-related radio storms observed with the spectro-polarimeter at Nancay
Radio Observatory.

A joint study of Mercury using BIMA array and VLA data has shown that the planet’s surface is
largely devoid of basalt.

Four large main-belt asteroids (1 Ceres, 2 Pallas, 4 Vesta, 10 Hygiea) were detected with the BIMA
array in 1995.

2.1.2. Beyond the Solar System

Stellar Radio Emission. The relatively new subject of radio stars has come of age in the last few years.
Radio emission is being detected from a variety of stellar objects and their associated winds, outflows,
disks and shells.

The new MERLIN, with 50- milliarsec resolution and 50-micro Jy sensitivity, has enabled researchers
to resolve classical novae just 80 days after outburst and find asymmetries and brightness temperatures
of 40000 K. Other results include the detection of non-thermal emission and bipolar outflow in symbiotic
stars. VLBI observations of Cyg X-3 show that the strong radio outbursts are accompanied by twin radio
components which move out at around 0.3c, whereas some weaker events may be associated with apparent
superluminal brightening of an extended component (probably as a shell is illuminated). Millimeter-wave
observations show that the ejected material moves through a dense wind which delays the onset of long
wavelength radio radiation.
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Centimetre radio continuum has been detected from a few dozen low-mass pre-main sequence stars,
or T-Tauri stars. Most objects are weak-lined T-Tauri stars, where the circumstellar disk is no longer
interacting with the young star. Radio power ranges from 10!8-10'® W Hz~!, and flares with durations
of hours are sometimes observed. These properties are similar to those of the RS CVn binary systems.
The emission is interpreted as enhanced solar-type gyrosynchrotron radiation arising from the rapid
rotation and convective interiors of stars descending the Hayashi tracks. Gyrosynchrotron emission has
been directly confirmed in a few cases (Hubble 4, T-Tau South, HD 283447) where circular polarization
is detected. In particular, HD 283447 is an unusually active young triple-star system that exhibits time-
variable linear and circular polarization.

Radio emission at 8.6 and 4.8 GHz has been detected in a sample of early-type stars (including Wolf-
Rayet stars, B hypergiants, Of stars and a luminous blue variable) using the ATCA. The radio spectrum
between these frequencies is consistent with thermal emission from an optically thick wind. Thermal
radiation has also been detected from the winds of the well-known blue variables AG Car, HR Car,
He3-519 and WRA 751. An unexpectedly high mass-loss rate was required to account for the 8.6-GHz
intensity of the massive O3 V(f) star HD 93250, leading to the speculation that most of the emission at
this frequency is non-thermal.

When first imaged with the ATCA at 3 cm in 1992, 5 Car appeared as a simple star-like source
with a flux density (0.8 Jy) similar to that found a few months earlier. However, by June 1993, twelve
months later, it had developed a complex image with a total flux density of 1.2 Jy, with broad (250 km
s~1) recombination-line emission. Monitored regularly since then, the flux density peaked at 2.9 Jy in
November and December 1995, and is now decreasing. Recent imaging at both 3 and 6 cm reveals three
main source components. One component is associated with 6-cm recombination line absorption, and is
believed to be a foreground gas cloud. On the grounds of both morphology and comparison with HST
and other optical images, the other components appear to arise in an equatorial accretion disk and polar
wind respectively.

Centimetre-wavelength emission from nearby long-period (Mira and semi-regular) variable stars has
been detected with the VLA. Simple modelling with a single set of physical parameters can approximately
fit the results, as well as providing plausible sizes and brightness temperatures at far-IR wavelengths.
Distance estimates with a precision of about 10% may be possible.

Clircumstellar Envelopes. Searches for more OH/IR stars continue. The 1612 MHz OH survey of colour-
selected IRAS objects with the Arecibo 1000-ft telescope was extended to objects with IR colours outside
the original coverage, resulting in further detections. Some research with OH/IR stars involve their
galactic distribution. A dynamical comparison of two samples of these objects, one very close to the
Galactic Centre, the other in the bulge and disk, show two distinct populations. One extends over the
whole galaxy, showing signs of gradual evolution, whereas the other is found near the Galactic Centre,
with high rotation and no signs of long evolution. A 43-GHz SiO survey of IRAS sources has been used
to investigate the kinematics in the galactic bulge. A systematic difference between the radial velocities
of northern and southern objects has been attributed to a 7-degree tilt of the rotation plane of the bulge
relative to the galactic longitudinal circle.

Circumstellar envelopes of late-type stars are often rich in molecular lines. The carbon star IRC
+10216 has been the target of many studies, providing a rich harvest of different molecules. High-
resolution BIMA molecular-line observations show shell-like distributions of some molecules in the ex-
tended envelope surrounding the star. The peak abundance of lon