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RESPONSIBILITIES OF THE BOARD

The Anglo-Australian Telescope Board operates under an Agreement between the Govern-
ments of the United Kingdom and Australia. The Board is an independent bi-national authority
which consists of members appointed from each country and draws its funds in equal shares
from each Government. In accordance with its responsibilities under the Agreement, the Board
operates and maintains facilities which enable United Kingdom and Australian astronomers to
undertake astronomical observations for the advancement of scientific knowledge. The Board's
facilities consist of the Anglo-Australian Telescope (AAT) at Siding Spring Mountain, near
Coonabarabran, NSW, and the associated Laboratory at Epping, NSW. Collectively, these
facilities are known as the Anglo-Australian Observatory (AAO). A brief history of the AAT
project appears in Appendix D, page 44.

NATIONAL AGENCIES DESIGNATED UNDER THE AGREEMENT

Under the terms of Article 1(2) of the Anglo-Australian Telescope Agreement, each Govern-
ment acts through an agency designated for that purpose. These designated agencies are the
Science and Engineering Research Council of the United Kingdom and the Australian
Department of Science and Technology. The agencies are jointly responsible for implementing
the Agreement.
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1 Introduction
The Year Past

During the year under review, July 1981 to June 1982, the Board gave particular
attention to two items important in maintaining the reputation of the AAT as a
leading astronomical instrument. The first involved a revision of the Board's policy on
the appointment of scientific staff at the Observatory, and the second was con-
sideration of the continuing issue of dome seeing, that is the degradation of image
quality due to the thermal environment inside the dome.

An essential component of the resources ot the Anglo-Australian Observatory has
been the scientific staff, consisting of a maximum of six astronomers (in addition to
the Director and two SERC fellows) whose duties have included both advising visiting
observers and ensuring the availability of advanced instrumentation. Since the
commencement of operations of the Telescope, these staff have been appointed on a
fixed-term basis with a maximum of seven years. The Board has been very fortunate in
obtaining the services of capable and committed scientists to fill these positions, and
the policy has appeared to have been successful in bringing a range of expertise to the
AAO and in enabling a number of astronomers to acquire experience before moving
on to other institutions.

In response to comment from many users of the Telescope, the Board reviewed this
policy and decided to establish a position for a tenured member of the scientific staff.
The creation of this position, which for the present will be at the expense of one
fixed-term position, should with time provide greater continuity in the instru-
mentation development programme and a distinct increase in the depth of scientific
experience available at the Observatory. The Board expects to fill the position as soon
as practicable in the coming year.

Full details of the review of the dome seeing question conducted this year are
provided on page 6. The Board has continued to give a very high priority to resolving
this problem as far as practicable, in accordance with the expressed wishes of users of
the Telescope. It is hoped that the commitment of time and resources, and the efforts
of staff and voluntary consultants will make a worthwhile contribution not only to
improving the quality of the seeing on the AAT, but also generally to the under-
standing of the effects on seeing quality of atmospheric conditions inside and close to
telescope domes.

The level of funding of the Board's operations by the two contributing Govern-
ments, and the efficient management of the funds received have also continued to
occupy the Board's attention. The Board recognises that the current economic
circumstances have made it difficult to fund research institutions at an adequate level.
It therefore appreciates the decisions to maintain the contributions by the two
Governments at the projected intermediate level identified in the report on future
funding which was referred to in last year's annual report.

While it is expected that this level of funding, if maintained, will enable some of the
latest developments in instrumentation and computers to be added to the Observa-
tory's facilities, at a modest rate, the effects of steeply increasing salaries, maintenance
costs and services charges on the budget are becoming noticeable. The age of some
equipment acquired when the Telescope was established and the service contracts
essential to the maintenance of newly acquired computers will add a further burden to
the general increase in operating costs, particularly energy charges. The Board and its
staff are conscious of the need to apply strict economies in all areas of expenditure in
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order to achieve the maximum productive value from the available funds.
In addition to the matters which were of concern to the Board directly, many

important operational and development activities were pursued by the Director and
his staff during the year. Some of the more notable of these are recorded in this report;
the numerous routine affairs and lesser developments pass unremarked. The essential
outcome of all these activities is the continued high repute in which the Observatory is
held by astronomers throughout the world, and the additions to the body of scientific
knowledge which are made through use of the Telescope. The Board is appreciative of
the efforts of its staff in the AAO and the achievements of the users of the AAT.

Scientific Highlights

Some of the scientific highlights from research programmes conducted during the year
are briefly described below. Additional details for some items are reported in the
section on research.

• An unusual source which emits the majority of its light in the infrared has been
discovered in the Large Magellanic Cloud. Its location and the wavelength
distribution of its light suggest that it is a very young object similar to the
infrared protostars seen in our own Galaxy. It is the first such object to be
observed in an external galaxy.

• Filamentary gas in the hot-spot galaxy NGC 5253 has been found to be
accreting on to the nucleus, contrary to the prevailing view that this material
has been ejected by violent events.

• A galaxy with a small, very luminous nucleus and wide emission lines, known as
a Seyfert type, has been found in the nearby Virgo cluster, adding further
evidence that these energetic galaxies are more common than previously
assumed.

• A survey of velocities of neighbouring galaxies in five separate regions of the sky
has shown that the mean mass density of the Universe is not sufficient to keep it
from expanding forever.

Figure 1, The Image of the Nucleus of the Seyfert Gilaxy NGC 1068 Derived from Speckle Interferometry
The frame is 0.9 x 1.8 arcsec with the unresolved nucleus at the bottom centre. In order to display the four nuclear
condensations, which are six to seven times fainter than the unresolved central source, the nucleus has been severely
saturated. All the objects have diameters less than 0.03 arcsec or 7 light-years.



• The ten-year record for a quasar redshift was surpassed when AAT observa-
tions of Pks 2000-330 revealed it to have a redshift of 3.78. This is now the most
distant known object in the Universe.

Co-operation with Other Institutions

The AAT shares the Siding Spring Mountain site with astronomical facilities operated
by two other bodies; these are the Siding Spring Observatory of the Australian
National University (ANU) and the UK Science and Engineering Research Council's
Schmidt Telescope Unit (UkSTU) of the Royal Observatory, Edinburgh. Under
Article 4 of the Anglo-Australian Telescope Agreement, the Board and the University
co-operate in the use of supporting facilities provided by the ANU on the Mountain.
In addition to basic services and fire protection, the ANU provides housing for
some A AO staff resident on the Mountain and operates a Lodge which accommodates
users of the AAT. The Board is happy to record its gratitude to the University for the
continuing co-operation it has received.

The AAO Laboratory is located in the grounds of the CSIRO Division of
Radiophysics at Epping, New South Wales. The Board is making arrangements with
CSIRO for continued occupancy of the Epping site for as long as the Anglo-
Australian Telescope Agreement remains in force. The Board is grateful to the CSIRO
for its co-operation in these arrangements and for the space which has been made
available for the Laboratory's workshop, pending further expansion of the permanent
AAO building.

There is no doubt that the scientific and technical interchange between AAO staff,
the optical astronomers of the ANU and UKSTU, and the radio astronomers of the
CSIRO has made a large contribution towards the success of the AAT. The Board
records its thanks to the staff of these institutions.

Changes in Board Membership

Dr J. L. Farrands, an Australian member of the Board since November 1977, resigned
from the Board in December 1981, at the time of his retirement as Secretary of the
Department of Science and Technology. He was succeeded as Secretary of the
Department, and subsequently as a member of the Board, by Dr W. J. McG. Tegart,
formerly a member of the CSIRO Executive.

The Board is grateful to Dr Farrands for his substantial contribution to the
management of the AAT, particularly in his role as principal representative of the
Australian Government.

Dr J.P. Wild retired from the Board on 1 May 1982 after a record term of nine
years. During his membership, Dr Wild was Chairman from July 1975 to March 1980,
and served as Deputy Chairman for two periods, from July 1973 to July 1975, and
from March 1980 to May 1982.

The Board places on record its deep appreciation of Dr Wild's outstanding
contribution to the establishment and subsequent operation of the Telescope. As the
Board's longest serving member, he was closely associated with the critical years
leading up to the commissioning of the Telescope and was a source of unfailing
support and advice to the Board during the seven years of subsequent operation.

Dr Wild was succeeded on the Board by Dr R.H. Frater, Chief of the CSIRO
Division of Radiophysics, who was appointed for a five-year term from 2 May 1982.

Meetings of the Board

The Board met twice during the year, in Canberra and Siding Spring in September
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1981, and at Epping and Siding Spring in March/April 1982. It was decided at the
September 1981 meeting to revert to the practice of holding two meetings each year. In
order to restore the pattern of meeting in the Northern and Southern autumns in
Britain and Australia respectively, both meetings in the period under review were held
in Australia.

Symposia and Publications

The Board sponsors a one-day research symposium in conjunction with each of its
meetings. The eleventh and twelfth symposia were held at Mount Stromlo Observa-
tory in September 1981 and at the CSIRO Division of Radiophysics at Epping in April
1982. At the twelfth symposium, particular emphasis was placed on dome seeing,
instrumentation and computer applications.

The papers presented are listed in Appendix A, page 30. The symposia have
continued to attract lively interest from astronomers and Board members alike. As
well as their scientific function, the symposia provide a useful opportunity for the
users of the AAT to meet Board members and give their views on how the Telescope
and its operation might be improved.

The Board has asked all users to supply the AAO Library with copies of any
publications using data obtained with the AAT. Based on these records, the Board
lists publications of which it is aware in an appendix to each Annual Report (see
Appendix A, page 27).



2 Operations of the Observatory

Observatory Staff

During the year 1981-82 the Observatory lost two of its staff astronomers. Dr
M.M. Phillips left on 3 February to return to the Cerro Tololo Inter-American
Observatory in Chile, and Dr J. W. V. Storey left on 25 June to join the Department of
Physics at the University of New South Wales. It is expected that these vacancies will
be filled later in 1982. In addition, Dr D.K. Aitken and Dr D. Carter completed their
two-year SERC Research Fellowships. The new SERC Research Fellows are Dr J.
Bailey, from Hatfield Polytechnic, and Dr W.D. Pence from the University of Sussex.
Other resignations were Mrs P. J. Holt, Steno-Secretary, from 2 October and Mr G. D.
Carter, Experimental Officer, from 14 May. Mr A. Schinckel was employed as
Technical Assistant from 1 July, Mr G.G. Hall and Mr D.W. Jenkins joined the
Observatory's staff as Technical Officers on 1 and 10 August respectively, Mrs A.
Stacey, Steno-Secretary, took up duty on 2 November, and on 28 January, Dr K.
Harwood joined the computer programming group as Experimental Officer.

At 30 June 1982, the total number of full-time staff was fifty, including two
fixed-term appointees assisting with the programme of new instrumentation, plus the
two SERC Research Fellows. There were three unfilled vacancies, including one
temporary position to assist with the new instrumentation. A list of staff is provided at
Appendix C, page 42.

Building and Accommodation Programme

Work was completed on modifications on the aluminising floor inside the AAT

Figure 2, Infrared images of Saturn «id Uranus Showing their Rings
These pictures were taken at 2.2 urn with the infrared photometer on the AAT. Saturn is in the left frame. Uranus in the
right. At this wavelength the contrast between the planets and their rings is greatly increased, rendering the rings of Uranus
visible for the first time. Miranda, the innermost known satellite of Uranus, which is very difficult to see at optical
wavelengths, lies to the upper right of the planet.



building at Siding Spring, to house the VAX-11/780 computer. The area was freed by
the design and installation of an improved primary mirror support system using
bottled dry nitrogen gas instead of an air compressor.

A new water chiller set and air cooled condenser with sufficient capacity to handle
the maximum cooling load of the building, including the new computer area, was
installed. The original chilled water plant in the building had been in operation since
the early seventies and was at the stage of needing a major overhaul. Without a
stand-by chiller, carrying out the overhaul would have resulted in the interruption of
observing over a period of some weeks. Installation of the new plant will help ensure
the continuity of operation of the Telescope and computers in the future without
interruption caused by plant maintenance or breakdowns.

Work began on Stage 3 of the Laboratory building at Epping. This work involves
the addition of another floor to the Computer and Electronics Building to provide
space for the AAO Library, a conference room and offices for the Director, Executive
Office and scientists. Completion is expected in November 1982.

Review of Measures to Improve Dome Seeing

It has been reported previously that remedial action was being undertaken to reduce
the effects of dome air temperatures on the seeing quality of the Telescope. In
astronomy seeing refers to the sharpness of stellar images, which can be degraded by
turbulence in the atmosphere, faults in a telescope's optical system and other factors.

Measurements in the first few years after the A AT commenced operations showed
that when there was a significant difference in air temperatures inside and outside the
dome there was frequently a serious degradation of the seeing. The site, typically
experiencing high day-time temperatures followed by quick falls to near freezing on
clear nights, and the design of the AAT dome, enclosing a relatively large volume of
air around the massive telescope structure, appeared to be unalterable factors
contributing to the seeing degradation.

Since the power of a large telescope, particularly when observing stars fainter than
the sky, depends as much on the image diameter as on the telescope's size, action to
minimize this local degradation of seeing has been given a high priority by researchers
and the Board.

In mid-1980 the ventilation of the dome was substantially upgraded by installing
two 1.9m diameter axial-flow fans, each with a capacity of 40 cubic metres per second.
They can change the dome air about 18 times per hour when the shutter is open for
observing, and maintain the temperature inside the dome approximately equal to the
outside temperature, normally to within 1°C. Other lesser measures have also been
taken, such as improving the thermal insulation between the dome and other work
areas of the telescope building, and altering operating procedures before the com-
mencement of observing.

Various measurements of seeing were continued to check on the effectiveness of
increased ventilation and help in judging whether further improvements might be
possible and warranted. While the previous gross effects could be clearly identified, it
had proved difficult to quantify the residual local seeing degradation, as distinct from
the very variable external seeing produced by meteorological conditions anywhere
between tens and thousands of metres above the dome aperture. Some remedial
measures under consideration, such as actively cooling and dehumidifying the dome
air, would be very expensive.

Consequently, the Board decided in September 1981 to commission a thorough
review of the dome seeing problem by an external committee comprising:



Dr A.K. Head, CSIRO (Chairman),
Dr J. Davis, University of Sydney,
Prof. S.C.B. Gascoigne, Mount Stromlo Observatory, and
Dr K. McCracken, CSIRO.
The terms of reference established tor the review were:
1. Following examination of available evidence, to report on the contribution to

bad seeing by effects in the A AT dome;
2. To give an opinion on the effectiveness of steps already taken to minimize

dome seeing effects and whether further improvement is possible;
3. To advise on what further steps should be taken.

In its report to the Board in March 1982, the committee confirmed the reports of
previous years that the performance of the AAT was frequently being limited by
effects in the dome, the major cause being the build-up of an excessive air temperature
difference, with mixing of the warm and cool air in the optical path producing seeing
degradation. The programme undertaken to reduce these temperature differences and
the measurements of the effects were endorsed. The committee formed the opinion
that on the evidence available the measures already taken had improved the average
seeing, and more importantly, had produced a large increase in the number of
occurrences of that astronomically valuable condition, very good seeing.

With regard to the future, the committee concluded that as the performance of a
telescope can be no better than its seeing, it would be a prudent protection of the
investment in the AAT to have a continuing programme in seeing. Further improve-
ments in seeing were considered possible, but rational conclusions were hindered by
the lack of data. The committee therefore recommended that there should be a
continuing programme of data collection and analysis on seeing and related
quantities. This would serve multiple purposes: to monitor current seeing and give
early warning of any accidental degradation, to increase understanding of the
particular dome and site, to identify the current limitations on seeing and suggest
improvements, and to provide historical data against which improvements could be
validated.

The Board has accepted the committee's conclusions and adopted its recom-
mendations. The first step, provisions for regularly monitoring the micro-thermal
characteristics of the dome air, is being included in an upgrading of the Observatory's
meteorological recording system. Decisions regarding further measures to improve
dome seeing have been deferred.

The micro-thermal monitoring technique has the important advantage that it does
not interfere with normal observing, although measurements of star image diameters
are required occasionally to check the results. For directly determining the local seeing
degradation independently from the external seeing, an optical technique has been
devised using the main telescope together with a flat mirror near the top of the dome.
This technique has shown that when the external conditions are very good, the seeing
degradation sometimes can still be dominated by effects inside the dome.

The Board anticipates that the current programme will lead to additional data
being produced on the problem of dome seeing effects, both generally and for the
AAT specifically, and it is hoped that comparisons will be possible with data for other
large telescopes.

Allocation of Observing Time

Under Article 5 of the Anglo-Australian Telescope Agreement, observing time on the
Telescope and use of associated facilities and services is shared equally by Australia



and the United Kingdom. It is the Board's responsibility to make arrangements
consistent with this principle for the use of the Telescope and its associated facilities.

The Board has chosen to exercise its responsibility for the allocation of time
through arrangements made with the two designated agencies. Under guidelines laid
down by the Board, each agency operates through a national committee — the
Australian Time Assignment Committee (ATAC) and the UK Panel for the Allo-
cation of Telescope Time (PATT) — which allocates time on the basis of the merit of
proposals submitted by astronomers from each country and by the scientific staff of
the Anglo-Australian Observatory. Arrangements also exist for the Director of the
AAO and the Chairmen of the committees to co-ordinate research programmes; the
Director is responsible for the detailed scheduling of the programmes.

In 1981-82 there were 3659 night-time hours potentially available to the instru-
ments. The use of this time and comparisons with past years are shown below.
Sometimes during instrument commissioning the equipment is tested by obtaining
useful astronomical data, in which case the time is included in observing. The addition
of daylight observing at infrared and microwave wavelengths brings the totals above
100 per cent.

Night observing
Loss due to weather
Loss due to AAT equipment failures
Loss due to visitors' equipment failures and set-up difficulties
Aluminising, instrument commissioning, and seeing tests
Daylight observing

Percentage of total night-time hours

1978-79

55.5
40

1.5
1
2
1.5

1979-80

60
35
2
1.5
1.5
2.5

1980-81 .

60.6
34.5
2.3
0.4
2.2
2.9

1981-82

58.1
36.6
2.7
0.9
1.7
1.5

Details of scheduled night-time use by the home institutions of the astronomers
are tabulated in Appendix B, page 33. This year representatives of three further
countries — India, Mexico and Portugal — were awarded time on the Telescope.
Previous years included astronomers fron? The Netherlands, USA, Denmark, West
Germany, Sweden, Italy, China, France and South Africa giving a total of twelve
countries besides Australia and the UK.

Photography

The programme of prime-focus service photography was continued in 1981-82, with
eight nights allocated during the year. However, due to poor weather only twenty-six
exposures were obtained. Most were for astronomers whose requirements were too
small to justify a request for telescope time to one of the time assignment committees.
The plates were for a wide variety of scientific purposes including stellar and surface
photometry, optical identification of radio sources, and reconstruction of colour
images.

Public Relations

During the year the Board continued to implement its policy of providing information
for the general public concerning the purpose and achievements of the AAT, without
unduly diverting resources of staff or funds from the scientific work of the
Observatory.

An agreement was completed with the Hansen Planetarium, Salt Lake City,
Utah, USA to manufacture copies of photographs taken with the AAT and distribute
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them world wide. The photographs will be available in the form of 35 mm slide sets,
postcards and posters. The Hansen Planetarium will market only material which can
be produced to conform with the high standards of quality set by the AAO photo-
graphic laboratory. The Board will earn royalties on sales made by the Hansen
Planetarium.

A coloured booklet entitled 'A view of the Universe — The story of the Anglo-
Australian Telescope' was produced during the year. As well as summarising the
historical background of astronomy, this twenty-page publication gives a brief
account of phenomena encountered in the southern skies, the work of contemporary
astronomers, and the role of the AAT in modern astronomical research. Among the
many illustrations are a number of spectacular photographs of astronomical objects.
It is on sale to the public at the tourist centre at the Siding Spring Observatory, as well
as from the Epping office, and is a useful addition to the range of public relations
literature available.

The AAT continues to attract the attention of television feature producers. A
television personality well-known to UK audiences, Mr Patrick Moore, visited the
AAT with a BBC TV film crew to make a programme featuring the AAT for his 'Sky
At Night' series. This programme will be shown later in 1982 on British television. A
brief item on the AAT was also included in the 25th anniversary programme of the
'Sky At Night', broadcast on 25 April 1982.

A poster display on the AAT and its work was created for ?he open day at the
Telescope, held this year on 18 October. The display was then used in open days at the
CSIRO Division of Radiophysics at Epping, in November, and now can be viewed
from the visitors' gallery at the Telescope.

During 1981 -82 about 36 000 tourists passed through the ANU Visitors' Centre at
Siding Spring Observatory and saw the Telescope.



3 Research

Overview

During the last decade, while progress in many areas of science has continued to be
marked by a process of increasing specialisation, there has been within astronomy a
convergence of separate sub-fields which has proved exceedingly productive. Thus,
astronomical observers world-wide are becoming more versatile and are not confining
themselves to single specialities such as optical, radio, or X-ray astronomy. The AAT
has been one of the catalysts in this process, which has been greatly facilitated by
interaction with radio astronomy, traditionally strong in Australia, and X-ray and far
ultraviolet astronomy which are areas of strength in the United Kingdom. In
addition, the AAT itself is used for observations at infrared and millimetre wave-
lengths. This collaboration across different fields has been matched by co-operation
among the different institutions at Siding Spring Mountain and Epping (see page 3)
and, more recently, with astronomers from the United States and the United Kingdom
responsible for conducting X-ray and ultraviolet observations from satellites. In all
these complementary endeavours, the AAT's main role, and its greatest contribution,
has been in the detection and examination of very faint objects. Briefly, some of the
major areas under study are as follows:

• Galaxies

Galaxies are massive systems of stars, gas and dust, the largest galaxies having a
mass greater than a million million times that of our own Sun. Most galaxies
themselves are found in clusters, some having only a few members while others
have a thousand or more. Since galaxies occur throughout the whole visible
Universe and are one of its principal components, we can hope to deduce the
structure and evolution of the Universe from their study. The reliability of these
deductions depends, however, on how well the galaxies themselves are under-
stood. How do galaxies form? How do they interact? How does the luminosity
and colour of a galaxy evolve as the Universe ages? Why are some galaxies
powerful X-ray and radio emitters while others are not? And finally, why are
some galaxies ejecting large quantities of gas from their nuclei? The current
work on the AAT is helping to resolve some of these problems in conjunction
with the UK Schmidt Telescope, CSIRO's Parkes Radio Telescope and various
X-ray satellites.

• Quasi-stellar Objects (QSOs)

The study of quasi-stellar objects (quasars or QSOs) and related phenomena
occupies a major part of the research programmes of both staff and visiting
astronomers. The class of quasars contains the most luminous objects known in
the Universe. They have been discovered by radio or optical surveys and, more
recently, X-ray techniques have also become important in their detection.
Almost twenty years after the first discovery of a quasar, it is clear that many
important questions still remain to be answered. We still do not understand
what quasars are. The redshift of an object's spectral lines is generally accepted
as an indication of its, distance, but if this is so, many quasars must be a hundred
times more luminous than the brightest galaxies. Some quasars also show
irregular variations in their luminosity from one day to the next. An exotic
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system, such as a black hole with a mass of 100 000 000 suns which consumes a
mass equivalent to our Sun each day, is one way to explain such high luminosity
and its fluctuation. The effort to understand quasars includes the study of other
extragalactic objects which share some of their properties. These objects are
described as active galaxies because of X-ray or radio emission, variable light
from the nucleus (BL Lacertae Objects) or bright nuclei having spectra with
strong emission lines (Seyfert galaxies).

Stars

Our nearest star, the Sun, lies a mere eight light-minutes away, but it is only one
example among stars which vary widely in mass, other physical properties and
internal structure. The AAT offers the potential for studying many of the
100 000 million stars in our Galaxy, and a good many in other galaxies besides,
although the many competing demands for its time means that the Telescope
must be used selectively to investigate particular members of each type. Data
collected are used to determine the physical properties of stars and their internal

Figure 3, Infrared View of the Nucleus of Our Galaxy
The infrared photometer image was made at 2.2 /um Because of increased transparency of the dust, the picture is dominated
by the cool giant stars that throng around oar Galaxy's nucleus. To avoid excessive confusion this reproduction emphasises
the brighter sources, though some of the many fainter ones appear in the background. The area covered by the picture is
about 45 arcsec on a side, with north at the top and east at the left.
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structure and evolution, and to seek a better understanding of the nucleo-
synthesis of the elements. Amongst the varieties of stars studied are extremely
dense white dwarf stars, some of which possess intense magnetic fields;
symbiotic stars which simultaneously combine temperature regimes below
3000 K and above 100 000 K; hot stellar cores which have ejected material and
now illuminate planetary nebulae; and stars which radiate disproportionately
at X-ray or infrared wavelengths. Often the only examples are extremely faint
and consequently must be studied through a large telescope.

• Supernova Remnants (SNRs)

Supernova remnants (SNRs) are the relics of stars which have ended their lives
in violent explosions, throwing most of their matter off into space at velocities
up to 10 000 kilometres per second. SNRs in our own Galaxy are most easily
found by a characteristic radio emission known as synchrotron radiation,
which arises when charged particles (in this case electrons) move in a magnetic
field at speeds approaching that of light. However, due to the absorption of
light by interstellar dust within the galactic plane, only about 20 per cent of the
SNRs have been identified optically. Six new ones have been discovered in the
last four years through the work of the UK Schmidt Telescope and the AAT.
The situation is different in our nearest neighbour galaxies, the Large and Small
Magellanic Clouds. Since the interstellar absorption is not large towards these
galaxies, the success rate for optical detection is close to 100 per cent for both
the radio SNRs and several new ones revealed by recent X-ray observations.
The optical emission from the ionised gas inside the SNR shells indicates
temperature from 10 000 to 10 million K, the hottest ones corresponding to the
X-ray emitters. The remnants themselves are some of the most beautiful objects
in the sky. Much work is currently being done to study how the ejected material
interacts with the ambient interstellar matter, producing radiation throughout
the spectrum from X-rays to radio frequencies.

' Interstellar Material

Between the stars of our Galaxy lies a turbulent domain of gas and dust. Some
portions are tortured by the violent explosions of Supernovae, while in other
parts the gradual collapse of denser knots proceeds unhindered until stars form
from their material. Some regions are extremely tenuous; others contain such
quantities of gas and dust as to dim the light of more distant stars a millionfold
or more. AAT observations are made of the interstellar medium in its many
guises. It is believed that much of the interstellar gas originates in stellar
explosions — the Supernovae. The chemical abundances in the remnants of
Supernovae provide evidence for nucleosynthesis, the process which creates
heavy elements in stars. In the nearest galaxies, the Magellanic Clouds, the
abundances of the chemical elements reveal the history of supernova explosions
and stellar evolution. Dust clouds hide some of these processes from con-
ventional optical telescopes, but infrared observations can now pierce the
murkiest clouds to reveal hitherto unseen stars and demonstrate the presence of
icy coatings on the dust grains themselves. Often one or more stars in a cloud of
interstellar gas are hot enough to ionize the hydrogen. Then it glows bright red
from the emission of the Ha line when the hydrogen recombines. Lines of
helium, nitrogen, oxygen, neon, sulphur and argon also can be present. In
nebulae like Orion the hot stars have condensed from the surrounding inter-
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stellar gas in the last few million years. At the other end of stellar evolution, a
planetary nebula is formed when a star which has consumed most of the nuclear
fuel ejects a shell of gas and ionizes it.

Figure 4, NGC 6822: Clear Image of a Local Irregulir Galaxy
The irregular galaxy NGC 6822 is a member of our Local Group and is one of the very few extra-galactic objects whose light
is blue-shifted, it is moving towards us, therefore, with a velocity of about 60 kilometres per second. This picture was made
by superimposing three plates taken for colour photography, and the improved image thereby obtained shows the galaxy
clearly resolved into individual stars. Small patches of nebulosity near the top of the picture glow from the light of hydrogen
ionized by the hot stars inside. Photo by D.F. Malin
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Dwarf Novae

Dwarf novae have long been recognized by a sudden increase in li;;ht output by a
factor of ten or more for a few days. It is believed that they comprise a small red star
which sporadically spills gas onto a dense compansion, a white dwarf. The infailing
gas forms an accretion disk and releases energy as it spirals inwards to the white dwarf.

Simultaneous observations of dwarf novae with the AAT and the International
Ultraviolet Explorer satellite have been used to study the structure of the accretion
disks around the white dwarfs. Observations of the beginning of the surge in bright-
ness of VW Hyi showed that the outer part of the disk brightens first. This result rules
out an origin for such outbursts on the white dwarf itself, and indicates that
brightening is caused by an increase in the rate at which gas spills onto the disk.

The red star is too faint relative to the disk to be seen at optical wavelengths in all
but the longest period binaries, and its presence can only be inferred indirectly by
eclipses or radial velocity variations seen in the spectrum of the disc. However,
astronomers from the University of Leicester, Hatfield Polytechnic and the AAO have
used the AAO infrared photometer to observe two of the shortest period dwarf novae,
Z Cha and OY Car, which revolve in 107 and 92 minutes respectively. Analysis of the
changes in light intensity with time at wavelengths of 1.2 /xm and 2.2/urn has revealed
that the red companion dominates the infrared radiation from these systems; this is the
first time that the cooler companion has been directly observed in dwarf novae with
such short periods. These stars were found to be comparable with the coolest normal
red dwarfs. Thus the properties of the red star can be used to estimate its distance,
giving values of around 400 light-years for both systems observed.

Infrared View of Our Galactic Centre

The very centre of our Galaxy is hidden from us by the dense clouds of dust that clutter
the Galactic plane as an interstellar smog. Only at infrared wavelengths does this dust
become transparent.

An image of the Galactic centre was obtained at 2.2^m by astronomers from the
AAO and Mount Stromlo Observatory who took advantage of the unique scanning
mode of the AAO infrared photometer. Figure 3 was reconstructed from data
obtained as the Telescope was scanned across the sky around the Galactic centre.
Reports on other discoveries using this technique appear on page 23 and on page 13 of
the 1980/81 Annual Report. The improved resolution attained with this infrared
image has shown for the first time the many individual cool stars that cluster around
our Galaxy's core.

The dimensions covered by this picture are about 3.5 light-years on a side. In the
best images we have of the nuclei of other galaxies this entire area would be smeared
into a single unresolved spot by turbulence in the Earth's atmosphere.

The Nucleus of the Seyfert Galaxy NGC1068

Seyfert galaxies are distinguished by very broad emission lines in their spectra; the
extreme widths of the lines indicate the presence of high-velocity turbulent motions in
their central regions. These regions are also often strong sources of radio and X-ray
emission. It has been proposed that a compact supermassive object may be the source
of these energetic phenomena.

NGC 1068 is a bright Seyfert galaxy which has an inner nucleus with an apparent
diameter of less than two arcseconds. Using conventional methods it is impossible to
obtain a detailed picture of this nucleus since the earth's atmosphere disturbs the
wave-front of the light, limiting the resolution to about 1 arcsecond. Speckle inter-
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ferometry, however, enables the structure of an object to be studied with a resolution
down to 0.03 arcseconds — set by the diameter of the 3.9 metre telescope mirror.
Instead of forming one single image of the star, the atmospheric distortions of the
wave-front create many images as cells of air with different temperatures and densities
move across the light path; each air cell acts as a lens, displacing and slightly
magnifying or demagnifying its image. The resulting speckle pattern is a distorted
image of the source, which changes quickly in time. A television system can be used to
record a series of many short exposures which can be specially combined in a
computer, and compared with a similar series on an unresolved stellar ir.iage to
produce a picture which is free from the effects of atmospheric distortion.

Astronomers from the University of Manchester and the Imperial College of
Science and Technology, London, observed the nucleus of NGC 1068 on the AAT
using a speckle interferometer developed at Imperial College. The result of processing
29 000 exposures, each of 1/50 second, is shown in Figure 1. Most of the light is
concentrated in a single unresolved source less than 0.03 arcseconds in diameter which
at the distance of NCG1068 corresponds to an upper limit of 7 light-years. This source
is thought to be a single compact object which is the cause of the energetic phenomena
in the Seyfert galaxy. In addition, four very much fainter sources were found within
140 light-years of the nucleus, confirming years of theoretical speculation on the
existence of condensations within the envelopes of Seyfert nuclei.

Galaxies at Great Distances

What did the Universe look like at half its present age? In particular, how did the
galaxies then differ from those we see today? In order to look back these vast lengths of
time, we must study galaxies at such enormous distances from us that they appear as
only tiny, fuzzy patches on deep photographs. They are too faint for optical
spectroscopy, so that often their brightness ;s measured on photographs at different
wavelengths. Studies along these lines cannot distinguish the resulting colour
differences intrinsic to the galaxies from those introduced by the redshift of their light
caused by the vast, but unknown, recession speeds.

A new approach to this problem was undertaken by observers from the University
of Durham and the AAO. By making additional measurements at infrared wave-
lengths it is possible to estimate the redshift and hence distance of individual galaxies,
albeit with much lower accuracy than would be attained by spectroscopy. A study of
about fifty faint galaxies, with distances estimated from the infrared colours, revealed
that many of them were bluer than galaxies at the present epoch. This predominance
of blue light can be explained if the distant galaxies contain a larger proportion of very
luminous, blue stars. Such stars must be young, since they are of the type which
quickly cools or explodes, so that these distant galaxies contain, on average, younger
stars. This is the first definitive evidence that we can see back to the era of the Universe
when individual galaxies outside clusters were young enough to be noticeably different
from the present.

The Highest Redshift Quasar

The quasi-stellar object (QSO) identified with the radio source Pks 2000-330 was
recently discovered to be the most distant and most luminous object in the known
Universe, as a result of observations made with the AAT by a team of astronomers
from Mount Stromlo Observatory, the Royal Observatory, Edinburgh, and CSIRO.
The radio source was first detected in a survey made with the Parkes 64-metre radio
telescope. Us radio position was determined precisely with the NASA interferometer
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Figure 5, NGC 3923: A Multi-shelled Galaxy
The discovery of a class of elliptical galaxies with distinct but very faint outlying shells was described in the 1980/81 Annual
Report (page 10). A recent AAT plate of NGC 3923, one of the nearest shell galaxies so far discovered, has shown a whole
family of shells hidden in the bright envelope of the galaxy. The plate was copied with a range of unsharp masks, revealing a
series of low contrast shells throughout the envelope. About fifteen separate shells can be seen in the two levels of contrast
presented here, but the most distant shell, which first drew attention to the peculiar nature of this galaxy, is some 17
arcminutes from the nucleus, off the NE edge of the photograph. Photo by D. Carter

at Tidbinbilla. The quasi-stellar object was then identified on a photographic plate
from the UK Schmidt Telescope. When the spectrum was obtained with the AAT. it
was discovered that the object had a redshift of 3.78, the highest yet measured. The
largest redshift previously known was 3.53 discovered for the QSO OQ172 in 1972.
The redshift of 3.78 for Pks 2000-330 implies that this quasar is receding from us at 90
per cent of the speed of light and that the light reaching us now from the quasar left it
when the Universe was only about one-tenth its present age. The spectrum with the
characteristic pattern of emission lines of oxygen, hydrogen, nitrogen, silicon and
carbon is shown in Figure 6. Since it is generally believed that the redshift increases
with distance, Pks 2000-330 must be farther away than any previously known object.

Origin of Quasar Absorption Lines

When the light from a quasar (QSO) is dispersed by a spectograph, several sharply
defined wavelengths are often revealed where the light is strongly absorbed, as in
Figure 6, between the L a and Lß emission lines. These absorption lines have
been known for some time and are due to gaseous atoms intercepting the light as it
travels between the quasar and the observer. However, there has been considerable
debate as to whether the gas is located near the quasar, presumably having been
expelled by it, or lies in an unrelated galaxy, or its halo, which just happens to lie along
the line of sight.

Recent observations of the QSO 0029+003 at a redshift of 2.222 by astronomers
from Germany, the UK and the AAO, using both the AAT and the European
Southern Observatory 3.6 metre telescope at La Silla, Chile have provided strong
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evidence that some of the absorption lines arise in material totally unrelated to the
quasar. This deduction was possible because another QSO (0028+003) appears very
nearby in the sky with a redshift of 1.7317, corresponding to about three-quarters the
distance of 0029+003. The absorption lines in 0029+003, the more distant quasar,
have a redshift of 1.7334, extremely close to that of the quasar nearer to us. Hence the
light on its way to us from the more distant quasar is passing through a gas cloud
associated with the nearer one. The alternative, that the absorbing gas has been
ejected by 0029+003 and by chance mimics the redshift of the adjacent quasar, is
scarcely tenable. However, other pairs of quasars must be observed before we can
safely generalise.

An Open Universe

Astronomers at the University of Durham and Mount Stromlo Observatory have
completed a spectroscopic and photometric survey of 340 galaxies in five small areas
distributed across the sky, all distant enough to avoid local clusters. A statistical
analysis of the data on positions and distances has shown that the five areas are similar
and that on the largest scales of several thousand times the size of a typical galaxy, the
Universe is very homogeneous. However, on intermediate scales there appear to be
large voids in space where few galaxies exist.

The relative velocities of adjacent galaxies also provide an estimate of the
gravitational attraction between galaxies and thereby the mean mass density of space.
The survey provides important evidence that the present density is well below the
critical value necessary for the overall effects of gravitational attraction to halt
eventually the expansion of the Universe. Unless some undetectable material such as
massive neutrinos uniformly fills space, it appears the Universe will expand in-
definitely.

What is the Unseen Mass in our Galaxy?

The total mass density in the solar neighbourhood can be estimated from the com-
ponent of the motions of stars perpendicular to the Galactic plane. However, the sum
of all the material in stars, dust and gas accounts for only about sixty percent of this
density, so that there is considerable speculation about the form of the invisible
matter. Is it in faint stars, small rocks or black holes?

Recently, astronomers at the Royal Observatory, Edinburgh and the University
of Edinburgh used photographic plates from the UK Schmidt Telescope and the
infrared photometer on the AAT to investigate a complete sample of extremely red
stars, unbiased by the usual selection criterion of large angular motion on the sky.
They were able to estimate star number densities to almost one-millionth of the solar
luminosity, or one-tenth that of the faintest star that can generate energy by con-
verting hydrogen to helium. Some of the stars examined must be shining from the
energy released in a slow gravitational contraction rather than by the conversion of
hydrogen to helium. Insufficient stars were found to provide the missing mass so that
some of the alternatives must be considered more seriously.

These observations also identified three unusual stars: a red giant some 45 000
light-years above the plane, a remarkable variable which faded to one-fortieth of its
light in ten minutes, and the second star ever found to be fainter than an absolute
visual magnitude of 18, making it a candidate for the lowest luminosity star known.
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4 Instrumentation

Introduction

During the past three decades, with the aid of radio and space observations to
complement the optical data, there has been a revolution in astronomy which has
transformed a once conservative and archaic science into what is now recognised as
the most exciting and rapidly advancing branch of physics. Over the same period the
optical telescope, which developed slowly for a hundred years after the days of
Herschel, has undergone a rapid transformation. Part of this is due to the develop-
ment of computerised automation and part to the introduction of new, extremely
sensitive, detection devices that for many purposes have replaced the photographic
plate. Today, a telescope is only as good as the instrumentation that is used to gather,
analyse and present the light received from the heavens, and to organise, digest and
manipulate the data so gathered. The achievements of the AAT have been based
primarily on detecting systems and other instrumentation in the forefront of tech-
nology. Since its inception it has thus been able to maintain a position in the front line
of discovery.

Available Equipment

The instruments now available at the AAT are summarised in the following table.
Some of the recent additions are described in more detail below. Further information
can be found in the Annual Report for 1977-78 and particularly in the AAT Observers'
Guide and the Quarterly Journal of the Royal Astronomical Society, v. 19. p. 234
(1978).

Focus

Prime
direct

f/3.3

Cassegrain

direct
f/8

f/8 or f/15
f/8 or f/15

f/8orf/15

f/15

f/36

Equipment

Autoguider with locally set probe.

Prime focus camera-aspheric
plate, doublet and triplet
correctors, sub-beam prism.
RGOCCD camera.

Detector

Full range of sizes and types of sensitised
photographic plates.
Carnegie image tube with S20 photocathode.
RCA thinned CCD.

Acquisition and guidance unit including instrument rotator, autoguider with
remotely set probe and S20 integrating TV for viewing field and slit.

Ritchey-Chretien camera.

RGOCCD camera.
Image photon counting
system (IPCS).

Twin, chopping and auxiliary
nhntnmptprcUl lULlMIIClCl o>

Infrared photometer-spectrometer
MRPSi
Chopping secondary for use
with photometers.

Photographic plates, but only one plateholder
355 x 355 mm. Carnegie image tube with
S20 photocathode.
RCA thinned CCD.
EMI 4-stage intensifier with quartz window
and S20 photocathode.

S1, S20 and Ga As photomultiplier tubes.

InSb photovoltaic detector.

18



Focus

spectrographs
f/15

f/8

Coude
f/36

Equipment

Boiler and Chivens spectrograph.

RGO spectrograph 25 and 82 cm
cameras.

Rotating mount for small
auxiliary equipment.

Detector

Image dissector scanner with extended
S20 photocathode and quartz window.
Image photon counting system with quartz
window and S20 photocathode.
RGO CCD camera.
Photographic plates (82 cm camera only).

An indication of the demand for, and actual usage of, each instrumental combination
is given by the following table.

Summary of nights applied for and allocated*, per instrument 1981 July-1982 August

RGO spectrograph with IPCS
[R Photometer-Spectrometer
Taurus with IPCS
Prime focus with CCD camerat
B & C spectrograph with IDS
IRPS with Hatfield polarimeter
IPCS in direct mode
Prime focus direct photography
Auxiliary photometer
Twin-channel photometer
RGO spectrograph with CCD camerat
Spectropolarimeter, RGO spectrograph IPCSt
McMullan camera with Durham area polarimetert
Outside users' equipment not listed above

Totals

Nights
applied/or

526
151
63.5
75
30
17
13
37
14
10
4
2
9

63

1 014.5

Nights
allocated

180
77
32
24
12
10
7
4
4
4
2
1

—
26

383

% nights
allocated

47.0
20.1

8.4
6.3
3.1
2.6
1.8
1.0
1.0
1.0
0.5
0.3
0.0
6.8

100.0

* Allocations by PATT and AT AC only. The table does not include use of the A AT in the Director's discretionary- time. In
particular, eight nights' use of prime focus for the service photography programme is excluded.

t These instruments were not available for the entire year due to completion during the year or decommissioning.

Computing Facilities

The AAT was the first large telescope constructed to use a computer for all routine
operations. The Telescope is controlled by a Perkin-Elmer Model 70 computer. Two
of its many functions are to point the Telescope precisely at celestial objects and to
track them accurately across the sky. The computer compensates for the rotation of
the Earth, its motion around the sun, atmospheric refraction and a variety of
mechanical misalignments and flexures in the Telescope's structure. The accurate
setting capability of the AAT — achieved by the combination of this computer
correction with mechanical excellence—is recognised as a world standard. In routine
use, the absolute pointing is good to three or four arcseconds, while a two arcsecond
result can be achieved following a full pointing calibration on fifty stars. The relative
pointing accuracy is similarly outstanding and permits precision acquisition to about
0.1 arcsec relative to a star within a few degrees.

Two more Model 70 computers, the instrumentation computers, are dedicated to
the acquisition and on-line reduction of data. The duplication provides operational
backup as well as greater flexibility in the testing of equipment and off-line data
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reduction without disturbing the observer. The interface between these computers and
the instruments is based on the internationally accepted modular system known as
CAMAC. At the Epping Laboratory another two Model 70 computers are used for
the testing of new instruments, development of software and similar purposes.

A new computer system, based on the Digital Equipment VAX-11/780, has been
acquired as part of the instrumentation development programme. The much larger
capacity of these computers is necessary for the acquisition of data from the new
detection instruments, and it will make possible efficient on-line and off-line data
reduction and analysis. Similar VAX-11/780 computers are widely used for astro-
nomical purposes in Australia, the United Kingdom and elsewhere. A first VAX
computer has been operating at the Epping Laboratory since early 1981.

The installation of the Siding Spring VAX took place in February 1982, following
completion of a new computer room on the aluminising floor of the Telescope
building. Although initially limited in memory and disc capacity, the VAX had 2.S
megabytes (Mb) of main memory, two 512Mb discs, and two magnetic tape drives by
the end of June 1982.

A comprehensive review of disc requirements at both Siding Spring and Epping
was made during the year to determine how best to develop VAX on-line storage to
handle the ever increasing quantity of astronomical data, especially from two-
dimensional detector systems such as the IPCS and CCDs. The most practicable
current solution appears to be a combination of large Winchester-type discs with fixed
cartridges of 500-600Mb each, together with smaller interchangeable discs for those
applications that require dedicated disc drives. Accordingly, the VAX systems at
Siding Spring and Epping have each been fitted with two 516Mb Winchester drives.
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Figure 6, The A AT Spectrum of Pks 2000-330, the Highest Redshift OSO
The relative positions of the emission lines uniquely determine their identifications with transitions of atomic hydrogen
(La .1 ß (and various ion stales of carbon (CIV), nitrogen (NV). oxygen (OIV, OVDand silicon (Si II. Si IV) which are
known in the laboratory aWar-ultraviolet wavelengths. For example, the L a line due to hydrogen has had its wavelength
shifted from 1216 to 5810 A by the recession of this OSO in the expanding Universe.
1$ 1982 by the American Astronomical Society. All rights reserved. Kepublished from the Astrophysical Journal (Letters).
University of Chicago Press.
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Two 256Mb drives for interchangeable packs have been obtained for Epping, and
similar drives for Siding Spring are scheduled in subsequent years. The Epping VAX
now has 3.5Mb main memory, two tape drives, and the two 516Mb and two 256Mb
discs already mentioned.

Three image display systems have been obtained for operation with the VAX
computers. These systems permit the detailed investigation of images during data
analysis through colour coding of intensities, magnification and selection of a specific
region of a picture displayed on a large TV screen. The Sigma Advanced Raster
Graphics System (ARGS) which has been chosen is similar to those in use with the
Starlink computer network operated for observatories in the United Kingdom. Two
ARGS have been installed at Epping and one at Siding Spring. In addition to the direct
VAX interfacing for data reduction purposes, the ARGS have been connected to
CAMAC. In this way ARGS can be used for laboratory development of CCD
detectors, and later for data-taking at the Telescope.

Activity on the Perkin-Elmer computers during the year centred around the instal-
lation of 67Mb Winchester discs and completion of the prototype of a CAMAC
high-speed interface for direct memory access. Both of these items have been used
successfully in conjunction with the RGO CCD detector system. A high-speed link
between the Interdatas and VAX has been investigated and components have been
obtained to allow a trial system to be installed. The Interdata computers will remain
the primary instrumentation computers at the AAO for several years at least. A ; t
programme is under way to ensure that they can be satisfactorily maintained for as I •
long as necessary, through the acquisition of additional spare units and improvements 'I
to documentation and system software. i

Development of Instrumentation

Charge-Coupled Devices

A charge-coupled device (CCD) is an electronically scanned silicon chip that can be
used to detect optical images. This device is rapidly becoming a very useful tool for the
astronomer. Particular features of the CCD are high quantum efficiency (up to 90
percent), low read-out noise (down to some 10 photon events rms per pixel), and
sensitivity in the far-red spectral region where photocathodes respond poorly if at all.
Unfortunately no single chip yet provides all these advantages.

A complete detector system, built under contract by the Royal Greenwich
Observatory, was delivered to the AAO in August 1981 and commissioned in early
September. It is now equipped with an RCA thinned, back-illuminated CCD with 320
x 512 pixels each 30jLim square. The detector is mounted in a liquid nitrogen cryostat
which stabilizes the temperature at 140 ± 0.05 K. The microprocessor-based camera
controller gives the system great versatility in format and read-out mode so that with
relatively minor modification the camera can be equipped with different CCDs and
larger format arrays when they become available. Control and data acquisition are
through the AAT CAMAC system, and data are recorded on Winchester discs and
the Interdata instrument computer tape decks. The total read-out noise is about 70
electrons rms per pixel, and the quantum efficiency is very high, close to 80 percent in
the B, V and R bands. The efficiency is about 10 percent in the U band, and the red
response extends to 1100 nm. This camera has been in regularly scheduled use at the
prime focus since September 1981.

Analysis of observations of stars with photoelectric magnitudes near the South ;
Galactic Pole has shown that the camera has excellent dynamic range and linearity,
permitting magnitude sequences to be extended to about B = 23.5 mag.

In April 1982 the CCD was commissioned as a detector for the RGO spectro-
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graph. The results were very encouraging. Large-amplitude modulation of the images
is seen, due to the interference of light reflected within the chip. However, this pattern
is remarkably stable and appears to be removable to higher accuracy than the AAO's
other detectors can be corrected for spatial sensitivity variations. On the spectrograph
the CCD performance was limited by its read-out noise which exceeded all other noise
sources in any reasonable integration time. However, use in a lower dispersion
spectrograph which is now being designed at the AAO, and acquisition of chips with
lower read-out noise will make the CCD very effective for many spectroscopic
problems.

The AAO has been developing a CCD detector in its own laboratories to gain
experience with these systems and to work on the optimisation of the circuit
parameters to obtain the best performance. The development system had a successful
test on the AAT on 8 and 9 November 1981 with a thick RCA chip. Since then the
investigations have concentrated on the GEC MA 357 chip with 385 x 576 pixels each
22 Mm square. At most wavelengths this thick chip has a lower quantum efficiency
than the thin RCA CCD but has the advantage of lower read-out noise, better
response in the far-red and no interference fringes. Consequently, a second system at
the Telescope with a GEC chip will nicely complement the RGO detector. Work at the
AAO has developed techniques for obtaining the minimum read-out noise from a
CCD. With one GEC chip this noise has been reduced to 6 electrons rms.

UCL Infrared Spectrometer

During the period Dr D.K. Aitken was an SERC Fellow at the Anglo-Australian
Observatory the UCL infrared spectrometer was upgraded to accommodate an array
of thirty detectors with the assistance of P. Roche from University College London
and the AAO technical staff at Epping. Since then the spectrometer has been used at
the AAT in collaboration with staff astronomers to investigate the 8-13/um spectra of
symbiotic stars and galaxy nuclei.

Four classical Seyfert galaxies and the quasar 3C273, all with broad emission
lines, were found to have smooth spectra with no evidence of structure attributable to
dust grains. In contrast, six galaxies with narrow emission lines show the relatively
narrow but resolved emission features and deep minima near lOyuin clearly demon-
strating the presence of hot dust grains. The narrow infrared emission features are
strong where many ionized hydrogen clouds are present, but absent when the galaxy
has a Seyfert nucleus.

Photoelectric Photometers

The photoelectric photometers at the AAT have been made more sensitive and more
convenient to use through the purchase of a pair of gallium arsenide photocells and a
pair of thermoelectric cold boxes to house them. The new photocells have higher
detective quantum efficiencies than provided by the extended-red-response S20
photocells previously used, especially at the longer wavelengths. The new cold boxes
will maintain uniform photocathode temperatures for indefinite periods and are much
more convenient to use because they eliminate the chore of grinding and packing dry
ice at frequent intervals. Such a cold box at the auxiliary Cassegrain focus will further
simplify switching from spectroscopy to photometry during the night.

Infrared Photometer-Spectrometer (IRPS)

Improvements to the IRPS this year have included the use of smaller detectors and
further development of the software. The new detectors have reduced by a factor of
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two the noise intrinsic to the system, although this gain is rarely realised since the
instrument is usually limited by noise from the sky and telescope radiation.

An example of the software development is the introduction of a mode whereby
the Telescope is driven in a two-dimensional grid in synchronism with a real-time
display on the television memory. Figure 2 illustrates images of Saturn and Uranus
obtained in this way. By observing at a wavelength of 2.2/um, the planets are rendered
faint due to absorption of sunlight by gaseous methane. Hence the planets' rings
become much more prominent. In the case of Uranus we see the rings nearly face on,
with the planet in the middle and separated from them by a concentric annulus of sky.
This is the first picture ever to show Uranus and its rings, and it demonstrates that the
rings are brighter on one side, as was inferred from observations of their eclipses of
distant stars.

Optical Fibres

In recent years there has been a dramatic increase in the use of optical fibres for data
transmission and communications. The ability of these fused silica fibres to transmit
light with low loss over substantial distances has made this technologically feasible. In
astronomy, where the basic function of a telescope and its instrumentation is to collect
and manipulate light, the restrictions of conventional optics sometimes make this
process inefficient over large fields of view. Optical fibres can be used to rearrange the
light by altering the relative geometry of the input and output ends of a fibre bundle.
New low-loss fibres make such bundles feasible and allow an instrument such as a
conventional slit spectrograph to be used more effectively.

The AAO has constructed and used several configurations of this type of light
guide. One such bundle had twenty-five separate fibres mounted in an aperture plate
that places each input end at a specific location in the telescope focal plane coinciding
with the location of an object whose spectrum is required. The output ends were
arranged in a line to conform to a slit at the collimator focus of the RGO spectrograph.
By recording the spectra of all twenty-five objects simultaneously with a two-
dimensional detector like the image-photon counting system or a CCD, the technique,
in theory, offers a 25-fold increase in efficiency. However, about half the light is lost
because the beam out of each fibre is broadened from f/8 to approximately f/6. This
technique has been useful, nevertheless, in determining the redshifts of faint galaxies
in the cluster around IC 2082. In another bundle, the fibres were closely packed at the
input to sample spatially the spectra of extended objects. Velocity maps of several
galaxies have been obtained with this device.
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5 Financial Statements

A. Audited Accounts 1981-82

As provided for in the Anglo-Australian Telescope Agreement, the accounts, records
and financial transactions of the Board are audited by the Australian Auditor-
General. The form of the Board's financial statements is agreed between the Board
and the authorities in each country.

The Board submits detailed estimates of receipts and expenditure annually for
approval by each Government, for a financial accounting period running from 1 July
to 30 June. All estimates are expressed in Australian dollars.

REPORT OF THE AUDITOR-GENERAL

In compliance with sub-section 19(1) of the Anglo-Australian Telescope Agreement
Act 1970, the Anglo-Australian Telescope Board has submitted for my report its
financial statements for the year ended 30 June 1982. These comprise a Statement of
Receipts and Payments, a Statement of Fixed Assets at Original Cash Outlay and
notes thereto.
In terms of sub-section 19(1) of the Act I now report that the financial statements are
in agreement with the accounts and records of the Board and, in my opinion:

the statements are based on proper accounts and records, and
the receipt and expenditure of moneys, and the acquisition and disposal of assets,
by the Board during the year have been in accordance with the Act and the
Agreement.

K.F. BRIGDEN
Auditor-General

27 September 1982
Anglo-Australian Telescope Board
Statement of Fixed Assets
at Original Cash Outlay as at 30 June 1982

Buildings' and services
Telescope and ancillary equipment
Telescope instrumentation
Plant, equipment, vehicles, furniture and fittings
Development of the Siding Spring site, including contributions

to The Australian National University2 and to local authorities
Library

30 June 1981

$'000
6 426
6 777
1 603
1 737

837
95

17 475

30 June 1982

$'000
6 831
6999
1955
1970

909
102

18 766

1 The Board's buildings at Siding Spring and Epping are on land owned by The Australian National University and the
Commonwealth Scientific and Industrial Research Organisation respectively. Negotiations with regard to leasehold
arrangements for the sites of these buildings are proceeding with the respective organisations.

2 Some site works have been undertaken by The Australian National University on the basis of the Board meeting the
capital cost and interest over a twenty-year period. The amounts to be met over this period are $759 932 for the capital
expenditure and $674 708 interest. Repayments commenced in 1970-71.

J. H. CARVER D.C. MORTON
Deputy Chairman of the Board Accounting Officer of the Board
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Anglo-Australian Telescope Board
Operation Account
Statement of Receipts and Payments for the Year Ended 30 June 1982

Receipts

Previous Year
$

9 971
400

175 366

1530 000
1 530000

6 541
624

18 572
10 407
9 821

3 291 702

Payments

1 089 565
18 882

111979
55 987
92 935

100 953
78 596

116 662
65 302
6 959

266 189
911482
233 770

17 778
42 560
71 732

9 971
400
—

3 291 702

Cash on hand 1 July 1981
London imprest
Petty cash
Cash at bank

Contributions by Contracting Parties
Australia
United Kingdom

Receipts from disposal of assets
Recovery of employees1 superannuation contributions paid in

advance by the Board in the previous financial year
Recovery of expenses incurred on behalf of users in former years
Sales of photographs and other material to the public
Other revenue

Salaries and salary related expenditure
Expenses of the Board

Staff travel and subsistence
Recruitment of staff
Office and other expenses
Storesand materials
Repairs, maintenance and motor vehicle operating expenses
ANU service charge
Other service charges
Furniture and fittings

Instrumentation
Plant and equipment
Buildings
Purchase of motor vehicles
Library
Site works and development contribution to ANU -1

Cash on hand 30 June 1982
London imprest
Petty cash
Cash at bank

Current Year
$

9 971
400
—

1738 000
1 738 000

9 723
773

439
11074
9407'

3 517 787

1 302 793
33 487

106 380
13 979

103 726
116 833
115 032
138 913
108 173

12 167

363 622
556 454
409 336

18 527
36 259
71732

9 971
400

1

3 517 787-

1 Includes $1312 representing recovery of salary advances made to new employees in the previous financial year and $5 899
for rental of Board housing by staff.

2 Total does not add because of rounding.
3 The balance of liability to The Australian National University for site works and development is $573 856. This amount

includes both capital and interest liability.

J.H. CARVER
Deputy Chairman of the Btxinl

D C . MORTON
Accounting Officer of the Board
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B. Disposal of Assets in 1981-82

The financial rules adopted by the Board provide that a statement is presented which
indicates any assets written off or disposed of and any losses written off in 1981 -82.

Assets Disposed Of or Written Off in 1981-82

Assets

Box, Stainless Steel, Photographic Plate
Lamp, Hollow Lithium Cathode

Shelving, Steel
Tool, Crimping
Poster, quantity 82

Bull-Bar, vehicle
Disc Drive, RP06, quantity 2
Disc Drive, RP06, quantity 1
Motor Vehicles

RegNoKCI93l
RegNoKGQ897

Date of
purchase

12. 2.75

5. 9.78
13.10.75
13. 2.75
27.10.80
31.10.78
18. 2.81
4. 6.81

3.11.78
25. 6.79

Original
cost

$
141.32

337.45
232.76
100.20
72.16

178.50
72 568.00
36 284.00

4 468.00
5 198.00

Sate
proceeds

$

—
—
—
—

40.00
43 220.00
21 660.00

3 450.00
6 300.00

Method of
disposal

Written Off
Written Off

Written Off
Written Off
Written Off

Tender
Trade-in
Trade-in

Auction
Auction

In addition to the above, unrecovered debts amounting to $58.72 were written off.

C. Expenditure Forecast 1982-83 to 1986-87

As well as providing detailed annual estimates to both Governments, the Board is
required under Article 16 of the Agreement to submit outline estimates of expenditure
to cover a five-year period.

A AO Forecast of Expenditure'
Subject to the Approval of the two Contracting Parties
$A"D00 at estimated January 1983 prices

Item

1.
2.
3.
4.
5.
6.
7.

8.
9.

10.
11.
12.
13.

Salaries and salary related expenditure
Expenses of the Board
Staff travel and subsistence
Recruitment of staff
Office & other expenses
Stores and materials
Repairs, maintenance and motor vehicle

operating expenses
Service charges
Instrumentation, plant and equipment.

furniture and fittings
Buildings
Purchase of motor vehicles
Library
Site works and development

contribution to ANU

1982-83

1 400
30

127
40

113
111

157
230

872
586
20
48

72

3 806

1983-84

1 400
30

127
40

113
111

157
230

881
430
20
48

72

3 659

1984-85

1400
30

127
40

113
III

157
230

839
132
20
48

72

3 319

1985-86

1400
30

127
40

113
ii-

230

811
98
20
48

72

3 257

1986-87

1400
30

127
40

113
111

157
230

811
98
20
48

72

3 257

I Approved by the Board in April 1982.
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Appendixes

Appendix A

Research Papers

Published Scientific Papers based on A AT data
(1 July 1981 to 30 June 1982)*

AITKEN, D.K.', ROCHE, P.F.21, 1981. Further infrared studies of the pre-main-sequence
object HD97048. Mon_Not.R.astr.Soc. 196,39P.

AITKEN, D.K.«, ROCHE, P.F.', PHILLIPS, M.M.', 1981. The question of extinction in
active galactic nuclei: infrared spectral observations of NGC1614, NGC7469 and NGCI275.
Mon.Not.R.astr.Soc. 196,101P.

AITKEN, D.K.2, ROCHE, P.F.2, ALLEN, M.C.1, PHILLIPS, M.M.1, 1982. A high-
excitation optically obscured HII region in the nucleus of NGC5253. Mon.Not.R.astr.Soc.
199,31P.

ALLEN, D. A.' , 1981. What can infrared photometry tell you? Proc.astr.Soc. Austr. 4,149.
ALLEN, D.A.', 1981. X-ray observations of symbiotic stars. Mon.Not.R.astr.Soc. 197,739.
ALLEN, D. A.', BARTON, J.R.', WALLACE, P.T.', 1981. The size of a Wolf-Rayet stars

dust shell measured by speckle interferometry. Mon.Not.R.astr.Soc. 196,797.
ALLEN, D.A.1, WICKRAMASINGHE, D.T.3. 1981. Diffuse interstellar absorption bands

between 2.9 and 4.0yum. Nature, 294,239.
ALLER, L.H.4, KEYES, CD. 4 , ROSS, J.E.5, O'MARA, B.J.5. 1981. An analysis of the

planetary nebula NGC2867. Mcn.Not.R.astr.Soc. 197,647.
LLER,L.H.4,ROSS,J.E.5,CALLER, L.H.4, ROSS, J.E.5, O'MARA, B.H.5, KEYES,CD.4,1981. Aspectroscopicstudy
of the high-excitation nebula NGC6302. Mon.Not.R.astr.Soc. 197,95.

ALLOIN, D.6, EDMUNDS, M.G.7, LINDBLAD, P.O.8, PAGEL, B.E.J.9. 1981. The mild
abundance gradient of NGC1365. Astron.Astrophys. 101,377.

APPARAO^ V.M.K.10, ALLEN. D.A.1, 1981. Infrared scans of gamma-ray burst source
regions. Astron.Astrophys. 107, L5.

BAILEY, J . " , HOUGH, J.H.11, SCHWARZENBERG-CZERNY, A . ' \ GATLEY. I . \
JAMESON, R.F.12, HANES, D.A.', 1981. The X-ray cataclysmic variable 1E0643.0-1648.
Nature, 293,204.

BAILEY, J . " , SHERRINGTON, M.R.l2, GILES, A.B.'-, JAMESON, R.F.'-. 1981. Infra-
red light curves of the dwarf nova Z Chamaeleontis. Mon.Not.R.astr.Soc. 196,121.

BAILEY, J . " , WARD, M. l3, 1981. Spectroscopy of the AM Herculis-type binary 2A 0311-
227. Mon.Not.R.astr.Soc. 196,425.

BESSELL, M.S.19, LLOYD-EVANS. T.M, 1981. The masses and origin of carbon stars.
Proc.astr.Soc. Austr. 4,201.

BLADES, J.C.14,1981. Interstellar Call in supernova Wischnjewksy in NGC1316 (Fornax A).
Mon.Not.R.astr.Soc. 196,65P.

CANNON, R.D.3, NISS, N. l 7 , NORGAARD-NIELSEN. H.U.I7,1981. The discovery of two
carbon stars in the Carina dwarf galaxy. Mon.Not.R.astr.Soc. 196, IP.

CARSWELL, R.F.13, WHELAN, J.A.J.13, SMITH, M.G.1, BOKSENBERG. A. :.
TYTLER, D.2, 1982. Observations of the spectra of QO122-38O and Ql 101-264. Mon.Not.
R.astr.Soc. 198,91.

CARTER, D.' , ALLEN, D.A.'. MALIN, D.F.', 1982. The nature of the shells of NGC1344.
Nature, 295,126.

The Board aims at recording nil publications utilising AAT observations, plus all papers published by A AOstaff. in these
annual lists. Papers inadvertently omitted from previous years are included where these two have since come to notice.
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CHEN, JIAN-SHENG118, MORTON, D.C.', PETERSON, B . A . u 9 , WRIGHT, A.E. >20,
JAUNCEY, D.L.20, 1981. The spectrum of the QSO 0805+046 (4C 05.34) at intermediate
dispersion. Mon.Not.R.astr.Soc. 196,715.

CHEN, JIAN-SHENG18, MORTON, D.C.1, PETERSON, B.A.19, WRIGHT, A.E.20,
JAUNCEY, D.L.20, 1981. The absorption lines in the spectra of high redshift QSOs.
Acta.astr.Sin. 1,95.

DANZIGER, I.J.8, GOSS, W.M.27, WELLINGTON, K.H.20, 1981. The dynamics of the SO
galaxy IC5063. Mon.Not.R.astr.Soc. 196,845.

DOPITA, M.A.19, FORD, V.L.19, McGREGOR, P.J.l9, MATHEWSON, D.S. l 9 , WILSON,
I.R. l9, 1981. N70: A mass-loss bubble within a massive collapsing HI cloud. Astrophys.J.
250,103.

DOPITA, M.A. l 9 , TUOHY, I.R.19, MATHEWSON, D.S. l 9 , 1981. An oxygen-rich young
supernova remnant in the Small Magellanic Cloud. Astrophys.J. 248, L105.

EDMUNDS, M.G.7, PAGEL, B.E.J.9, 1982. On the nuclear spectrum of NGC1365. Mon.
Not.R.astr.Soc. 198,1089.

FABIAN, A.C.1 3 , KU, W.H.M.24, MALIN, D.F.1, MUSHOTZKY, R.F.25, NULSEN,
P.E.J.13, STEWART, G.C.13, 1981. The discovery of optical filaments surrounding the
central galaxy in A496: evidence for a cooling flow. Mon.Not.R.astr.Soc. 1%, 35P.

FEW, J.M.A.1*, MADORE, B.F.28, ARP, H.C.51, 1982. Ring galaxies-I. Kinematics of the
southern ring galaxy AM 064-741. Mon.Not.R.astr.Soc. 199,633.

FOX, M.W.19, 1982. Photometry of red variables in 47 Tucanae. Mon.Not.R.astr.Soc. 199,
715.

FRANK, J.12, KING, A.R. l2, SHERRINGTON, M.R.12, GILES, A.B.12, JAMESON,
R.F. l 2 , 1981. The infrared spectrum of the dwarf nova EX Hydrae. Mon.Not.R.astr.Soc.
196,921.

GATLEY, I.3, BECKLIN, E.E.26, HYLAND, A.R. l9, JONES, T.J.19, 1981. Discovery of a
protostar in the Large Magellanic Cloud. Mon.Not.R.astr.Soc. 197,17P.

HASSALL, B.J.M.13, PRINGLE, J.E.13, WARD, M.J.13, WHELAN, J.A.J.13, MAYO,
S.K.29, ECHEVARRIA, J. 9, JONES, D.H.P.9, WALLIS, R.E.9, ALLEN, D.A.1,
HYLAND, A.R.19, 1981. Observations and models of H2252-O35. Mon.Not.R.astr.Soc.
197,275.

HAWARDEN, T.G.3, LONGMORE, A.J.3, GOSS, W.M.27, MEBOLD, U.30, TRITTON,
S.B.3, 1981. Neutral hydrogen in lenticular galaxies with faint discs. Mon.Not.R.astr.Soc.
196,175.

HILL, P.W.' 3 I , KILKENNY, D.3 1 , SCHONBERNER, D.3 2 , WALKER, H.J.31,1981. The
pulsating helium star BD+13°3224. Mon.Not.R.astr.Soc. 197,81.

HUCHRA, J.55, GELLER, M.55, MORTON, D.O.', 1981. The UV variability of the Seyfert I
galaxies III Zw 2 and Markarian 509. "The Universe at Ultraviolet Wavelengths", The First
Two Years of International Ultraviolet Explorer. NASA, Greenbdt, Marylar. 1980; p743.
NASA Conf.Publ.2171: edited by R.D. Chapman.

JONES, D.H.P.9 , SMITH, F.G.9, WALLACE, P.T. ••'«, 1981. Linear polarization of optical
radiation from the Crab pulsar. Mon.Not.R.astr.Soc. 196,943.

KING, D.J.23, PERKINS, H.G.23, SCARROTT, S.M.23, TAYLOR, K.N.R.22,1981. Optical
polarization in the bipolar nebula M2-9. Mon.Not.R.astr.Soc. 196,45.

KUDRITSKI, R.P.32, SIMON, K.P.32, LYNAS-GRAY, A.E. 3 1 2 , KILKENNY, D. 3 1 3 3 .
HILL, P.W.32, 1982. LB 3459-an O-type subdwarf eclipsing binary system. Non-LTE
analysis of the primary. Astron. Astrophys. 196,254.

LAGO, M.T.V.T.M, PENSTON, M.V.», 1982. A new investigation of the T Tauri star RU
Lupi-I. Observations and immediate analysis. Mon.Not.R.astr.Soc. 198,429.

LESTER, D.3 6 , DINERSTEIN. H.36, WERNER, M.36, WATSON, D,3 7 , GENZEL, R.37,
TOWNES, C.3 7 , STOREY, J.', HARVEY, P.38, 1982. An infrared line and continuum
study of W43. 159th Meeting of the American Astronomical Society, Boulder, Colorado.
Bull.Amer.Astr.Soc. 13,808, [10.03].

LYNAS-GRAY, A.E.31-2, WALKER, H.31-39, HILL, P.W. >-31, KAUFMANN, J.P.40,1981.
Absorption line wavelengths and equivalent widths for the extreme helium-rich star HD
168476. Astron. Astrophys.Suppl. 44,349.
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MACKAY, CD.1 3 , ASTILL, D.13, BATTY, M.J.20, JAUNCEY, DL.20, WRIGHT,
A.E.20, HUNSTEAD, R.W.22, MORTON, D.C.1, ROBERTSON, JG.1 , 1981. Deep
photography of radio sources with the CambridgeCCD system. Proc.astr.Soc. Austr. 4,195.

MALIN, D.F.', 1980. Direct photographic image enhancement in astronomy. Conference on
Image Quality, Oxford, 1980. Proc.Royal Phot.Soc. p.60.

MALIN, D.F.1, 1981. Direct photographic image enhancement in astronomy. Jnl.Phot.
Science 29,199.

MALIN, D.F. l, 1981. Improved techniques for astro-photographers. Sky & Telescope. 62,4.
MALIN, D.F.', 1981. The deep sky in colour— Galaxies. Sky & Telescope, 62,216.
MALIN, D.F.', 1981. The Orion Nebulae in colour. Sky & Telescope, 62,414.
MALIN, D.F.', 1982. The dust clouds of Sagittarius. Sky & Telescope, 63,254.
MALIN, D.F.', 1982. A look at some unstable stars. Sky & Telescope, 63,22.
MEABURN, J.41,1981. Large-scale high-velocity motions in the vicinity of R136. Mon.Not.R.

astr.Soc. 196,19P.
MEABURN, J.41, MORGAN, B.L.39, PEDLAR, A.42, SPENCER, R.42, 1982. Speckle

observations of the nucleus of NGC1068. Nature, 296,331.
MEABURN, J.41, TERRETT, D.L.4', BLADES, J .C 1 1 4 , 1981. The dynamics of giant

filamentary shells in the LMC-IIIN59A (DEM 241). Mon.Not.R.astr.Soc. 197,19.
MORGAN, B.L.39, BECKMANN, G.K.39 SCADDAN, R.J.39, VINE. H.A.39, 1982.

Observations of binary stars by speckle interferometry-III. Mon.Not.R.astr.Soc. 198,817.
MORTON, D.C.', TRITTON, K.P.3, 1982. Four QSOs found in a survey of faint objects.

Mon.Not.R.astr.Soc. 198,669.
MURDIN,P.9,CLARK,D.H.14,1981. Halo around the Crab Nebula. Nature. 294,543.
NORRIS, J. l9, 1981. The cyanogen distribution of M4 and the possible connection between

horizontal branch morphology and chemical inhomogeneity. Astrophys. J. 254,143.
NORRIS, J. l9, FREEMAN, K.C.19, 1982. The anticorrelation of carbon and nitrogen on the

horizontal branch of 47 Tucanae. Astrophys. J. 254,143.
PELAT, D.8-6, ALLOIN, D.8-6, FOSBURY, R.A.E.8 9, 1981. High resolution line profiles in

the Seyfert galaxy NGC 3783: the structure of the emitting regions. Mon.Not.R.astr.Soc.
195,787.

PERKINS, H.G.23, SCARROTT, S.M.23, MURDIN, P.9. BINGHAM. R.G.9. 1981. The
Red Rectangle: its polarisation and structure. Mon.Not.R.astr.Soc. 196,635.

PHILLIPS, M.M. l l S , 1981. The ionised gas in NGC5128: evidence for a shock-heated com-
ponent. Mon.Not.R.astr.Soc. 197,659.

PHILLIPS, M.M. l l6,1982. WC stars in 30Doradus. Mon.Not.R.astr.Soc. 198,1053.
PURTON, C.R.28, FELDMAN, P.A.28-43, MARSH, K.A.28-44, ALLEN, D.A. >. WRIGHT.

A.E.20, 1982. Radio observations of early-type emission-line stars and related objects.
Mon.Not.R.astr.Soc. 198,321.

RAYNE, M.W.45, WHELAN, J.A.J.l3, 1981. The dwarf nova Z Chamaeleontis — II —
Spectroscopy. Mon.Not.R.astr.Soc. 196,73.

REID, I.N.46, GILMORE, G.3, 1981. A star of very low luminosity. Mon.Not.R.astr.Soc.
196,15P.

ROBERTSON, J.G.', 1981. Optical identification of the strong radio source PKS 0511-48.
Proc.astr.Soc.Austr. 4,187.

SHAVER, P.A.8, DANZIGER, I.J.8, EKERS, R.D.21, FOSBURY, R.A.E.9, GOSS.
W.M.27, MALIN, D.', MOORWOOD, A.F.M.8, WALL, J.V.9,1982. A complete sample
of radiogalaxies. I.A.U. Symposium No97. "Extragalactic radio sources", edited by D.S.
Heeschen and CM. Wade, Dordrecht, Reidel.

SMITH, G.H.19, NORRIS, J.19,1982. The cyanogen distribution in NGC3201. M55 and M71.
Astrophys.J. 254,149.

SMITH, M.G.3, 1981. The discovery and observed properties of QSOs at large redshifts— an
update. "Investigating the Universe", edited by F.D. Kahn, Dordrecht, Reidel.

STOREY, J.W.VJ, STRAEDE, J.O.', JORDEN, P.R.9, THORNE. D.J.9. WALL, J.V.1*.
1982. A CCD image of the Galactic Centre. Nature, 296,333.

VISVANATHAN, N. l 9 , PICKLES, A.J.l9,1981. High resolution 2-D imaging polarimetry of
the jet of M87, in the light of U,B and V. Proc.astr.Soc.Austr. 4,177.
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VISVANATHAN, N. '9, WICKRAMASINGHE, D.T.3, 1981. VV Puppis in an active phase.
Mon.Not.R.astr.Soc. 196,275.

WALKER, H.J.3I, SCHÖNBERNER, D.3 2 , 1981. A fine analysis of the extreme helium-rich
star HD 168476. Astron.Astrophys. 97,291.

WARREN-SMITH, R.F.23, SCARROTT, S.M.23, MURDIN, P.9, 1981. Peculiar optical
spectrum of the Red Rectangle. Nature, 292,317.

WiCKRAMASINGHE, D.T.5, ALLEN, D.A.1, BESSELL, M.S.19, 1982. Infrared photo-
metry of cool white dwarfs. Mon.Not.R.astr.Soc. 198,473.

WILKES, B. l 3 , FERLAND, G.T. l3, HANES, D. A . l 3 1 , TRURAN, J.13-47,1981. On nitrogen
abundances of planetary nebulae. Mon.Not.R.astr.Soc. 197,1.

WOOD, P.R.19, BESSELL, M.S. l 9 , FOX, M.W.19, 1981. Photometry and spectroscopy of
long-period variables in the Magellanic Clouds. Proc.astr.Soc. Austr. 4,203.

WRIGHT, A.E.1 , MORTON, D.C.1, PETERSON, B.A.1, JAUNCEY, D.L.20. 1982.
Spectroscopy of the QSO pair PKSO254-334. Mon.Not.R.astr.Soc. 199,81.

YORK, D.G.4*, BLADES, J.C. l 4 , COWIE, L.L.4849 , MORTON, D.C.1, SONGAILA,
A.4 8 , WU, CHI-CHAO50, 1982. The gaseous galactic halo as inferred from the line spectra
of the galaxies Markarian 509 and Fairall 9. Astrophys.J. 255,467.

Papers delivered at AAO Research Symposia

Eleventh AAO Research Symposium, Mount Stromlo Observatory, September 1981

JAUNCEY, D.L.20, BATTY, M.J.20, WRIGHT, A.E.20, MACKAY, CD. 1 3 , ASTILL,
D. 1 3 , HUNSTEAD, R.W.22, MORTON, D.C.' and ROBERTSON, J.G.'
Radio-source photography with the Cambridge CCD systems.

SADLER, E.M. '9

Elliptical galaxies in binary systems.
JARVIS, B . B and FREEMAN, K.C. l 9

The bulges of disc galaxies.
SMITH, R.M.19, BICKNELL, G. V. l 9 , HYLAND, A.R.19, and JONES, T.J.19

Spectra of the knots in the jet of M87.
PHILLIPS, M.M.' and CHARLES P.A.56

Nearby Seyfert-II galaxies.
BICKNELL, G.V.19, SIMKIN, S.M." and BOSMA, A. l 9

New results on the SW hot spot in 3C33 and the jet of NGC 7385.
ROBERTSON, J.G.' and HUNSTEAD, R.W.22

infrared observations of a complete sample of intermediate flux-density radio sources.
ROCHE, P.F.'

The lOum spectra of 3C 273 and IC 4329 A.
HUNSTEAD, R.W.22, MURDOCH, H S . 2 2 and PHILLIPS, M.M.'

2300-189: a QSO in a galaxy of stars?
NEWELL, E.B. 19and COUCH, W.J. l9

Systematic differences between the colours of early-type cluster galaxies.
MORGAN, D.H.3and NANDY, K.3

Infrared interstellar extinction in the Large Magellanic Cloud.
GILLINGHAM, P R . '

Dome seeing development.
SMITH, R.M.T

The present status of the AAO IPCS.
GRAY, P.M. i

Fibre optics for astronomical use: work at the AAO.
GILLINGHAM, P.R. >

At last a fast spectrograph.
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DOPITA, M.A.19, BINETTE, L.l9, and SCHWARTZ, R.1V

The blue continuum of Herbig-Haro objects.
SMITH, G.H.19 and NORRIS, J.19

The cyanogen distribution of giants in globular clusters.
STOREY, J.W.V.'

Detection of molecular hydrogen emission from G333.6-O.2.
REID, N. * and GILMORE, G.?

The mass density in the solar neighbourhood.
ALLEN, D. A.1

Mapping with the AAO Infrared Photometer-Spectrometer.
HYLAND, A.R. l9 and JONES, T.J. l9

The discovery of a protostar in the Large Magellanic Cloud.
WOOD, P.R.19, BESSELL, M.S. l9and FOX, M.W.19

IR photometry of long-period variables in the Magellanic Clouds and at the Galactic Centre.
TUOHY, I.R.1*, DOPITA, M.A.19, MATHEWSON, D.S.19, LONG. K.S.24 and

HELFAND,D.J.24

Optical identification of Type 1 supernova remnants in the Large Magellanic Cloud.

Twelfth AAO Research Symposium, CSIRO Division of Radiophysics, Epping, April 1982

BAILEY, J.1

Infrared polarimetry.
HYLAND, A.R.19

The present development of the Fabry-Perot Infrared Grating Spectrometer.
BARTON, JR . 1

Detector electronics for the Fabry-Perot Infrared Grating Spectrometer.
STOREY, J.W.V.1

Infrared imaging array technology.
ALLEN, D.A.'

The impact of infrared arrays.
GILLINGHAM, P R . '

Further investigations of AAT dome seeing.
HEAD,A.K.57

Recommendations of the Dome Seeing Committee.
GRAY, P.M.1

Fibre optic development at the AAO.
TAYLOR, K. • and ATHERTON, P.D.39

Taurus observations of Centaurus A.
PETERSON, B.A.I9

Photometry with the RGO CCD on the AAT.
BOTHWELL,G.W.'

Ongoing VAX development at the AAO.
HARWOOD, K.'

The Sigma ARGS Image Display System.
MORTON, D.C.'

General discussion of AAT operations and future plans.
HUNSTEAD, R.W.22, MURDOCH, H.S. a . PETTINI, M.9 and BLADES, J.C. 3-s

CIV absorption in 0215 + 015 at 20 Km s~' resolution.
PENCE, W.D.' and BLACKMAN, C.P.3

Dynamics of the barred spiral galaxy NGC 6221.
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QUINN, P . l 9

Dynamical inferences from prime focus photography of shell galaxies.
PETERSON, B. A.19, SAVAGE, A.3, JAUNCEY, D.L.M and WRIGHT, A.E.20

The most distant object in the Universe?

1. Anglo-Australian Observatory
2. University College London, Department

of Physics and Astronomy
3. Royal Observatory Edinburgh
4. University of California, Department of

Astronomy, Los Angeles, USA
5. University of Queensland. Department

of Physics
6. Observatoire de Meudon, France
7. University College, Cardiff, Department

of Applied Mathematics and Astronomy
8. European Southern Observatory
9. Royal Greenwich Observatory

10. Tata Institute of Fundamental Research.
India

11. Hatfield Polytechnic Observatory
12. University of Leicester, Department

of Astronomy
13. Institute of Astronomy, Cambridge
14. Rutherford and Appleton Laboratories
15. Yale University Observatory, USA
16. Cerro Tololo Inter-American Observatory,

USA
17. Copenhagen Observatory, Denmark
18. Peking Observatory, China
19. Australian National University, Mount

Stromlo and Siding Spring Observatories
20. C.S.I.R.O. Division of Radiophysics
21. National Radio Astronomy Observatory,

USA
22. University of Sydney. School of Physics
23. University of Durham, Department of

Physics
24. Columbia University, Columbia

Astrophysics Laboratory, USA
25. NASA Goddard Space Flight Center, USA
26. University of Hawaii. Institute for

Astronomy, USA
27. Kapteyn Astronomical Institute,

University of Groningen, Netherlands
28. University of Toronto and David

Dunlap Observatory, Canada
29. Royal Holloway College, Department

of Mathematics
30. Max-Planck-Institiit fUr Radioastronomie,

Germany

31. University Observatory, St. Andrews
32. Universität Kiel, Institut für

Theoretische Physik. Germany
33. South African Astronomical Observatory
34. Universidade do Porto, Grupo de

Matematica Aplicada. Portugal
35. European Space Agency, Villafranca

Satellite Tracking Station, Spain
36. NASA Ames Research Center, USA
37. University of California, Berkeley, USA
38. University of Texas, USA
39. Imperial College of Science and Technology
40. Institut für Astronomie und Astrophysik,

Technische Universität Berlin, Germany
41. University of Manchester, Department

of Astronomy
42. Nuffield Radio Astronomy Laboratories.

Jodrell Bank
43. Herzberg Institute of Astrophysics,

Canada
44. California Institute of Technology, USA
45. Pye Telecommunications Ltd., Cambridge
46. University of Edinburgh, Department

of Astronomy
47. University of Illinois, Department

of Astronomy, USA
48. Princeton University Observatory, USA
49. Massachusetts Institute of Technology,

Department of Physics, USA
50. Computer Sciences Corporation, USA
51. Hale Observatories, California Institute

of Technology, Carnegie Institute of
Washington, USA

52. Center for Astrophysics and Space Science.
University of California, San Diego, USA

53. University of Minnesota, School of Physics
and Astronomy, USA

54. Center for Radiophysics and Space
Research, Cornell University. USA

55. Harvard-Smithsonian Center for
Astrophysics, USA

56. University of Oxford, Department of
Astrophysics

57. C.S.I.R.O. Division of Chemical Physics
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Appendix B

Telescope Allocation

Allocation of night time by institution

Scheduled night-time use by astronomers is entered as nights allocated per quarter,
per applicant, summed by home institution. For the purposes of compiling the data,
time allocated for collaborative programmes has been divided equally among the
collaborators.

PATT Allocations
(to UK institutions except where indicated)

AAO
— Australian Scientific Staff
— UK Scientific Staff
— Director
— SERC Fellows
— Technical Staff
Dartmouth College (USA)
Hatfield Polytechnic Institute
Imperial College of Science and Technology. London
Kapteyn Astronomical Institute (Netherlands)
Kiel University (Germany)
Los Alamos Scientific Laboratory (USA)
Mount Stromlo & Siding Spring Observatories.

Australian National University (Aust.)
Milliard Space Science Laboratory
Observatoire de Meudon (France)
Royal Greenwich Observatory
Royal Observatory. Edinburgh
Rutherford and Appleton Laboratories
South African Astronomical Observatory (RSA)
Technische Universität, Berlin (Germany)
Universidad Nacionale de Mexico (Mexico)
Universidade do Porto (Portugal)
University College London
University College of Wales, Cardiff
University of Birmingham
University of Cambridge
University of Durham
University of Edinburgh
University of Florida (USA)
University of Keele
University of Kentucky (USA)
University of Leicester
University of Manchester
University of Maryland (USA)
University of Oxford
University of Pittsburgh (USA)
University of St. Andrews
University of Sussex

Total

8113

—
0.6
1.0
2.0

0.5
—
—
1.0
—
—

0.3
—

0.5
1.3
5.0
0.8
—
—
—
—
5.5
—

0.3
3.8
—
1.5
1.0
—

0.7
—
—
—
1.5
—
—
1.0

28

8114

2.0
4.0
1.0

—
—
3.2
—
—
—

—
0.5
7.3
2.1
1.5
—

—
—
3.1
1.3
—
7.8
4.0
1.5
—
—
—
—
1.5
—
—
—

—

41

Quarters

8211

—
1.9

2.9
0.8
0.2
1.2
0.9
1.2
0.5
—

—
0.5
2.3
2.5
1.5
0.5

1.0
—
2.5
—

0.8
8.7
0.4
3.0
—
—
—

3.0
1.0
—

0.6
0.8
0.5
—

39

8212

4.8

1.8
0.5

1.8
3.6
—
—
1.0

1.5

4.7
2.6
0.4
—

—
0.9
4.6
—
—

7.7
2.0
—
—
—
—

2.0
—
—

—

1.2

41

8213

0.1
1.7
1.5

—
—

2.4
0.8
0.6
—

—

3.0
9.4
2.5
—

0.6
—
—
2.6
2.3
—
3.1
3.2
6.0
—

0.4
—
—
—

0.5
—
—
1.2
—

42
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Quarters

ATAC Allocations
(to Australian institutions except where indicated)

AAO
— Australian Scientific Staff
— UK Scientific Staff
— Director
— SERC Fellows
— Technical Staff
Cerro Tololo Inter American Observatory (USA/Chile)
Columbia University (USA)
CSIRO Division of Radiophysics
European Southern Observatory (Europe)*
Imperial College of Science and Technology, London (UK)
Kitt Peak National Observatory (USA)
Mount Stromlo & Siding Spring Observatories.

Australian National University
Princeton University Observatory (USA)
Royal Greenwich Observatory (UK)
Royal Observatory, Edinburgh (UK)
Rutherford and Appleton Laboratories (UK)
Tata Institute for Fundamental Research (India)
University College London (UK)
University of Birmingham (UK)
University of California, Los Angeles (USA)
University of Durham (UK)
University of Hawaii (USA)
University of Maryland (USA)
University of New South Wales
University of Oxford (UK)
University of Queensland
University of Sydney
University of Tasmania
University of Wollongong

8113

5.3
0.3
1.0
0.7

—
1.0
1.3
—
—
—

11.6
—

0.3
1.0
0.3
—

0.7
—
—
—
—
—
—
—
—
2.7
—
—

8114

4.8
2.0
1.4
1.2
0.7
—
—
4.3
1.0
0.7
1.3

14.2
—

0.5
1.3
1.0
—

0.3
—

0.7
1.0
0.8
1.3
—
—
1.3
3.4
—
—

8211

8.3
1.6
2.2
0.3
0.3
—
—

0.8
—

0.3
—

17.4
1.0
—

0.8
—

0.5
—
—
—

0.3
0.5
0.7
—
—
—
2.7
1.5
—

8212

7.3
1.2
1.2

—
—
1.3
1.0
1.0
—

21.7
1.3
0.5
0.5
0.5
—
—
—
—

0.5
—
—
—
—
—
1.0
1.0
1.0

8213

2.5
—
2.5
1.3

0.6
—

3.3
0.5
—
—

22.3
—
1.2
—

0.8
—
—

0.3
—

0.2
—
—
1.5
0.2
—
1.0
3.8
—

Total

Director's Discretionary Time—

Instrument Commissioning, Seeing Tests, Aluminising,
Service Photography etc.

26

6

43

9

39

12

41

9

42

9

* Consortium of European countries.

During the period covered by this report, the pattern of time allocations to the
AAT was changed. PATT now allocates bi-annually to cover the periods March to
August and September to February inclusive: ATAC allocates quarterly in phase
with PATT. For the purposes of this report the year will now be deemed to run from
September to August. Consequently 81/3 is a two-month period of July and August,
and subsequent quarters occupy three calendar months.
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Summary of Observing Programmes, 1981 Quarters III and IV
1982 Quarters I, II and III

A list of the abbreviations used for institutions follows this table.

Observers and Institutions

Number
ofNights
Allocated Title of Observing Programme

Aitken, D.K. (UCL), Phillips, M M . (AAO)and
Roche, P.F. (UCL)

Aitken, D.K. (AAO)and Roche, P.F. (UCL)

Adams, D.J. and Adamson, A.J. (Leicester)

Allen, D.A. (AAO)

Allen, D.A. (AAO) and Hyland, A.R. (MSO)

Allen, D.A., Aitken, D.K. (AAO)and Roche,
P.F. (UCL)

Allen, D.A., Carter, D. and Malin, D.F. (AAO)

Allen, D.A. (AAO), Hyland, A.R. and Jones,
T.J. (MSO)

Apparao, V.M.K. (Tata)and Allen, D.A. (AAO)

Atherton, P.D. (Imperial), Axon, D.J. (UCL),
Freeman, K.C. (MSO) and Taylor, K. (AAO)

Atherton, P.D. (Imperial), Smith, M.G. (ROE),
Taylor, K. (AAO), Axon, D.J. (UCL), and
Reay, N.K. (Imperial)

Axon, D.J. (UCL), Hough, J.H. (Hatfield), and
Bailey, J. (AAO)

Axon, D.J. (UCL), Hough, J.H. (Hatfield).
Bailey, J. (AAO) and Gatley, I. (ROE)

Bailey, J. (AAO), Greenhill, J.G., Giles, A.B.
and Watts, D.J. (Tasmania)

Bailey, J. (AAO), Jones, D.H.P. (RGO), Hough,
J.H. (Hatfield)and Axon, D.J. (UCL)

Bailey, J. (AAO), Sherrington, M., Jameson,
R.F. and King, A.R. (Leicester)

Barlow, M.J. (UCL)

Bessell, M.S. (MSO)

Bessell, M.S. (MSO)

Bessell, M.S. and Norris, J.E. (MSO)
Binette, L., Dopita, M.A., Sadler, E.M.,
Jenkins, C.R. (MSO) and Phillips, M.M.
(AAOandCTIO)
Blackman, C.P. (Edinburgh) and Sharpies, R.M.
(Durham)

Carignan, C , Freeman, K.C. (MSO), Atherton,
P.D. (Imperial) and Taylor, K. (AAO)

4 Infrared spectroscopy of X-ray galaxies

3 Infrared spectroscopy of southern planetary
nebulae, HII regions and active galaxies

2 Infrared profiles of Freeman type II galaxies

1 Infrared standards for the AAT

2 Infrared imaging of the Orion Nebula

2 Dust chemistry of symbiotic stars

2 Photometry of the jets of NGC 1097

2 Infrared map of the Galactic Centre

1 Infrared counterparts of y-ray burst sources

1 Kinematics of ring galaxies

3 A search for and study of quasar and Seyfert
galaxies down to 24(4 magnitude

1 The break in the spectral index of the jet
inM87

3 Near-infrared polarimetry of the Galactic
Centre

3 Infrared and optical light curves of
cataclysmic variables

2 High-speed multicolour photometry and
polarimetry of AM Her type binaries

4 Infrared light curves of cataclysmic variables

4 High-resolution spectroscopy of planetar •
nebulae nuclei and O VI stars

1 Abundances in the strong-line globular
clusters M71 and 47 Tue

1 High-dispersion spectroscopy of population
II and III stars

3M> Abundances in population II objects

7 A survey for emission in southern
elliptical and lenticular galaxies

3 Dynamics of barred early-type galaxies

I Velocity fields of pure disk galaxies
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Observers and Institutions

Number
of Nights
Allocated Title of Observing Programme

Carswell, R.F. (IOA), Hazard, C. (Pittsburgh) IVi
andTerlevich,R.J.(IOA)

Carter, D. (AAO), Ellis, R.S. (Durham), Taylor, 3
K., Gray, P.M. and Gillingham, P.R. (AAO)

Carter, D. (AAO), Hawarden, T.G., Longmore, 2
A.J. (ROE) and Sharpies, R.M. (Edinburgh)

Carter, D., Newell, E.B. (MSO), Ellis, R.S.. 1
Couch, W. J. (Durham) and Godwin, J. (Oxford)

Charles, P.A., Booth, L., Densham, R. (Oxford) 2
and Thorstensen, J. (Dartmouth)

Clark, D. H. (RAL) and Murdin, P.G. (RGO) 3

Clowes, R.G. (Durham), Savage, A. (ROE), I
Cooke, J. A. (Edinburgh), Cannon, R.D. and
Smith, M.G. (ROE)

Clube, S.V.M. (ROE), Brand, P.W.J.L. and U4
Trew, A.S. (Edinburgh)

Clube, S.V.M. and Watson, F.G. (ROE) 2

Davies, R. L. and Jedrzejewski (IOA) 2

Davies, R. L., Terlevich, R. J. and Lynden-Bell, 8
D. (IOA)

Dopita, M. A., Binette, L. (MSO) and Phillips, 1
M.M.(CTIO)

Dopita, M.A., Mathewson, D.S. and Tuohy, 3

I.R. (MSO)

Ellis, R.S. (Durham) and Allen, D. A. (AAO) 5

Ellis, R.S. (Durham), Efstathiou, G. (IOA), 2
Carter, D. (MSO) and Gray, P.M. (AAO)
Evans, A. (Keele), Allen, D. A. (AAO), Bode, M., I
Pearce, G. (Keele), Miekle, P., Sebly, M.J. and
Graham, J. (Imperial)

Fabian, A.C., Nulsen, P. E. J. (IOA), Atherton, 5
P.D. (Imperial) and Taylor, K. (AAO)

Freeman, K.C. (MSO), Illingworth, G.D. and 2
Mould, J.R.(KPNO)

Freeman, K.C. and Rowley, G. (MSO) 2

Gardner, F.F. and Whiteoak, J.B. (CSIRO) 1

Gascoigne, S.C.B. and Bessell, M.S. (MSO) 1

Gascoigne, S.C.B., Bessell, M.S. and Wood, 2
P.R. (MSO)

Gaskell, C.M. (IOA) 4

Giles, A.B., Greenhnl, J.G. and Watts, D.J. 1
(Tasmania)

Gilmore, G. (ROE) and Reid, I.N. (Edinburgh) 7

Common absorption systems in groups of
quasars

Multi-object spectroscopy with a fibre-optic
coupling device

Structure of elliptical-like galaxies with
dust lanes

Intermediate-band photography of distant
cluster galaxies

Optical studies of southern hemisphere
X-ray sources

The study of southern supernova remnants

Complete samples of quasars: calibration,
surface and volume distribution

Absorption lines in possible non-cosmo-
logical quasars

Spectroscopy of variable stars in the
Galactic nuclear bulge

Surface photometry of a sample of well-
studied elliptical galaxies

The velocity dispersions, metallicities and
true shapes of elliptical galaxies

The optical jet of Centaurus A

Spcctrophotometry of new, young super-
nova remnants in the Magellanic Clouds

Infrared photometry of faint field galaxies

Dynamics of the bulges of disk galaxies

Infrared emission of southern hemisphere
Supernovae

A study of cooled intracluster gas

Structure of lenticular galaxies

The bulges of disk galaxies

Infrared observations of galactic nuclei

Colour-magnitude diagrams for Magellanic
Cloud clusters

UBVI Photometry in the Galactic Centre
and Small Magellanic Cloud

X-ray luminosity, Fe II emission and
Balmer decrements of quasars

Infrared search for black dwarfs

Spectrophotometry of newly-discovered
very red stars
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Observers and Institutions

Number
of Nights
Allocated Title of Observing Programme

Gondhalekar, P.M. (RAL), Phillips, A.P. (UCL) 3
and Pettini, M. (RGO)

Hanes, D. A. (AAO), Brunt, C.C., Pringle, J. E.. 2
Wade, R. A. and Ward, MJ. (IOA)

Hanes, D. A. and Malin, D.F. (AAO) 3

Hawarden, T.G. (ROE) and Gottesman, S.T. 2
(Florida)

Hawkins, M.R.S. (ROE) 5

Hill, P.W., Evans, D.M. (St. Andrews), Lynas- 3
Gray, A.E. (UCL), Schönbemer, D. (Kiel)
and Kaufmann, J.P. (Berlin)

Hill, P. W. (St. Andrews), Lynas-Gray, A. E. 2
(UCL), Kilkenny, D. (SAAO) and Schönbemer.
D. (Kiel)

Hough, J. H. (Hatfield). Bailey. J. (A AO) 2
andAxon,D.J.(UCL)

Hunstead, R.W., Mills, B. Y. and Reynolds. 1

J.E. (Sydney)

Hunstead, R.W. and Murdoch, H.S. (Sydney) 2

Hunstead, R.W., Murdoch. H.S. (Sydney) 1
and Phillips, M.M. (AAO)
Hyland, A.R. and Jones, T.J. (MSO) 1

Hyland, A.R.Jones, T.J. (MSO). Gatley, 3
I. (ROE) and Becklin. E.E. (Hawaii)

Impey, C D . (Hawaii) and Brand, P.W.J. L. 4
(Edinburgh)

Jenkins, C.R., Killeen, N., Smith, R.M.. 3
Bicknell, G., Carter, D. (MSO) and Robertson.
J.G. (AAO)

Jenkins, E.B. (Princeton), Morton. D.C. I
and Taylor, K. (AAO)

Jones. T.J. and Hyland. A.R. (MSO) 5

Jones, T.J. and Hyland. A.R. (MSO) 2

Jones, T.J., Hyland. A.R. (MSO), Gatley. I. 2
(ROE)and Becklin. E.E. (Hawaii)
Jones, T.J., Hyland, A.R. and Ruelas- 3
Mayorga, A. (MSO)
Killeen. N., Bicknell, G., Hyland. A.R. 2
and Jones. T.J. (MSO)

Manchester, R.N. (CS1RO), Peterson. B.A. 4
(MSO). Wallace, P.T. (RAL), Elliott. K.H.
(Birmingham). Jones. D.H.P. and Murdin.
P.G.(RGO)

Mason. K.O. (MSSL). Argue. A.N. (IOA). 2
Cordova. F.A. (Los Alamos) and Murdin.
P.G.(RGO)

A study of element depletion in interstellar
gas

U Scorpii in its faint state

The cosmological distance scale in the
southern hemisphere

Optical and ncunal hydrogen studies of gas-
rich lenticular galaxies

Survey of variable objects

Spectroscopy of extreme helium stars

Pulsation velocities of extreme helium stars

Infrared spectrcscopy of T Tauri stars

Spectroscopy of close Abell clusters

Absorption in the quasar 0446-208

Stellar absorption in the fuzz around a
quasar

Infrared mapping and spectroscopy of
nitrogen-rich planetary nebulae

Search for candidate protostellar objects in
Large Magellanic Cloud HII regions

Spectroscopy of candidate BL Lac objects

Dynamics of elliptical radio galaxies

Interferometer observations of the Vela
supernova remnant

Infrared observations of the stellar
populations in external galaxies

Deep infrared surveys of selected dark
cloud regions

The 2fttn field of the Large Magellanic
Cloud

CO band strengths in Baade's window

Infrared observations of the jets of M87
and Centaurus A

Search for optical pulses from the binary
pulsar 1913+16 and the X-ray pulsar
1509-58

CCD observations of X-ray and 7-ray fields
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Observers and Institutions

Number
ofNights
Allocated Title of Observing Programme

Mason, K.O., Branduardi-Raymont, G. 2
(MSSL), Murdin, P.G. (RGO) and Cordova,
F. A. (Los Alamos)

Mathewson, D.S., Dopita, M. A. and 2
Tuohy, I.R. (MSO)

Mathewson, D.S., Dopita, M.A., Tuohy, 1
I.R. (MSO), Taylor, K. (AAO)and Atherton,
P.D. (Imperial)

McLean, I.S. (ROE), Aspin, C. and 3
Heathcote, S. (Edinburgh)

McLean, I.S. (ROE), Heathcote, S. 1
(Edinburgh) and Edmunds, M.G. (Cardiff)

Meaburn, J. (Manchester) and Morgan, 3
B.L. (Imperial)

Morton, D.C. (AAO) and Blades, J.C. (RAL) 6

Morton, D.C. and Robertson, J.G. (AAO) 5

Morton, D.C. (AAO) and Tritton, K.P. 9
(ROE)
Morton, D.C. (AAO), York, D.G. and 3
Jenkins, E.B. (Princeton)

Murdin, P.G., Wall, J.V., Jorden, P.R. 3
and Gilmozzi, R. (RGO)

Murdoch, H.S. and Hunstead, R.W. 2
(Sydney)

Murdoch, H.S., Hunstead, R.W. (Sydney), 6
Pettini, M. (RGO) and Blades, J.C. (RAL)

Norris,J.E.(MSO) 2

Norris,J.E.(MSO) 1

Norris,J.E.andBessell,M.S.(MSO) 2
Norris, J.E. and Smith, G.H. (MSO) 2

O'Mara, B. J., Ross, J. E. (Queensland) and 2
Alter, L.H. (California)

Pagel, B.E.J. (RGO) and Edmunds, M.G. 4
(Cardiff)

Pence, W.D. (Sussex), Blackman, C.P. 3
(Edinburgh) and Sanders, R.H. (Groningen)

Penston, M.V. (RGO), Lago, M.T.V.T. 1
(Porto) and Johnstone, R. (Sussex)

Penston, M.V., Pettini, M. (RGO), Blades, 6
J.C. (RAL) and Ward, M.J. (IOA)

Peterson, B.A. (MSO), Savage, A. (ROE), 3
Jauncey, D.L. and Wright, A.E. (CSIRO)

Phase-resolved spectrophotometry of two
magnetic binaries

Nucleosynthesis products in supernova
remnants of high-mass stars

The dynamical structure of young super-
nova remnants in the Magellanic Clouds

Low-resolution CCD spectropolarimetry of
OVV quasars and BL Lac objects

High-resolution spectropolarimetry of
quasars and BL Lac objects

Is R136 the most massive star yet observed?

Interstellar absorption lines in the halo of
our Galaxy

CCD images of low-redshift quasars and BL
Lac objects

Survey of faint objects

Search for interstellar absorption lines in
extended haloes of nearby galaxies using
quasars

Faint stellar X-ray identifications in Pavo

Absorption in BL Lac objects and low-
frequency radio variables

High-resolution spectroscopy of absorption
lines in BL Lac objects and trough quasars

The origin of abundance anomalies in
globular clusters

The nitrogen problem: primary or
secondary production?

Nitrogen abundance of metal-deficient stars

Mixing versus primordial effects in star
clusters

Spectroscopy of galactic and Magellanic
Cloud planetary nebulae

Electron temperatures of HII regions in
spiral galaxies

Kinematics and dynamics of gas and stars
in barred spiral galaxies

High-dispersion spectra of T Tauri stars

The interstellar media in distant galaxies

High redshift quasars
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Observers and Institutions

Number
o/Nights
Allocated Title of Observing Programme

Phillips, M M . (AAO), Turtle, A.J. and 3
Calabretta, M.R. (Sydney)

Pickles, A.J. and Visvanathan, N. (MSO) 3

Pottasch, S. (Groningen), Reay, N.K., 3
Atherton, P.D. (Imperial) and Taylor, K.
(AAO)

Pringle, J.E., Cook, M.C., Brunt, C.C., 2
Whelan, J.A.J., Ward, M.J. (IOA)and
Hanes, D.A. (AAO)

Quinn, P. (MSO) and Carter, D. (AAO) 1

Reay, N.K. (Imperial), Taylor, K. (AAO) 2

and Atherton, P.D. (Imperial)

Robertson, J.G. (AAO) 1

Robertson, J.G. (AAO) 1

Robertson, J.G. (AAO) and Shaver, P.A. (ESO) 5

Robertson, J.G. (AAO) and Smith, R.M. 1

(MSO)

Robinson, R.D. and Slee, O.B. (CSIRO) 3

Roche, P.F., Aitken, D.K. (UCL) 3
and Phillips, M.M. (CTIO)
Rodgers,A.W. and Harding, P. (MSO) 2

Sanders, R.H., Allen, R.J. (Groningen), 3
Atherton, P.D. (Imperial), Axon, D.J.
(UCL) and Taylor, K. (AAO)

Scarrott, S.M. and Warren-Smith, R.F. 3
(Durham)

Shanks, T., Clowes, R.G., Fong, R. 4
(Durham) and Savage, A. (ROE)

Skinner, G.K., Elliott, K.H. (Birmingham), m
Charles, P.A., Booth, L., Densham, R.
(Oxford) and Thorstensen, J. (Dartmouth)

Smith, L.F. (Wollongong) 1

Sparks, W.B. (Sussex), Axon, D.J. (UCL), 3
Atherton, P.D. (Imperial) and Taylor, K.
(AAO)

Storey, J.W.V. (AAO) 1

Storey, J.W.V. (AAO) 4

Storey, J.W.V. (AAO) 2

Storey, J.W.V. (AAO) 2

Storey, J.W.V. and Allen, D.A. (AAO) 3

Taylor, K. (AAO), Axon, D.J. (UCL), 1
Atherton, P.D. (Imperial) and Hook,
R.N. (RGO)

The nuclear regions of nearby Seyfert-II
galaxies

Population synthesis in elliptical and
lenticular galaxies in the Fornax cluster

Magnitudes of hot central stars of planetary
nebulae

Line profiles in dwarf novae

A kinematic study of elliptical galaxies with
shells

High-excitation nebulae with O VI
sequence central stars

Spectroscopy of the cluster Abell 84

Infrared magnitudes and colours of radio
galaxies

Absorption lines in close pairs of quasars

Spectroscopy in the field of the radio source
Pks 0511-48

Infrared observations of flare stars

Brackett line spectroscopy in active galaxy
nuclei

Stellar population of the Galactic Bulge

The kinematics of barred spiral galaxies with
hot spots

Investigation of the emission features of the
Red Rectangle

Spectroscopic survey of a complete sample
of ultraviolet-excess stars

Spectroscopy of the recurrent X-ray
transient A0538-66

Carbon/Helium ratio in Wolf-Rayet stars

The dynamics of NGC 46S0A — a spindle
galaxy

Brackett T map of the Galactic Centre

* search for 1 -micron molecular hydrogen
emission

Near-infrared study of RCW,38

Molecular hydrogen in G333.6-O.2

A study of the Galactic Centre

The kinematics of Herbig-Haro groups
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Observers and Institutions

Number
of Nights
Allocated Title of Observing Programme

Taylor, K.N.R. (NSW) and Storey, J.W.V. 3
(AAOandUNSW)
Tuohy, I.R. (MSO) and Long, K.S. 2
(Columbia)
Tuohy, I.R., Mathewson, D. S. and 3
Dopita, M.A. (MSO)
de Vaucouleurs, G., de Vaucouleurs, A. 2
(Texas and MSO), Freeman, K.C. (MSO),
Taylor, K. (AAO) and Atherton, P.D.
(Imperial)

Visvanathan, N. (MSO) 2

Visvanathan, N. and Elso, J. R. (MSO) 6

Visvanathan, N. and Pickles, A.J. (MSO) 1

Wall, J. V., van Breda, I.G., Jorden, P.R., 5
Thome, D.J. (RGO) and Peacock, J.A. (ROE)
Walsh, J. R. (Manchester) and Canto, J. 2
(Mexico)
Ward, M.J. (IOA), Axon, DJ. (UCL), 3
Hough, J.H. (Hatfield) and Bailey, J. (AAO)
Ward, M.J., Whittle, D.M., Morris, S. 3
(IOA), Taylor, K. (AAO), Atherton, P.D.
(Imperial) and Wilson, A.S. (Maryland)
Welsh, B.Y. and Thomas, C.K. (UCL) 1

Whelan, J.A.J. (IOA), Hanes, D.A., Bailey, 3V4
J. ( A A O ) , Hassall , B . M . , Brunt, C .C . ,
Pringle, J . E . , Wade , R . A . , Ward, M.J. ,
Schwarzenberg-Czerny, A. and Fabian,
A.C. (IOA)

Whiteoak, J.B., Gardner, F.F. (CSIRO), 1
Taylor, K. (AAO) and Atherton, P.D.
(Imperial)
Whittle, D. M. (IOA), Alloin, D., Pelat, D. 3
(Meudon) and Phillips, M.M. (AAO)
Wilkes, B.J., Carswell, R.F. (lOA)and 2
Ferland, G.J. (Kentucky)
Wilson, A.S., Ulvestad, J.S. (Maryland), 3
Wright, A.E. (CSIRO) and Robertson, J.G.
(AAO)

Wood, P.R. and Bessell, M.S. (MSO) Vi

Wood, P.R. and Bessell, M.S. (MSO) 12

Wright, A.E., Abies, J.G. (CSIRO)and 2
Allen, D.A. (AAO)

Infrared sources in Corona Austrina

Optical studies of Einstein Observatory
point X-ray sources
Optical survey of new Magellanic Cloud
supernova remnants
Kinematics and dynamics of late-type
barred spiral galaxies

Expansion rate difference between inside
and outside the local supercluster
Determination of a global value for the
Hubble constant

The intermediate age population in
elliptical and lenticular galaxies
Deepexposures in field of unidentified radio
sources

HH39 and wind-driven flows from R Mon

The optical and infrared polarization of
Seyfert nuclei

The velocity field in Seyfert galaxies and its
relation to the radio plasma

Interstellar absorption lines in Galactic
HII regions
Spectrophotometry of dwarf novae

The velocity structure in dynamically active
HII regions

Emission-line profile variability in Seyfert
nuclei
Sharp components in the broad emission
lines of quasars
Dynamical and high-dispersion studies of
Seyfert galaxies

'^N abundance in asymptotic giant branch
stars in the Small Magellanic Cloud
Spectroscopy and photometry of long-
period variables in the Magellanic Clouds

A study of the reddest radio sources
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Observers and Institutions

Number
of Nights
Allocated Title of Observing Programme

Wright, A.E. (CSIRO), Faulkner, D.J.,
Wood, P.R., Smith, G. (MSO), Reay, N.K.,
Atherton, P.D. (Imr ..al) and Taylor, K.
(AAO)

Wright, A.E. and Jauncey, D.L.

Ionised hydrogen in globular clusters

Two unusual extragalactic radio sources

Institution abbreviations used above

AAO
Berlin
Birmingham
California
Cardiff
Columbia
CSIRO
Dartmouth

Durham
Edinburgh
ESO
Florida
Groningen
Hatficld
Hawaii
Imperial
IOA
Kee!e
Kentucky
Kiel
KPNO
Leicester
Los Alamos
Manchester
Maryland
Meudon
Mexico
MSO
MSSL
Oxford
Porto
Princeton
Queensland
RAL
RGO
ROE
SAAO
St Andrews

Sussex
Sydney
Tasmania
Tata
Texas
UCL
UNSW
Wollongong

Anglo-Australian Observatory
Technische Universität. Berlin (W. Germany)
University of Birmingham (UK)
University of California (USA)
University College of Wales. Cardiff (UK)
Columbi? University (USA)
Commonwealth Scientific and Industrial Research Organization
Dartmouth College (USA)
University of Durham (UK)
University of Edinburgh (UK)
European Southern Observatory (Europe)
University of Florida (USA)
Kapteyn Astronomical Institute. University of Groningen (Netherlands)
Haifield Polytechnic Institute (UK)
University of Hawaii (USA)
Imperial College of Science and Technology. London (UK)
Institute of Astronomy. University of Cambridge (UK)
University of Keeie (UK)
University of Kentucky (USA)
Kiel University (\V. Germany)
Kitt Peak National Observatory (USA)
University of Leicester (UK)
Los Alamos Scientific Laboratory (USA)
University of Manchester (UK)
University of Maryland (USA)
Observatoire de Meudon (France)
National University of Mexico (Mexico)
Mount Stromlo and Siding Spring Observatory
Mullard Space Science Laboratory. University College London (UK)
University of Oxford (UK)
Universidade do Porto (Portugal)
Princeton University Observatory (USA)
University of Queensland
Rutherford and Appleton Laboratories (UK)
Royal Greenwich Observatory (UK)
Royal Observatory Edinburgh (UK)
South African Astronomical Observatory (South Africa)
University of St Andrews (UK)
University of Sussex (UK)
University of Sydney
University of Tasmania
Tata Institute of Fundamental Research (India)
University of Texas (USA)
University College London (UK)
University of New South Wales
University of Wollongong

- r -
>.
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Appendix C

Staff

Anglo-Australian Observatory

D.C. Morton, PhD
D.W. Cunliffe
P.R. Gillingham, BE*
D.A. Allen, PhD
J.A. Bailey, D Phil't
J.R. Barton, BE
R.M. Bland
G.W. Bothwell, BE
M.G. Callaway
T.F. Carty, PhD
K.J. Cooper»
T.A. Cragg*
H. Davies, BE
R.G. Dean*
L.C. Denning B.E.M.*
D.S. Denny*
C.J. Emmott*
F.F. Freeman*
J.A. Freshwater
E.J. Galvin*
J.L. Gollan*
K.W. Gorham
P.M. Gray, BE
G.G. Hall2

D.A. Hanes, PhD
J. Hardy

K. Harwood, PhD3

J. Huxley
D.W. Jenkins4

P.W. Knight*
S.Lee*
P.L. Lindner*
D.F. Malin
D.J. Mayfield
P. McCartney*
C.J. McCowage*
G.M. Mager5

D.M. Paton
W.D. Pence, PhD6!
D.N. Phipps*
A.C. Porteners
V.D. Pos
J.G. Robertson, PhD
J.L. Rock
G.E. Schäfer*
A.E.T.Schinckel,BSc7

P. Simon

Director
Executive Officer
AAOOfficer-in-Charge, Siding Spring
Senior Research Scientist
SERC Fellow
Experimental Officer
Library Officer
Experimental Officer
Technical Officer
Experimental Officer
Technical Officer, TSO
Senior Technical Officer, Chief TSO
Experimental Officer
Senior Technical Officer
Principal Technical Officer
Senior Laboratory Craftsman
Clerical Assistant
Technical Officer, TSO
Typist
Assistant
Stores Supervisor
Administrative Officer
Experimental Officer
Technical Officer
Research Scientist
Technical Officer
Experimental Officer
Clerical Assistant
Technical Officer
Senior Laboratory Craftsman
Technical Assistant, TSO
Senior Laboratory Craftsman
Experimental Officer
Senior Technical Officer
Technical Assistant
Technical Officer
Technical Assistant
Clerical Assistant
SERC Fellow
Supervising Engineer
Draftsman
Senior Laboratory Craftsman
Research Scientist
Supervising Draftsman
Senior Laboratory Craftsman, TSO
Technical Assistant
Purchasing Officer
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R. M. Smith, BE Experimental Officer
A. Stacey8 Steno-Secretary
J.O. Straede, MSc Experimental Officer
J. E. Sullivan* Senior Technical Officer
K. Taylor, PhD Senior Research Scientist

* Stationed at Siding Spring as at 30.6.82
t Funded by the Science and Engineering Research Council
1. from 1.11.81
2. from 1.8.81
3. from 28.1.82
4. from 10.8.81
5. from 30.6.82
6. from 1.10.81
7. from 1.7.81
8. from2.11.81

TSO-Telescope Systems Operator
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Appendix D

History of the AAT Project
After representations to the Australian and British Governments, made in the mid-1960s by the
Australian Academy of Science and the Royal Society of London, it was decided in April 1967 to
build a large optical telescope, similar in design to the 4-metre telescope of the Kitt Peak
National Observatory in the United States. As a result of discussions held between the two
Governments and the Australian National University, it was decided that the telescope would be
built at the site of the University's observatory at Siding Spring Mountain nearCoonabarabran
in New South Wales.

A Joint Policy Committee consisting of six members, with three chosen by each Govern-
ment, served as an executive body from September 1967 until February 1971. The Committee
was succeeded by the present Anglo-Australian Telescope Board which operates under the
authority of an inter-governmental Agreement which came into effect at that time. Under the
Agreement concluded by the two Governments, the costs of the construction, operation and
maintenance of the telescope were to be shared equally, whilst observing time was to be available
in equal shares to astronomers in the UK and Australia.

A Project Office to supervise the construction of the telescope was set up in January 1968 by
the Joint Policy Committee. Some two to three years were required for the preparation of
detailed design specifications and the letting of major contracts, which were awarded on an
international basis, with important contributions coming from Japan, Switzerland and the
United States, as well as from the United Kingdom and Australia. Figuring of the mirrors was
carried out by the British firm, Sir Howard Grubb Parsons and Co. Ltd. The telescope
mounting and the drive and control systems were manufactured by Mitsubishi Electric
Corporation of Japan. The telescope building and dome, constructed by the Australian
companies Leighton Constructions Ltd and Evans-Deakin Industries Ltd, were completed by
the end of 1972, while the structural components of the telescope itself were assembled during
1973. The final cost of construction was $A15 932 250.

Following a complex process of adjustment and the installation of instrumentation, the
telescope was inaugurated in October 1974 by His Royal Highness, The Prince Charles.

The primary mirror, which has a usable surface of diameter 3.89 m, was aluminised late in
1974 and scientific work commenced early in 1975. Regularly scheduled observations began in
June 1975.

In October 1974 the Board established temporary quarters in the grounds of the CS1RO
Division of Radiophysics at Epping, an outer suburb of Sydney, to provide technical and
administrative support for the Telescope. Subsequently, the Board decided to maintain this
establishment, known since March 1976 as the Laboratory of the Anglo-Australian Observatory
(AAO), as a complementary facility to the Telescope at Siding Spring Mountain. The AAO
Laboratory provides facilities for administrative and scientific staff, staff concerned with
instrumental development, and visiting astronomers from Australia and overseas.
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