Stars over St Andrews
75 years of observational astronomy at the University
Observatory, St Andrews, Scotland.

Ron Hilditch

1

Stars over St Andrews

1

Preface

3

Introduction

4

Part 1. 1939 - 1959.

8

1.1 A new observatory with old telescopes

8

1.2 A new telescope design

12

1.3 A developing Department of Astronomy

17

1.4 Observing programmes 1950-1959

20

1.5 Development of the 30-37-inch Schmidt-Cassegrain Telescope

34

Part 2. 1959-1989.

45

2.1 Appointment of a new Napier Professor of Astronomy

45

2.2 Completion of the James Gregory Telescope

46

2.3 Rejuvenation of the Department of Astronomy

53

2.4 Observing Programmes 1960-1971

55

2.4.1 The Scott Lang Telescope (SLT)

58

2.4.2 The James Gregory Telescope (JGT)

66

2.4.3 Optical adjustment of the James Gregory Telescope

71

2.4.4 The Napier Building Telescopes

75

2.5 Changing Times, Telescopes, and Personnel

83

2.6 Observing Programmes 1972-1989

93

2.6.1. The James Gregory Telescope

93

2.6.2 The Leslie Rose Telescope

111

2.6.3 The Napier Building Telescopes

123

2.6.4 The Twin Photometric Telescope

130

Part 3. 1990 - 2015.

137

3.1 Merge, Move, and Rebuild

137

3.2 Observing Programmes 1990-2015

141

3.2.1 The Napier Building Telescopes

141

3.2.2 The Twin Photometric Telescope

145

3.2.3 The Leslie Rose Telescope

146

3.2.4 The James Gregory Telescope

155
2

Preface
This document (© Ron Hilditch, University Observatory, St Andrews, Scotland) gives an
account of the observational astronomy conducted at the University Observatory, St
Andrews, from its inauguration in 1940 through to the present day, some 75 years later. It
is concerned with describing the telescopes constructed and used at the Observatory, the
instruments that were made and mounted on those telescopes, and the observational
programmes that were conducted for the purposes of astronomical research and teaching,
and for training in observational methods.
Therefore, this document is NOT an account of the work of the Department of Astronomy,
nor after its amalgamation with the Department of Physics into the School of Physics and
Astronomy in 1987. Such an account would necessarily require reporting of all the
research work undertaken by members of staff and students, including theoretical and
computational astrophysics, the developments of instruments to be used at international
observatories, and the observational programmes conducted by St Andrews astronomers
at international observatories. Some of these issues may be mentioned in passing, in
order to provide relevant context to the observational work conducted at the University
Observatory in St Andrews. A full account of the Department would also require
investigations of the undergraduate degree structures and curricula and the regular
reviews that were undertaken to upgrade and modernise their content. If such a
comprehensive task were to be undertaken, it should be carried out by a researcher
experienced in the history of science and who is unconnected with the departments and
the personnel concerned.
Except where otherwise noted, all photographs and images presented in this document
are the property of the University Observatory, St Andrews. Digitised scans of original
photographic plates were made by Mr David Roche, Print and Design, University of St
Andrews. Mr Roger Stapleton has provided much help on several matters, mostly
concerning instruments and computers, and Dr Aleks Scholz and Professor Andrew
Cameron have helped with details about recent developments at the Observatory. The
staff of the University Library and Special Collections have been particularly helpful, as
always.
Dr Ron Hilditch is a former Director of the University Observatory, St Andrews, and retired
Reader in Astrophysics. Currently, he is an (unpaid) Honorary Reader in the School of
Physics and Astronomy, University of St Andrews.
[Front cover photograph: The James Gregory Telescope in its opened dome at the
University Observatory, St Andrews in 2014, viewed from the dome of the Leslie Rose
Telescope.]
[Abbreviations used in the Footnote References:
UCM: University Court of the University of St Andrews Minutes.
MNRAS: Monthly Notices of the Royal Astronomical Society.
QJRAS: Quarterly Journal of the Royal Astronomical Society.
IAU:International Astronomical Union.]

3

Introduction
During the interval 2011-2013, the University of St Andrews celebrated the 600th
Anniversary of its founding as a seat of learning in 1411 to its official recognition as a
university in 1413. As part of those celebrations, Professor Edmund Robertson in the
School of Mathematics sought to highlight the discoveries of the first Regius Professor of
Mathematics at St Andrews, James Gregory (1638-1675).
Professor Robertson’s
investigations of Gregory’s achievements in Mathematics, Astronomy, and Physics, arose
out of his long-term interests in the history of mathematics which are so clearly
demonstrated by the website at www-history.mcs.st-andrews.ac.uk . (That website is run
jointly by Professor Robertson and Dr John O’Connor at the School of Mathematics).
Working with Rachel Hart, Muniments Archivist and Deputy Head of Special Collections at
the University of St Andrews Library, and with Professor Eric Priest (also of the School of
Mathematics), they have created a large mural display of Gregory’s discoveries and
achievements which is mounted on the landing between Lecture Theatres A and C of the
J.F.Allen Building, School of Physics and Astronomy, on the North Haugh, St Andrews. In
addition, an information board has been provided in St Mary’s Quadrangle, South Street,
to highlight Gregory’s work in Upper Parliament Hall, and his establishment of a meridian
line for his astronomical studies. To draw further attention to Gregory’s meridian line,
recorded on the floor of the King James Library, the line has been extended Northwards to
cross the pavement outside Parliament Hall on the South side of South Street.
Gregory did succeed in persuading the University to erect a building designed for use as
an observatory, and to provide some instruments for observational work, such as clocks
and quadrants. The building was situated near the South end of Westburn Lane. However,
Gregory left St Andrews soon after, and the building eventually fell into ruin and was
demolished. The clocks and quadrants remain amongst the University’s Museum
collections.
A little more than two centuries later, Peter Redford Scott Lang was appointed to the same
Regius Professorship of Mathematics that Gregory had held. Scott Lang had a
distinguished career, occupying that Chair of Mathematics from 1879 to 1921, and
contributing much to the University generally and to the local community. He received a
knighthood in 1921 in recognition of his educational, military, and public services1 . Early in
his time at St Andrews, Scott Lang was sent a parcel of letters and other items, some of
which were original letters to James Gregory, and others were notes and mathematical
workings written by Gregory himself. These items were deposited by Scott Lang with the
University Library. It is likely that these letters pertaining to Gregory inspired Scott Lang to
consider encouraging the re-development of Astronomy as an academic discipline within
the University of St Andrews.
In 1912, he wrote a letter to his wife, Lady Alice Mary Scott Lang, expressing his desire to
see Astronomy flourish in St Andrews. Part of that letter is recorded in the Minutes of the
Meeting of the University Court of the University of St Andrews held on 24 November

1
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19362 , and says: “ I would like if you would, when convenient to you, and if you approve,
give, say £3,000 to £5,000 to found a Lectureship in Astronomy in the University of St
Andrews at St Andrews provided the University undertakes to provide an Observatory with
the necessary instruments, the Lectureship to be called ‘The Napier Lectureship in
Astronomy’ in memory of Baron Napier of Merchiston.” There the matter lay, in private
Scott Lang family records, until after the deaths of Sir Peter Scott Lang in 1926, his wife
Lady Alice in 1932, and then their daughter, Miss Edith Mary Valentine Scott Lang, just 4
years later aged 56 years. But, at that Court Meeting in November 1936, the Minutes
record3 that a letter was received, dated 16 October, from Solicitors acting as Agents for
the late Miss Edith Scott Lang and an accompanying paper containing the further wishes
of her father, an excerpt being: “Considering that my father, the late Professor Sir Peter
Redford Scott Lang was desirous that a Lectureship in Astronomy should be formed in the
University of St Andrews at St Andrews provided the said University would undertake to
supply an Observatory with the necessary instruments, the Lectureship to be called ‘The
Napier Lectureship in Astronomy’ in memory of Baron Napier of Merchiston, I therefore
direct my Trustees, as soon as possible after my death, to offer a sum of Twenty thousand
pounds (£20,000) to the University of St Andrews subject to the above conditions ….”. It
was also explained in the Minutes that the original sum mentioned by Miss Edith’s father
had been increased by Miss Edith’s mother “owing to the change in the value of money
since my father’s letter to her was written”. Extending that “change in the value of money”
from 1936 to the present day requires an inflation factor of about 55-60, so the £20,000
would be £1.1-1.2 million today.
True to St Andrews traditions of caution, the Court “agreed to defer consideration of the
acceptance of the Bequest of £20,000. In the meantime the Court remitted to a
Committee, consisting of Dr Alexander Leighton (Convener), Professors Peddie, Allen,
Turnbull and Copson, to report on the feasibility of providing, at St Andrews, an
Observatory to fulfil the conditions attached by Miss Scott Lang to her Bequest…..and to
obtain an estimate of the cost of buildings together with the necessary instruments.”
At the Court Meeting held on 6 July 19384 , the Committee reported that whilst they had
commissioned Mr J.D.Mills, Architect, to provide estimates of costs for an Observatory
building, they had experienced difficulties in “obtaining from Instrument Makers an
estimate of the cost of instruments required for the equipment of a laboratory”. The Court
also heard from the Agents for Miss Scott Lang’s Bequest that it was “not in their power to
grant any extension of the period within which the Court to declare whether or not they
would accept.” The Court agreed to accept the Bequest complete with all the attached
conditions, and moved smartly on to seeking advice about a possible appointee to the
position of Napier Lecturer, as well as further advice about securing appropriate
instruments. That advice was sought from Professor Greaves of the Department of
Astronomy at the University of Edinburgh, and Astronomer Royal for Scotland, and
Professor Smart of the Department of Astronomy at the University of Glasgow. After
various investigations, including visits to Dunsink Observatory, near Dublin, and University
College, Cork, in Ireland, it was recommended by the Committee that the University should
(1) make a formal application to the Royal Institution, London for the permanent loan of a
Dallmyer refractor telescope of 4-inches aperture, and (2) purchase a 10-inch aperture
2
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Equatorial Refractor telescope with accessories and a Dome, being offered for sale by the
Executors of the late Mr Walter Goodacre, F.R.A.S., of Bournemouth. By the time of the
Court Meeting on 27 February 19395 , both telescopes had been secured and
arrangements were being made for their safe transport to St Andrews. It was also reported
that Principal Irvine had received advice from Professor Greaves about the most suitable
appointee for the Napier Lectureship. The most eminent British astronomer of the time, Sir
Arthur S. Eddington, Plumian Professor of Astronomy at the University of Cambridge, was
involved in this process at least to some extent6 . The result was that Principal Irvine
interviewed Dr Erwin Finlay-Freundlich the day after that Court Meeting, and appointed
him to the Napier Lectureship with effect from 1 March 1939. Dr Freundlich and his family
moved to St Andrews shortly afterwards, and he remained at the University until 1959.
Principal Irvine had secured the services of an internationally respected astronomer with
many years of experience as a Director of an observatory. He had therefore achieved his
aim of making an appointment to this new position at St Andrews that would be noticed
internationally.

This portrait of Erwin Finlay-Freundlich was
discovered at the Observatory in 1990, and
was given to the University’s Museum
Section. It is dated 1938, so presumably was
painted whilst the subject was still in Prague.

The respected solar astrophysicist, Dr Harald von Klüber, (University of Cambridge) wrote
the obituary for Professor Erwin Finlay-Freundlich in German in 19657, and a shorter
5
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E.Finlay-Freundlich, in personal correspondence with A.S.Eddington, dated 28 January 1939;
Special Collections, University of St Andrews Library.
7

H. von Kluber, Astronomische Nachrichten, Vol.288, pp.281-286, 1965.
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version in English8. There were also memoirs of appreciation by Professor Eric Forbes
(Professor of History of Science, University of Edinburgh9), and Dr Alan Batten (Senior
Research Astronomer, Dominion Astrophysical Observatory, Herzberg Institute of
Astrophysics, Victoria, B.C., Canada10), both former students of Freundlich’s at St Andrews
during the 1950s. The following is a summary of those more extensive articles, selecting
those issues of particular relevance to this document.
Dr Freundlich (1885-1964) was of German nationality, born to a German father and a
British mother (Ellen Finlayson), who had obtained his doctorate from the University of
Göttingen in 1910, studying mathematics under the supervision of the famous
mathematician Felix Klein. He moved to Berlin Observatory soon after, where he met
Einstein, and worked with him on observational tests of Einstein’s General Theory of
Relativity from an early stage, thereby gaining early international recognition for his
abilities. Freundlich moved to Potsdam Observatory in 1921, first establishing the Einstein
Solar Tower, and becoming the Observatory Director from 1923 to 1933. He resigned that
position owing to the actions of the Nazi régime, and because there was some Jewish
ancestry in his family. He moved to Istanbul, Turkey, to take up a new Chair in Astronomy
and to set up a new Observatory for that university. But three years later, after the new
observatory was operational, he was persuaded to take the vacant Chair of Astronomy at
the German Charles University of Prague, Czechoslovakia. By the Spring of 1938,
however, Freundlich knew that the situation was becoming rapidly dangerous for him and
his family, with their Jewish connections, and they left Prague in January 1939. The move
to St Andrews saved him and his family, and von Klüber (footnotes 7,8) noted that
Freundlich always thought that he and his family had been very fortunate.
A little pedantry! It has been claimed that Dr E. Freundlich changed his name to Dr E.
Finlay-Freundlich when he settled in Scotland, and took British nationality soon after. This
statement is probably formally correct. However, a simple perusal of the list of Freundlich’s
scientific publications, attached to von Klüber’s obituary (footnote 7), shows that he
tried using various forms of his name for 20 years before he adopted British nationality.
He used E.Freundlich (EF) from his first paper in 1913 consistently through to 1930. He
also used E.Finlay-Freundlich (EF-F) in 3 papers in 1922-3, and then introduced
E.F.Freundlich (EFF) in 1930. He then used EF and EFF from 1930-34, switching to EFF
and EF-F from 1935, and EF-F consistently after reaching Britain. It would seem that he
was keen to demonstrate that he was of mixed nationality from quite early in his career,
perhaps particularly so after 1930 once the Nazi pest (as he called it11 ) was usurping
German culture.
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H.von Klüber, QJRAS, Vol.6, pp.82-84, 1965.
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E.G.Forbes, Dictionary of Scientific Biography, (eds., C.C.Gillispie, and for Vol.V, E.Fischer and
G.Haberlandt), Vol.V, pp.181-184, 1972.
10

A.H.Batten, Journal of the British Astronomical Association, Vol.96, pp.33-35, 1985.
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E.Finlay-Freundlich, in personal correspondence with H. Spencer-Jones, Astronomer Royal,
dated 14/12/1938 from Prague: “We are trying with all our force to hinder the Nazi pest from oozing
too quickly through our University….”; Special Collections, University of St Andrews Library.
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Part 1. 1939 - 1959.
1.1 A new observatory with old telescopes
The Napier Lecturer in Astronomy took up his duties in the Spring of 1939, and received a
very warm welcome from Professor H.W.Turnbull in the form of a celebratory and forwardlooking article published in the Alumnus Chronicle for June 193912. In the same month, he
also received a private letter13 from Dr T.G.Cowling, a mathematician who became one of
the foremost theoretical solar physicists of the 20th century. The letter, dated 13/6/39,
reads: “I had heard from Prof. Milne of your appointment at St Andrews and I was very
glad. As you may perhaps be aware, I was at Dundee last year, and came into contact with
several of the people at St Andrews; and I learnt that some people would be glad if the
astronomical appointment proved to be a failure, since then steps could be taken to divert
the funds to other purposes. I do not think there is much likelihood of failure with you in
charge of the work. “ So we see that the academic vultures were circling before anyone
had been appointed to the Napier lectureship! Fortunately, Turnbull’s welcome and
Cowling’s optimism were well founded.
The first task was to complete the detailed design of the new Observatory building in
collaboration with Mr J.D.Mills, the Architect. The site had already been identified to the
North of the hockey pitch at the Western end of the University Playing Fields. That design
was finalised during the summer, and included elements to permit the installation of a solar
telescope in addition to those already purchased by the Committee. The building was
completed in December 1939, with the wooden dome from the private observatory of the
late Mr Goodacre being re-mounted by its original maker, Mr William Reid, Contractor, of
Manchester. That wooden dome is still there, and in full working order, although the
outside has been re-covered more than once with more modern waterproof
membranes.The cost of building the original observatory and equipping it with the two
telescopes was rather less than 20% of the Scott Lang Bequest.
The 10-inch Refractor telescope, which was built by R.Bruce, Edinburgh in 1871, was
removed from Bournemouth by Sir Howard Grubb, Parsons, Ltd., of Newcastle, and stored
at their factory until the Observatory building was completed14 . The telescope was then
installed at St Andrews in late 1939 or early 1940. Thus Dr Finlay-Freundlich had a new
Observatory, with a 4-inch refractor and a 10-inch refractor each dating from the Victorian
era. This was definitely better than nothing at all, and they were certainly fine instruments
for viewing the Moon, the planets, star clusters, and Milky Way star fields, in the manner
that keen amateur astronomers would use them at that time, and for introducing students
of astronomy to the practicalities of finding astronomical sources in the sky. There are no
observing log books surviving from the 1940s, but some rough notes in a diary belonging
to Freundlich and found at the Observatory give some flavour of observations made. There
were positional measurements of stars made with the 4-inch and 10-inch refractors
12

H.W.Turnbull, Astronomy-the fulfilment in St Andrews of an Early Plan, Alumnus Chronicle,
University of St Andrews, pp.13-16, 1939.
13

Private letter from T.G.Cowling to E.Finlay-Freundlich dated 13/6/39, in E.Finlay-Freundlich’s
papers, Special Collections, University of St Andrews Library.
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This photograph of the original Observatory building is undated, but was evidently
taken in winter with snow on the ground and during the Second World War. The
dome has been painted in camouflage colours, and the building has a generally
unfinished appearance.

The wooden plaque made to commemorate the inauguration of the
Observatory building, after the Polish troops had left and the damage
caused by them had been repaired in 1941.
9

The Dallmyer telescope, a classic refractor telescope made in 1870 with an objective
lens of 4-inches diameter, and attached to an equatorial mounting. The polar axis is
inclined at the latitude of the observatory (56 degrees North) and points to the North Pole
on the sky. The telescope is rotated about that axis to follow the apparent motions of
stars across the sky from East to West due to the rotation of the Earth in the opposite
direction. The sidereal drive to follow that motion was provided by a set of weights falling
under gravity and acting on a set of bevel gears housed in the black box to the left of the
display sign. The observer had to lift the weights back up to the pulleys regularly.
The telescope is on display in the entrance vestibule of the James Gregory Building,
University Observatory, St Andrews.
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and a theodolite. During the partial solar eclipse on 1949 April 28, all three instruments
were used by students to determine the times of first and last contacts of the eclipse.
During 1940-41, there were laboratory-based experiments conducted to reproduce
successfully the findings by Fürth et al.15 on A modification of the Michelson Interferometer
Method for the determination of stellar diameters. To simulate the effects of atmospheric
turbulence in the laboratory setting, a toaster was used to provide convective turbulence in
the optical path through the experiment. The apparatus was transferred to the 10-inch
telescope, and interference fringes were observed during intervals of good seeing, when
the air column was steady.
The War Effort took precedence, of course, and Freundlich taught Air Navigation and
Astro-Navigation to RAF aircrew from Leuchars in collaboration with Squadron
Commander Breese, and Applied Kinematics as part of the Air Training Scheme for RAF
personnel from late 1941 to 194516. In addition, the Observatory building was partly
occupied by Polish Armed Forces from June 1940 until May 1941 including the dome
area17. They were involved in Fire Watch duties for the district, and the location of the
Observatory with its open views of the surroundings from the balcony outside the dome,
and from the 360 degree circle of small windows within the dome itself were well suited for
that task. After the soldiers left in May 1941, with considerable damage having been done
to the building by them, repairs were required and finally the Observatory was declared to
have been completed18. A wooden plaque was evidently placed in the building to
commemorate the event19; that plaque was re-discovered in a dark corner of the
Observatory in 1990, and was given to the University’s Museum. Freundlich did secure
the agreement of the University Court to install a Solar Telescope and the funds were
approved in 194020 . He also obtained, with the concurrence of Professor H. Stanley Allen
of the Department of Natural Philosophy, some technical assistance for maintenance of
the telescopes from Mr J. McNab, a Technician in that Department21. A transit instrument
was installed in order to determine the precise longitude of the Observatory, but Freundlich
reported22 that no astronomical research observations were made during the War.
During the interval 1941-1945, Freundlich did introduce a first-level General Class in
Astronomy, suitable for all undergraduate students, on the Earth and the Celestial Sphere,
an introduction to astronomical observations and instruments, and Stellar Astronomy. A
Special Class for mathematically-inclined students was started, covering the positional and
dynamical subjects typical at that time in Astronomy: Spherical Astronomy and Time,
Celestial Mechanics , but also Astro- and Air-Navigation, and Introductory Astrophysics

15

R.Fürth, K.Sitte and H.P.Appel, MNRAS, Vol.99, pp.141-149, 1939.

16

UCM, Year 1941-42, No.4, p.79; Year 1942-43, No.9, p.131.
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UCM, Year 1940-41, No.3, p.44.
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E.Finlay-Freundlich, MNRAS, Vol.103, p.82, 1943; MNRAS, Vol.105, p.115, 1945.
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involving the Internal Constitution of Stars23 . He taught classes at Honours level in General
Relativity to students of Applied Mathematics, not just at St Andrews, but at Dundee (then
forming part of the University of St Andrews), Edinburgh and Glasgow24 .

1.2 A new telescope design
It is evident that Freundlich devoted considerable time to learning about the recent
developments in astronomical optics which had seen the introduction of telescope designs
incorporating both mirrors and lenses, the so-called catadioptric systems. Such telescopes
were capable of recording wide fields of view in reasonable exposure times with the
photographic emulsions of that time. The first design of this type was introduced by the
Estonian astronomer Bernhard Schmidt in 193125, working at Hamburg Observatory in
Germany. Probably the most famous classical Schmidt telescope is the 48-inch telescope
at Mt Palomar in California, USA, that was constructed between 1939 and 1948. Its widefield capabilities were fully exploited in the National Geographic Society - Palomar
Observatory Sky Survey that provided images at blue and red wavelengths of the entire
Northern Hemisphere sky, and later Southwards to Declination -30 degrees. The Northern
Hemisphere survey was completed in 1958, with images published on monochrome
photographic prints showing astronomical sources as faint as magnitude 22 (about 2.5
million times fainter than may be seen with the unaided eye). The UK Schmidt Telescope,
operated by the Royal Observatory, Edinburgh, and located at the Siding Spring
Observatory in Australia, together with that of the European Southern Observatory in
Chile, completed the photographic survey of the entire Southern Hemisphere sky during
the early 1980s, with images published on monochrome photographic transparencies.
Schmidt’s original optical plan was followed by several novel designs, including a SchmidtCassegrain system proposed by Baker (1940)26, several versions of which were explored
theoretically by Linfoot (1944)27 . The design which appealed particularly to Freundlich was
that described by the jargon words: a two sphere, one plate, aplanat. That is, a telescope
design incorporating two mirrors each reflecting surface being a section from a sphere,
and a thin lens or plate with one surface flat and the other of quite complex aspherical
shape, resulting in an image being recordable on a flat focal surface and without any
significant aberrations (an aplanat). Furthermore, the field of view of this design with a
“fast” focal ratio of about f/3 is of the order of 5º on the sky, much wider than any traditional
long-focus refractor or indeed a standard Cassegrain reflector, where the typical field of
view is of the order of 0º.5. ( The angular diameter on the sky of the full Moon is about 0º.5
). The figure below illustrates the optical design of such a telescope.

23

University of St Andrews Calendars 1941-45.

24

Private undated letter to Z.Kopal (then at Harvard University, USA); in E Finlay-Freundlich’s
papers, Special Collections, University of St Andrews Library.
25

B.Schmidt, Mitt. Hamburger Sternwarte in Bergedorf, Vol.7, p.15, 1931.

26

J.G.Baker, Proc. Amer. Phil. Soc., Vol.82, p.3, 1940.

27

E.H.Linfoot, MNRAS, Vol.104, pp.48-64, 1944.
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Schematic diagram of the optical path through a Schmidt-Cassegrain telescope. A
parallel beam of light is illustrated from a distant source that is off-axis, or not in the
centre of the field of view. That light first passes through the corrector plate,is reflected
from the concave primary mirror, and then from the convex secondary mirror to the flat
focal plane, where a photographic plate would be mounted. The aspheric surface of the
Schmidt corrector plate is shown greatly exaggerated in the separate sketch.

The corrector plate is located at or near the centre of curvature of the primary mirror. Thus
off-axis sources see the same optical system as on-axis sources and the field of view can
be a few degrees across. The spherical mirrors would introduce spherical aberration
across the whole field of view, but the Schmidt corrector plate introduces aberrations of
opposite sign before the two spherical mirrors, so that the star images at the flat focal
plane are free of such aberration over the whole field of view. With careful polishing and
positioning of the optical surfaces, other optical aberrations like coma and astigmatism are
minimised to be smaller than the typical “seeing disc” of star images seen through the
Earth’s atmosphere. For St Andrews, nearly at sea-level, typical seeing discs are 3-4
arcseconds in diameter.
Two spherical mirrors are relatively easy to make with all cross-sections being an arc of a
circle of constant radius of curvature. However the Schmidt plate resembles a thin planoconvex lens in its central regions, surrounded by a thin plano-concave lens in its outer
parts. Furthermore those deviations from a flat surface on the aspherical side do not
exceed values of order 300 wavelengths of light in the green part of the spectrum, or about
one-fifth of a millimetre. Such levels of figuring require some very delicate grinding and
polishing of the surface. Since no-one had yet made such a telescope, Freundlich secured
the assistance of Dr Linfoot to act as an external consultant for the theoretical part of his
project, supported with a formal agreement established between the Universities of St
Andrews and Bristol28. In his 1944 paper, Linfoot commented that “One or both of the
mirrors may be figured, but for ease of construction we try to keep the figurings on the
mirrors as light as possible. In particular, systems in which one or both of the mirrors are
spherical have a claim to preference on that account.” He concluded his paper with the
28
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sentence “Here, as elsewhere, an experimental investigation must supplement the Seidel
theory if the best results are to be obtained.” Linfoot used the term “experimental pilot” in
several sections of his paper indicating that he hoped that a well-constructed optical
system would provide the details about image structure across the field of view that the
theoretical models of that time could not calculate.
This planned research project was a significant change of direction for Freundlich, and his
1939 plans for a solar telescope and spectrograph at St Andrews, that had been
postponed because of the war, were cancelled29.
Via an apparently chance meeting in Dumfries in 194530, Freundlich engaged Mr Robert
Waland as a Research Technical Assistant to be his practical telescope maker31. Mr
Waland was a skilled technician and draughtsman, who had taught himself how to make
complete telescopes, including the processes of grinding and polishing the optical glasses
to the correct shapes. In addition to those practical skills, he had a deep understanding of
the theory of optical systems, amply demonstrated by his two published research papers32.
Mr Waland, together with his assistant Mr Threadgill, started work in April 1946 at the
Observatory by setting up and equipping an optical and mechanical workshop and
assembly room, added to the West wing of the building33 . Freundlich, working with Linfoot,
planned to make a 30-36-inch Schmidt-Cassegrain telescope, but decided to start with a
half-scale experimental Pilot Model, with a 15-inch diameter aperture stop and an 18-inch
diameter primary mirror. With the additional help of an apprentice (Mr H.Brown) from late
194634 , and Mr J.G.Bruce, Curator of the Mills Observatory, Dundee, as a part-time Optical
Assistant from mid 194835, work on the Pilot Model progressed rapidly to completion by
October 1949. The Hysil glass blanks for the two mirrors were supplied by Chance
Brothers, Birmingham, and the corrector plate was figured from white plate glass,
developed by Pilkington Brothers Ltd, St Helens. There are no statements in the University
Court Minutes about the financial costs of building this telescope.
There does not appear to be any written account of this construction work, which involved:
building a grinding and polishing machine for all the optical figuring, and conducting that
painstaking task; designing and making the support structure for the primary mirror; and
designing and building the entire telescope tube with secondary mirror and corrector plate
mountings. There are several minutes of silent 16mm ciné film sequences showing the
grinding stages only of both mirrors and the corrector plate, but nothing about the
mountings or other components.
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The grinding and
polishing machine
designed
and
constructed by Mr
Waland in the optical
workshop at the
University Observatory,
St Andrews. The Schmidt
corrector plate,about 3/4
inch thick, is mounted on
the rotatable base, and
the grinding/polishing
tool on top may be
rotated, and moved in
lateral and transverse
directions at different
rates to provide circular/
elliptical/epicyclic
motions under the control
of the operator.

Mr Robert Waland (left) and Dr Finlay-Freundlich at the Optical Workshop of the
University Observatory, St Andrews, looking at the completed and polished (but not
yet aluminised) primary mirror for the Pilot Model telescope in 1949. The mirror has a
diameter of 19 inches, thickness about 3 inches, and the central hole a diameter of 6
inches.
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The completed half-scale or Pilot Model Schmidt-Cassegrain telescope mounted on the
Grubb Parsons base at the Mills Observatory, Dundee in 1950. The observer is seated
on an adjustable chair, with the photographic plate holder at the focal plane of the
telescope just in front of his head. The observer had to look through an eyepiece located
to one side of the plate holder and operate fine controls to ensure that the telescope
tracked accurately the sources being photographed with exposure times ranging up to
several hours. A doctorate in patience was a prerequisite!
To speed up the completion, and to save money, agreement was reached between the
University and the Trustees of the Mills Observatory to make use of the sturdy Grubb
Parsons mounting of the 18-inch Newtonian Reflector36 located at Dundee. The arguments
given in favour of this plan were that the Newtonian telescope had a restricted field of view
36
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whereas the new Schmidt-Cassegrain design would greatly improve views of rich star
fields in the Milky Way, and that the new telescope could be located permanently at the
Mills Observatory to be used by the general public as well as by research staff at the
Department of Astronomy. It would not have been difficult to switch between visual
observations via eyepieces located at the Cassegrain focus, and the photographic plate
recordings for the research work. Thus, the world’s first Schmidt-Cassegrain telescope
was installed at the Mills Observatory, Dundee during the autumn of 1949, and the first
record of observations being made with the telescope was on 1950 February 25.

1.3 A developing Department of Astronomy
During the construction phase of the Pilot Model telescope, the Department of Astronomy
increased its personnel from having a Napier Lecturer and a part-time Secretary to having
a Lecturer, three technical staff (as already noted), an Assistant Lecturer, and a part-time
Secretary. Such developments were in direct response to increasing numbers of students
at the University after the War years, typically with 35 students taking the first-level
General Class in Astronomy by 1955, and 10 in the Special Class and 2-3 in the Honours
years.
The first Assistant Lecturer was Mr Ian Campbell, a graduate of St Andrews appointed in
1946, who started research work with Freundlich on the properties of globular star
clusters. However, he resigned after two years to take a position with The Admiralty, and
was replaced by Mr Tadeusz B. Slebarski, again a St Andrews graduate in Mathematics
and Astronomy. Mr Slebarski (1914-2003) had studied these two subjects at the
Jagellonian University of Cracow, Poland but in 1938 his academic work was interrupted
by being called for military service, followed by joining the Polish Army in 1939. He was
evacuated from France in 1940, and stationed in the St Andrews area for the remainder of
the War. He was allowed to resume his academic studies towards the end of the War, and
graduated from St Andrews in 1947. Mr Slebarski started work at the Observatory as a
research student, was appointed to the Assistant Lectureship in 1948, and quickly
demonstrating his abilities as a first-class teacher, was promoted to a Lectureship in 1950.
With an operational telescope in Dundee, Freundlich secured the agreement of Court to
appoint an Observer to carry out most of the observational work37. He appointed Miss
Barbara M. Middlehurst (1915-1995), a Cambridge graduate in Mathematics, who took up
her duties in January 1951 on an annually renewed contract. She took leave of absence in
1954 to work at Indiana University, U.S.A, and was promoted to a Lectureship in 1955. But
she resigned that position in 1959 to take a position at Yerkes Observatory, Chicago. She
remained in the U.S.A. for the rest of her life38.
Before she arrived, Dr Jaroslav Cisar (1894-1983) was employed for 3 months in that role,
and subsequently received some wages at a poor rate for his observational work during
1951. He gave evening classes on astronomy in Dundee to make some sort of living
wage, and succeeded Mr Bruce as the Curator of the Mills Observatory when Mr Bruce
died suddenly in 1952. The stipend for that part-time position was modest, and he was
37
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helped significantly by the University of Manchester funding a part-time observer post at St
Andrews that continued until his 65th birthday in 1959, at a salary that was equivalent to
the present-day minimum wage. Dr Cisar had obtained his doctorate from the University of
Prague in 1922, and had subsequently become a diplomat. He was a refugee during the
War years in London, working at the Czechoslovak Research Institute, and
corresponding39 with Freundlich about plans to set up a National Academy of Sciences in
Czechoslovakia after the War. He returned to Prague in 1946-47 but left again after the
Communist coup in 1948. He was helped financially in Britain by the Society for the
Protection of Science and Learning until he secured the above-mentioned positions in
Dundee and St Andrews40 . Dr Cisar continued to give occasional lecture courses to
students at St Andrews during the 1950s and 1960s, and eventually retired from his
position at the Mills Observatory in 1967.
On the technical side, Mr Claude Craib, a skilled instrument technician, was appointed to
replace the late Mr Bruce41, and he stayed in the Department until his retirement in 1975.
The apprentice, Mr H Brown had been called up for military service, and was replaced by
Mr George Barclay, but he did return later. Mr Threadgill resigned his position in December
1952, and was replaced by Mr D. R. Allen. Mr F.D.Abbott was appointed for one year as a
Research Assistant to work under the supervision of Mr W.Stewart (Department of
Engineering) to develop the design for the mounting for the Full-Scale Telescope, and
subsequently became a Night Assistant at the Observatory until he resigned in 1959.
There was a number of research students, funded by study grants from the Department of
Scientific and Industrial Research (DSIR), during the 1950s, but all except two were
involved in subject areas other than observational astronomy, such as theoretical work on
stellar structure, and instrument developments for studies of the aurorae borealis around
the time of the International Geophysical Year, which ran from July 1957 to December
1958. The two exceptions were Alan H. Jarrett (1925-2007), who had completed his first
degree in Physics at Leeds, followed by a M.Sc at Manchester, before he came to St
Andrews in 1950 ; and Eric G. Forbes (1933-1984), a St Andrews graduate in Astronomy
in 1956, and both studied for a Ph.D degree under Finlay-Freundlich’s supervision.
Jarrett was awarded his doctorate in 1953 for work on developing interference filters and a
Fabry-Perot interferometer using thin film dielectric coatings and applying them to
astronomical sources such as spectral-line emission from the solar corona observable
during solar eclipses, and potentially from bright nebulae in the Milky Way Galaxy. He was
appointed to a Lectureship in 1953, and his research work used his F-P interferometer in
studies of the solar corona observed during total eclipses, working with Professor Harald
von Klüber at Cambridge42 , as well as branching out to studies of the auroral line emission
in the Earth’s atmosphere43 . This diversion away from observational astronomy into
atmospheric physics or geophysics was well funded by the DSIR during the IGY interval. It
also led to him resigning his position at St Andrews in 1959, and moving to Queen’s
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University, Belfast, where he remained for 9 years before moving to South Africa to take up
the Directorship of the Boyden Observatory at Bloemfontein. He remained in South Africa
for the rest of his life44.
Forbes was supervised by Finlay-Freundlich in detailed studies of the solar spectrum
recorded from different positions across the projected Solar Disc, in an attempt to resolve
the discrepancies observed by many investigators at that time between the measured
wavelengths of spectral lines and the values expected from theoretical models of the Solar
Atmosphere. These models also had to include the gravitational redshift to be expected
according to Einstein’s General Theory of Relativity. Forbes’ observational work was
conducted at Arcetri, in Italy, and the detailed measurements of his photographic spectra
at Göttingen in Germany, since none of the necessary facilities was available at St
Andrews. He was awarded his Ph.D degree in 1961, and moved on to study the history of
science, gaining an M.Sc and a second Ph.D from University College, London, whilst
lecturing at a teacher training college. He was appointed to a position at the University of
Edinburgh in 1965, and to a Professor of the History of Science in 1978 in recognition of
his international standing in the subject, but tragically died suddenly in 198445.
Freundlich’s own research time was devoted to exploring his version of a “tired-light”
hypothesis, popular with several investigators in the 1940s and 1950s, principally to
explain the apparent solar redshift problem as noted above for Forbes’ work46 . Suffice it to
note here that this issue was not solved until observations of the Sun with higher
resolution spectrometers and improved theoretical models of the Solar Photosphere were
combined in the late 1960s47 . In November 1953, Professor Freundlich, aged 68, suffered
a severe heart attack, and was in hospital for some time. He seemed to recover well, and
resumed work including going on a total solar eclipse expedition to Sweden in 1954. Whilst
the observational work of Jarrett and von Klüber was successful from one location in
Sweden, the observing site chosen for Freundlich’s work was clouded out, and he did not
succeed in his ambition to repeat his 1929 experiment using the same but upgraded
equipment to measure the gravitational deflection of starlight around the Sun.
During the 1950s, there were progressive changes to the teaching curriculum to reflect the
growing importance of radio astronomy, theoretical and observational astrophysics, the
structure of the Galaxy, relativity and cosmology. The Pilot Model telescope was used
regularly for practical observing sessions with the Special Class and Honours students in
Astronomy.
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1.4 Observing programmes 1950-1959
St Andrews is situated on the North-East coast of Fife, Scotland, at a latitude of about 56 º
North. [The precise location of the University Observatory is: latitude 56º 20’ 12” North;
longitude 0 hours 11 minutes 15.5 seconds (0h 11m 15.5s) West of the Greenwich
Meridian.] This northerly latitude means that the night sky does not become dark enough
for serious astronomical observations from mid-May through to mid-August. Thus the
observing season has a duration of some 9 months, and the length of each night
obviously ranges from about 4 hours in early September and late April up to 14 hours
during mid-winter. It is worthwhile for the reader to appreciate the working conditions that
were part of the job description for an observational astronomer during the 1950s, and
indeed for some decades thereafter. The astronomer worked in the opened dome with the
telescope, where the ambient conditions would be close to those outside in the open air,
with perhaps some shelter from whatever winds may have been blowing. In the early and
late parts of the observing season, conditions would be usually quite pleasantly mild, and
the durations of the nights would be short. In mid-winter, temperatures would readily be
significantly below freezing level, and the nights would seem to last a very long time
indeed. It was also necessary for the astronomer to cope with working in very low light
levels, typically the illumination from a weak red-light torch, so that the astronomer’s eyes
were “dark adapted” for seeing often very faint stars through a telescope. Low light levels
in a dome are absolutely necessary so that stray light does not enter the telescope optics
or a recording device like a photographic plate holder, and cause all manner of destructive
problems to recorded observations. A successful observer had to have good manual
dexterity to operate the telescope controls effectively, coupled with a well-trained familiarity
with electrical and electronic devices. In more recent times, the observer is isolated from
the telescope in its cold dome, and sits comfortably in a warm room with normal light levels
operating computers that control all aspects of the telescope and instrumentation remotely.
But the astronomer still has to think, be alert, and be in control of the observing
programme.
The Mills Observatory is located on Balgay Hill, Dundee on the North side of the Firth of
Tay, some 15 miles North from St Andrews. The Pilot Model telescope was installed there
in late 1949, and the first record of observations being made with the telescope was on
1950 February 25, with Freundlich, Waland, and Cisar present. On that first night, some
small adjustments were made to the orientation of the polar axis of the mounting both in
altitude and azimuth, by means of tracking stars as they moved across the sky due to the
rotation of the Earth. Over the rest of that observing season, the clear nights were used for
painstaking small adjustments of the position of the Schmidt corrector plate to improve
image quality, and for tests of focus stability as a function of telescope temperature, as
well as further checks on the mounting. A few direct photographs were taken of star fields
to demonstrate to the University Court that the new telescope was working successfully,
but unfortunately these do not seem to have survived in the Observatory Photographic
Plate Archive. Members of the
Court were evident impressed because letters of
congratulations were sent to Professor Finlay-Freundlich and Mr Waland48.
These
photographs were also displayed at the 1950 March meeting of the Royal Astronomical
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Society in London. Two papers were published in 195049 describing the new telescope and
providing examples of the images obtained.
In the 1950-51 observing season, the telescope was used on a total of 60 nights for an
average of 3.7 hours per night, but a range from 2 hours to 9 hours50. About half of these
nights had clear, or partly clear, skies, and most of the observational work was carried out
by Dr Cisar, with some assistance from Messrs Bruce, Slebarski, and Waland, and from
1951 January, Miss Middlehurst. Nearly all the work was directed to establishing the
stability of the telescope focus at varying temperatures, tests of the optical quality
(evidence for coma, astigmatism, spherical aberration, distortion) by means of direct
photographs of star fields. There were clearly problems with the sidereal drive motor and
mechanism on the Grubb Parsons mounting, that was nearly 20 years old, which meant
that exposure times of more than a few minutes could not be relied upon. On the cloudy
nights, with no stars visible, substantial effort was expended on the novel technique of
microphotography to test optical quality across the field of view by means of images
recorded as the focus was stepped from 4/100 inch inside focus to 4/100 inch outside
focus, giving 9 focal settings. The procedure involved using an artificial star provided by a
2mm diameter hole drilled through the cover of a mercury street lamp located on the
Dundee Law at a distance of about 7/8th mile from the observatory on Balgay Hill. The
telescope was moved systematically to place the star sequentially at an array of 25 off-axis
positions covering the whole field of view, and images were recorded at the 9 focal settings
with exposure times ranging from 24 seconds (out of focus) to 1 second in focus. After
many experiments, the successful arrangement involved a microscope to provide a 20
times magnification of the image, and a Stewartry copier attached to a Leica 35mm
camera using standard rolls of film. Exposure times were controlled by a separate shutter
with cable release to ensure stability of the system.
By the end of 1950, it was clear that the Mills Observatory was not as good an observing
site as that at St Andrews, due to the lower frequency of clear nights and to the increasing
light pollution from Dundee as that town was extended North and West. Freundlich made a
formal request51 to the University Court to start discussions with Dundee Town Council
over the possibility of transferring the Pilot Model telescope, complete with the Grubb
Parsons mounting, to St Andrews in exchange for the 10-inch refractor that was at St
Andrews. This proposal caused substantial local upset, with letters published in the local
press expressing anger at the University of St Andrews for interfering with a publiclyowned observatory, but differences of opinion were eventually resolved and the exchange
of telescopes took place during the Autumn of 1951 at the University’s expense52 .
The Mills Observatory did benefit from this exchange, because the 18-inch Newtonian
reflector that was first installed was not as easy to use as the 10-inch refractor. The
Newtonian focus is located on one side and near the top of the telescope tube, thereby
requiring the use of steps for the observer to look through the eyepiece. Members of the
general public have a remarkable aversion to climbing up steps in the dark to peer through
49
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(left)
The
fi r s t
Observatory building,
with its Workshop
extension on the West
side (left) seen in 1951.
(below) The Grubb
Parsons mounting from
Dundee being moved into
the dome at St Andrews
in 1951.

an unfamiliar eyepiece at sources in the night sky! It is much easier if the focus position is
accessible from the dome floor, as is more typically the case for a refractor with its focus at
the back of the telescope.
The Grubb Parsons mounting was fitted on to the concrete plinth within the dome at St
Andrews, and the Pilot Model telescope was attached after the upper half of the tube had
been enclosed to ensure that stray light did not enter the telescope optics. The old sidereal
drive system was replaced with a new one made by the Western Electric Company. To
make this rather short telescope accessible, a new floor had to be built within the dome
area that was accessed via a steep set of steps and through a trap door. The observer
then had a comfortable dome in which to work, with all controls at easy access, and the
necessary guiding of the telescope during long exposures could be performed from an
adjustable chair. A celebratory article, entitled A New Telescope in Scotland 53, was
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The Pilot Model telescope at St Andrews in 1952, with the upper half of the telescope
tube now enclosed and the 4-inch aperture finding telescope mounted on one side. For
guiding of the telescope during long exposures the observer used an eyepiece at one
side of the square photographic plate holder at the focal plane of the SchmidtCassegrain telescope.

published in the amateur astronomers’ journal Sky and Telescope describing the Pilot
Model telescope at St Andrews, and also providing some design details about the Full
Scale telescope under construction.
The first proper observing programme with the telescope was started by Dr Cisar on 1952
April 17 with his Nebular Survey, which initially concentrated on the clusters of galaxies
(at that time still commonly referred to as extragalactic nebulae) in the Ursa Major region
of the sky. During the summer months of 1952, further microphotographic tests were made
at St Andrews using an unspecified artificial star, and it was concluded that the Schmidt
plate should be moved 11/32nds inch further out than the original position. Only two sets of
microphotograph film strips are extant at the Observatory, one undated and without any
comments, and the other containing film strips covering a 6-week interval in the Autumn of
1952. The details of this second set are consistent with a brief outline54 of planned
54
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The set of 35mm film strips of
microphotographs obtained during
September-November 1952 at the 25
positions across the field of view, with
number 13 being at the centre. Each
strip showed 13 sets of images of
Altair as the telescope focus position
was stepped by 0.001 inch from
0.006 inch outside focus to 0.006
inch inside focus. At each focus
position, there were 7 exposures
each of 1/25th second when near
focus, reducing to 3 exposures each
of 1/10th second when out of focus.

The near-focus sets
of 7 images of Altair
on three film strips;
upper: number 1 at
the outer edge of the
field of view; middle:
number 18 to the
right of the central
position at number
13; lower: number 25
at the outer edge
again. There is no
significant difference
between the images
in each set across the
entire field of view.

The 7 images in set 5 at position
18, each exposure being 1/25th
second,and hence showing some
speckle patterns from the
atmospheric turbulence. The
average image size is 4 arc
seconds in diameter.
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observations using the real star, Altair, and the fact that the observations were obtained
over several weeks suggests that the observers did make use of the available clear skies.
The results were sent to Dr Linfoot for examination, and he commented briefly on the tests
in a conference paper in 195555. There are example images, and a declared paper in
preparation by Linfoot and Cisar which seems not to have been completed, a rather
unfortunate ending for so much effort. The photographs above shows a small sample of
these recorded images, each image being about 4 arcseconds in diameter.
The Photographic Plate Archive at the Observatory shows that regular observing with the
telescope was resumed in late 1952, but there is no surviving Observing Log Book
covering the interval 1952 December - 1954 December. Cisar’s nebular survey was
continued, including well-known star-formation regions in the Milky Way, like the Rosette
Nebula (NGC2237) in Monoceros, and the Orion Nebula (M42). The University Court
Minutes show that astronomers at Jodrell Bank Radio Astronomy Observatory had
evidently heard about the Pilot Model telescope, and a formal request was made by the
University of Manchester to employ an observer who would use the wide-field capabilities
of the Pilot Model telescope “to help in tracing the origin of a mysterious radiation
attributed at present to invisible and unexplained radio stars.”56 Dr Cisar conducted a
series of survey photographs of Milky Way regions requested by Jodrell Bank over the
next few years, and some examples of those photographs are presented over the next few
pages. They required many nights of observations with exposure times typically of 1 to 2
hours per plate. In the Plate Archive, the only evidence of this agreement is an occasional
plate envelope that is empty with the words sent to Manchester written in pencil, or more
commonly, the same message written on a plate envelope that contains a positive glass
copy of the original plate. Cisar’s contributions to these discovery observations by the
radio astronomers were modest scientifically, and he did receive an acknowledgment for
his efforts in one research paper57, which was concerned with establishing the links
between the distributions of cool hydrogen gas determined from 21-cm spectral line
emission and the distributions of interstellar dust determined from direct photographs.
Most of the early papers from radio astronomers were concerned with identifying the
sources of the radio continuum emission, such as Cygnus A, Cassiopeia A, Taurus A,
Sagittarius A, and the optical evidence at that time was provided largely by astronomers in
the USA. Subsequently, these sources of continuum radio emission were established not
to be stars, but high-mass star formation regions with free-free radio emission, and
supernova remnants and active galaxies with synchrotron radio emission.
In addition to these images being obtained for identifying the radio sources, Dr Cisar
conducted tests of two interference filters made by Dr J. Ring at Manchester in observing
gaseous nebulae from 1953 November to 1954 April. The interference filter centred around
the Hydrogen Alpha line at 656.3 nanometres (nm) had a band-width of 7 nm and a peak
transmission of 75%. There was a second filter, noted as “He” on the plate envelopes,
which presumably meant the Helium line at 587.6 nm. A total of 50 plates were obtained
of star formation regions like the Orion Nebula (M42) and supernova remnants like the Veil
Nebula in Cygnus. Exposure times ranged from 30 minutes up to 10 hours per plate! As
noted in a research paper by Dr Ring58, “With this arrangement, Dr J. Cisar in 1953-54
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was able to obtain exposures of up to 10 hours without plate fog, some of the photographs
obtained thus being shown at a meeting of the Royal Society of Edinburgh.” Having shown
that the technique worked, Dr Ring then moved his observing programme to a larger
telescope (1.2m diameter) and darker skies at Asiago Observatory, University of Padua,
Italy.

Two exposures on
M42 (the Orion
Nebula) taken by
Dr Cisar in 1954
with interference
fi l t e r s o f 1 - i n c h
diameter centred
on the Hydrogen
Balmer Alpha line
at 656.3 nm and on
the Helium line at
587.6 nm.

In January 1954, Mr Slebarski started his own observing programme after learning the
skills of astronomical photography from Dr Cisar. He made repeated observations of the
Pleiades open star cluster with exposure times in the range 5 to 30 minutes; and of about
20 asteroids, or minor planets, over two observing seasons typically obtaining 5 to 10
observations per asteroid, with exposure times in the range 5 to 30 minutes dependent
upon the apparent brightness of each asteroid, mostly in the range 9th to 11th magnitude
at Opposition. The purpose, according to the Annual Reports of the Observatory59 at that
time, was to establish the astrographic capabilities of this novel design of telescope for
relatively faint sources. Some of the asteroids observed already had very well established
orbits around the Sun, such as Ceres, the brightest asteroid, and others that were much
fainter even at Opposition. It would seem that the aim was to establish how precisely the
position of an astronomical “point source” could be determined with this equipment by
direct comparison with positions calculated from the established orbital parameters. There
is no surviving report or research paper that provides an account of the accuracies
achieved with this work. The Pilot Model telescope had a plate scale of 67 arcseconds per
millimetre, so the diameters of stellar images at 4 arcseconds were about 0.06 mm, or 60
microns (micrometres). The two-coordinate travelling microscope at the Observatory in the
1950s could not provide the level of accuracy required for such tests. Mr Slebarski had to
wait until the 1960s for better measuring equipment to be obtained before returning to a
well-defined project on the orbits of selected asteroids.
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These two electro-mechanical pendulum
clocks, made by the Synchronome Clock
Company Ltd., London, were either gifted to
the Observatory in 1940 by Provost William
Carstairs of Anstruther (UCM, Year 1939-40,
No.6, p.87), or purchased via his donation for
that purpose (UCM, Year 1939-40, No.9, p.
138). They were used as the Master Clocks for
the Observatory for some 30 years, one for
Greenwich Mean Time, the other for Local
Sidereal Time, and were accurate to about 2
seconds per week. Mr Slebarski had the
regular task of monitoring these clocks, via the
daily Greenwich Time Signal on the BBC Home
Service, and recording by how much they
departed from the Standard as each observing
season progressed. They were corrected once
per year.

The Observing Log Book for the interval 1955 January - 1958 December does provide
some limited help in understanding the contents of the Plate Archive from this time, and,
for example, noting the regular use of the Pilot Model telescope for practical observing
sessions for the Special Class (8pm to 10pm, weekly) and for Honours students, largely
supervised by Miss Middlehurst. Mr Abbott was employed as a Night Assistant during this
time, helping with technical problems on the telescope and dark-room services. It is
notable also that he was a regular user of the sleeping accommodation provided in the
“New Building”, perhaps the only time when that small room was used for its planned
purpose.
From 1953 January to 1958 December, the Pilot Model telescope was used on a total of
269 nights for time intervals ranging from 2 hours up to complete winter nights of 12-14
hours. Since the observing season lasts for 9 months, or 273 nights, the telescope was
operational for 1/6th or 16% of the total available time. These figures reflect both the
limited numbers of clear or partly clear nights to be found on the East Coast of Scotland,
and the availability of observers to make use of the telescope. Thus, the yearly figures
cover a large range, from only 15 nights used in the season 1957-58, to 81 nights used in
the season 1954-55. In the 1954-55 season, the telescope was operational for 30% of the
total available nights, which corresponds with the long-term average for St Andrews
dictated largely by the weather patterns. Thus the limited use of the telescope in other
observing seasons must have been significantly influenced by the availability of the
observers, Dr Cisar who worked part-time at the Mills Observatory including evenings, and
Mr Slebarski who worked full-time as a University Lecturer. It is notable that Dr Jarrett and
Miss Middlehurst, both employed as Lecturers during this time, were not much involved in
the use of the telescope beyond supervision of evening practical classes. There were
some nights devoted to testing Jarrett’s F-P interferometer on some gaseous nebulae but
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these were unsuccessful60 . In the Spring of 1957, the naked-eye Comet Arend-Roland
dominated the evening sky, with Cisar and Slebarski obtaining 33 plates, typically with
exposure times of 10 minutes, and using a variety of plates, from the blue-sensitive OaO,
yellow-sensitive OaD, and red-sensitive OaE emulsions, as well as various filters.
These first years of use of the Pilot Model telescope did provide some minor contributions
to research work at that time, and it was a very useful teaching instrument, but the widefield attributes with good images were not exploited in a systematic manner on a sharplydefined research programme that could have made the world’s first Schmidt-Cassegrain
telescope much more well known.
From 1955 to 1959, Jarrett established an auroral watch station to the North of the
Observatory,
near the site of the present Sports Centre, that contributed to the
International Geophysical Year in 1957-58. An f/0.7 spectrograph for observing auroral
spectral-line emission over wide fields of view was loaned from the American Air Force
Research Center at Cambridge, Massachusetts from 1955. An All-Sky camera,
constructed at the Uppsala Ionospheric Observatory, was provided for the IGY interval,
taking photographs of the entire night sky automatically every minute, at least on clear
nights. A radio telescope array was also constructed locally. Much of the funding for this
research came from the DSIR, as well as the Royal Societies of Edinburgh and London,
but that line of research was concluded and/or moved to Belfast in 1959.
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Comet Arend-Roland photographed on 1957 May 5 by Mr Slebarski
and Dr Cisar with the Pilot Model Telescope. The exposure time was
10 minutes with a red filter and on OaE red-sensitive photographic
emulsion. The guiding of the telescope followed the comet so that the
star images are slightly elongated trails.

29

The Pleiades star cluster in the constellation of Taurus, popularly
known as the Seven Sisters, since for most people unaided-eye
observations show 6 or 7 bright stars. These brighter stars are
surrounded by tiny solid grains - dust in circumstellar and interstellar
space - hence the fuzzy appearance. Exposure time of 1 hour on 1957
December 22 by Dr Cisar.
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Part of the Milky Way in the constellation of Auriga, showing the Flaming Star Nebula,
IC405, with the bright young star AE Aurigae at upper right. The exposure time was 102
minutes on 1954 December 21 by Dr Cisar.
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The Cygnus Loop, the filamentary remnant of a supernova explosion. This
emission nebula spans about 3 degrees on the sky, and hence requires a wideangle telescope like the Pilot Model to be recorded in one image. The orientation of
the image is North up and East to the left, so the Eastern Veil Nebula, NGC 6992,
6995 is at upper left, and the Western Nebula, NGC 6990, is lower right. The
exposure time was 2 hours with a red filter taken in 1955 by Dr Cisar.
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The Andromeda galaxy, M31, with its companion galaxies M32 just below
the central region of M31,and M110 above right, photographed by Dr Cisar
in 1958. The orientation of this photograph is North up and East to the left.
M31 is the nearest spiral galaxy to our Milky Way galaxy, at a distance of
about 770 kiloparsecs, or 2.5 million light years. It is just visible to the
unaided eye as a faint small fuzzy patch of light.
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1.5 Development of the 30-37-inch Schmidt-Cassegrain
Telescope
After the Pilot Model telescope had been completed in the autumn of 1949, and
established on the mounting at the Mills Observatory, most technical effort was directed to
designing and making the Full Scale telescope, with a corrector plate and a primary mirror
of 38 inches diameter and an aperture stop of iris diaphragm design with its diameter
variable between 30 and 37 inches. The workshop was extended to include an Assembly
room for this much larger project, which was a major, even a daunting, undertaking for this
small group of very competent personnel. The primary mirror was to be twice the diameter
of that of the Pilot Model, and therefore twice the thickness to maintain the traditional 6:1
ratio of diameter to thickness. The mass of the primary mirror therefore increased by a
factor of 8 to a value of order 250 kg, and hence everything else had to be made much
more robust than required for the Pilot Model. The designing and building of this entire
telescope system was a research project, with much knowledge already gained from the
Pilot Model, but many potential problems, including the double-tube assembly for the
telescope, and the compensated fork mounting.
After some deliberation, the Court decided to accept Freundlich’s request that the
Observatory Committee be reconstituted.61 The membership of this Committee was initially
Professor Graham (Convener), Professors Randall, Preston, Turnbull, and Copson, and Dr
Freundlich, and it was charged with overseeing the development of plans for this larger
telescope. That membership changed slowly over the next 10 years, but it always
included representatives from the Departments of Natural Philosophy (Physics),
Mathematics, and Engineering.
In November 194862 , Freundlich had “estimated roughly that the cost of completing the
full-sized telescope, exclusive of buildings, will be of order £6,000 and that once the
equipment is completed a yearly grant of £600 should suffice to carry on research work”.
An amount of £1,200 had already been secured from the Robert Cormack Bequest
Committee of the Royal Society of Edinburgh specifically towards the costs of the optical
glass for this telescope, the two mirror blanks being purchased from Pilkington Brothers,
St Helens, and the Schmidt plate blank from Schott Glasswerk, Jena, in Germany. By
March 195063 , an “estimate of expenditure still to be met in connection with the
construction of the full-scale instrument…… was £4,200 ” making a total around £10,000
for the materials used. There was some unspecified disquiet expressed by the Robert
Cormack Bequest Committee, and the Court was required to agree that “their original
proposal that the new telescope be made available to qualified students of other Scottish
Universities should be recorded in the Minutes of the Court”.64
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Some 18 months later, the membership of the Observatory Committee had become Dr
Jack (Convener), Professors Preston, Copson, Freundlich, Cullwick, Dr Lawson and Dr
Rutherford. They reported65 that “work on the new telescope had advanced so far that the
new observatory will be required by the autumn of 1954”. It was agreed by the Court to
prepare plans and costs for submission to the University Grants Committee (UGC).
However, the same Observatory Committee report stated that the previous estimates of
costs “…though accurate for the telescope itself, did not include anything for the cost of
the very intricate and elaborate mounting. The cost of this mounting will be about £30,000
and Professor Freundlich asked if he might be allowed to endeavour to secure grants
from outside sources towards defraying this expenditure”. The Court gave leave to
Professor Freundlich to approach the Department of Scientific and Industrial Research
(DSIR). In his annual report written for Proceedings of Observatories, published in Monthly
Notices of the Royal Astronomical Society, Freundlich stated that66 “With regard to the 38inch Schmidt-Cassegrain telescope under construction by Mr Waland, the primary and
secondary mirrors have been edged and roughed out. The primary hole has been partly
trepanned and is at present being worked with a full-sized tool. The drawings for the
floating system for both mirrors and tube are completed and the mechanical work on the
primary flotation system has begun. In order to investigate from all theoretical points of
view a quite new idea for the mounting of telescopes of moderate size, suggested by Dr
Cisar, Professor Marshall from the Engineering Department of United College, Dundee,
with his Assistant Mr W. Stewart, joined in the planning work for the new telescope.”
Whilst progress was clearly being made, it is difficult to understand why Professor
Freundlich and the Observatory Committee were so confident that the telescope would be
completed by the autumn of 1954.
During 1953, plans for the new observatory building were prepared by the Architects,
Messrs Carr and Matthew, Edinburgh, and the UGC had approved tenders for the building
amounting to some £8,50067 . The two mirrors had been completed, and work on the
Schmidt corrector plate had started68. The DSIR awarded a grant of £800 for one year for
research into the design of a mounting for the new telescope and Mr F. D. Abbott was
appointed for that task69. In a report to the Court, Freundlich provided a summary of
expenditure up to 1955 on this telescope project. A total of £10,115 had been spent on
equipment and materials, with funding provided by The Carnegie Trust (£5,618), The
Cormack Bequest Trust of the Royal Society of Edinburgh (£1,460), the Second Russell
(Markinch) Trust (£300), and the remainder (£2,737) from the General Fund of the
University. The University had also to pay the salaries and wages of those engaged in
designing and building the telescope since the project started in 194970 . The new building
was completed and furnished by the end of 1955, save for the Dome, pending the decision
about the design of the mounting. It would seem that a temporary structure was built to
cover the dome aperture to keep the building weatherproof during the ensuing 3 years.
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Principal Knox held substantial discussions with Professor Freundlich and Dr Jack over the
major issue of designing, funding, and building the telescope mounting. It was concluded
that a more reasonable estimate of the costs of manufacturing the mounting would be
about £15,00071, half of Freundlich’s original estimate. From consultations with Sir Edward
Appleton, Principal Knox was advised to approach the Royal Society in the first instance in
order to seek formal approval for the project. Professor Freundlich and Dr Jack wrote the
research grant proposal which was submitted to the Royal Society and subsequently to the
DSIR. The RS approved a sum of £2,500 towards the project provided the remaining funds
were secured from elsewhere, and a few months later the DSIR awarded a grant totalling
£9,00072 . With these funds secured later in 1956, the Principal agreed to meet the £3,500
shortfall from University funds and instructed Freundlich to accept the tender from the
Harland Engineering Co. of Alloa, for construction of the mounting. Later that year, it was
reported that the two mirror mountings had been completed, and construction of the 8-inch
guide telescope and the iris diaphragm had been started73 .

Mr Waland controlling the polishing stages during the making of the 38-inch diameter
primary mirror of the Full-Size Telescope.
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By the end of 1956, the personnel of the Observatory Committee had become Dr Jack
(Convener), Professors Copson, Allen, Freundlich, and Dr Rutherford. Freundlich had
asked the University Court to find a successor for him, but Court agreed74 that he should
remain as Observatory Director to see the telescope completed first, and mounted in the
new observatory building, and established to be in proper working order! The Court
should have accepted the wise counsel of 71-year old Professor Emeritus FinlayFreundlich, and pursued the task of finding a successor for him in order to accelerate the
completion of this major research project.
During 1957 and 1958, there was slow progress with the figuring of the Schmidt corrector
plate, but manufacture of components for the telescope’s double tube system continued.
The engineering drawings for the telescope dome, designed by Henry Hope & Sons,
Smethwick, Birmingham, are dated January 1957, and June 1958, and this company was

The completed primary mirror of the Full-Size Telescope, not yet aluminised on the front
surface, located in its mounting and showing the support pads underneath the mirror
used to keep the mirror in place and undistorted at all orientations of the telescope. Every
single component in the photograph had to be designed and manufactured in the
Observatory Workshop.
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awarded the contract for its construction. It is clear from the silent 16mm cine´ films of the
construction project that the telescope mounting, made by Harland, was hoisted from a
lorry by crane over the building’s walls and lowered on to the concrete plinth before the
dome was built. A subsequent film shows the arrival of the framework components of the
dome on a lorry from Henry Hope & Sons, and its construction over an unspecified interval
of time, but all in fine summer weather in 1959. The dome cladding was then attached.

The base of the telescope,
made by Harland, Alloa,
being hoisted into the
building in Summer 1959.
The personnel in these
photographs seem to be
staff of Harland’s and the
transport and crane
companies.
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The
arrival
and
construction of the dome
for the Full Size Telescope
in Summer 1959. The
personnel involved seem
to be staff of Henry Hope &
Sons Ltd., Birmingham.
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The design of the remaining parts of the mounting, comprising the lower half of the
telescope tube, the tynes and their counterweights, were completed during 1959, and
were manufactured by Harland. The electrical control system and motors for Right
Ascension, Declination, and Sidereal drives, and the observer’s console were designed,
and their manufacture commenced by Barr and Stroud Ltd., Glasgow. The focus assembly,
and photographic plate holders, were completed at the Observatory Workshop, whilst the
manufacture of the focal plane shutter was contracted to Williamson Manufacturing Co.
Ltd., London. The first optical test of the Schmidt plate was made on 1959 January 28, but
continuing difficulties in correcting small departures from the desired surface of revolution
hampered completion of this vital component75.
The 16mm cine´ film records show various parts of the manufacture of the components of
the telescope, such as the grinding and polishing of the two mirrors and the corrector
plate. The primary mirror cell complete with its supporting pads for the mirror is
demonstrated, as is the positioning system for the location of the corrector plate at the top
of the inner “floating” tube of the telescope, and the iris diaphragm located in the middle
part of the tube. The final stages of assembly of the heavy components of the completed
telescope required extensive use of the crane system incorporated into the structure of
the dome, coupled with the willingness of the technicians to clamber over and into various
parts of the telescope and mounting.
The next four figures are scanned images of original drawings made by hand by Mr
Waland during his own time after he had left St Andrews to take up a position at the Lunar
and Planetary Laboratory in Arizona, U.S.A. The originals are about A2 size, and their
representations here at about A5 size do not do justice to their elegance and painstaking
attention to the tiniest details. Nevertheless, the reader is invited to study them in order to
appreciate that building a Schmidt-Cassegrain telescope is not just a matter of making two
mirrors and a oddly-shaped lens!
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A cross section of the new observatory building, showing the concrete
foundations of the building, the concrete plinth for the telescope mounting, and
an outline of the telescope, the dome structure, and the observer’s control
panel mounted on the observer’s platform.
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A detailed cut-away drawing of the 30-37-inch Schmidt-Cassegrain telescope at
the University Observatory, St Andrews, hand drawn by Mr Robert Waland. It
shows (from right to left, after rotating the page through 90 degrees) the primary
mirror in its support cell, with the central hole allowing light through to the focal
plane at the back of the telescope. The photographic plate holder is shown
separated from the back. The secondary mirror and its support is shown further
up the telescope tube, followed by the iris diaphragm aperture stop, and the
Schmidt corrector plate in its support at the top. The positions of all the optical
components are adjustable. The double-tube structure is also shown. Numbers
identify the 93 separate components, and are repeated as required in the
following two figures which show some components drawn to a larger scale.
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The primary mirror seen in cross section mounted in its support cell is shown in the
lower half of the figure, with many individually numbered components. Also shown is
the photographic plate holder mounted in position at the focal plane of the telescope.
The upper half of the figure illustrates the details of the support pads underneath the
mirror, by rotation of the lower figure through 90 degrees about an axis parallel to the
plane of the page.
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Four details of the main telescope drawing, clockwise from the lower left: (1) the
secondary mirror and its mounting details; (2) one component of the positional
adjustment mechanism for the Schmidt corrector plate; (3) moveable supports between
the inner and outer telescope tubes; (4) one component of the adjustment mechanism for
the primary mirror.
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Part 2. 1959-1989.
2.1 Appointment of a new Napier Professor of Astronomy
If the University Court had been somewhat slow in 1956 to recognise the need to find a
successor for Professor Finlay-Freundlich, it moved quickly when it did decide to do so.
The Observatory Committee was given the remit “to advise the University Court on the
policy to be pursued in relation to the development of the Observatory and the Department
of Astronomy with particular reference to the use of the new telescope when completed “76.
The members of the Committee were the Master of the United College (Professor
Walmsley, Bute Chair of Anatomy), the Dean of the Faculty of Science (Dr Jack, Reader in
Physics), Professor Allen (Physics), Professor Copson (Regius Chair of Mathematics), and
Professor Ritchie ( Chandos Chair of Physiology) , the Convener.
The Committee met on 11 February 1959, and considered written memoranda from
Professor P.M.S.Blackett (Imperial College, University of London), Professor H.H.Plaskett
(University of Oxford), Professor R.O.Redman (University of Cambridge) as well as
opinions obtained in discussions with other astronomers of high standing, in particular Dr
H.A.Brück, Astronomer Royal for Scotland. The Committee decided unanimously to
recommend to the University Court: “(1) that the encouragement and support of the
teaching of Astronomy was appropriate, and of great importance to the University of St
Andrews, (2) that the new Schmidt-Cassegrain telescope should be installed, tested and
brought to observational use in St Andrews as soon as practicable, (3) that the University
Court should proceed to the appointment of a new Professor of Astronomy as from
October 1959, (4) that the Court should forthwith appoint a Committee of not more than
three persons to act as Curators and Supervisors of the academic and financial affairs of
the Observatory until such time as the Professorial appointment could take effect.”
Three candidates were interviewed for the Professorship in late July 1959, with Dr Douglas
Walter Noble Stibbs being the successful applicant. The following summary of his early
career has been based upon the obituaries written by former astronomy students at St
Andrews, Dr David Stickland77 and Dr Thomas Lloyd Evans78 . Walter Stibbs (1919-2010)
was an Australian, with Scottish grandparents, who had obtained a B.Sc in Physics at the
University of Sydney in 1942, and an M.Sc in 1943 whilst working at the Commonwealth
Observatory at Mount Stromlo, near Canberra. Like Freundlich, he also had to use his
skills to contribute to the War Effort by designing a Sun compass for desert warfare, and
improved gun sights which were manufactured at that observatory’s workshop. He gained
lecturing experience in teaching mathematics and physics at New England University
College, Armidale, now the University of New England,from 1942 to 1945,and then joined
the staff of Mt Stromlo Observatory, conducting observational studies of variable stars via
the (then) new technique of photoelectric photometry. During this work, he developed his
oblique rotator model for explaining the observed variations in spectral and magnetic
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features of a peculiar A star, HD125248 79, which became the classic model for
understanding the properties of this class of variable star. He also demonstrated his
thorough understanding of theoretical stellar astrophysics by co-authoring a text book with
the Director of Mt Stromlo Observatory, Dr R vdR Woolley, entitled The Outer Layers of a
Star 80 . In 1951, he was awarded the Radcliffe Travelling Fellowship at the University of
Oxford, and spent two winter seasons observing Cepheid variable stars at the Radcliffe
Observatory, Pretoria, South Africa. This major body of work resulted in three papers81 in
1955-56 on the subject of the rotation of the Milky Way Galaxy, and the determination of
the distance of the Solar System from the Galactic Centre. He also gained his D.Phil.
degree from Oxford for this influential contribution to the subject. From 1955 to 1959, he
worked at the Atomic Weapons Research Establishment, near Aldermaston, leading a
team calculating the opacities of gases at high temperatures from theoretical models. This
work involved developing codes to make these difficult calculations on the latest
computers of the time. He continued to give lectures on theoretical and observational
astrophysics at the University of Oxford. Thus St Andrews gained an experienced lecturer
with highly developed skills in observational and theoretical astrophysics that were at the
forefront of the subject at that time. Professor Stibbs started his appointment in November
1959, and he remained as the Napier Professor of Astronomy and Director of the
University Observatory for the next 30 years, through to the retirement age of 70 years in
accordance with the Professorial Ordinance of the University in place at the time of his
appointment.

2.2 Completion of the James Gregory Telescope
The University Court approved the requests from Professor Stibbs for the older and newer
buildings at the Observatory to be officially named the Scott Lang Building and the James
Gregory Building respectively82 . Consequently, the Pilot Model Telescope in the dome of
the older building became the Scott Lang Telescope (SLT) and the Full Scale Telescope in
the dome of the newer building became the James Gregory Telescope (JGT).
By the end of 1959, it was clear that the Full Scale telescope was nearing completion,
although much work remained to be done in the final assembly and testing stages. During
1960-61 the telescope mounting and the heavy lower part of the telescope tube were
assembled, followed by the installation of the primary mirror cell and the upper half of the
telescope tube together with the three optical components. Subsequent work included
mounting the 8-inch refractor guide telescope alongside the main telescope, and
alignment of the optical components of the main telescope. Engineers from Barr & Stroud,
Glasgow, conducted all the mounting and electrical work associated with the installation of
the electro-mechanical control system for the telescope. These included the heavy-duty
motors, relays, clamps, clutches and brake systems for slewing the telescope across the
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sky at speeds of several degrees per second, the less powerful systems for slow-motion
setting speeds, and the fine-guiding system for careful positional control of the telescope
that is required for all modes of observation and is particularly obvious during the long
exposure times required for photographic plates.
The observing platform was connected to the rotating dome structure and moved around
in azimuth with the dome, but it was also possible to move in azimuth and to raise and
lower the platform and to swivel it by means of hydraulic pumps manufactured by the
Lockheed Company Ltd, London. The observer’s console and hand-set for electrically
controlling all the telescope, dome, and platform motions was mounted on the platform
with the result that the lucky observer was guaranteed many hours of being confined to a
somewhat wobbly platform about 1 metre in diameter! Of course the observing platform
was necessary for the observer to reach the eyepiece of the guiding telescope, and the
plate holder assembly at the Cassegrain focus of the Schmidt-Cassegrain telescope. Fine
guiding of the telescope was achieved by the observer ensuring that the position of a
sufficiently bright guide star was kept on the cross wires of the guide telescope for the
duration of every exposure, from minutes to hours dependent on the faintness of the
astronomical source.

Mr Robert Waland in 1962, standing on the observer’s platform raised to its highest level
above the dome floor, and holding the hand-set that provided controls of most of the
telescope and dome and platform motions. The console to his right has the slewing
motors controls as well as dials for Right Ascension, Declination, Hour Angle, and Local
Sidereal Time, all illuminated in red lights of variable brightness. The completed James
Gregory Telescope is on the right, with its plate holder for 8-inch square plates mounted,
and the 8-inch refractor guide telescope at the upper left of the main tube. (Photograph
courtesy of Dumfries Museum.)
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By early 1962, the telescope was declared operational and the first optical tests conducted
by Mr Waland are recorded in a small notebook describing adjustments undertaken in
March. He describes the sequential procedure of first aligning the secondary mirror with
the primary mirror, and then altering the position of the corrector plate by 0.02 inch to
minimise the coma seen in the images of stars at different positions across the field of
view. That adjustment in turn required a re-adjustment of the position of the secondary,
and hence again the corrector, each change being sensibly much smaller than the
previous one. His sketched images of stars in off-axis regions show third-order and fifthorder astigmatism, and noted as such by him. Curiously, he states that the on-axis star
image shows third-order spherical aberration, whilst the off-axis star images do not, and
comments that “ this spoiling of the on-axis imaging is deliberate and is part of the
technique of image balancing.” Perhaps this comment was wishful thinking, because he
would have known that third-order spherical aberration would be uniform across the whole
field of view. The more likely explanation was that the spherical aberration was embedded
within the off-axis astigmatic shape at this early testing stage. There is no record of Mr
Waland acknowledging this mistake.
The first exposures in the Plate Archive are dated from 1962 April. Most of these plates
were obtained by Professor Stibbs, involving focus tests, polar alignment tests, and
exposures on astronomical sources such as one of the gibbous Moon for fun (exposure
time 1 second), and more seriously a 60-minutes exposure taken through an interference
filter on the field containing the galaxy NGC 3379, as a test of one of his planned research
programmes for the telescope. The results were promising and exciting, but it was also
clear that some further adjustments of the alignment of the optical components would be
necessary to improve the image quality. Exactly which adjustments would be necessary
would only become apparent from extensive optical testing including Foucault tests, the
dependence of telescope focus position upon the diameter of the aperture stop in
examining the cause of the spherical aberration, and Hartmann diaphragm tests.
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A positive image of
The Moon produced
from the foregoing
negative, and
providing
an
impression of a
three-dimensional
sphere hanging in
black
space.
Photograph obtained
by Professor Stibbs
on 1962 April 19.

Part of the full
negative image
shown on the
previous page,
showing the elliptical
galaxies NGC 3379,
lower left, and NGC
3384, upper right,
and the spiral galaxy
NGC 3389 lower
right. Exposure time
60 minutes through
an interference filter
on to OaJ emulsion.
Photograph obtained
by Professor Stibbs
on 1962 April 27/28.
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The James Gregory Telescope in 1962, seen from the dome floor with the dome
shutters fully open in observing mode. The 8-inch plate holder is located at the
Cassegrain focus, with the electrical controls of the shutter mechanism located on the
upper right in this photograph.
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In the Dictionary of Scientific Biography, published in 1972, Forbes83 provided an account
of Freundlich’s scientific achievements, and concluded his article with the following
paragraph:
“The closing years of Freundlich’s life were marred by incidents arising out of the
reluctance of his successor, D.W.N.Stibbs, to grant him open access to the St Andrews
observatory in order to witness the final stages of the work on the thirty-seven-inch
Schmidt-Cassegrain telescope. The tensions that thus arose occasioned, inter alia, the
resignation of his highly skilled technician, Robert L. Waland, before the optical
components were satisfactorily completed and adjusted, and partly explain why that
instrument has never yielded the results of which it might otherwise have been capable.”
This statement is a severe criticism of Stibbs’ actions at that time, and perhaps reflects the
views held by Freundlich, since Forbes was Freundlich’s research student through to
completion of his Ph.D thesis in 1961. However, these views are not corroborated by the
facts already noted above, nor by Stibbs’ views of an incident in the Summer of 1962 that
he described in personal correspondence84 with his mentor and friend, Professor
H.H.Plaskett at Oxford. Mr Waland resigned his position at St Andrews during the Summer
of 1962 because he had been the successful applicant for a Research Associate position
at the newly-established Lunar and Planetary Laboratory, in Tucson, Arizona, where a new
telescope of 61-inch aperture was to be built. It must have been obvious to Waland that
the era of telescope making at St Andrews had come to an end, and evidently he preferred
the idea of continuing that work rather than adapting to a new role in making auxiliary
equipment for a telescope. (Mr Waland was employed in Tucson until age 70 in 1978, after
which he retired back to Dumfries.) In Stibbs’ correspondence, it is stated that Freundlich,
on a visit to St Andrews in the Summer of 1962, made representations directly to the
Principal, Sir Malcolm Knox, to the effect that Stibbs was not interested in the telescope
and was causing much tension amongst the staff at the Observatory. In a telephone
conversation with the Principal, Stibbs flatly refuted these claims, and then invited
Freundlich to discuss the matter with him, a meeting which developed understandably into
an altercation since the claims could not be substantiated. These problems would probably
have been avoided if Freundlich had visited Stibbs as a matter of courtesy before involving
the Principal, and if Stibbs had adopted a more diplomatic approach, and had conducted
Freundlich on a guided tour of the new telescope and had shown him the clear evidence
from the photographic plates that he was deeply involved in ensuring the successful
completion of the telescope.
As already noted, the early observations showed that the images suffered from significant
spherical aberration, that should have been removed by the corrector plate. It was
subsequently established in 1965 that the spherical aberration was due to the corrector
plate being “too strong” in over-correcting the images. Mr Waland had made a significant
mistake in the figuring of the Schmidt plate, and as will be shown, the minimising of that
error required a lot of work led by Dr van Breda and the Technical Staff over a two-year
interval. The account by Forbes does not suggest a complete understanding of all sides of
this unfortunate event, nor of the corrective optical work completed in the late 1960s.
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The James Gregory Telescope had finally been completed after 12 years of hard work by a
few people, Messrs Finlay-Freundlich, Cisar, Waland, Craib, Threadgill, Allen, Brown,
Barclay, Abbott and Jardine at St Andrews, and Messrs Marshall and Stewart at Dundee. It
is probable that the time taken was about twice as long as originally anticipated, and the
overall cost substantially greater too. Apart from the glass blanks purchased for making the
corrector plate, and some bearings for the dome rotation, the telescope project could
definitely carry the label: Made in Britain, and it remains the largest astronomical telescope
ever made in Scotland.
The materials used to fabricate the telescope tube, the mirror cells and the three optical
components, as well as the guide telescope, cost about £10,000, and all that work was
conducted at the Observatory Workshop by a team of up to 6 technicians. The mounting
made by Harland, Alloa, cost £15,000. The building for the telescope included 3 rooms on
the ground floor for a photographic dark room, a sky atlas room, and a small dormitory for
the observer at the end of a night, and cost £8,500. The dome with the observer’s platform
made by Hope, Birmingham, cost £10,300, and the telescope control system made by Barr
& Stroud, Glasgow, cost £5,000. The total cost of £48,800 does not include the salary
costs of the technical staff incurred by the University, nor those of the academic staff,
although perhaps the latter costs were largely covered by the tuition fees charged to
students. As already noted, the majority of the construction costs were met by the
University Grants Committee and the Department for Scientific and Industrial Research,
both under the control of the UK Government. Other funds came from the Royal Societies
of London and Edinburgh, and the Carnegie Trust for the Universities of Scotland. The
final cost to the University, excluding the above-mentioned salary costs, was £13,400 in
1955-1961. The Scott Lang Bequest Fund was £20,000 in 1936, and about £4,000 was
spent in establishing the first Observatory building and equipping it with two old
telescopes. The remaining £16,000 if invested to maintain value, would have been
equivalent to £38,000 by 1958 and therefore more than sufficient to cover the University’s
capital costs and most of the technicians’ salaries. The James Gregory Telescope has
been in more or less continual use since its completion in 1962, and the Astronomy Group
celebrated the 50th anniversary of the JGT in 2012, so the investment certainly has been
justified. The total cost of £48,800 in 1955-1961, translates to about £980,000 at 2012
prices. Unsurprisingly, despite the greater commercialisation of telescope building and
consequent reduced unit prices, the present-day cost of purchasing a modern telescope of
1-metre diameter under completely automated computer control, and housed in a structure
sufficient to protect the telescope in a dry climate is about the same figure. The present
state of operation of the James Gregory Telescope is not fully automated, but the observer
sits in a comfortable warm room with remote control of the telescope and the attached
equipment, and the building and dome have been proven to withstand the vagaries of the
St Andrews weather.
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2.3 Rejuvenation of the Department of Astronomy
It is clear from the account in Part 1 that the Department of Astronomy had lost most of its
academic staff by the end of the academic year 1958-59. Professor Emeritus FinlayFreundlich had held only a titular position as the Director of the Observatory since 1956,
whilst Dr Jarrett and Miss Middlehurst had both resigned their positions as Lecturers in
favour of posts elsewhere. When Professor Stibbs arrived in late 1959, lectures were
being given by Mr Slebarski, and by Dr Cisar who had been appointed to a Temporary
Lectureship for that academic year. The search was begun for new academic staff
members who would help to develop the teaching of astronomy to include more on the
astrophysics of stars, planets, nebulae, and galaxies, as well as galactic structure,
relativity and cosmology. Dr T. Richard Carson was appointed to a Senior Lectureship with
effect from 1 October 1960, and Dr A. Jack Meadows to a Lectureship from 1 February
1961. Dr Carson had studied theoretical physics at Queen’s University, Belfast, and had
made calculations of interactions between atoms and molecules with radiation fields for his
Ph.D degree, under the supervision of Professor Bates. Thereafter he worked with Stibbs
at AWRE, and then brought his expertise to St Andrews in writing computer codes to make
calculations of atomic and molecular interactions with radiation fields over wide ranges of
astrophysical conditions. Dr Meadows had studied physics and astronomy at Oxford,
gaining expertise on the importance of rotation and magnetic fields on the structure and
evolution of stars, and came to St Andrews via a postdoctoral position at the University of
Illinois Observatory at Urbana in the USA. Whilst Dr Carson remained at St Andrews for
the rest of his career, Dr Meadows resigned after 3 years and later became Professor of
Astronomy and History of Science at the University of Leicester. Two further appointments
to Lectureships were made at that time, Dr Philip W. Hill (1937-1999) in 1964, and Dr Ian
G. van Breda in 1965. Dr Hill had studied theoretical physics at Oxford followed by a Ph.D
at Cambridge on the atmospheres of extreme helium stars, stars nearing the end of their
evolutionary paths. He was awarded the Radcliffe Travelling Scholarship and spent 2
years at the Radcliffe Observatory, Pretoria, South Africa, using the 74-inch reflector and
spectrograph to study the properties of young, high mass stars at substantial distances
from the plane of the Milky Way. Dr van Breda came from South Africa to study physics
and astronomy at University College, London, followed by a Ph.D at Cambridge involving
telescope optics, objective prism gratings, and the electronic control of instruments. A new
post of Senior Technical Officer was created in the University at that time to satisfy the
need for practical experts in complex technical subjects such as electronics and
cryogenics. Mr David M. Carr was appointed to such a position in electronics at the
Observatory in 1964, having studied electronic physics at Queen’s College, Dundee, then
still part of the University of St Andrews. All three of these appointees were to make
significant contributions to the observational astronomy conducted at the Observatory.
In the 1960s, the Department of Astronomy settled to a complement of 5 academic staff, 1
Senior Technical Officer, 5 Technicians, and 1 Secretary, Mrs Dickson. The post of Night
Assistant had been closed in favour of a Junior Technician in 1959, and Mr P.Jardine had
been appointed, as well as Mr W. Fraser as a Technician in 1961 to replace Mr H Brown
who had left in 1959. Once the James Gregory Telescope had been completed in 1962, Mr
Waland resigned his position in favour of pursuing further telescope making in the USA,
and Mr Allen transferred to the Department of Electrical Engineering in Dundee after 10
years at the Observatory. They were replaced by Mr J. Gammie, an experienced
fabricator, and Mr C. Craib was promoted to a Senior Technician in 1964. Mr W. Fraser
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Perhaps the only photograph that includes all of the staff at the Observatory at one
epoch, taken in 1961. Seated are (from left to right): Miss Lawson (secretary), Dr
Meadows, Dr Carson, Professor Stibbs, Mr Slebarski, and Dr Cisar. Standing are (from
left to right): Mr D.R.Allen, Mr G.Barclay, Mr R.Waland, Mr C.Craib and Mr W.Fraser.
died suddenly in 1964, and was replaced by Mr R.Dunlop . Curiously, there does not seem
to be a record of these staff changes, that occurred in the interval 1962-64, in the
Technical Committee reports to the University Court, so it is not clear when Mr Barclay left,
nor when Mr D. Erskine (electronics) and Mr A.B.Borthwick were appointed except that
other notes at the Observatory indicate 1966-67 for these latter appointments. Mr M. Bird
transferred from the Physics Department to the Observatory in 1968. Mr Gammie was
promoted to Senior Technician in 1967 and both he and Mr Borthwick received accelerated
promotions in 196985. Tragically, Mr Gammie died as a result of a car accident in the
Autumn of 1969, and the Observatory lost a dedicated, skilled technician who had
contributed so much to improving the telescopes and instruments for research and
teaching purposes.
The East wing of the Scott Lang Building was extended in the early 1960s to be the same
length as the West wing and provide more office space, an electronics laboratory, and a
large room which was used initially to house the first computer in the University at St
Andrews (an IBM 1620 Model II) in 1964. That computer was moved in 1967 to the
Mathematics Institute on the North Haugh, and a proper library was established at the
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Observatory. Internal alterations were also made to the West wing to provide more office
space and a small lecture room above the Workshop, since the high roof space required
for the telescope construction was no longer needed.
The number of academic staff had increased in accordance with the planned increase in
undergraduate student numbers that had been adopted by the UK Government after the
Report of the Committee on Higher Education led by Lord Robbins in 1963. During the
1960s, the First Level (General) Class typically had about 50 students, although it varied
by a factor of 2 from year to year from around 30 to more than 60. There was no Second
Level (Special) Class and both the Junior Honours and Senior Honours Classes had 3-4
students. The number of research students studying for M.Sc and Ph.D degrees reached
4-5 per year by the end of the decade.
During this era, the normal complement of academic staff in a department included one
Professor, who was always the Head of the Department, and an admixture of Readers,
Senior Lecturers, Lecturers, and Assistant Lecturers, dependent upon research and
teaching activity and experience of the individuals concerned. Only rarely were academic
staff promoted to a Personal Chair and given the title of Professor. The Professor therefore
commanded much respect from, and influence upon staff and students alike, which could
lead to the imposition of procedures and attitudes with regard to academic study and the
importance of high-quality teaching and research. Professor Stibbs was strongly in favour
of academic excellence in research and teaching, as one would hope, and he expected
everyone to conduct themselves in all matters, professional and inter-personal, with
decorum and mutual respect. Unfortunately, he also had strong views about conduct on
less important matters like the use of and cleaning of cups for beverages, the parking of
bicycles and of cars, and the wearing of academic gowns by teaching staff at lectures. He
sought to impose these views upon staff and research students by means of Observatory
Staff Notices (OSNs) that were issued at random times over 30 years and totalled about
400 by 1989. Some OSNs were sensibly serious, and their importance noted, but most
were trivial nonsense that were written in the same rather curious style. Most people
working at the Observatory accepted the sensible ones, and ignored the rest, but
inevitably these OSNs were responsible for some intervals of unnecessary and timewasting tension.

2.4 Observing Programmes 1960-1971
The Observatory at St Andrews had been constructed in the era when astronomers
employed to conduct original research in observational astronomy had to rely largely upon
the telescopes and ancillary equipment at their own institution. Freundlich had sought to
provide that environment by building two telescopes of novel optical design that would
deliver accurate measurements of stellar positions over wide fields of view. Stibbs ensured
that the James Gregory Telescope was completed, whilst also securing funds from
research grants from the DSIR86 and from the University to purchase modern instruments
for extracting photometric and positional data from photographic plates. These instruments
were: (1) a null-balancing microdensitometer made by Joyce, Loebl & Company, Ltd.,
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Gateshead, with a Tech/Ops isodensitracer attachment for the purposes of determining
surface photometry of galaxies; (2) a Becker iris-diaphragm photometer made by AskaniaWerke, Berlin, Germany for photometry of stars in open clusters; (3) a two-coordinate
positional measuring machine made by Carl Zeiss, Jena, Germany, for an astrometric
programme on asteroids; and (4) two single-coordinate travelling microscopes made by
Hilger & Watts Company Ltd, London for measuring positions of spectral lines on
photographic spectra of stars. All of them required manual operation, and most
measurements had to be written down by the operator, typically on sheets of ruled and
columned paper. The exception was the isodensitracer unit attached to the Joyce-Loebl
instrument which could be programmed to scan a small area of a photographic plate and
produce a map of contours of equal photographic density plotted on a large sheet of
special fine glossy paper. It was always a time-consuming task to extract reliable
measurements from these instruments, and it was always necessary to be very wary of
systematic errors being introduced via poor measurement skills.
The astronomical quality of the night sky is also extremely important. Cloudy skies mean
no observations are possible at optical and near-infrared wavelengths, so the numbers of
clear nights per observing season is a critical factor in determining the success of any
observing programme. Thus the most successful research observatories around the world
are those located at good observing sites where the numbers of clear nights per year are
50% to 90% of the total available, such as those found in Southern Europe, and favoured
parts of North America, Australia and Chile. The weather at St Andrews can never provide
such high proportions of clear nights, although it does fare rather better than most parts of
Britain in that respect. Observing programmes conducted at St Andrews have to be
tailored to the local observing conditions in order to be successful.
Stibbs also devoted considerable effort to preserving the night-time dark sky conditions at
the Observatory during the 1960s. At a time when most people had never heard of the
term light pollution, he sought to persuade St Andrews Town Council to install street lamps
with full cut-off design which would ensure that most of the light was directed downwards
on to the roads and pavements where it was needed, and none was wasted upwards into
the night sky where it would interfere with astronomers’ work. The fact that such street
lamps were more costly than ordinary light-wasting lamps meant that he had to persuade
the University Court to pay the excess costs. He succeeded in this endeavour for a
number of years, but eventually had to accept the fact that the town of St Andrews was
becoming larger and the University could not continue to pay these extra costs87. It is
somewhat ironic that this issue of light pollution did eventually become recognised, and
the UK Institution of Lighting Engineers adopted full-cut-off lanterns as a principle of best
practice88. Fife Council have indeed installed full-cut-off lanterns in recent years as street
lighting has been improved or replaced, but there are still some real “eye-sores”, in every
sense of the phrase.
Before considering the observing programmes conducted at St Andrews, it is important to
record that the astronomers at St Andrews in the mid-1960s were fully aware of major
developments in international astronomical research. Specifically, it was recognised that
the costs of pursuing observational astronomical research could only be considered
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sensibly if the expensive telescopes and equipment were located at superlative observing
sites, so that they were used on nearly every night per year, and were shared by
astronomers from many institutions in several countries. Astronomers in France seem to
have been the first to recognise this factor by establishing their National Observatory at St
Michel, Haute Provence, in 1937. Over several years, they moved telescopes from older
observatories in France to l’Observatoire de Haute Provence, and subsequently had new
telescopes and equipment installed at this good site. More widely, astronomers from
several European countries worked together during the 1950s to establish the European
Southern Observatory (ESO) at an excellent site at La Silla, Chile, South America in 1962.
These facilities, with modest beginnings, were to be shared by the countries involved, with
telescope time allocated by competitive peer review to the best research programmes.
ESO would grow substantially in the subsequent decades to become the world’s leading
observatory at optical and infrared wavelengths. Equally, in the USA, the Association of
Universities for Research in Astronomy (AURA) established Kitt Peak National
Observatory near Tucson, Arizona in the early 1960s, and the Cerro Tololo Inter-American
Observatory near La Serena, Chile. The UK followed about a decade later, with the
establishment of the (politically-insensitively-titled) Anglo-Australian Observatory (AAO) at
Siding Spring, New South Wales. An agreement was also reached with the Government of
the Republic of South Africa to pool the various astronomical resources to form the South
African Astronomical Observatory (SAAO), with headquarters in Cape Town, and
telescopes moved from the Cape Observatory and the Radcliffe Observatory to a new site
at Sutherland, Cape Province. The UK had access to 50% of the observing time on these
telescopes in Australia and South Africa allocated by competitive peer review by the Large
Telescopes Users Panel of the Science Research Council.
With these international changes taking place, It was agreed that the telescopes at St
Andrews should be maintained in excellent working order at all times, and that the
associated instruments should be as modern as funds and expertise of personnel would
allow. Then staff and research students would make good use of these facilities and
research students would become quite experienced observers before going abroad to use
telescopes and equipment at locations that had excellent sky conditions. As a direct
consequence, from the 1960s, only a proportion of the observational astronomy research
of the Department of Astronomy was conducted at St Andrews itself. For most staff, nearly
all their observational research was conducted at these major observatories because the
excellent observing conditions ensured success of their programmes, and the allocations
of observing time in blocks of several nights/weeks announced some months in advance
meant that teaching duties could be arranged sensibly. Observing programmes were and
are conducted by staff at St Andrews, but usually at the expense of the observers’ sleep
patterns. This terse comment probably requires some explanation. All university lecturers
in any subject have an admixture of lectures, tutorials, and laboratory classes, coupled
with the associated administrative work, which must be combined with their research work.
These classes are usually held in daytime hours, so how does an astronomer working at
night time manage to organise her/his teaching duties? In the 1950s and 1960s, most
astronomy lectures were given in the afternoons, and laboratory practical classes in the
evenings from 8pm to 10pm, so an observational astronomer could adopt working hours
distributed between 12 noon and 4am, for example, and sleep through the mornings. From
the academic year 1974-75 on, laboratory classes had to be held in the afternoons, and
lectures mostly in the mornings, so a lecturer-observer had to accept that the somewhat
randomly occurring clear nights at St Andrews would sometimes enforce a 22-hour day,
starting at 8am, for morning lectures, and ending at 6am the next morning after a long
clear night, and probably a postponed lecture the next day. The term, disrupted sleep
pattern, hardly begins to describe it! The solution, at least in part, was for the lecturer57

observer to ensure that research funding was obtained to employ postdoctoral research
assistants and research students to conduct most of the observational work. A number of
research students did all their observational work at St Andrews, many combine St
Andrews work with observing sessions abroad, and some do all their observing abroad. As
mentioned in the Preface, this document concentrates its attention on the observational
work at St Andrews, and mentions other programmes as necessary to maintain context.
There is no doubt that some undergraduates witnessed and took part in some of these
observational research programmes at St Andrews and were encouraged and inspired by
those experiences.

2.4.1 The Scott Lang Telescope (SLT)
During the first three observing seasons (1960-63), the SLT was used for various tests of
programmes planned for the James Gregory Telescope. A set of narrow-band interference
filters with two-inch diameters had been purchased from Grubb Parsons at Newcastle, in
order to isolate line emission from Balmer series Hydrogen lines, and from the singlyionized Oxygen lines near 500nm, seen in the spectra of gaseous nebulae. Cisar obtained
direct photographs through these filters of several well-known nebulae in the Milky Way,
whilst Slebarski took unfiltered photographs of the Virgo and Coma clusters of galaxies, in
order to gain real data with which to plan an extensive observing programme. There were
also repeated photographs of open clusters, Comet 1962b, and some minor planets. The
main observers were Cisar and Slebarski, with help from Stibbs and Meadows. The
telescope was used for 83 nights over 3 seasons, typically each from December to April
and for 3-4 hours per night.
At the time of his appointment, Professor Stibbs had proposed that the two SchmidtCassegrain telescopes should be used for multi-colour photographic photometry of open
clusters of stars and for surface photometry of galaxies. Two new research students
started work under Stibbs’ supervision in October 1963, both St Andrews graduates in
astronomy. Mr Thomas Lloyd Evans was awarded a Carnegie Scholarship and was asked
to investigate the performance of both Schmidt-Cassegrain telescopes particularly for
multi-colour photographic photometry of open clusters of stars as a key observational test
of the theory of stellar evolution. He was already an experienced observer, having been
very involved with amateur astronomy via the Dundee Astronomical society based at the
Mills Observatory. Mr Christopher Fraser was awarded a DSIR Research Studentship
initially to study for a M.Sc degree on the surface photometry of galaxies and planetary
nebulae.
Lloyd Evans became immediately involved in observational work with the SLT, and was
supervised jointly by Stibbs and Meadows in 1963-64. In that observing season, he used
the SLT for 300 hours on 56 nights, with observing sessions sometimes lasting up to 16
hours (4pm to 8 am). He obtained repeated photographs of 8 star clusters through B and
V filters, concentrating particularly on the Perseus double cluster and the Coma cluster. He
also pursued an apparently separate programme searching for flare stars in the Pleiades
cluster, but since nothing was published from that set of observations, it may be concluded
that no variables were found. In the 1964-65 observing season, he pursued a monitoring
programme on part of the Perseus double cluster via many short exposure (30 seconds to
4 minutes) photographs taken over several months, as well as further observations of the
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Photographs of two 4-inch
square plates of the Coma star
cluster taken by Lloyd Evans in
1965 with the SLT, and shown
as the original negatives with
black stars on a white sky.
(Upper left) On OaO emulsion
with a B filter and an exposure
time of 10 minutes, and (lower
right) on OaD emulsion with a V
filter and an exposure time of 15
minutes.

C o m a c l u s t e r. O b s e r v i n g
conditions were evidently less
good, with patchily clear nights,
since the telescope was used
for 51 nights but only a total of
167 hours.
Lloyd Evans found that the star
images from the SLT showed
some astigmatic shapes that
varied across the field of view in
size and orientation. In his
report to the Department89 ,
which provides more details than his terse thesis account, Lloyd Evans noted that the
corrector plate had been inadvertently scratched during its polishing stages, and the
decision had been taken to polish the scratch out, rather than leaving well alone as
recommended by Linfoot. Thus some further asymmetric figuring of the plate had been
performed which resulted in less good images. Perhaps this factor explains some of the
apparent image structure seen in Cisar’s microphotographs, and why that study was not
concluded with the planned published paper. Because the Pilot Model optics had become
compromised by the polished-out scratch, Linfoot’s experiment to test image quality across
the field of view of the telescope could not be concluded satisfactorily.
As a direct consequence of these non-circular images of stars, the use of the Askania
Becker iris-diaphragm photometer, that required circular images for consistent results,
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would be compromised. Lloyd Evans determined B and V magnitudes for stars in the
Coma cluster and found, from the inter-agreement between measures of the same stars
on different plates, that the level of accuracy was about 6-7% around apparent magnitude
12, typical of photographic photometry at that time. But from comparisons with published
photoelectric measures90 of the Coma cluster stars, he was able to show that there was
both a dependence of derived B and V magnitudes upon a star’s position in the field of
view of the telescope and a dependence of the measured magnitudes of stars upon the
colour indices of the stars which varied according to those magnitudes. These were
sufficiently large to lead to systematic errors, up to the 10% level, unless the distribution of
photoelectric measures were sufficient to correct it! In effect this problem ruled out the
efficacy of the SLT with photographic plates to record brightnesses of hundreds of stars in
single exposures, if all the measurements had to be checked against a large number of
individually measured photoelectric data. The causes of these systematic errors were
recognised91 as being due to the astigmatic shapes of the star images from the SLT, and
from the chromatic aberration of the single element corrector plate adding a wavelength
dependence to the observed image structure. Probably all of the “first generation” Schmidt
telescopes suffered to some extent from this chromatic aberration problem, from the
Palomar Schmidt to the SLT, for observations obtained at wavelengths different from the
design optimum. The 1.2m UK Schmidt telescope was completed in 1973, but had its
original single-element corrector plate replaced in 1977 by a two-element achromatic
corrector plate92, and later the Palomar 1.2m Schmidt telescope was refurbished with an
achromatic corrector before the POSS II survey of the Northern Hemisphere sky was
conducted.
These problems with the SLT did not preclude other uses such as searches for variable
stars, astrometry of minor planets, or searches for stars with unusual colour indices, as
demonstrated by Lloyd Evans with some trial observations of star fields using visual (V)
and near-infrared (I) band filters with 103aD and I-N photographic emulsions respectively.
It is not known what results were obtained by Lloyd Evans from his monitoring programme
on the Perseus cluster stars, since it is not mentioned in his thesis, and there is no
published paper.
Fraser gained some observing experience with the SLT during 1963-64, and a few trial
plates of the galaxy NGC 4111, but most of his observing programme required the larger
JGT to observe fainter sources. He was much involved in the testing of a darkroom light
source for the calibration of photographic plates, whereby known ratios of the logarithm of
flux density received at a photographic plate would be recorded to establish the
relationship between those flux densities and the densities of exposed photographic
emulsion. Exposure times for the calibration source had to be similar to those required for
the astronomical sources observed.
With the encouragement of Stibbs, Mr Slebarski applied for a research fellowship to be
held at Yale University Observatory in the USA. He was offered a one-year fellowship,
probably extendable, but elected for family reasons to spend just 8 months at Yale from
January to August 1963. He seems to have been helped and encouraged by Dr D.
Brouwer, a leading researcher at that time in studies of the orbits of minor planets. In a
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private letter to Professor Stibbs, dated 14 May 1963, Mr Slebarski wrote: “I have started
some research on Minor Planets. Dr Brouwer advised me to investigate the orbits in the
outer ring, with mean [daily] motions less than 550 arcseconds [per day]. These planets
are of the commensurability 3:2 with Jupiter, and special precaution has to be taken when
dealing with small divisors in the development of the perturbation function………This
research will take several years to complete.” The commensurability of 3:2 with Jupiter
means that these minor planets complete 3 orbits of the Sun in the same time interval as
Jupiter completes 2 orbits. The orbital period of Jupiter is, in round figures, 11.9 years, so
these minor planets, named as the Hilda group, have orbital periods about 7.9 years, and
is just one of several examples of dynamical resonances in the Solar System. Each minor
planet travels round the Sun in its own orbit, which is not fixed as in a theoretical two-body
problem (Sun + Minor Planet), but is continually perturbed by the gravitational effects of
Jupiter, in particular, and by the other planets too. Mr Slebarski’s interests in the subject
meant that he would observe a selection of Hilda group minor planets over several years
in order to measure their positions on the sky relative to stars of accurately known
positions, so that his data could be combined with those of others to establish the
dynamical properties of this group.
On his return to St Andrews, Slebarski embarked on his observational research
programme from 1963 November to 1973 March, using the Scott Lang Telescope and the
James Gregory Telescope. For each season, he selected a set of 4-5 minor planets that
would be at Opposition during the winter months, ideally in December-January. During the
Autumn, those planets would be rising late, and reaching the Meridian (the highest point in
the sky for any star) in the second half of the night, so the best observing window would be
for 3-4 hours after midnight. As the season progressed, and the Earth continues in its orbit
around the Sun, that observing window would become progressively earlier, centred
around midnight in mid-winter ideally, and in the early evening by Spring. From Autumn
1965 through to Autumn 1969, he was effectively the only observer using the SLT, and
then for part-nights of a few hours as noted above. At least this observing routine was
commensurate with his teaching duties. From late 1969 he was helped by his new
research student Mr Frederick Watson to continue the minor planet programme on the SLT
through to 1971. Over that 8-year interval, about 620 SLT observations were obtained of
star fields containing minor planets. Slebarski also used the JGT in 1963-65, and again in
1971-72, which added a further 215 observations to make a total of 835 observations of 54
minor planets, mostly in the brightness range from 10th to 16th magnitude, or 40 to 10,000
times fainter than may be seen with the unaided eye. Of those 54 minor planets, 12 were
members of the Hilda group, all in the brightness range 13.7 to 16.3 mag.
It is well established that Slebarski spent a lot of time using the blink comparator and the
Zeiss two-coordinate measuring machine to determine positions of minor planets, with all
measurements being recorded by hand on to sheets of columned paper. It seems to be
standard practice for those who record positions of minor planets to communicate their
results to the Minor Planet Center at the Smithsonian Astrophysical Observatory, USA, and
these are published in the Minor Planet Circulars once per month. A substantial search
through all these Circulars back to 1954 has failed to find any such positions for minor
planets provided by Mr Slebarski, and no research papers seem to have been published
by him, an outcome which begs the question of why all his time and effort was expended
for no final results. Perhaps he found that his measurements of positions of these minor
planets were in close agreement with those calculated from the orbital elements and
including the expected perturbations from other planets. But such considerations evidently
did not deter others from publishing lists of measured positions, and it does seem very sad
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The blink comparator, made by Sir Howard Grubb, Parsons & Co., Newcastle, used to
compare two plates of the same star field and readily identify any source that moves or
changes brightness. The user looks through the eyepiece to see both images
alternately as the illumination is switched, or blinked, between the two plates. Once the
two plate images are aligned the user sees no change unless a minor planet has moved
between the two exposures, or a star has changed brightness. The user may control the
rate of blinking. Photographs courtesy of J.R.Stapleton.
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The two-coordinate measuring machine made by Carl Zeiss, Jena, with its dust cover
pushed out of the way. The user views the star images on the photographic plate through
the binocular eyepiece, and may move the plate on its carriage in x- and y-directions.
The scales on the two coordinates are projected also into the field of view of the
eyepiece, and may be read to tenths of one micron, thereby providing very accurate
relative positions of stars and a minor planet. Photograph courtesy of J.R.Stapleton.

that there is no final published record based on all of his observational and measurement
work.
Watson studied for an M.Sc degree under Slebarski’s supervision and used the SLT during
the two observing seasons from 1969 to 1971. In his first winter he gained observational
experience of observing minor planets, whilst also writing computer programs to determine
a two-body orbit from a set of positional measurements. In his second observing season
he obtained 54 observations of the 10th magnitude minor planet, (16) Psyche, which he
had selected because it would be at Opposition in mid-winter and therefore readily
observed over several months. He used the blink comparator to identify (16) Psyche from
amongst all the star images on each plate, and determined Right Ascension and
Declination positions from 26 plates via the Zeiss two-coordinate machine, which are
tabulated in his thesis. An evaluation of the measurement errors concluded that the overall
angular uncertainty was about 1.0 arcsecond. Watson gained employment with the
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Nautical Almanac Office, completed his M.Sc thesis in his private time, and was awarded
his degree in 1975. His results were not sent to the Minor Planet Circulars, but at least
they were recorded in his thesis. His career took him via the Royal Observatory,
Edinburgh, and a Ph.D degree from the University of Edinburgh, to become Astronomer-inCharge at the Australian Astronomical Observatory.
During 1969-73, the SLT was used also for teaching purposes, introducing second level
and Honours students to astronomical photography of star clusters, comets, and some of
the brighter quasi-stellar objects, like 3C48 and BL Lac. It was decommissioned in the
Summer of 1973 to make way for a new and more versatile telescope. The SLT was stored
in the Observatory Workshop until 1990, but it had to be scrapped when all the Workshop
staff and services were moved to the J.F.Allen Building on the North Haugh. However, the
optical components were saved, the two mirrors were re-aluminised and the corrector
plate was cleaned, and they form the central parts of a display celebrating the world’s first
Schmidt-Cassegrain telescope. That display may be found in a cabinet outside Theatre A
of the J.F.Allen Building, School of Physics and Astronomy, and it includes some A2-sized
photographs of several astronomical sources taken with the SLT.

The optical components of the Scott Lang Telescope in the display cabinet on the wall
outside Theatre A in the J.F.Allen Building, School of Physics and Astronomy, North
Haugh, St Andrews. Also on display are A2-sized enlargements of some original
photographs taken with this telescope during the 1950s.
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A photograph of part of an SLT plate of Comet Bennett 1969 taken by
Slebarski in 1970 April, showing the comet with a bright nucleus and
coma, and a faint tail extending to more than 2 degrees across the sky.
Shown as the original negative.
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2.4.2 The James Gregory Telescope (JGT)
As mentioned earlier, the JGT was commissioned in 1962 April, with Stibbs conducting
most of the trial observations during that Spring season. In the following Autumn, both
Stibbs and Slebarski continued their testing programme with some observations of minor
planets and star clusters, but in somewhat piecemeal fashion through to 1963 February.
Then there is a gap in the Plate Archive until 1963 November after which the telescope is
operated continually. Unfortunately, all of the JGT Observing Log Books for the 1960s
have been lost, so there is no account of the problems that were encountered. However,
the University Court Minutes from 1963 May93 record that “The Executive Committee
recommends that a grant of £200 be awarded to enable Professor Stibbs to obtain expert
advice from Messrs Grubb, Parsons and Company regarding the defect which has been
discovered in the mounting of the Schmidt-Cassegrain Telescope.” The consultancy
advice enabled the Workshop Staff to find a solution to this defect, and the telescope
became operational again in 1963 November. Slebarski shared the telescope time with
Fraser and Stibbs in, respectively, observing minor planets mostly selected from the Hilda
Group and with magnitudes in the range 11 to 16, and recording photographs of the galaxy
NGC 4111 with B and V filters on OaO and OaD photographic emulsions. At the end of
that observing season, Fraser also secured a few observations of the planetary nebulae
NGC 6543 and NGC 6720 with the narrow band filters mentioned earlier.
For his M.Sc thesis work, Fraser used the old Hilger & Watts microdensitometer to obtain
scans of the galaxy images and derive the relevant photometric parameters. He was also
able to illustrate the power of the newly-acquired Joyce-Loebl microdensitometer with its
isodensitracer attachment applied to the galaxy image and to the images of the two
planetary nebulae. The new microdensitometer had been purchased via a research grant
awarded to Stibbs and was to serve a major role in galaxy imaging research over the
subsequent 10-15 years. Fraser was awarded his M.Sc degree in 1965 by which time he
was already deeply involved in an extended programme of galaxy surface photometry for
his Ph.D degree.
Over the next two observing seasons, 1964-65 and 1965-66, the JGT was used
continually by Slebarski for his minor planet work, by Fraser for his programme of B and V
surface photometry of galaxies in the Virgo cluster, and by Lloyd Evans for a set of B and
V observations of the Coma star cluster as part of his evaluation of the two S-C telescopes
for stellar photometry. Lloyd Evans and Fraser examined the image structures of stars
across the field of view of the JGT and found that star images were improved if the iris
diaphragm aperture stop was reduced to its minimum diameter of 30 inches. They
established that the circle of least confusion due to the spherical aberration was about 8
arc seconds in diameter on the brighter stars. But if fainter stars were selected for
conducting focus tests, then images were reduced to about 4 arcseconds, “partly as a
result of the large diameter of the secondary mirror which obstructs the central portion of
the beam and partly because the focus, as determined from these faint images, is
displaced towards the paraxial focus where the outer halo of each image tends to be
spread out and therefore does not register on the plate”.94
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Lloyd Evans established from Foucault tests that the spherical aberration was due to the
corrector plate being too strong and over-correcting the aberrations inherent from the
spherical mirrors. Since image quality was most improved at the smallest setting of the irisdiaphragm aperture stop on the JGT, it seemed sensible to conclude that the figuring
problems on the Schmidt plate were mostly confined to its outer parts. These image
structure problems were significant for Lloyd Evans work, since the overall effect was
similar to that found for the SLT images, and until the JGT images were improved that
telescope was deemed unsuitable for photographic photometry of stars. Lloyd Evans wrote
a summary paper of his photographic photometry of the Coma cluster stars obtained with
both telescopes95. In 1966, he moved to a position at the Radcliffe Observatory, Pretoria,
South Africa, securing multi-colour photographic photometry and some spectroscopy of
more than 400 stars in the open cluster IC 2581 within a few months. That work was
reported in the second half of his Ph.D thesis and his doctorate was awarded in 196896 .
Apart from a brief time at the Royal Observatory Edinburgh, Lloyd Evans spent the rest of
his professional career with the South African Astronomical Observatory, before retiring to
the St Andrews area, although even then he continued with his research.
One example of
125
plates
obtained by
Fraser of part of
the Virgo cluster
of galaxies, near
the S0 galaxy
NGC4350, taken
on
103aO
emulsion with a B
fi l t e r .
The
photographic
calibration wedges
are in the upper
right and lower left
corners. The
orientation of the
photograph is
North up and East
to the right.

Fraser’s observing programme on Virgo Cluster galaxies was conducted on 40 nights
between 1965 March and 1967 January, making use of the clear nights during “Dark
Moon” time, that is the interval of +/-5-6 nights centred around New Moon when the lunar
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An enlargement of part of the previous photograph, taken from a high-quality digital scan
of the original plate, and converted to a positive image of white stars and galaxies on a
dark sky background. NGC 4350 is the S0 galaxy that is second right near the top centre
of this enlargement. The face-on spiral galaxy below the centre is M100. There are many
other galaxies in this photograph.

An official photograph of the JoyceLoebl microdensitometer supplied with
the instrument to the Observatory in
1965, illustrating the scanning table at
the front, and the pen recorder table at
the rear. The actual instrument was a
little different and also had a Tech/Ops
isodenstracer unit. There is no
photograph of the original system, but
the actual J-L microdensitometer, after
substantial modifications, is shown in a
subsequent photograph.
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(Right) An example of an
isodensity recording made by the
IDT attachment on the JoyceLoebl microdensitometer. The area
of each isophote of this elliptical
galaxy (NGC 4694) had to be
measured by Fraser by means of
the planimeter with its magnified
pointer and by reading from the
attached scales.
(Below) A further example of an
isodensity recording but for the
spiral galaxy NGC 4254.

brightness does not
interfere
with
observations of faint
sources. Because the
Virgo Cluster is centred
around Right Ascension
12h 30m and Declination
+12º, it may be observed
in the second half of the
night in January, and the
central part of the night in
March/April. On any one
night, observations were
restricted to the interval
from 2 hours East of the
meridian to 2 hours
West, in order to limit
effects of atmospheric
extinction. A total of 125
photographic plates were
obtained with B and V
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filters coupled with 103aO and 103aD emulsions respectively, and containing images of
106 galaxies. At least two exposures of each galaxy field were obtained with each filter,
one of 4 minutes and the second of 40-50 minutes duration, in order to ensure that the
brightest central regions of each galaxy were not over-exposed on the short-exposure
plates, whilst the faintest outer regions were still recorded on the long-exposure plates.
The background urban lighting at St Andrews precluded any longer exposures.
All of the plates were calibrated via the darkroom light source mentioned earlier, and all
were processed in the dark room by Fraser adopting the principles of best practice
recommended by the International Astronomical Union Working Party on Galaxy Surface
Photometry in 1961. It is notable that these plates obtained by Fraser are the most
consistently clean and properly processed plates amongst the 3000+ plates in the
Observatory Archive.
Because of the image problems with the JGT, Fraser and Stibbs determined that only
galaxy images with major axes larger than 120 arc seconds would be scanned with the
Joyce-Loebl machine. The scanning aperture was set to 50 x 50 microns on the plate,
corresponding to 3.8 x 3.8 arc seconds, and data points were sampled every 100 microns
in the x- and y-directions. Thus for a typical galaxy image of about 3 arc minutes across,
and including the sky region out to more than twice that angular distance, each scan
provided more than 2,500 data points.
A total of 48 calibrated galaxy images were sampled in both wavelength regions, and
contour plots of equal surface brightness were plotted via the Isodensitracer unit on the
Joyce-Loebl microdensitometer on to high-quality paper. These isophote maps were all
measured by Fraser with a planimeter, and the areas of each isophote converted to
angular measurements. The standard photometric data of central surface brightness,
gradients, concentration indices, ellipticity and axial ratios, and total magnitudes were
determined. Fraser provided an example97 of the quality of the data obtained with the
Isodensitracer, remarking that it took only 4 hours to produce a contoured image of one
galaxy! Sensibly, there was some overlap of galaxy images with earlier work conducted by
others, notably that of the world expert of that time, Professor G. de Vaucouleurs of the
University of Texas at Austin, USA. Fraser spent 6 months at Austin working with de
Vaucouleurs, and established that his scans of galaxy images had not been extended
sufficiently far out into the background sky, with the result that his determined total
magnitudes were systematically underestimated. All other parameters had been
successfully determined. On his return to St Andrews, Fraser had to conduct additional
scans along major and minor axes and at 45 degrees to those axes on each galaxy image
extending the scans out to 16.5 arcminutes from the nucleus of each image. He was
helped in this endeavour by Mr David Carr who had designed modifications to the JoyceLoebl instrument to record digitised microphotometric cross-sections. This major
programme, coupled with the need to extend the cross-sections, meant that Fraser did not
gain his doctorate until 197198 . A short paper reported some results on concentration
indices of galaxies in 197299 , but it is most unfortunate that the main research paper
reporting all his thesis work was not submitted until 1976, and published in 1977100 . A 597
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year delay in any scientific research is a long time, and many changes can take place in
such an interval. Nevertheless, it was still the case that Fraser’s results more than doubled
the information on surface photometry of galaxies.

2.4.3 Optical adjustment of the James Gregory Telescope
One of the first tasks for van Breda requested by Stibbs was to investigate the optical
performance of the JGT with the hope of finding a solution to its problems. Dr van Breda
decided to evaluate the image properties by means of a Hartmann mask installed at the
entrance aperture of the telescope. Two such masks were made at the Workshop from 5ply wood, one with a rectangular array of apertures, and the second with a more densely
packed equilateral triangle array. With a Hartmann mask installed, the telescope is pointed
to an area of sky that is sparsely populated with stars, in order to avoid overlapping
images. Then the parallel rays of light from each star pass through all of the apertures, are
brought to the telescope focal plane, and each star image becomes an array of dots
copying the Hartmann mask. Two exposures are taken on a photographic plate, one just
inside focus, and the second just outside focus, with the telescope position changed
slightly between exposures to avoid overlap. If the telescope optics are not well adjusted,
then the images of the Hartmann mask will be somewhat distorted at both exposures. The
task is then to establish which optical components should be moved in order to minimise
the distortions and obtain the best possible image quality from the telescope. The figurings
on the optical surfaces could not be altered, but the positions of the components along the
optical axis of the telescope were adjustable, as were their orientations.

The two wooden
Hartmann masks,
of diameter 38
inches, made at
the Workshop
and mounted at
the top of the
JGT for the
Hartmann tests in
1966; square
array on left,
equilateral
triangle array on
right.
The photographic plates recording the Hartmann mask images were obtained in 1966, and
prints of the enlarged mask images were sent to Dr Ira S. Bowen, by then the retired
Director of the Palomar Observatory, and an expert on telescope optics. He had accepted
a formal invitation from the University of St Andrews to visit the Observatory for
discussions with Dr van Breda and Professor Stibbs about the best procedures to correct
the JGT images. The visit took place in the Autumn of 1966, when Bowen was awarded
the Gold Medal of the Royal Astronomical Society in London. He provided a very
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Two sets of Hartmann images
of one star. (Left) In 1966,
before adjustment of the
optics, with upper image inside
focus, lower image outside
focus, and both showing
asymmetries. (Right) In 1968,
after completion of the
adjustment of the optics, and
showing sensibly symmetric
images.

supportive role to van Breda, as well as writing a strongly positive report to the University
Court about the value of the JGT for teaching and research training.
Dr van Breda established the mathematical equations required for the theoretical and
computational part of the programme, and wrote the computer code to calculate the ray
traces for the JGT, with the known properties of the telescope optics and their positions. A
complete description of that work, with an example application for a standard Cassegrain
telescope, was published in 1969101. He was then able to reproduce from his computations
the observed image distortions seen across the field of view of the JGT and recorded by
the Hartmann tests. He could then move the optical components in his computer model
until the calculated ray traces gave the best images obtainable. The solution was found to
require moving the primary mirror further away from the secondary mirror by 1.40 inches,
the corrector plate also further away from the secondary mirror in the opposite direction by
0.50 inch, and to tilt the secondary mirror by just 0º.1. The alterations in position for the
corrector and the secondary mirror could be done within the range of the existing
adjustments. That for the primary mirror required the design and manufacture of spacers
to be fitted between the primary mirror cell and the double tube structure of the telescope.
The telescope was taken out of service in Spring 1967. Mr Gammie and his Workshop
team designed and constructed a very robust cradle with which to lower the entire primary
mirror cell and primary mirror away from the main tube of the telescope. Before that
procedure could be done, the telescope had to be chained very firmly against the crane in
the upper dome, and its counterweights chained equally firmly against the base of the
telescope at floor level. The telescope would be out of balance as soon as the primary
mirror cell was lowered, so it was essential that no movements took place. All the remedial
work on the JGT was conducted by the Workshop staff over an interval of 18 months.
When all the modifications had been completed, a further Hartmann test was conducted
which showed that the best compromise had been achieved across the field of view. The
spherical aberration had been reduced from about 8 arc seconds recorded on bluesensitive photographic plates to less than 0.3 arc seconds, the misalignment coma due to
the tilt of the secondary mirror had been eliminated, and astigmatism was limited to less
than 1 arc second at 2º off axis. Because of the chromatic aberration of the single element
corrector plate, spherical aberration was over-corrected in the ultraviolet to give images
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(Left) The cradle for holding the entire primary mirror cell and primary mirror of the JGT. It
is about 2 metres high and 1.5 metres on each side. (Right) The cradle in use in 1980,
with its supporting ring extended up to hold the primary mirror cell and mirror whilst it was
separated from the telescope. In 1968, the spacers were then inserted to extend the
distance between the primary and secondary mirrors.
about 3 arc seconds in diameter, and under-corrected in the red to give similarly sized
images. A direct consequence of altering the positions of the optical components was that
the focal length of the telescope was reduced by 5 inches to 101 inches, which meant that
the focal plane would be located inside the central hole of the primary mirror. It was no
longer possible to use 8-inch square plates for recording a 4º x 4º field of view, but circular
plates of 6-inches diameter, and 4-inch square plates, could be used to record fields of
view of 3º and up to 2º.5 respectively102 .
It is worthwhile noting that Dr van Breda has recently conducted some calculations to
estimate by how much Waland’s figuring of the corrector plate was in error. The central
regions were correctly figured, but became progressively too deep through the concave
part of the surface by up to 14 microns (0.014 millimetres) before reducing back to nearly
correct at the outer rim. This finding is consistent with the empirical observations by Lloyd
Evans and Fraser that reducing the aperture stop to 30 inches diameter did improve image
quality.
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Observational tests were resumed in 1969 with the JGT and its much improved image
quality, but major problems were encountered with the sidereal drive system, and with the
Declination slewing motor and the associated disc brakes, with the result that the season
1969-70 was also lost. Sensible observational programmes resumed in Autumn 1970, with
Slebarski’s minor planet work, and with final-year student projects, together with reports of
further drive problems during the 1970-71 season. In 1971 September/October, Mr Denis
Kelly, a St Andrews graduate in Astronomy, obtained a set of JGT plates of open clusters
of stars with B, V, R and I-band filters, presumably to determine the photometric properties
of the stars and hence the distances and ages of the clusters. He was supervised by van
Breda, who by then was deeply involved in completing an instrument under contract for the
Science Research Council. Kelly became involved in that instrumentation programme, and
took that route to obtaining his Ph.D degree instead of working on that set of JGT plates.
Some 10 years later, the Hartmann masks were mounted on to the top of the JGT again,
just to check that all was well with the optical system, as demonstrated by the symmetric
pattern of spots shown in the photograph below.

Hartmann mask images of a star at exposure times of 2 seconds and 4 seconds,
showing sensibly symmetric spot patterns. The gaps in the spot distributions are due to
the four metal rods holding the secondary mirror in place in the middle of the telescope
tube.
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Components of one of the revised JGT plate holders, that had to be designed and made
at the Workshop to fit inside the Cassegrain port through the primary mirror cell in order
to reach the revised focal plane. The green dots indicate the lightly-sprung plate that held
a photographic plate in place against the mask (middle left) for circular or square plates,
which in turn fitted under the coloured glass filter (example:red) to define a wavelength
range for the recorded image. The top cover of the plate holder, used to protect the plate
in transport from the dark room to the telescope is not shown. Examples of a 6-inch
diameter circular plate, and a 4-inch square plate, are also shown, the latter type being
used through to 1990.

2.4.4 The Napier Building Telescopes
In October 1963 the University Court approved plans for a teaching laboratory and
observatory103 to be built to the North of the two earlier buildings, between the shelter belt
of Larch trees and the sports pitches. In keeping with the naming of the first two buildings
after famous scholars associated with St Andrews, the Court agreed that the new students’
103
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observatory should be named the Napier Building. It was completed in the Summer of
1965, and comprised on the ground floor a laboratory/lecture room, sufficient for about 25
students, a photographic darkroom and a small observers’ room, and on the upper level,
two domed areas for telescopes on fixed mountings, and an open flat-roof area for
several small portable telescopes. It was anticipated that the telescopes for the domes
would not be so heavy as to require concrete plinths independent of the building
surrounding them, as on the SLT and JGT. From 1965 through to 1990, this building was
used for all astronomy practical classes, and most Honours level lectures and tutorials.

The Napier Building in 1965, and showing the construction work access via old railway
sleepers. The crane had arrived for lifting the Zeiss Refractor and its mounting into the
smaller South Dome, as shown. In the foreground Professor Stibbs is talking to Mr
Dunlop, the photographic technician.

In the smaller South dome, a coudé refractor of aperture 15cm (6 inches) made by Carl
Zeiss, Jena, Germany was installed in Summer 1965. The coudé design (after French
‘elbow’) incorporates two flat mirrors to direct the converging beam of light from the
objective lens of the telescope, first along the declination axis, and then down the polar
axis of the mounting to the focal plane. The focal plane does not move as the telescope
tracks sources across the sky, although it does rotate about the centre of the field of view.
The advantage for observers is a stationary viewing position at a height above the floor
convenient for most people. The telescope was supplied with a generous range of
eyepieces of different focal lengths to give magnifications from ten to several hundred, and
which could be fitted into a turret eyepiece mounting. There were standard adaptors for
mounting the bodies of cameras using standard 35mm roll film, including the newlyavailable single-lens reflex cameras. A substantial disadvantage of the coudé design is
the high focal ratio of f/15, resulting from the long focal length required, so that the field of
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view is limited to about 30 arc minutes at most, about the angular size of the full Moon.
Setting the telescope by hand on a particular source required very careful use of the wellcalibrated scales on the two telescope axes, meaning that inexperienced observers could
find the instrument difficult to use, a factor which did not help the limited self-confidence of
many undergraduate students. Nevertheless, the telescope proved to be a success for
many generations of undergraduates, and for school groups and the public on many Open
Nights.

Two views of the 15-cm Zeiss Coudé Refractor, showing the instrument in parked mode,
with the upper tube of the telescope pointing downwards to allow easy removal of the
dust cover. The focal plane is at the base of the polar axis, again with a dust cover. The
telescope was slewed by hand, but had electric motors for fine guiding, and an electric
sidereal drive. Photographs, taken in 1976, courtesy of J.R.Stapleton.

In addition to the Zeiss telescope, several smaller portable telescopes were purchased by
the Department of Astronomy, for use by students and the public on the open flat roof to
look at the Moon, planets, Milky Way star fields and nebulae. These simple telescopes
were very helpful in allowing first-level (General Class) students to explore the sky, with
the majority of them never having looked through a telescope at the night sky. Most were
pleased with the opportunity, and some became enthralled by dark skies, faint sources,
and the pleasure of discovering things for themselves. The Junior Honours and Senior
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Two views of the 40-cm Nishimura Cassegrain Reflector, with the photoelectric
photometer and its control electronics and pen recorder and digital voltmeter on the
moveable trolley on the right in the right-hand photograph. All the telescope motions
were driven by electric motors, and settings were made via the large dials on the polar
and declination axes, as shown. By the time this photograph was taken in 1976, the
declination slewing had been converted to manual operation, and declination fine
controls by means of an electric motor attached to a tangent arm made at the Workshop.
Photographs courtesy of J.R.Stapleton.
Honours students in Astronomy were given key access to the Napier Building, and
effectively adopted the Zeiss telescope as their own, experimenting with photographs
using the Hansa plate camera, the Minolta 35mm cassette film camera, as well as a filar
micrometer. A photoelectric photometer, designed by Dr Hill and Mr Carr, was made for the
Zeiss telescope at the Workshop, and was used by undergraduate students, notably with
some observations of Nova Serpentis 1970 being published104.
In the larger North dome, a standard f/15 Cassegrain reflector of aperture 40cm (16
inches) made by the Nishimura Company of Japan was installed in Summer 1966. This
telescope also had three finder/guide telescopes attached alongside, of apertures 7,10,
and 15 cm. The quality of mechanical construction of this telescope did not approach that
of the Zeiss instrument, nor of the two Schmidt-Cassegrain telescopes built at the
Observatory. “The Nish” (as it became known) could be too easily shaken by a heavy104
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footed observer sending vibrations through the dome floor to the telescope mounting, the
gearing on the Right Ascension and Declination electric drive systems had unacceptably
large ‘backlash’, so that a source could not be tracked with the sidereal drive motor until
the slack in all the gearing had been taken up. The Workshop staff managed to reduce
these problems significantly but they were never eliminated. These issues rendered the
telescope quite difficult to use, but once experience was gained, a light-footed observer
could manage to control it successfully.
Dr Philip Hill offered to supervise a new research student, Mr Ronald Hilditch, a St
Andrews graduate in Astronomy, funded by a Science Research Council studentship, and
later a Carnegie Scholarship. It was decided that the Nishimura telescope should be used
for the technique of photoelectric photometry of stars, where the flux density of starlight
received at the telescope could be measured accurately with an electronic device known
as a photomultiplier tube. Such a device makes use of the photoelectric effect whereby
photons of light fall on to a particular light-sensitive surface which releases electrons that
can be multiplied many times via secondary surfaces to provide a measurable electric
current that is directly and linearly related to the incoming flux. A commercially available
instrument was purchased in 1966 but unfortunately it proved to be an object lesson in
how NOT to design a photometer, with optical and mechanical problems, and a power
supply for the photomultiplier tube that was not sufficiently stable. During the observing
season 1966-67, all of the problems with this instrument were discovered, and with
Workshop help were corrected before the start of the 1967-68 observing season, but no
worthwhile observations were obtained during that first year of operation. Mr David Carr
designed and built his prototype power supply for the photomultiplier, that was stable
against all fluctuations in the National Grid supply and maintained the required 1000V
voltage constant to better than 0.01%. This was the first of several such power supplies
made by Mr Carr and Mr Erskine under contract for the Royal Greenwich Observatory and
the South African Astronomical Observatory.
The research programme adopted for the Nishimura telescope included photometric
monitoring of some eclipsing binary stars in order to determine their orbital periods and
build light curves, the variations in received flux density as a function of orbital period, from
which it is possible to establish fundamental properties of the stars in those binary
systems. The programme also included many observations of photometric standard stars
to calibrate the equipment used against the internationally adopted standard UBV system,
prevalent at that time.
To conduct astronomical photoelectric photometry successfully, one requires a really clear
sky, devoid of clouds, mist, and dust…….so why try to do that in Scotland, with its rapidlychanging weather patterns, and skies dominated by all varieties of clouds and mist, and
only rarely some dust? It was a worthwhile experiment, and successful results can be
obtained on those superbly clear nights that coincide with the recent clearing of a cold
front via a Westerly or North-Westerly wind, or in a stable high pressure and cloud-free
weather system with its centre at the correct position to ensure a similarly-directed airflow
over Scotland. The long-term average of reasonably clear and useable nights at St
Andrews is about 90 per season, the majority being entirely suitable for direct photography
or spectroscopy, where the occasional passing cloud does not cause problems. Of those
nights, perhaps 10-15 are really clear photometric nights, where photoelectric measures of
received flux density have uncertainties of the order of just 1-2%. For differential
photometry, where observations of a variable star are compared directly with other nearby
stars of constant brightness, that level of photometric accuracy can be attained also on
less perfect nights, thereby making a photometric programme feasible at St Andrews.
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A photomultiplier does not record an image, only the total amount of light falling on it. To
determine the received flux from a star, it is necessary to isolate the star in the field of view
of the telescope by a metal slide with a small hole in it, through which the star light, and
the surrounding sky light, are measured. The slide typically has several holes, up to a few
millimetres in diameter, corresponding up to a few tens of arc seconds on the sky. Thus
every photoelectric observation requires: set the telescope to the coordinates of the star
required; identify the star through the finder/guide telescope by means of a pre-prepared
finding chart taken from a sky atlas; centre that star in the field of view of the main
telescope that has the photometer; select the diaphragm to be used, dependent on how
crowded the star field may be; select the bandpass filter to be used, and the amplifier
settings needed for a star of that brightness; open the dark slide to allow light through to
the photomultiplier and integrate the resultant current for some 20-30 seconds to provide a
well-sampled voltage; record the result; change the filter, and amplifier settings, and repeat
as necessary; and repeat also on a nearby star-free part of sky in order to subtract that
reading from the star+sky reading; remember to write everything down, and do not forget
the time of observation. One set of observations, with three filters, on one star plus nearby
sky would take about 5-6 minutes, so 10 stars per hour, and 100 stars per 10-hour night
on a programme of ‘all-sky’ photometry where the stars are well distributed across the sky.
For monitoring the changes in received flux density from stars that vary in brightness, it
was normal to restrict the photometric measurements to a small area of sky around the
variable star and include two or three comparison stars and one blank sky region - the
differential photometry noted above. The variable and the comparison stars and the blank
sky would each be observed sequentially in a repetitive sequence, with the variable star
observed more frequently than any of the comparison stars. On a 10-hour night, some 180
three-colour observations would be made, with half on the variable star, and half on the
comparison stars that had to be established to be of constant brightness. So, if the
photographic imaging work described earlier in this document could be characterised by
the observer needing a doctorate in patience, then this photoelectric photometry work
required an observer who needed to be permanently busy - the proverbial fidget, but with
very focussed purpose!
The recording equipment for this work initially involved a pen recorder tracing signals from
each observed star on to long rolls of lined paper, but that was changed in 1968 to include
an integrator designed and built by Mr Carr with output to a newly-acquired digital
voltmeter. For every observation, the observer had to write down the star name, U,B,or V
filter, the amplifier settings, the digital voltmeter reading, and the time of observation.
These data were later transferred to ‘coding forms’ in preparation for typing them into a
punched-card machine at the University’s Computing Laboratory, which housed the one
University computer, first an IBM 1620, but replaced by an IBM 360/44 machine. If an
observing night had lasted for say 10 hours, then it took another 5-7 hours to transfer the
data on to coding forms, and then punched cards. These cards were then submitted,
together with those containing the data reduction code, to the ‘Job Queue’ and the results
were delivered some hours later on printed paper to a collection rack. The data reduction
code, written by the observer, converted the observations into meaningful photometric
data, with times of observations converted to the standard heliocentric Julian Date format,
and raw data converted to apparent fluxes or magnitudes. That stage was the first in the
sequence of data analysis that followed to establish fundamental properties of the variable
stars concerned.
The original but modified photometer was replaced in 1969 by another manually-operated
photometer designed by Hilditch and built at the Observatory Workshop. It was used for
many years after, primarily for undergraduate teaching purposes at Honours level, and for
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final-year undergraduate project work. But, by the mid 1970s, increasing levels of
computer-controlled and programmable technologies designed into new photometers had
turned the above observing procedures into automated sequences that the observer could
monitor carefully, rather than participating as an essential ‘cog’ in a machine.

An observing card with
attached finding chart for AS
Cam, typical of the 1960s. It
had the coordinates of the
target, precessed to the year
of observations, and a finding
chart traced from a sky atlas
with a field of view of 1-degree
in diameter. Note the chart is
taped only on one side to allow
it to be flipped over for a mirror
image version, because some
telescopes had eyepieces
attached to right-angled prisms
for ease of viewing, but which
also mirror-imaged the sky!
The comparison stars are
labelled C1 and C2.

Over the three observing seasons from 1967
September to 1970 March, the Nishimura telescope
was used on 95 nights for 430 hours to observe UBV
standard stars, Nova Delphini 1967 105, and to obtain
complete light curves of the eclipsing binary stars AS
Cam and SV Cam. The telescope was also used for
some limited undergraduate teaching during these 3 seasons, but the priority was to
complete this research programme. The observing statistics demonstrate that 1967-68
was poorer than average for St Andrews, but it still provided about 60% of the total for the
3 seasons, and the subsequent two seasons were remarkably poor. There were still some
genuine photometric nights, and some extended for 10-12 hours which ensured that the
programme was completed. Both AS Cam and SV Cam are circumpolar at St Andrews, so
that they could be observed all night on every available night throughout the observing
season. The published orbital period of AS Cam was 1.7 days, but after a few nights of
observations the true value was found to be 3.4 days106 , with the direct consequence that
observations had to be continued for a much longer interval than anticipated in order to
secure a complete light curve. Instead of obtaining some 25% of the light curve in one 10hour night, only about 12% was observed. Include the rather random occurrence of clear
nights, and the probability of observing a particular range of orbital phases was much
reduced. Just to add to the fun, one of the comparison stars was found to be variable at
about the 5% level.107
A total of 862 differential photometric observations in each of the U,B and V passbands
was obtained of the eclipsing binary system AS Cam over the 25 best nights between
January 1968 and January 1970. These photometric observations were obtained at nearly
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all orbital phases to secure complete light curves, and some phase intervals were
observed more than once. The complete light curves were analysed via a code that
calculated theoretical light curves for mutual eclipses of two spherical and limb-darkened
stars to yield the radii of both stars in units of their mean orbital separation, the relative
luminosities of the two stars and their surface brightness ratio, together with the inclination
of the orbital plane to our line of sight, and the orbital eccentricity. The apparent intrinsic
variability about an average curve in each passband was eventually confirmed to be real
and due to one component showing 2% variability with a period of 0.91 day108.

From top to bottom, the V, B,and U light curves of AS Cam, formed from the 862
observations in each passband and plotted (shown as dots) against orbital phase.
Phases around primary eclipse are plotted twice to illustrate the complete curves. Note
that secondary eclipse is offset from phase 0.50 due to the eccentric orbit.

Complete light curves of the short-period eclipsing binary SV Cam was also obtained from
120 observations on 3 nights but they were so distorted from those expected for two
spherical stars that any meaningful interpretation had to wait for more data and a better
theoretical model to be obtained. Those data were obtained some years later, as part of
two final-year (Senior Honours) students’ projects.

108

V.S.Kozyreva and A.J.Zakharov, Astronomy Letters, Vol.32, pp.315-319, 2006.

82

The complementary spectroscopic observations of these two stars were obtained at
L’Observatoire de Haute Provence, France during 1967 November and 1968 December by
Hilditch and some results were included in his Ph.D thesis along with the above
photometric investigations109 . Suffice it to note here that these spectroscopic data were
completely superseded by further observations made by Hilditch in 1970 November at
l’OHP and in 1971 Winter at Dominion Astrophysical Observatory, Victoria, Canada, at
much higher spectral resolution, resulting in a complete set of astrophysical parameters
(masses, radii, temperatures, luminosities, in solar units) for AS Cam when combined with
the photometric data.110 From the season 1970-71 onwards, the Napier Building
telescopes were used exclusively for undergraduate teaching programmes, including the
observational components of final-year students’ projects.

2.5 Changing Times, Telescopes, and Personnel
An inspection was conducted, by the Vice Principal and the Assistant Resident Architect,
of the Observatory Workshop facilities during the latter part of 1968. They concluded111
that a new Workshop was of paramount importance for the Observatory and funds were
made available to have the new building completed as soon as possible to the West of the
Scott Lang Building, in fact by 1970. The old workshop space was converted to a Data
Processing Laboratory with an air conditioning system to keep the newly acquired
Honeywell H-316 computer at a constant temperature, as well as the Joyce-Loebl
microdensitometer and a magnetic tape drive system. More small computers were added
to that Laboratory during the early 1970s, together with CAMAC module systems, one of
which incorporated a quartz oscillator, made by Mr Carr, for providing a more reliable time
service for the domes than the old Synchronome clocks.
The development of electronic and programmable control of telescopes and the
instruments attached to them, together with the laboratory-based measuring machines,
had started in the 1960s. These innovative techniques were brought to the Observatory by
Carr and van Breda, and saw fruition first in the adaptation of the Joyce-Loebl
microdensitometer in control of the scanning table and in the recording of positional and
densitometer data on to magnetic tape by means of the Honeywell H-316 computer.
In parallel with that development, van Breda and Carr had secured a research contract
with the Science Research Council (SRC) to build a semi-automatic photoelectric
photometer for the 1.0-metre Elizabeth Telescope soon to be moved from the Cape
Observatory to the new SAAO site at Sutherland in South Africa. The observer could
programme the photometer to conduct a set of observations on a star automatically, and
those data ( time of observation, filters used, flux measurements) would be written to
punched-paper tape and a printer directly. The photometer would be notably more efficient
and reliable than the manual procedures described above for the Nishimura photometer.
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The Joyce-Loebl microdensitometer on the right, after it was modified to write data
directly to the magnetic tape drive to its left. That drive was in turn controlled by the
Honeywell H-316 computer in the upper half of the tall rack, whilst the CAMAC crate
below held the necessary interfaces between these devices. A teletype is shown on the
left. Photograph courtesy of J.R.Stapleton.

In addition, Hill had been awarded an SRC research grant to further his observational
investigations of young high-mass stars in the Milky Way Galaxy, and part of that grant
was for the purchase of a photometer designed and built at the Royal Greenwich
Observatory in Sussex. This general-purpose instrument, dubbed a Peoples’ Photometer
at the time, was delivered to St Andrews in 1971 for installation on the JGT. The interface
between the photometer and the telescope was designed by Hill and van Breda, built at
the Workshop, and incorporated a Barlow lens to move the focal plane of the telescope
back outside the telescope tube, a moveable flat mirror and an eyepiece for the observer
to identify the required star in a field of view about 30 arc minutes in diameter. The
photometer was a two-channel instrument, with two photomultiplier tubes permitting
simultaneous observations through filters by means of a beam splitter. In its first observing
season 1971-72, the data acquisition from this photometer was controlled by the system
developed by van Breda and Carr for the St Andrews Photometer destined for South
Africa, and was a useful test of the efficiency and reliability of that system. The completed
Peoples’ Photometer is shown attached to the JGT in 1971-72 Winter in the next Figure.
These developments in computer-controlled instrumentation were the first to be
implemented at St Andrews, and demonstrated clearly that times were indeed changing
from the manually operated methods. These changes were progressive, with instruments
having electronic detectors being automated whilst those involving photography remaining
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largely unchanged, save for the introduction of exposure meters utilising photomultiplier
tubes and integrators to provide more reliable evaluations of exposure times.

The Peoples’ Photometer (white box) mounted below the acquisition head on the JGT in
1971-72, together with the control system developed for the St Andrews Photometer that
was sent in 1972 to that which became the South African Astronomical Observatory
(SAAO). That system had an IBM ‘golf-ball’ electric typewriter on the left, the control
panel, via which the observer could programme the operation of the photometer, on the
small table, the tall system rack containing power supplies and nixie bulb displays, and
the teletype with punched paper tape device on the right.
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(Left) The Scott Lang Telescope in the large wooden box being removed from the Scott
Lang Dome in September 1973, with the generous help of personnel and a crane from
RAF Leuchars. Observatory technical staff, Mr G Cunningham, and Mr W Brown are at
upper right. (Right) The Leslie Rose Telescope, with a primary mirror of diameter 0.5
metre, being hoisted into the Scott Lang Dome later on the same day. Observatory
technicians, Mr M Bird and Mr G Cunningham (right) are on the top platform.
During the academic year 1972-73, the University Observatory received a benefaction of
£10,000 from the estate of the late Miss J. Leslie Rose for the purchase of a 0.5-metre
Grubb Parsons Reflecting Telescope and accessory items112. The telescope would be
known as the Leslie Rose Telescope and was delivered to the Observatory during 1973
September. These unexpected and generous funds provided a new Cassegrain telescope
with Ritchey-Chretien optics and included two secondary mirrors giving the option of focal
ratios of f/8 or f/11. The funds were not sufficient to purchase a new mounting from Grubb
Parsons as well, but the telescope was successfully and straightforwardly attached to the
old Grubb Parsons mounting, dating from 1933, that had been moved to St Andrews from
the Mills Observatory in Dundee in 1951. The telescope proved to be a delight to use, and
was a well used instrument for the next 30 years, both for teaching and for research.
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A monochrome image of the Leslie Rose Telescope in the 1970s
attached to the 1933 Grubb Parsons mounting. The telescope
was slewed by hand in Right Ascension and Declination, with
setting and fine guiding motions and the sidereal drive system
operated via electric motors. This photograph was taken when,
unusually, there was no ancillary equipment mounted on the
telescope. Photograph courtesy of J.R. Stapleton.
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In August 1978, Professor Stibbs submitted a letter, with supporting documents, to the
Emergency Committee of the University “ seeking approval to accept an offer from the
Royal Observatory, Edinburgh, to give on extended loan their Twin 16-inch Reflector
Telescope”. Included would be the wooden Dome from the ROE, but a new building would
be required at an estimated cost of £15,000 according to the Resident Architect, Mr
Ferrier. The ROE were hopeful that the telescope could be transferred to St Andrews by
November 1979. On request from that Committee, Professor Stibbs presented further
details, including a Scientific Case for Support (to use the jargon phrase of that era) written
by Hilditch at Stibbs request. “The Committee was satisfied that if the University were to
accept the ROE offer, it would, from a scientific point of view, acquire a most valuable
asset.”113 The offer was accepted, and the Telescope and Dome were transported to St
Andrews at ROE expense in November 1979.
The wooden base ring of the dome had to be cut in half, in order to make the
transportation by road transport possible. The task of rejoining the two halves of the dome
was taken on by Mr Brown, who had to learn some new skills from boat-building experts at
Anstruther. The building was completed in 1981, and the reconnected complete dome
lifted into position. The telescope with its mounting, all built by Sir Howard Grubb, Parsons
Ltd., in the early 1960s, had been stored in the loading bay of the Workshop, and was
lifted into the new building, and a great deal of work was required by all the Workshop
Staff together with Dr Edwin and Mr Carr to make the telescope fully operational again.
The telescope may have been a gift, but the cost of technical time required to complete
this task was certainly greater than anyone had anticipated. Nevertheless, the Twin
Photometric Telescope (TPT), as it became known, was re-commissioned in 1983, and
officially opened on St Andrews Day in that year, by the former Astronomer Royal for
Scotland, Professor H A Brück.

Arrival of the Twin Photometric Telescope
and its Dome (in two halves) in November
1979, and watched by members of the
Honours Class after a lecture.
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The mounting (left) and the twin telescopes (right) being hoisted off the low-loader
beside the Observatory Workshop in November 1979. (Left) Mr G Cunningham is
standing on the left, with Mr J Lindsay kneeling, and Mr W Brown beyond the mounting.
(Right) Mr Brown is standing on the ground, with Dr Edwin just visible standing on the
low-loader.

In addition to these changes of telescopes and instrumentation, there were significant
changes in personnel in the Workshop and additions to academic research staff via fixedterm contract funding. Mr Borthwick had become Acting Head of the Workshop after Mr
Gammie’s tragic death in a road accident, and Mr G. Cunningham had been appointed
about 1970. When Mr Borthwick retired in 1973, he was replaced by Mr W. Brown as Head
of the Workshop, and Mr J. Lindsay arrived in 1975 following the retirement of Mr C. Craib
after 25 years of service114. Mr Dunlop also retired near this time, his position being taken
by Mrs R. McNeill for about two years before she moved to another Department in the
University. As noted before, the reports by the Technical Committee to the University Court
seem incomplete in this era, but other documents at the Observatory allow some
approximate dates to be established for these changes. Mr D. Erskine retired some years
later, and was not replaced, and the technician complement of the Observatory remained
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at four thereafter until the merging of the Department of Astronomy with the Department of
Physics into the School of Physics and Astronomy in 1987. There were several changes of
secretarial staff during the 1970s and 1980s, that are even more difficult to follow than
those amongst the technical staff, but those who stayed for many years included Mrs R.
Gardner, Mrs L. Fyall, and Miss S. Kinsley.

(Left) The complete dome for the Twin Photometric Telescope being hoisted into position
in the autumn of 1981, against a background blue photometric sky. Such skies do occur
at St Andrews, just not as often as astronomers would wish! (Photo courtesy of J R
Stapleton).
(Right) The completely refurbished Twin Photometric Telescope in fully operational mode
in 1983. The two single-channel photometers had their photomultipliers mounted in
Products for Research Inc. thermoelectric cold boxes to keep the tubes at 25ºC below
the ambient temperature.
A new post of Senior Technical Officer was created in 1972115 to strengthen the optical and
mechanical design requirements for instruments and telescope components. Dr W.J.
Thatcher was appointed to that position, working with Dr van Breda on a new SRC
Research Contract to design and build a photoelectric spectrum scanner for the South
African Astronomical Observatory, and with Dr Hill for local Observatory issues such as
improving the Nishimura Telescope. He resigned that position in 1975 November, and was
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replaced by the very effective Mr J. Partridge, but only for a few months before he was
persuaded to leave by a major UK engineering company116 . In 1976, by which time the
post had been renamed Senior Scientific Officer, Dr R.P. Edwin (1943-1997) was
appointed and he was to remain with the University for the rest of his career. Dr Edwin had
studied Physics at Newcastle University, and gained his Ph.D there in laboratory
spectroscopy, before moving to the National Physical Laboratory in Middlesex. He brought
“hands-on” experimental physics experience to innovative developments in optical and
mechanical design for the Observatory, and later extending to electronic control of
instruments, working with Mr Carr. The research work involving computer control of
instrumentation was supported by a research grant to Drs van Breda and Hill and Mr Carr,
and that funding employed a Computing Officer, Mr R. Campbell from 1972. After he
resigned in 1975, Mr J. R. Stapleton was appointed, and his position was adopted on to
the Department complement in 1978 as a Scientific Officer117 . Mr Stapleton was a St
Andrews graduate in Astronomy who had worked in the University’s Computing Laboratory
as a Computing Officer during the early 1970s.
In 1980, the Department’s Data Processing Laboratory benefitted from a SERC Research
Grant to provide a PDP 11/23 computer and associated terminals and interfaces to
improve automated control of instruments and data-logging procedures. The University’s
Computing Laboratory also made major changes away from a main-frame computer
requiring job queues and punched cards input, to a VAX 11/780 system incorporating
terminals where users interacted directly with programs and their results.
Dr Hill was promoted to a Senior Lectureship in 1973, and Dr van Breda to a Readership
in 1974. Unfortunately for the Department of Astronomy, van Breda was persuaded to join
the staff of the Royal Greenwich Observatory, as the Head of the Instrumentation Division,
in 1976, and his position on the academic staff for the Department was not continued118.
Changes in research funding by the Science Research Council around 1970 had permitted
University Academic Staff to apply for Research Grant funding to employ Postdoctoral
Research Assistants to further their research programmes. These PDRA positions were
fixed-term contracts, usually of 3-years duration, secured via competitive peer review in
applications to the Research Grants Committee of the SRC. These positions were
regarded as essential “stepping stones” to an academic career, where a new researcher
could demonstrate his/her research abilities, gain experience of teaching and supervision
of projects at tertiary education level, and show that they could be awarded research funds
from their own initiatives, for example in astronomy, by being awarded observing time on
telescopes at international observatories via competitive peer review. From 1973, there
were typically three or four such PDRAs working at the Observatory, one with Dr Carson
on theoretical studies, and two or three with Drs Hill and van Breda on observational work
mostly conducted at international observatories. Some of that work was also conducted
with the telescopes at St Andrews.
During the 1970s, the numbers of students taking the first-level Astronomy course
continued to vary significantly from year to year, with an average of 40 per year. A secondlevel course in Astronomy had been re-introduced with steady numbers averaging 15
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students per year. The Junior and Senior Honours years maintained steady numbers, each
of 8 per year. There was an average of 7 research students per year, mostly studying for
Ph.Ds. The second-level course was stopped at the end of the 1980-81 academic year, in
part because intending Astronomy Honours students were being required to take three
second-level courses (Physics, Mathematics, and Astronomy) when nearly all other Pure
Science students were required to take just two courses at second level, and in part
because the demands on 5 staff to teach a complete two-year Honours Course as well as
full first- and second-level courses was proving to be too difficult. From 1981 to 1988,
student numbers for the first-level course increased to a much more stable average of 60
per year, which completely offset the loss of the second-level course with respect to the
Department’s Student-Staff Ratio, a number that had been allowed to become too
dominant in judging the effectiveness of Academic Departments at that time. The numbers
of Honours students remained the same at 8 to 10 students in each of the Junior and
Senior Honours years. The numbers of research students studying mostly for Ph.D
degrees, continued at 8 per year, and the numbers of PDRAs funded by Research Grants
awarded to the 4 research-active staff continued at typically 4 per year, a strong
achievement that was recognised both in the visit of the Astronomy II Committee of the
Science Research Council to the Observatory in 1983-84119, and in the review of Science
Research at St Andrews conducted by the University’s Policy Review Committee in
1986120 , where one of the selected highlights was Stellar Structure and Evolution.
In 1979, Mr Slebarski retired after 31 years of excellent teaching, as judged by his
students, and his wealth of knowledge on observations of minor planets as well as orbital
and perturbation theory and calculations was passed on to his three research students
during the 1970s. That Lectureship was advertised and interviews of candidates held over
two days in May 1979, with Dr Hilditch being the successful applicant121 . Two long-term
members of the Observatory, Drs Kilkenny and Lynas-Gray, moved on to new positions in
the Autumn of 1980, Kilkenny to a permanent Research Astronomer post at the SAAO,
and Lynas-Gray to the SERC’s Collaborative Computational Project No.7 at University
College, London, and later to a permanent post at the Department of Astrophysics,
University of Oxford. In 1982, Dr C. W. Fraser decided to make a change in his career by
accepting a position with the Careers Advisory Service in the University. Dr Edwin was
transferred from his SSO position to that vacated Lectureship, and that SSO position was
closed122 . In 1987, Mr Carr decided to take early retirement from his position as SSO
Electronics to devote his energies to his many other interests123. In September 1989,
Professor Stibbs retired, having completed his 30-year contract to age 70. A tribute to his
contributions to the University, written by Dr Carson, was recorded in the Minutes of the
Senatus Academicus, and the title of Professor Emeritus was conferred in 1990124 . He and
his wife returned to their native Australia.
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2.6 Observing Programmes 1972-1989
2.6.1. The James Gregory Telescope
Back in October 1971, two new research students started their studies at the Observatory.
Ms Fiona Vincent was a St Andrews graduate in Astronomy and Mathematics who gained
a Robert Cormack Bequest Scholarship to conduct observational and computational
investigations of Minor Planets supervised by Mr Slebarski. Mr Anthony Lynas-Gray was a
graduate in Physics from the University of Wales at Bangor who was awarded a University
of St Andrews Research Scholarship to work with Dr Hill on his programme of photometric
and spectroscopic studies of young high-mass stars in the Galaxy. A year later, Ms Patricia
White came from Glasgow University to work with Dr Fraser on his programme of surface
photometry of galaxies, with a research studentship from the Science Research Council.
All three were to make substantial use of the JGT during the interval 1971-74.
The observing requirements for the three programmes were tolerably complementary, with
Vincent’s and White’s work requiring direct photography in Dark Moon time, respectively of
14th to 16th magnitude minor planets, and of galaxies, whilst Lynas-Gray’s photoelectric
photometry could be conducted at all lunar phases. It was necessary to mount the
Peoples’ Photometer on to the JGT, and to remove it, rather frequently, but the stronglybuilt man from Wales did not consider this issue to be any problem at all. The first half of
the 1971-72 season was used mostly by Slebarski and Vincent for their minor planet
programme. The Peoples’ Photometer was tested in December, and then the telescope
was shared between the two programmes through the rest of the season resulting in a
total of 109 nights for some 520 hours, an exceptionally good observing season. During
1972-73, the completed St Andrews Photometer was tested on the JGT during November
and December before the entire instrument was shipped to Cape Town. Otherwise the
demands on the JGT were for direct photography in dark Moon time only, from Slebarski
and Vincent for minor planet work and from Fraser and White for galaxy photometry,
resulting in the telescope being used on only 37 nights for 150 hours. Hill and Lynas-Gray
conducted other parts of their observing programme necessarily at Kitt Peak National
Observatory in Arizona, USA, for UBV photometry, and at L’Observatoire de Haute
Provence, France, for the spectroscopic data. Lynas-Gray was awarded a scholarship by
the French Government with which it was possible to take up three generous allocations of
observing time in 1972-3, and, since all students were required to be supervised, was
accompanied for some of the time by Professor Stibbs and most of the time by Mr Carr.
Meanwhile the new control and data-logging system for the Peoples’ Photometer was
being designed and built at St Andrews by van Breda and Carr, with contributions to its
control software from Lynas-Gray and Hill. That system was established to be fully
operational by August 1973, and the programme of photoelectric H-beta photometry
proceeded through to completion in mid-December 1973, with Vincent using only some
Dark Moon nights. The JGT was used on 60 nights for 350 hours in that Autumn, another
exceptional run of good weather, with many nights being complete dusk-to-dawn sessions
of 14 hours. The two newly-appointed Postdoctoral Research Assistants (PDRAs), Drs
Kilkenny and Hilditch, provided substantial help in completing this observing programme of
Hill and Lynas-Gray. From mid-December 1973 to March 1974, Vincent and White shared
the use of the JGT during dark Moon times for 20 nights.
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The JGT in 1973-74, with the two-channel Peoples’ photometer
mounted below the acquisition head at the Cassegrain focus. The two
photomultipliers were housed in Products for Research Inc. thermoelectric cold boxes. The photometer was interfaced to a H-316
computer via a CAMAC crate which included various modules and was
located in the Data Processing Laboratory some 80 metres away in the
Scott Lang Building. The Tektronix 4010 terminal on the dome floor
provided the observer with interaction with the data acquisition system
and with preliminary results as they were obtained.
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Lynas-Gray moved to Dunsink Observatory, part of the Dublin Institute of Advanced Study,
on a Scholarship for two years, where amongst other work, he completed his Ph.D
thesis125, awarded in 1976, and then returned to St Andrews to take up a PDRA position
working with Dr Hill for another three years. Two substantial papers126 were published by
Hill and Lynas-Gray from their study of distances and kinematics of 255 young high-mass
stars of spectral class B observable from the Northern Hemisphere. It was the logical
extension of Hill’s original investigation of B-type stars, observable from the Southern
Hemisphere, that were found to be at substantial distances (1-2 kiloparsecs) from the midplane of the Milky Way, despite their young ages, and provided further support to the
understanding that spiral structure extended further above and below the mid-plane than
had been understood hitherto. Some of Hill’s Southern Hemisphere studies had been
conducted by his research student, David Kilkenny, a St Andrews graduate in astronomy,
during the interval 1969-72 from the European Southern Observatory in Chile, and from
the Radcliffe Observatory. After Kilkenny had completed his Ph.D thesis, he was employed
as a PDRA at St Andrews from October 1973 working with Hill. At the same time, Hilditch
returned from his two-year Research Fellowship at the Dominion Astrophysical
Observatory, Victoria, Canada, funded by the National Research Council of Canada, to
take up a PDRA position working on binary stars and some aspects of galactic structure.
From her JGT observations obtained during 1971-74, Vincent had obtained 125 plates of 6
minor planets, 5 of them being in the group with their orbital motions having a 9:5
commensurability with that of Jupiter, and one ((334) Chicago) having a 3:2
commensurability. She used the Blink Comparator to identify each minor planet image on
each plate from amongst the hundreds of star images, and then used the Zeiss TwoCoordinate Measuring Machine to determine their positions relative to about 20 stars with
accurately known positions. Every star and minor planet image position on a plate was
measured up to 10 times and their averages adopted; then the plate was rotated by 180
degrees and positions re-measured, averaged, and checked for consistency and lack of
systematic bias. The scales on the Zeiss machine could be read to 0.0001 mm, and the
average standard deviation of her measurements of each image was found to be 0.0007
mm. These measurements were converted to positions on the sky in the Equatorial
coordinate system of Right Ascension and Declination by means of a program written by
Vincent based on the method of plate constants. The accurately-known published
positions of stars in the Pleiades star cluster served as a useful test of her accuracy of
measurement on JGT plates taken of the Pleiades for that purpose, and these showed
that she achieved a standard deviation of less than 0.5 arc seconds on the sky.
Preliminary orbital elements were derived for these minor planets from three observations
via Gauss’s Method by means of one of the computer codes written by Watson for his
M.Sc thesis. These elements were then improved by including all of Vincent’s observations
in a differential corrections procedure, also written by Watson. Vincent then wrote her own
codes to integrate numerically these derived orbits forward in time by up to 3000 years and
found that all of her minor planets occupy remarkably stable orbits despite the threedimensional perturbations imposed by Jupiter and other planets in the Solar System.
Whilst all of her measurements were concluded by the Summer of 1974, Vincent had not
managed to complete all of her computational work within the three-year Studentship. She
completed her Ph.D thesis in her private time whilst being employed elsewhere, and she
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(Top) An image of a 15cm
diameter original negative
plate taken by F.Vincent
with the JGT on 1972
February 13/14 of a star
field containing the Minor
Planet (909) Ulla, identified
by the hand-drawn circle,
lower right.
(Middle Left) A detail from
that plate showing the
planet image as a faint trail
next to the star image
inside the hand-drawn
circle.
(Lower Left) A similar detail
from a plate taken the
following night, showing the
same stars, but with the
planet having moved to the
right and seen again as a
faint trail near the star
image on the right-hand
edge.
Both plates were exposed
for 30 minutes. The planet’s
mean daily motion of about
500 arcseconds per day
makes the trail about 10
arcseconds, or 0.15mm
long on the plate.
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graduated with that Doctorate in 1979127. That achievement assured her future
appointment to be Director of the Mills Observatory in Dundee, becoming a very effective
communicator of the subject of Astronomy to the general public, including her weekly
outreach activities via Radio Tay FM, and as a Tutor for the Open University. All of her
measurements of positions of these minor planets were published in the Minor Planet
Circulars128.
Mr Dimitri Papadakos came from Greece to study for an M.Sc degree with Mr Slebarski.
Most of his work involved the use of Gaussian, Laplacian, and power series methods for
investigating the orbits of minor planets deduced from observational data. As part of that
investigation, he measured a set of 5 plates obtained by Mr Slebarski with the JGT in the
Autumn of 1971 of the minor planet (522) Helga, and derived the (R.A., Dec.) positions of
the planet on those dates. These results were recorded in his M.Sc thesis, together with
his determination of the orbital elements and the mass of (522) Helga. After this brief
experience of laboratory-based measurements, he proceeded to complete a Ph.D degree
working with Dr Carson on theoretical and computational studies applied to minor
planets129 .

Details from two plates taken of the same star field with the JGT by Mr Slebarski in 1971
December 6/7 and 8/9 of the Minor Planet (522) Helga, and measured by D. Papadakos
as part of his M.Sc thesis. The planet is identified as the faint image inside the rings of
hand-drawn dots on each plate.
After some practice observing sessions with Dr Fraser, Ms White evidently became a
capable observer, obtaining 34 plates with U, B, and V filters of 4 galaxies during the
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intervals January - April of 1973 and 1974. However, she withdrew from her studies after
about 18 months for personal reasons, and her project was abandoned.
But surface photometry of galaxies was continued from 1974 to 1976 by Mr Clinton
Blackman, again supervised by Dr Fraser, who combined photographic photometry
obtained with the JGT with spectroscopic data obtained with the recently completed Isaac
Newton Telescope at the Royal Greenwich Observatory in Sussex and at l’Observatoire de
Haute Provence, France. Blackman was another St Andrews graduate in astronomy, who
was funded by a Research Studentship from the Carnegie Trust, and who was able to
make an abrupt start with his observing programme at St Andrews directly because of his
observing experience gained as an undergraduate and because the telescope and the
facilities for analyses of photographic images were all fully operational. Fraser had been
awarded a SRC Research Grant in 1972 to employ a Computing Officer, Mr R.J.
Campbell, and to fund the data-logging system for the Joyce-Loebl microdensitometer
already mentioned. A description of that system was published in 1974130 , and Mr
Blackman lost no time in exploiting its capabilities.
Apart from a few evenings of Junior Honours Class Observing Practicals, Blackman had
exclusive use of the JGT during dark Moon time, amounting to 160 hours on 30 nights in
1974-75, and 70 hours on 40 nights in 1975-76, a notably poorer season. He obtained
direct photographs through U, B, V and R filters of 16 spiral galaxies, some of which were
isolated single galaxies, and some were binary galaxies. As in Fraser’s earlier work, there
were 10-minute exposures to avoid saturation of the central regions of the galaxy images,
and 60-minute exposures to record the fainter outer regions. More than 200 plates were
obtained with the JGT, that included some extra-focal plates of the open star cluster M44
to determine the colour equations of the telescope and filters for transforming the data to
the standard UBVR photometric system. There was also a substantial amount of time
spent in laboratory calibration, by means of a modified photoelectric photometer, of the
photographic density wedges recorded on the photographic plates. All of the good quality
plates were scanned with the Joyce-Loebl microdensitometer, and the data were recorded
on to magnetic tapes for subsequent analyses via the University’s IBM 360/44 computer,
with programs written by Blackman to extract isophotal maps of the galaxies in the four
passbands. He conducted the complementary spectroscopic observations at the 2.5m INT
in Sussex, and at the 1.93m telescope at l’OHP in France, in order to determine the
rotation curves of these selected systems, with the spectra measured by means of the
Hilger & Watts long-screw micrometer at the Observatory.
He determined surface brightness distributions and mass distributions and made
comparisons of his results with theoretical models of density waves for spiral structure in
these galaxies. He completed his Ph.D thesis in 1977131 , and published 5 research papers
from these studies shortly afterwards132. Blackman moved to the University of Sussex to
take up a Research Fellowship for 3 years,followed by another Fellowship at the Royal
Observatory Edinburgh for several years, but then took a different career path away from
astronomical research.
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(Left) Isophote maps in four
passbands (UBVR) of the spiral
galaxy NGC157 from JGT images
obtained by C.P.Blackman. Contour
levels are in steps of 0.5 mag per
square arc second from 21.0 in the
centre to 25.0 mag per square
arcsecond.

(Right) A best-fit spiral density wave
pattern obtained by C.P.Blackman to a
Hubble Atlas image of NGC157.

From 1974 to 1978, the Peoples’ Photometer had been used successfully on the Leslie
Rose Telescope (of which more later), but in Summer 1978 it was re-mounted on to the
JGT in anticipation of more than one opportunity to observe occultations by the Moon of
the bright giant star Aldebaran, alpha Tauri, that occur in groups separated by 18-19 years.
Each occultation happens very quickly, because stars are very distant so that even giant
stars subtend extremely small angles at the Earth, and because the Moon is travelling
Eastwards across the sky relative to the background stars, as it orbits the Earth once
every 27.3 days, at rate of about 0.5 arc seconds per second of time. The data acquisition
and control system of the Peoples’ Photometer that had been designed and built in 1972-3
operated in pulse-counting mode incorporating Solid State Research (SSR) amplifierdiscriminators, so that the signal from any star was recorded in photo-electron counts per
second, typically in the range 10,000 to 1 million counts per second. A complete
description of that system is given in the afore-mentioned paper by van Breda et al.
(1974). In order to record an occultation event successfully, the photometer data-logging
system had to be capable of securing and recording the data at millisecond rates, and it is
to the credit of an enthusiastic team of research students, Alexander Brown, Peter
Bunclark, and Gordon Stewart, working with Roger Stapleton, that successful results were
obtained.
For the occultation on 1978 August 26, the disappearance of Aldebaran behind the bright
limb of the Moon was observed visually, but the re-emergence from behind the darkened
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limb was recorded by the photometer at 1 millisecond rates and the flux densities are
plotted in the Figure above relative to that for the un-occulted star. The whole event lasted
176+/-4 milliseconds and provided a determination of the radius of Aldebaran of 0.023 +/0.004 arc seconds , which translated to 52 solar radii at the known distance of Aldebaran
of 20.8 +/-1.8 parsecs. A subsequent occultation on 1979 January 9 provided a confirming
value of 0.022 arc seconds, and the results were published in 1979133 .
The photometer remained on the JGT for most of the seasons 1978-79 and 1979-80, for
some further occultation events, and for some V and R filter photometry of some eclipsing
binary stars obtained by Mr Brian McLean, a St Andrews graduate in Astronomy, who was
a research student funded by the Science Research Council and supervised by Dr
Hilditch. Unfortunately, weather conditions were often non-photometric, and the
fragmentary data that was obtained was deemed not worthy of further investigation. All of
these research students involved in the above photometry obtained the observational data
for their thesis work at the international observatories already mentioned, and their uses of
the JGT were considered to be good experiences, if unfortunately of very limited
productivity. All of these students moved on to good careers in astronomical research:
McLean to the Space Telescope Science Institute, Baltimore, USA; Brown to the Joint
Institute for Laboratory Astrophysics, Colorado, USA; Bunclark to the University of
Cambridge; and Stewart to the University of Leicester.
In the early 1980s, Mr Clive Davenhall worked as a SRC-funded research student with Dr
Fraser on surface photometry of 9 galaxies in the Leo I group, making use of photographic
plates obtained by Fraser with the JGT an unspecified number of years earlier. These
plates are missing from the Archive, so there are no details save for the comment that they
were obtained with B and V filters, and had exposure times of 7 minutes and 45 minutes.
In his Ph.D thesis134 , Davenhall showed that his results were in good agreement with other
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work published at that time on some of his selected galaxies, but the new results were not
published in an astronomical journal. Davenhall worked with the group of research
students mentioned above on developing the astronomical image processing software
written in the language FORTH for the Observatory135 and moved on to the Royal
Observatory, Edinburgh as a programmer for image processing software in the SERCfunded STARLINK programme.
It was fully appreciated by the Observatory personnel that the ability of the JGT to provide
data of sufficient quality and quantity to satisfy the research criteria of the 1980s had
become too limited. The levels of background sky brightness at St Andrews had become
too high for all relevant research work on galaxies, and its wide field capabilities were also
superseded by the 1.2m UK Schmidt Telescope, operating alongside the Anglo-Australian
Telescope at Siding Spring, in Australia. The UKST, managed and run by personnel from
the Royal Observatory Edinburgh, was engaged in a complete photographic survey of the
Southern Hemisphere sky, but also provided photographic plates of particular regions such
as the Virgo Cluster of galaxies that were observable from the Southern Hemisphere.
From a dark-sky site, these UKST plates recorded images to much fainter levels, down to
magnitude 23, and each plate covered 6º x 6º degrees on the sky, with better images.
Accordingly, all the observational data on galaxies required by the research programmes
of research students Messrs Peter Bunclark, Gordon Malcolm, and later Quentin Parker,
were obtained via these UK national facilities. They did make use of the JGT, to gain
observing experience, much in the manner envisaged by Dr Bowen in the 1960s, and the
undergraduate students in their Junior Honours practical classes, and some Senior
Honours students for their final-year projects, enjoyed making use of Scotland’s largest
telescope for direct photography of interesting astronomical sources.
In an attempt to find a new and worthwhile role for the JGT, Hilditch proposed that a
grating-prism should be purchased to provide low-resolution spectra of all the stars in the
field of view and recorded on photographic plates. A grating-prism is a thin prism with a
grating ruled on one surface. When it is mounted some short distance in front of the focal
plane of a telescope it produces a direct image of each star together with one or more
orders of the spectrum of each star. Because such a device had been provided for the
3.5m Canada-France-Hawaii Telescope, located at Mauna Kea, Hawaii, it was possible to
order a duplicate suitable for the JGT at quite low cost. The prism had a wedge angle of
1º.2, with the grating ruled at 44 grooves per millimetre. It would provide spectra at a
spectral dispersion of 110 nanometres (nm) of spectral wavelength per linear millimetre
(mm) on a photographic plate, sufficient to distinguish between stars of different spectral
letter classes (types O,B,A,F,G,K,M). That grating-prism, also known as a grism, was
delivered to the Observatory in April 1981, and was mounted via a simple support structure
designed by Edwin inside the Cassegrain port of the JGT. There was concern expressed
that the seeing-limited images of the JGT would degrade the spectra too much to be of
sufficient value, but it was decided that the experiment should be pursued through to an
empirical conclusion. In support of this pragmatism, the objective-prism spectra recorded
by the UKST at 240 nm/mm at an observing site with typical seeing of 2 arc seconds did
show some spectral features that would allow stellar spectral classification to be
determined to half a letter class. Thus it was hoped that the JGT experiment would
achieve equivalent results, and accordingly, an observing programme was conducted on
the region of the sky around the North Galactic Pole (near RA 12h 40m; Dec +28º) where

135

A.C.Davenhall, C.W.Fraser, B.J.McLean, J.R.Stapleton, P.S.Bunclark and G.C.Stewart, J.British
Interplanetary Society, Vol.34, pp.145-151, 1981.

101

the number density of stars per unit area of sky is very low, and over-crowding of images
would be minimised.
Mr Alan McFadzean, a St Andrews graduate in Astronomy, had been awarded a Research
Studentship by the Carnegie Trust and worked with Hilditch on a research programme
investigating the properties of stars of spectral types A and F that were within 15 degrees
in galactic latitude of both the North and South Galactic Poles. All of the observational data
for this programme had been obtained elsewhere, and so the grism experiment was an
opportunity for some observing experience for McFadzean. There were some test
observations conducted in April/May 1981, and the main set of observations were obtained
in January/February 1982, with exposures of 50 minutes recorded on fine-grained IIIaJ
emulsion each on 14 fields centred around the North Galactic Pole. McFadzean made
detailed examinations by eye with a 10 times magnifier of the spectra obtained and
concluded that he could not detect any significant features in the stellar spectra beyond
the broad continuum slope. He then used the Joyce-Loebl microdensitometer to scan the
best example spectra, and concluded that “little in the way of fine structure was apparent
in any of the spectra, although gross spectral features such as the Balmer jump were
easily identified.”136 By contrast, he could identify some spectral features in a UKST
objective-prism plate taken of the same stars at the NGP that were sufficient to determine
a spectral type to about half a letter class. Furthermore, the UKST objective-prism plate
covering 6º x 6º on the sky in one exposure, was much more efficient than the JGT with its
grating-prism requiring 14 exposures to achieve the same area observed. The experiment

One example of the set of grating-prism plates obtained by A. McFadzean with the JGT
in 1982, showing part of an NGP star field with direct star images and the associated
low-dispersion spectrum of each star.
had failed, probably because of the combination of the poorer seeing and the less precise
optics of the JGT compared with that of the UKST at a better observing site.
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After gaining his Ph.D degree, Dr McFadzean held PDRA positions at Lancashire
Polytechnic and the University of Birmingham, but left astronomical research by the end of
the 1980s to pursue a different career path.
Despite this setback, Mr Carr had continued with his programme of upgrading the
electronic control of the JGT with trials of a digital display system for the Right Ascension
and Declination positions being conducted during 1981-82, leading to a reliable system
replacing the original analogue displays. In addition, Mr Carr made further improvements
to the Observatory clock system by installing a receiver for the time signals from MSF
Rugby, and replacing all the analogue clocks in the domes with digital units displaying red
numerals at low light levels.
In 1983, an agreement was reached between the Department of Astronomy and the
Dominion Astrophysical Observatory, Victoria B.C., Canada to help to complete a project
on an 8-channel photoelectric photometer. This instrument had been designed at the DAO
by Drs G. Hill and E.H. Richardson, and all the optical and mechanical components
completed, but the design and construction of the electronic control system had been
delayed by other demands at the DAO. The entire instrument was shipped to St Andrews
in June 1983, and work was started by Dr Edwin and his new research student, Mr
Christopher Pollard, on the design and construction of the control system, with
considerable help from Mr Carr. Mr Pollard came to St Andrews, after completing a B.Sc
degree in Astronomy at Preston Polytechnic, and was funded by a Science and
Engineering Research Council (SERC) Studentship. The 8-channel instrument was based
upon the use of a low resolution grating to create a spectrum of a star, followed by that
spectrum being divided into 8 segments by means of a multi-faceted mosaic mirror that
would send those wavelength-selected segments through band-pass filters to 8
photomultipliers simultaneously. A sophisticated electronic control system was required to
have control over all moveable parts of the instrument, and to be able to log all the data
from 8 channels simultaneously, including the time of observation.
The electronics work was completed over two years, and the finished instrument was
mounted on to the JGT in 1987 January for the commissioning phase, involving flexure
tests of the instrument at all sensible orientations of the telescope. The instrument proved
to be mechanically and optically stable. Alignment tests of the optical components
revealed two manufacturing defects in the mosaic mirror, one component being not quite
long enough to include all the planned section of spectrum, and another to be at the
incorrect angle and therefore not useable.
Because the completed instrument was so heavy, it was necessary to add further weights
around the top of the telescope tube in order to balance it, and then move the
counterweights to the outer ends of their positional adjustments. Once operational and
tests were begun on observing stars, it was found that the star images were moving in a
cyclic manner of amplitude 10 to 12 arc seconds across the observing aperture with a
regular period of 149 seconds, the period of the worm wheel on the JGT sidereal drive
system. It was the first time that this defect in the sidereal drive had been found. Since
photoelectric photometers use Fabry lenses in front of the photomultipliers to image the
entrance pupil of the telescope, such image motion should not be a problem, but the only
practical solution was to use apertures of 40 arc seconds in diameter to ensure that the
star images did not wander out of the apertures during any measurements. Such a
substantial diaphragm size would mean that more sky background was included in every
measurement so that the faint source limit of the instrument would be compromised.
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(Left) The 8-channel
photometer mounted
on the JGT in 1987, in
working order, and
(below), a closer view
to illustrate the
complexity of the
instrument, and the two
cold boxes each
housing
four
photomultiplier tubes.
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The commissioning and observing programme phase continued over 32 nights from 1987
January to 1988 February, with multiple sessions on photometric standard stars of the
uvby system, and the UBVRI system, showing that sensible transformations from the
instrumental to the standard systems were obtained. The eclipsing binary system SV Cam,
with its location at Declination +82º making it observable at all times of the observing
season, and its orbital period of 0.59 day ensuring that a good clear night would provide
most of its light curve, was observed repeatedly to demonstrate the effectiveness of the
instrument. The limitations of the JGT for single-source photoelectric photometry were also
emphasised, in that the observing cadence, the number of observations of stars per unit
time, was not sufficient to follow short-term variations in source brightness. The telescope
had been designed for photographic work with long exposures, not repeatedly moving
from one source to another with short integration times, an issue already experienced in
Lynas-Gray’s work on B stars at intermediate galactic latitudes in 1973. Nevertheless,
these observational data did demonstrate that the instrument worked satisfactorily, and
would be capable of producing worthwhile simultaneous multi-colour photometry,
particularly on quickly varying sources like cataclysmic variables and other eclipsing binary
stars with components at very different temperatures. However, at this commissioning
phase the photomultipliers were left at ambient temperature without the water-cooling
system for the cold boxes being added. The instrument was already considered to be too
heavy for regular use on the JGT, putting excessive strain on the mechanical system, and
to have implemented the water cooling as well would have been foolhardy. These factors,
together with the changing circumstances involved in the merging of the Departments of
Astronomy and Physics, and commitments on Hilditch resulting from him being appointed
Chair of the SERC’s Panel for the Allocation of Telescope Time (PATT) for the interval
1988-91, together with membership of the SERC’s Astronomy Research Grants
Committee, ensured that the 8-channel photometer was not used for a worthwhile
research programme. It was a very sad outcome for a viable instrument, although it did
prove to be valuable research training in practical instrumentation control for Dr Pollard137,
who moved on to work in the UK energy production sector. The electronic components of
the instrument were used for other projects within the newly-formed School of Physics and
Astronomy, and as will be discussed later, newer devices for recording the light from
astronomical sources were just becoming available at affordable prices, and were to have
a quite revolutionary effect on observational capabilities with the JGT.
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The JGT was also used by Stapleton and Vincent who contributed their astrometric skills
to International Halley Watch as the famous Comet Halley approached perihelion in late
1985 and early 1986. They obtained some short-exposure images of Comet GiaccobiniZinner 1985 followed by a substantial number of short-exposure images of Comet Halley
in order to measure the positions of the comets relative to background stars, and
communicated those positional measurements to the Minor Planet Circulars138.

Photographs of two plates of
Comet P/Halley taken on the
JGT by F.Vincent; no.41 a 2minute exposure on I-N
emulsion on 1985 December
29; no.45 a one-minute
exposure on I-N emulsion on
1986 January 19. The Comet
image is clearly seen on both
plates. Stars with accurately
known positions are identified
by hand-written numbers to the
right and dots to the left of
each star image, from which
the position of Comet Halley
was determined.
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Otherwise the JGT was used largely for undergraduate teaching purposes, at about 20
nights per year. These sessions involved Junior Honours students selecting a Messier
object to be observed photographically with different photographic emulsion and filter
combinations, and then carrying out those observations under supervision from Dr Edwin,
and calibrating the plates via the spot sensitometer139 designed by Edwin and built at the
Workshop. Some of the most successful examples of those photographs are presented
below. Additionally, use was made of the JGT for some final-year projects carried out by
Senior Honours students, for example on surface photometry of galaxies, and positional
measurements of minor planets140.

A 20-minute exposure of the Milky Way field containing the Double Cluster (h and chi
Per) in the constellation of Perseus, taken with the JGT on 1990 February 13/14. The
field of view is 2º.5 x 2º.5.
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A 15-minute exposure of the Orion Nebula (M42) taken with the JGT on 1983 November
19/20.
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A 35-minute exposure of the nearby galaxy M33 in the constellation of
Triangulum, taken with the JGT on 1989 November 29/30.
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A one-hour exposure of the spiral galaxy M81 and the irregular galaxy M82 in the
constellation of Ursa Major, taken with the JGT on 1990 February 15/16.
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2.6.2 The Leslie Rose Telescope
The Leslie Rose Telescope (LRT) was installed into the Scott Lang Dome in the Autumn of
1973, and underwent a programme of optical alignment and balancing, and testing of the
Peoples’ Photometer during the following Winter. It became fully operational in time for the
1974-75 observing season, with the Peoples’ Photometer being the primary instrument for
the next four years. A programme of H-beta photometry of the stars in two Open Clusters,
M39 and Stock 2, was conducted by Kilkenny, Hill, Lynas-Gray and Hilditch during
1974-76, assisted by a Senior Honours student, Charles Hilditch (no relation to this
author), with the results on M39 being published141, but the data on Stock 2 were too
limited. A set of 6 intermediate- and narrow-band interference filters, conforming to the
specifications of the DDO photometric system, had been purchased for work by Hilditch on
some eclipsing binary stars at an observatory abroad, and these were also used on the
LRT for observations of RZ Cas and SV Cam. These latter observations were published
some years later when other data had been obtained. During 1976-78, there were
additional photometric experiments with narrow-band filters isolating the HeII line at 468.6
nm, and the H-alpha line at 656.3 nm, on stars of spectral types O and B conducted by
Hill, Kilkenny, Brown, and former research student, now PDRA, Dr Douglas Whittet,
together with the involvement of Senior Honours students on final-year projects. In
September 1978, the St Andrews photoelectric spectrum scanner, built under contract for
the SRC by van Breda, Carr, Partridge and Edwin, was mounted on the LRT and given its
final observational tests by Edwin and Carr before being shipped to the SAAO. Thus the
LRT was being used as intended, for teaching and experimental observations, for testing
of new equipment, and for some research that would hopefully be worthy of publication. All
sensibly clear nights were used in the interval 1974-78, a total of 150 nights averaging 4.2
hours per night when photometry was deemed worthwhile, not the best of observing
statistics.
In 1975, Dr Graham Hill (DAO) spent six months at the Observatory as a Honorary
Lecturer, working with Hilditch on their joint research programmes. Together they made
enquiries about the new small spectrograph that had been designed by Dr E.H.Richardson
and Mr G.A.Brealey at the DAO for use on small telescopes142 . They proposed that such a
spectrograph be built for the LRT, or the JGT, in order to broaden substantially the
observational undergraduate teaching and research training that could be provided at the
Observatory. The proposal was accepted, and Hill arranged for the complete engineering
drawings of the optical and mechanical components to be provided by the DAO.
Fortuitously, the Leslie Rose Bequest Fund provided further funds that were sufficient to
pay for the optical components of the spectrograph. These optical components were
designed all to be off-axis mirrors and lenses, in order to fold the optical path through the
spectrograph in three dimensions, thereby limiting its physical length to about 60cm. Two
complete sets of the off-axis optical components were made by Imperial College Optical
Systems (ICOS, London) because two sets could be made from the original on-axis
glasses, and were supplied to the Observatory in early 1979. Meanwhile the mechanical
components were made at the Workshop, mostly by Mr J. Lindsay, and the entire
instrument was completed and bench tested by Dr Edwin in Summer 1979. The
spectrograph was mounted on to the LRT in August 1979, and flexure tests, and focus
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stability tests carried out by Hilditch and Edwin during September. Everything worked very
well from the beginning, and Hilditch, Edwin and Senior Honours student Alan McFadzean
pursued a programme of spectroscopic observations of standard stars for radial velocity
and for spectral type as well as some spectroscopic binary stars over 31 nights during
1979-80.

The Leslie Rose Telescope with its
photographic spectrograph, mostly
in black, mounted at the
Cassegrain focus in 1979. The
optical design of the spectrograph
is folded in three dimensions to
limit the physical size of the
instrument and make it suitable for
a small telescope.

(Right) The optical path through the
spectrograph showing, from the top, the
entrance slit aperture at the telescope focus,
down to the collimator mirror, up to the
reflection diffraction grating, down through the
camera lenses to the camera mirror, and
back up but underneath the two lenses to a
prism and field-flattener lens to the focal
plane of the spectrograph, where a
photographic plate would record the
spectrum.
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Some details of the spectrograph on the Leslie Rose Telescope, installed in 1979. (Top)
The eyepiece at the end of the black tube for seeing the star image at the focal plane of
the telescope, and the entrance slit for the spectrograph.
(Left) The focal plane of the spectrograph, showing the narrow rectangular field-flattener
lens (dark in the centre of the photograph) immediately in front of the focal plane. (Right)
The same part of the instrument, but with the photographic plate holder mounted, and its
cover lifted back to show where the 3-inch x 1-inch plate was mounted. The shiny
surface in the centre of the photograph is the dark slide between the plate and the fieldflattener lens, the lens being required to flatten the field of view for the flat photographic
plate, and provide an in-focus image of the spectrum being recorded.
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This work was continued into the season 1980-81 on 39 nights, with the involvement of
Junior and Senior Honours students gaining some experience of spectroscopic
observations, and with Edwin conducting some trials of an unspecified image intensifier
system for the Royal Greenwich Observatory, the spectra still being recorded on to
photographic plates. He was helped in this task by the recently-appointed PDRA, Dr
William Tobin, who was working with Drs Hill and Kilkenny, and who had some experience
of using image intensifiers.

A typical photographic plate negative from the Leslie Rose Spectrograph showing the
spectra of 5 different stars, each the grey band seen between the black vertical lines of
the spectrum of the comparison source mounted on the spectrograph. The comparison
source was an Argon gas discharge tube providing emission lines of neutral and singlyionised Argon of accurately known wavelengths to provide a wavelength calibration. The
wavelength coverage of these spectra is from 370 nm to 480 nm, in the blue part of the
optical spectrum. The stellar spectra shown all have normal continuum emission and
absorption lines due to the various atomic and molecular species in the stellar
atmospheres that have different temperatures.
An exposure meter and a rocking quartz-block assembly ensured that all spectrograms
were evenly recorded across the entire slit length, that is, at right angles to the direction
of spectral dispersion.

A number of spectrograms of the IAU standard stars for radial velocities had been
obtained during these two seasons, and these were measured via the Hilger & Watts longscrew micrometer to confirm that the spectrograph produced results that were on the
standard system and did not have any systematic errors. But all of the 310 spectra
obtained during that two-year interval were scanned in 1982 by means of a PDS
microdensitometer at the DAO to convert these photographic spectra into extremely
accurate digitised scans providing measures of the photographic densities in the spectra
as a function of linear position along the length of each spectrum, and all stored on tapes/
discs in the Flexible Image Transport System (FTS) format. Sets of computer codes had
been written by this stage to provide the user with interactive control of the procedures of
analysis, whether for determining radial velocities of stars, or studying absorption and
emission line profiles for comparisons with stellar spectra calculated from theoretical
models. These codes, such as SPICA, FIGARO, DIPSO in the SERC-funded STARLINK
suite of interactive astronomical software packages, or REDUCE, VCROSS and others
from Dr Graham Hill (DAO), took away all of the tedium of analysing spectra, and provided
the user with an engaging and rewarding involvement with such analyses. Finally, the
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long-screw micrometer could be consigned to the history museum, and the days of reading
vernier scales and recording hand-written results had been concluded.
A description of the photographic spectrograph on the LRT, including reports on the
stability of the instrument for radial velocity determinations established over several
observing seasons was published some years later143 . In addition, a radial-velocity study
of the bright binary star, beta Ari, that has a highly eccentric orbit, was completed with
substantial contributions from two Senior Honours students, Helen Milligan and Alan
McFadzean, at that time144 .
A Hilger & Watts long-screw
micrometer, used to measure the
positions of absorption and emission
lines in the spectra of stars and
galaxies. The scale on the carriage
could be read to 1 micron, and all
readings were written by hand on to
lined and columned paper. The
measurement of one spectrogram
would take typically from 30 minutes to
an hour dependent upon the complexity
of the spectrum.
A spectroscopic plate from the LRT is
mounted on the carriage, and its
envelope, noting the 5 stellar spectra
recorded, is shown on the table at the
front. An identification chart is also
shown for the comparison spectra
recorded on each side of each stellar
spectrum to determine the calibration
between measured positions on the
plate and the wavelengths of the
spectral lines.

During the following two years (1981-83), the
Peoples’ Photometer was used much more
than the spectrograph on the LRT because of requirements for photometric monitoring of
eclipsing binary stars and other variable stars. The telescope was used on 76 nights for a
total of 375 hours over those two seasons, much of the observing effort being contributed
by Dr David King, a PDRA working with Hilditch on a SERC-funded programme of
photometry and spectroscopy of contact and near-contact binary stars, mostly conducted
at the SAAO, and there were training sessions for research student Mr Thomas
McFarlane, who had come to St Andrews from Glasgow, and was involved with the same
programme. There were contributions also from Senior Honours student, Steven Bell, on
this eclipsing binary programme, as well as H-beta and H-alpha photometry of B-type stars
by Dr Tobin working with Dr Hill. A particular highlight from this time was the use of the
two-channel instrument to monitor simultaneously the brightnesses of two stars, one in
each channel, that necessarily had favourable relative positions in the focal plane of the
instrument. Those limitations were that the two stars had to be between 2.5 arcminutes
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and 15 arcminutes apart in Declination and not more than 7 arcminutes apart in Right
Ascension, with a special diaphragm mask being made for each pair of stars. One such
pair of stars was the contact binary, AB Andromedae, and the comparison star BD+36º
5020, and observations through an intermediate-band filter were obtained by King in 1981
November and by Bell in 1982 October. These data, phased according to the known orbital
period of the binary, are plotted in the two Figures below, and demonstrate that accurate
data (with uncertainties of order 1%) were obtained that show the changing asymmetric
nature of the light curve. These data were analysed to determine the sizes and shapes of
the two stars in AB And, with the results published in 1984145. Other observations were
obtained by King on the near-contact binary BX And, and by Dr C. Simon Jeffery on two
subdwarf B stars suspected of displaying pulsational behaviour, BD+37º 1977 and BD+13º
3224. Jeffery had been a research student at St Andrews working with Dr Carson on
theoretical models of some aspects of stellar structure and evolution, and in 1983 had
been appointed to a SERC-funded PDRA position working with Dr Hill. It seems that
insufficient data were obtained from these observing sessions to warrant publication, but
other data were obtained later both at St Andrews and abroad to advance these research
programmes.

Photometric observations, plotted as dots with uncertainties of +/-1% versus orbital
phase, from the LRT and the Peoples’ Photometer on the contact binary AB And,
obtained in 1981 and 1982, together with a theoretical model (continuous line) fitted to
the data from 1982 for the orbital phase range 0.0 - 0.5 only, thereby showing the
intrinsic variability of about 5%.

In 1982, Drs Edwin and Hill were awarded SERC funds for a Cooperative Award in
Science and Engineering (CASE) Research Studentship whereby links were encouraged
between scientific research and novel technologies developed in independent technology
companies. The research student appointed to that position was Mr Mark Clampin, who
had gained his B.Sc degree in Physics at the University of London, and the Company
involved was Instrument Technology Ltd. (ITL), Hastings, Sussex146 . The device supplied
by ITL was an Imaging Photon Detector (IPD) that had a 40-mm active diameter
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The Leslie Rose Telescope with its
spectrograph mounted at the
Cassegrain focus in 1985, and with
the photographic plate holder replaced
by the Imaging Photon Detector (IPD)
developed by ITL.
A schematic diagram (below)
illustrates how the IPD worked. The
fi b r e - o p t i c w i n d o w w a s p l a c e d
immediately after the field-flattener
lens on the spectrograph, and the
photocathode converted incoming
photons to photo-electrons that were
then amplified by a factor of 10 million
by the two chevron micro-channel
plates. The resistive anode measured
the resultant charge pulses in
amplitude and two-dimensional
position within a processing time of 10
microseconds.

photocathode with an S-20 spectral response suitable for the optical spectrum. The
quantum efficiency of the cathode was found to be about 17% at peak response at 450
nm. The photo-electrons produced by the photocathode were amplified by two microchannel plates in a chevron formation, each with channel length to diameter ratios of 80:1.
The overall gain was about 10 million, and each charge pulse was recorded by a resistive
anode to provide amplitude and two-dimensional position information in a processing time
of 10 microseconds.
Clampin and Edwin had to design optically and mechanically how to mount the IPD on to
the spectrograph in order to record the incoming spectrum, write the control software to
acquire the spectral data, and then establish by experimentation the best performance
attainable with the IPD. Once the system was operational and bench-tested, it was
attached to the spectrograph in place of the photographic plate holder, as illustrated
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above, and observations of real stellar spectra obtained during the season 1984-85. The
device was found to be remarkably sensitive compared to photographic plates, since it
was able to record an intermediate-resolution spectrum of a 9th magnitude star in about 10
minutes with the 0.5-m LRT. Unfortunately, the intrinsic positional resolution of the IPD was
about 100 microns, and it was spatially non-uniform and also degraded towards the outer
edge of the imaging field. Thus although it was certainly possible to acquire spectra of
stars remarkably quickly, the limited resolution meant that it would be suitable only for
investigating substantial spectral features such as very broad emission lines seen in the
spectra of some stars. Many observations of radial-velocity standard stars were made and
the measurements of those spectra for radial-velocity by means of the STARLINK and
DAO software confirmed that their accuracy was compromised by the poor resolution of
the IPD. The eclipsing binary system, SV Cam, was observed at all orbital phases, and a
radial-velocity curve established from the 47 spectra with a semi-amplitude and systemic
velocity in agreement with published work with unfortunately large uncertainties. The
system worked remarkably well, was very sensitive, but unfortunately, the resolution was
too low for the radial-velocity studies being made at St Andrews at that time.
Clampin gained his Ph.D degree in 1986147, completed a paper on his research work with
Edwin148 , and moved promptly to a position at the Space Telescope Science Institute in
Baltimore, USA, where he has remained for a very productive career. Soon after the
completion of this work, Edwin concluded that the IPD was both too expensive and had
insufficient resolution for the anticipated use at St Andrews and embarked upon an
alternative solution to replace the photographic plate as the detector for stellar spectra.
Before introducing those changes, it is necessary to report on the photographic
spectroscopy with the LRT that continued in parallel with these electronic developments.
Mr Majeed Jarad came to St Andrews in 1983 to study for a Ph.D degree and was funded
by an Iraqi Government Scholarship. He had completed the M.Sc Astrophysics degree at
the University of Sussex in 1982-83, a one-year course of lectures, examinations, and a
substantial project pursued at the nearby Royal Greenwich Observatory. Since Jarad did
not have any funds for travel to international observatories, all of his observational work
had to be conducted at St Andrews. He was supervised by Hilditch on a programme to
establish from spectroscopic observations the evidence for spectroscopic binary stars and
radial- and non-radial pulsators amongst the class of high-mass stars of spectral type B
that exhibit emission lines in their spectra, the so-called Be stars.
Over the two observing seasons 1983-85, Jarad used the LRT with the photographic
spectrograph on most of the 80 nights recorded in the LRT Log Book for that interval, and
secured a total of nearly 1000 spectra on 18 Be stars, mostly 4th to 6th magnitude sources
visible to the unaided eye, and on standard stars for radial velocity. All the spectra were
obtained at a dispersion of 3.0 nm/mm on Kodak IIaO and IIIaJ emulsions, with exposure
times in the range from one minute to 35 minutes. Jarad took all of these spectra to the
Royal Greenwich Observatory and scanned them on the only PDS microdensitometer in
the UK, with the scan files recorded on to magnetic tapes. He then used the Hill (DAO)
software on the VAX 11/780 computer at St Andrews to convert all these scans to
wavelength-calibrated spectra and determine the radial velocities of the stars observed,
together with the regularly observed radial-velocity standard stars throughout those two
seasons. He used software developed by Mr Ian Skillen, a St Andrews graduate in
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Astronomy and a fellow research student, that utilised Fourier techniques to establish
whether or not there was any periodicity in the radial velocity data for each of his 18 target
stars. The data indicated that 3 new spectroscopic binaries had been discovered, 7 stars
showed variability in radial velocity attributable to radial or non-radial pulsation, 4 known
binary orbits were confirmed, and 4 stars had constant radial velocity. His results
strengthened and extended the evidence that the Be phenomenon can result from
pulsational instability and that the proportion of binary star systems amongst Be stars is
about the same as the normal stellar population. Jarad was awarded his Ph.D degree in
1986149 , with the main results being published later150 , and he returned to Iraq to work at
the Astronomy and Space Research Centre in Baghdad.

Some details of 3 spectra, shown as original negatives, obtained by M.Jarad with the
LRT and spectrograph on 1985 January 11/12. The wavelength range shown is from 380
nm to 450nm (left to right). The Balmer series absorption lines of Hydrogen from H8 to
Hgamma are the obvious strong lines in the middle and lower spectra, the middle one of
a rapidly-rotating star with broad and shallow lines, the lower one of a slowly-rotating
star that also shows clear lines due to Helium, and two lines of singly-ionised Calcium
due to intervening interstellar gas clouds.
The upper spectrum is of a radial-velocity standard star, with many lines due to neutral
and singly-ionised Iron, and two broad lines due to ionised Calcium in the surface regions
of that star.
The LRT was used only for undergraduate teaching purposes during 1985-86, in part
because observers were fully occupied with programmes on other telescopes at the
Observatory and abroad, and in part because the limitations of the spectrograph to
observations of bright stars were considered too restrictive. The last season of use of the
photographic spectrograph on the LRT was 1986-87, when it was used by Hilditch for
observations of some spectral-type standards and for one specific programme on 30
nights for an average of 2.6 hours per night, which was at least commensurable with his
teaching duties. The eclipsing binary, DM Persei with an orbital period of 2.7 days, had
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been found to be orbiting an unseen third component with an unusually short orbital period
of 98 days or 101 days, but the available data could only establish that one period was the
alias of the other151 . It was calculated that, during the 1986-87 season, the orbital motion
of DM Per about the third star according to the 98-day period would be in anti-phase to
that according to the 101-day period, and observations even at low spectral resolution on
this star of magnitude 7.8 could resolve the issue. With the grating providing a dispersion
of 8.0 nm/mm, and using IIaO plates that had been baked to improve sensitivity, the 20
radial-velocity observations obtained were sufficient to confirm that the 98 day period was
the correct one. Additional spectroscopic data on DM Per were obtained during this
interval by Dr Graham Hill (DAO) by means of the much superior 1.2-m telescope and its
coudé spectrograph at the DAO that provided spectra with a resolution about 10 times
greater. These latter data, combined with previously published work, independently
provided a more accurate determination of the orbital parameters of the binary and the
triple system, and all results were published in 1992152.
The system used by Dr Graham Hill at the DAO utilised a newly-installed Reticon linear
diode-array detector designed by Dr G.Walker of the University of British Columbia,
Vancouver153 . These newer devices were ideally suited to recording spectra because of
their one-dimensional array and their linear response to received flux, and they were
significantly cheaper than the charge-coupled devices (CCDs) at that time. A disadvantage
was the significantly higher read-out noise compared to CCDs, but available finances do
normally rule final decisions. Accordingly, Dr Edwin gained approval at the Observatory to
build a new spectrograph for the LRT, making use of the second set of optics provided in
1979, and based upon the Reticon detector design by Walker to replace the photographic
plate. Since the diode array had to be cooled as much as possible, it had to be mounted in
a module connected to a cryostat containing liquid Nitrogen, and weighing about 12 kg.
Therefore the mechanical structure of the spectrograph case had to be more robust, and
consequently a complete new spectrograph was constructed at the Workshop. It was
commissioned in the Autumn of 1987 on to the LRT, and became the default instrument on
the LRT for the next decade until the detector ceased operating. A complete description of
the instrument was provided154 by Edwin, and that paper also explains further his earlier
experiences of image intensifiers and IPDs.
The diode array had 1872 diodes, each of dimensions 15 microns x 0.75 mm, providing a
detector of length 28 mm, and therefore very well suited to recording spectra at a
resolution somewhat better than a photographic emulsion with its typical grain sizes in the
range 15 - 30 microns. The system was controlled by a menu-driven code written in BASIC
by Edwin and operating on a BBC Model B+ microcomputer with 128k of RAM.
The 1987-88 season was taken up with commissioning this new instrument by Edwin with
help from Hill and his research student Mr Kevin Jones obtaining spectra of bright stars on
12 nights. Various problems with the control of the diode array were encountered and
solved, and the software was improved to be more user-friendly, including a spectrograph
focussing routine using the built-in Hartmann mask. From 1988 December, a systematic
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research programme was conducted with the LRT and the Reticon spectrograph that
extended to 1996, so it is more appropriately discussed later.

(Left) The Leslie Rose Telescope with its new spectrograph and the cryostat (red)
containing liquid Nitrogen to keep the Reticon diode array cold. (Right) The instrument
control and data-logging computer, a BBC Micro (beige and black) on the desk, two
floppy-disk drives in the wooden stand, and the display monitor on top showing a raw
star spectrum plotted in green. The grey dewar on the dome floor contained the top-up
supply of liquid Nitrogen.
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An emission-line spectrum from a Argon gas source on the Leslie Rose spectrograph to
provide the calibration of pixel positions along the length of the spectrum to wavelengths.
Exposure time 4 seconds.

An example stellar spectrum taken with the Leslie Rose spectrograph and its Reticon
detector at a dispersion of 2.6nm/mm. The star observed was the radial-velocity standard
star HD22484, of spectral type F8IV, and shows many narrow absorption lines of Iron
(Fe), as well as broader lines due to Hydrogen (H) and ionised Calcium (CaII). The
intensity scale is arbitrary, and the spectrum has not been normalised to the local stellar
continuum. Exposure time 1000 seconds.
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2.6.3 The Napier Building Telescopes

The Napier Building photographed in
1976, (courtesy of J.R.Stapleton),
showing the domes for the Nishimura
and Zeiss telescopes at the North and
South ends of the building. The two grey
structures on the flat roof section were
weatherproofed housings for two 8-inch
Celestron telescopes, shown in the
photograph on the right. These SchmidtCassegrain telescopes were set by hand
on astronomical sources, and had
electric sidereal drive motors to keep the
acquired source in the field of view. They
were used by students in first- and
second-level practical classes, and by
the general public on Open Nights, for
viewing the Moon, the brighter planets,
and star clusters and nebulae.

The Napier Building had been designed as a Students’ Observatory, with a selection of
telescopes and equipment that were relatively easy to use and provided experience in
observing techniques. Because all of the practical classes were held in this building,
together with most of the Honours level lectures and tutorials, it was well used, and
became a gathering place for Honours students who were interested in conducting
observational astronomy. Honours students were entrusted with key access to the Napier
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Building to allow them to make use of the observing facilities outwith the timetabled hours
for practical classes.
The Zeiss telescope in the South Dome received most attention because of the variety of
observations that were possible, from direct viewing of sources by means of a wide range
of eyepieces giving different magnifications, through photography by means of a plate
camera and with cassette film cameras, to a micrometer for studying visual binary stars,
and a photometer for measuring received fluxes from stars in different passbands.

A filar micrometer, made by Carl Zeiss, Jena, that could be mounted on to the Zeiss
telescope for making observations of the angular separations and position angles of
visual double stars. It was used occasionally by a few Honours students probably to
appreciate the difficulties of making such visual observations rather than to pursue a
particular observing programme.

During the interval 1972-1989, the Zeiss telescope was used for an average of 60 nights
per observing season and typically for about 2 hours per session, the length of an
observing practical class. Some Honours students used the instrument for notably longer
observing sessions for their own interests, particularly when they were taking photographs.
There was a need to determine that exposure times would be sufficient to record the
astronomical source, and the experiences of other students were invaluable for ensuring
that complete film cassettes were not wasted. Students had to provide their own films, but
could use the dark room facilities for processing, and then find out for themselves whether
or not they had obtained good images. Exposure times would range from fractions of a
second for the Moon, to tens of minutes for faint sources, and judging by the number of
nights devoted to this pursuit, some students must have become quite adept at the
technique. There are no copies at the Observatory of any of these photographs taken by
students for their own interests, save for a sequence recording the progress of a partial
lunar eclipse in 1974, and one of the gibbous Moon in 1994, as shown below.
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(Left) The partial lunar eclipse on
1974 November 29, recorded at St
Andrews by students Alex Brown and
Helen Walker using the Zeiss
Telescope with a Minolta 35mm
camera and standard monochrome
film. The sequence shown extends
over some 30 minutes from just
before maximum partial eclipse to
near the end of the eclipse. Exposure
times were 1/30th and 1/60th
second.
(Below) A photograph of the Moon
taken in 1994 with the Zeiss
Telescope and a Minolta camera on
standard 35mm film.
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The student photometer mounted at the coudé focus of the Zeiss telescope, and the
associated power supply for the photomultiplier tube, the amplifier and integrator, the
digital voltmeter and a pen recorder. Also shown (on the right) is the Zeiss telescope, with
the photometer at the coudé focus, the 7.5-cm finder telescope taken from the Nishimura
telescope mounted underneath the main tube of the Zeiss telescope, and the astrographic
plate camera mounted above the main tube. Photographs courtesy of J.R.Stapleton.

The student photometer was used for specific Junior Honours practical classes involving
measuring the brightnesses of stars in different passbands and estimating the atmospheric
extinction from stars observed at different zenith distances.
Much of the observing time on the Zeiss telescope was devoted to activities that would be
pursued by keen amateur astronomers straightforwardly enjoying the experiences of
watching astronomical phenomena such as the motions of the Galilean satellites around
Jupiter, the changing phases of the Moon and of Venus, searching for the ever elusive
planet Mercury, identifying the planets Uranus and Neptune from amongst all the star
images, finding sources in the Messier Catalogue, and of course following the transient
phenomena of comets and novae. Perhaps some students devoted too much of their own
time to such pursuits, whilst those who were inspired by the theoretical aspects of the
subject were completely disinterested in observations undertaken in freezing conditions,
but many students did enjoy the camaraderie involved. A projection screen was purchased
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for the Zeiss telescope during the mid-1970s that allowed images of the Sun to be
displayed up to 15-cm in diameter, thereby showing solar atmospheric phenomena like
sunspots with their umbral and penumbral regions, faculae, flares, and prominences. It
became a common practice amongst Honours students to spend 15-30 minutes looking at
the solar image on every day possible, typically before or after a lecture, and observing
the solar rotation by means of the changing positions of sunspots across the projected
Solar Disc, as well as the Wilson Effect where the appearances of sunspots are changed
by the angle of perspective as a sunspot approaches the Solar Limb.
It is not entirely clear when the students’ Astronomical Society was founded, probably
around 1975 by Helen Walker and Alex Brown, but the term AstroSoc first appeared in
the Observing Logbooks for the Zeiss telescope in 1979 October. Members of AstroSoc
had regular use of the Napier Building telescopes on Wednesday evenings with all
telescopes being supervised by students who knew how to use them. It ensured that many
students had access to astronomical telescopes as amateur astronomers regardless of
which academic course they were pursuing, and has remained a popular student society
since its inception.
The Celestron telescopes out on the flat roof were used during first-level Astronomy
classes and for AstroSoc and Open Nights to ensure that everyone had the opportunity to
look through a telescope at an astronomical source. They were easy to use, and provided
good quality bright images. By 1989, these two telescopes were suffering the effects of
prolonged humidity, regardless of how well the housings had protected them from the
weather, and were retrieved to drier conditions. One was put on to the Zeiss mounting to
provide a wider angle view than the Zeiss telescope itself, and the other was sold to a local
amateur astronomer who knew how the telescope had been used.
The Nishimura telescope was out of commission for a few months in 1973-4 in order to
replace the Declination electric drive system with manual slewing and a tangent arm with a
motor-driven setting and guiding system, and to improve the Right Ascension drive system
to reduce further the backlash problems. These improvements made the telescope much
easier and more satisfactory to use, nearly always for photoelectric photometry with the
same equipment as in the late 1960s. During the 1970s, the telescope was used typically
for 25 nights during the Martinmas and Candlemas Terms, partly for Junior Honours-level
practical classes in photometry, but also for Senior Honours projects where the students
involved had already demonstrated their ability to use the telescope and its equipment
efficiently without supervision. Thus, the final-year projects of three students (D.M.Harland,
B.J.McLean, and I.N.Reid) in the years 1976-79 all contributed significantly to a research
programme that used data from elsewhere, and resulted in two published papers155.
During the 1980s, the use of the Nishimura telescope was limited to the Junior Honours
practical classes in photoelectric photometry, typically lasting 2-3 hours for each pair of
students on one or two nights. For Senior Honours students interested in pursuing a
project on photometry of variable sources it became more likely for them to use the TPT,
rather than the NT, because that increased the probability of them securing worthwhile
data despite the vagaries of the weather. By the end of the 1980s, it was clear that the NT
could no longer provide students with a beneficial practical experience of observational
astronomy.
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Three V-band light curves of the eclipsing binary, SV Cam, all obtained with the
Nishimura Telescope at the Observatory, in the seasons 1969-70, 1976-77, and
1977-78 by Hilditch, Harland and McLean respectively. They show the substantial
intrinsic variablility of the system, independent of the variations due to the eclipses
and the non-spherical shapes of the two stars, and most likely due to magnetic
starspot activity on the more massive star.
The Open Nights at the Observatory, held around St Andrews Day every year, have
become a remarkably popular event for the general public. They were started during the
1970s, with rather formal guided tours of the telescopes and buildings during daylight
hours, but were changed quickly to the present-day format of the telescopes being open in
the evenings from 6pm to 9pm in the hopes that the sky would be clear enough for people
to see astronomical sources through the telescopes, and to see some of the
instrumentation in operation. On clear nights, typical numbers of visitors are estimated to
be several hundred, and even on cloudy, wet and cold nights, there are still perhaps 100
visitors. These Open Nights have been opportunities for astronomers to promote their
subject, and for the public to learn more about topical subjects in astronomy that are
highlighted in the media, from the origin of the Universe to life on Mars, from quasars to
exoplanets.
The Napier Building has been used for many events in the past 50 years, that cover the
entire spectrum of activity in astronomy, from Open Nights for the Public, through teaching
and research at university, and on to the strategic planning and funding decisions that are
required to establish a major multi-national observatory at an excellent observing site. In
May 1974, such a strategy meeting did take place in the Napier Building, when the
Astronomy Policy and Grants Committee (APGC) of the UK Science Research Council
met to consider the final proposals for setting up the UK’s Northern Hemisphere
Observatory. Professor Stibbs was appointed as a member of the Council of the Science
Research Council from 1 October 1972 to 30 September 1976. During that time, he served
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as Chair of the APGC and as Chair of the Northern Hemisphere Observatory Planning
Committee for two years. At the May 1974 meeting of the APGC in St Andrews, he led the
discussions to reach that final decision encompassing the strategy, planning, and funding
for the proposed NHO telescopes that included a 4.5-m alt-azimuth mounted telescope
with Cassegrain and Nasmyth foci, the 2.5-m Isaac Newton Telescope to be moved from
the RGO to the adopted site, and a standard 1.0-m Cassegrain telescope. The final
proposal was formally presented at the APGC meeting on 2 September 1974, followed by
unanimous approval at the Astronomy, Space and Radio Board meeting on 27 September
1974, and the Council of the SRC on 20 November 1974. The decision was taken later to
commission these telescopes at a high altitude site (2,500 metres, or 8,200 ft) on the
island of La Palma, in the Canary Islands. The official name of the observatory followed
from the local name for the mountain on which it is located, and is the Observatorio del
Roque de Los Muchachos. The Observatory was established as a multi-national facility,
involving the UK, Spain, the Netherlands, and the Republic of Ireland. The 2.5-m Isaac
Newton Telescope (INT) was moved from the Royal Greenwich Observatory at
Herstmonceux, Sussex to La Palma, and became operational in the early 1980s, preceded
by the 1.0-m Jacobus Kapteyn Telescope (JKT), and followed by the 4.2-m William
Herschel Telescope (WHT). Together with the UK Infrared Telescope (UKIRT) that had
been commissioned on the higher (4,200 metres, or 14,000 ft) and drier site of Mauna
Kea, Hawaii, and the 3.9-m Anglo-Australian Telescope (AAT) at Siding Spring, New South
Wales, Australia, from the 1970s, these optical and infrared telescopes formed the
essential observational structure for UK astronomy during the 1980s and 1990s. All the
observational astronomers at St Andrews made use of them via applications to the UK
Panel for the Allocation of Telescope Time (PATT). The long association of UK astronomy
with facilities in South Africa was concluded in the 1980s because of protests against
Apartheid, even though the SAAO itself was a more enlightened establishment.
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2.6.4 The Twin Photometric Telescope

The TPT had been designed by Dr V.C.Reddish and his team at the Royal Observatory,
Edinburgh, and built by Sir Howard Grubb, Parsons & Co. Ltd. during the early 1960s. It
was commissioned at the ROE in 1963 and comprised two f/15 Cassegrain reflectors, with
primary mirrors of 40-cm diameter. The reference telescope was fixed to the fork
mounting, whilst the offset telescope could be moved in Right Ascension and Declination
relative to the reference telescope by up to 5º on the sky. Both telescopes were equipped
with standard photoelectric photometers so that the brightnesses of two separate stars
could be determined simultaneously and any fluctuations in sky transparency caused by
thin mist or cloud could be corrected readily, provided one star was known to be of
constant intrinsic brightness. The telescope was controlled by an electro-mechanical
system typical of that time, but with the bonus for the observer of having all the telescope
controls on a console situated in a “warm room” separated from the observing dome. Thus
the observer could set the reference telescope to the desired position for star 1, and move
the offset telescope by a small amount to set on star 2. The observer then had to enter
the dome to confirm that the correct star had been identified for each telescope, and move
the field acquisition mirrors out of the way to allow measurements to be made with the two
photometers. The speed of operation was significantly improved if there were two
observers, one keeping comfortably warm, and the other oscillating between warm and
cold states. The TPT was used at the ROE to establish photoelectric sequences of stars
within open clusters of stars in order to calibrate photographic plates that had been
obtained with the ROE classical Schmidt telescope, in operation since the 1950s.
When the TPT was offered to St Andrews, there were discussions amongst the
astronomers involved about the value of adding this telescope and its photometers to the
equipment already available. Disquiet was expressed generally about the availability of
students and staff to make full use of this instrument even in the limited observing
conditions at St Andrews. But it was also recognised that a dedicated photometric
telescope would allow the LRT to be a dedicated spectroscopic telescope, with the
consequence of improved stability of instruments, and improved provisions for teaching
and research.
Once the TPT was made fully operational again at St Andrews in November 1983, the
original photometers were still being used but new thermoelectric cold boxes were
installed for the photomultipliers that had S-20 spectral responses suitable for photoelectric
observations in the visible part of the spectrum and into the near-infrared around 700 nm.
The photometers were operated in pulse-counting mode and all data were recorded via a
LSI 11/23 computer (later replaced by a BBC microcomputer) on to disks, and transferred
to the University’s VAX 11/780 computer for processing. An autoguider system was
designed, built and installed by Mr Carr so that continual monitoring of a variable star and
its (constant) comparison star by the two telescopes could be performed effectively. It was
necessary to observe the sky background in both telescopes regularly, and to observe the
comparison star with both telescopes to check for any drift between the two photometers,
as well as comparison and check star measurements, but most of the observing time was
spent in repeated-measurement mode for the two stars in order to establish the form of
variability of the target star, whether an eclipsing binary star or an intrinsically variable star
such as a radial or non-radial pulsator.
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(Above) The “warm room” of the
TPT and the control console with
its Right Ascension and
Declination dials for the reference
telescope and the offset dials for
the offset telescope. Data logging
was via the BBC microcomputer
at the right hand side of the
console, with floppy disc drives
underneath, and display monitor
above.
(Right) The TPT at St Andrews
about 1988, showing the
telescope illuminated only for this
photograph, not in observing
mode! Part of the control console
is shown together with a television
monitor connected to two lowbrightness-level TV cameras
attached to the two guide
telescopes on the TPT. With
careful setting of the telescopes,
the fields of view of the two
cameras were sufficient to allow
the observer to identify the correct
stars from the TV monitor.
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The TPT was officially inaugurated on St Andrews Day in 1983 by the former Astronomer
Royal for Scotland, Professor H.A.Brück. Fortuitously, the night before had been a largely
clear night that had started as photometric at dusk, but towards dawn a mist had
developed that caused substantial variations in atmospheric transparency. The resultant
plots of data versus time provided a rather dramatic demonstration of the effectiveness of
the TPT to counteract such variations in transparency, as shown below.

The Twin Photometric Telescope Principle in action! The brightnesses of two stars are
monitored via repeated measurements (shown as symbols) over a 10-hour night, where
the variable star (the eclipsing binary TT Aur) undergoes a primary eclipse. The ratio
between the variable and the comparison star maintains excellent consistency with
uncertainties of only 1%, despite the onset of variable amounts of mist during the last 3.5
hours of data. Data obtained by Steven A.Bell on 1983 November 29/30.
The above data demonstrated how well the system could work, even in a poor sky, but
effectively these data flattered to deceive. The system worked because the mist developed
in a diffuse manner so that both telescopes and photometers were equally affected. The
most common problem found at St Andrews for photometric observations was the
presence of thin cirrus clouds, some times in the form of veils drifting across the sky with
the high-level winds that often did affect both star measurements in a similar manner, but
more commonly in the form of quite structured cirrus that would ensure different levels of
extinction for two stars separated on the sky by more than a degree or so. At Dark Moon
time, such thin cirrus was often very difficult to see by eye, but photometric data would
show variations of order 5% and unless the two stars were being observed through the
same air column, the differential data became unusable. Thus it was found that the TPT
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system would provide photometric data with uncertainties of order 1% provided the sky
was truly photometric (that is, no clouds at all), or close to that condition at least in the
area of sky being observed. Otherwise the TPT could not be used for such demanding
photometric programmes. A direct consequence of these expected and confirmed
limitations was that the TPT could be used on a smaller number of nights than those used
for spectroscopy or direct photography. In addition, during the 2-3 nights each side of Full
Moon, the sky brightness at this sea-level site was too great for photometric observations
at 1% uncertainties of stars fainter than about magnitude 8.0 with these 0.4-m telescopes.
A total of 50 nights were used for observations with the TPT during the interval 1983
November - 1985 April, with an average of 5 hours per night but ranging from 2 to 12
hours. The majority of the observing was carried out by Mr Steven Bell, a SERC-funded
research student working with Hilditch on a programme of photometry and spectroscopy of
eclipsing binary stars of high mass. The data from the longer nights contributed to
complete light curves in the V band for two eclipsing binaries, TT Aur (orbital period 1.3
days) and SX Aur (orbital period 1.2 days), each light curve defined by about 1000
observations with uncertainties of order 0.5%. These data were used in conjunction with
spectroscopic observations obtained with the 2.5-m Isaac Newton Telescope at the
Observatorio del Roque de Los Muchachos (at an altitude of 2,500 metres on the island of
La Palma in the Canary Islands) to establish the complete astrophysical parameters for the
two stars in each binary. These data constituted about one quarter of the total
observational data obtained by Bell at other international observatories for his Ph.D thesis
that was awarded in 1987156, and these St Andrews observations were published in two
papers157 .
During the following two seasons, 1985-87, the TPT had limited use (a total of 23 nights),
in part because of repeated breakdowns of various parts of the telescope control system
and the old LSI 11/23 computer, but also a run of poor weather in 1985-86 also noted for
the LRT with its spectrograph. In addition, Bell, Morrison and others were often abroad at
other observatories obtaining data for their thesis work, and the anticipated shortage of
competent observers for the St Andrews telescopes was confirmed. Some light curve data
were obtained by Bell for the eclipsing binary BX And that formed part of a paper
published later.
A BBC microcomputer was installed in 1986, including a FORTH ROM with software
written by Mr Stapleton for data acquisition from both telescopes. Four modes of operation
of the system were used, corresponding to (1) both photometers measuring the sky
background, (2) both photometers measuring the comparison star to determine any
systematic drift between the two channels, (3) the reference photometer measuring the
comparison star whilst the offset photometer measured the variable star, and (4) as for (3)
but the offset photometer measuring the second comparison or check star. All raw data
were written to floppy disks, and printed out as well as a precaution against lost data, and
transferred easily to the Observatory’s MicroVAX II computer that had been purchased via
a SERC research grant awarded to the Department.
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S.A.Bell, Ph.D thesis, University of St Andrews, 1987.

157

S.A.Bell and R.W.Hilditch, MNRAS, Vol.211, pp.229-234, 1984; S.A.Bell, A.J.Adamson and
R.W.Hilditch, MNRAS, Vol.224, pp.649-673, 1987.
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Two complete light
curves obtained by
S.A.Bell in 1983-4
with the TPT. Each
light curve is
defined by about
1000 observations,
with each data
point having an
uncertainty of the
order of 0.5%.
Such accurate data
were used to
determine the sizes
and shapes of the
two stars in each
binary system by
means of a lightcurve synthesis
code written by Dr
Graham Hill (DAO),
and based upon
Roche Model
geometry. The data
and analyses were
published in 1984
and 1987.

In parallel with those studies of eclipsing binaries, research students working with Dr Hill
used the TPT to investigate some stars in the later stages of their evolution that may
display evidence of radial or non-radial pulsation. These stars had evolved past the
Asymptotic Giant Branch (AGB) stage and were classed in sub-groups named as R
Coronae Borealis (RCrB) stars, hydrogen-deficient stars, and extreme-helium stars, largely
dependent upon their spectral characteristics. Any determinations of periodic pulsational
behaviour could be used via theoretical models to establish the mass of each star, a
fundamental quantity. The data obtained by Mr Keith Morrison in 1984-85 and later by Mr
Kevin Jones in 1988-89 would have been of similar quality to that obtained by Bell, but
seems not to have been published. However, these observations did precede observations
conducted at the SAAO over many weeks of allocated time that showed the majority of the
target stars to have pulsation periods of days to weeks with amplitudes of only 2-3%, a
very difficult task even at a good photometric site, and impossible in St Andrews weather. It
seems most likely that the TPT data served to confirm that any variability of these stars
was of low amplitude and long period and therefore required excellent long-term observing
conditions, at SAAO for example, to establish their light curves. Mr Donald Pollacco, a St
Andrews graduate in Astronomy, also made some use of the TPT at this time to search for
photometric variability of the central star of one planetary nebulae, with inconclusive
results. This work was related to his Ph.D thesis work on spectroscopic studies of the
ejecta of RCrB stars, but was not included in his thesis that he completed in 1989.
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Other uses of the TPT during this time were for Senior Honours students’ projects on
photometric variability of the central stars of planetary nebulae, and on fast rotating stars
of spectral class A with peculiarities in their spectra, supervised by Drs Hilditch and Hill
respectively. Regrettably, none of those data was deemed worthy of a research
publication, due to incompleteness or insufficient precision, but nevertheless were
worthwhile projects.
After completion of his Ph.D thesis, Dr Bell held a fellowship in the USA for a year before
returning to St Andrews to take up a SERC-funded PDRA position working with Hilditch on
a research programme that had developed directly out of the work done at SAAO and St
Andrews by Dr David King, Dr Tom McFarlane and Hilditch. Before that funding had been
approved, Mr Paul Rainger, a graduate in Astronomy from the University of Leicester, had
started as a SERC-funded research student working with Hilditch on parts of that research
project. All of the spectroscopic data for Rainger’s thesis work were obtained at the
observatory on La Palma with the 2.5-m INT and intermediate-dispersion spectrograph by
Rainger and Hilditch. Some of the photometric data were also obtained elsewhere, but
about 25% were obtained with the TPT during 1987-89.
For the two seasons 1987-89, the use of the TPT improved to 44 nights, again averaging 5
hours per night, with the result that complete light curves of the marginal-contact binaries
BX And and AG Vir were obtained by Bell and Rainger, together with some observations of
the eclipsing binaries SV Cam and 44i Boo. A paper on BX And158 reported spectroscopic
observations from the INT, infrared photometry from the UK Infrared Telescope (UKIRT),
and three V-band light curves from the TPT, all analysed together to establish a complete
specification of the marginal-contact binary system and the evidence for mass transfer
between the two stars. A paper on AG Vir159 reported spectroscopic observations from the
INT, and a remarkably asymmetric V-band light curve obtained from the TPT in 1989
March, the analysis of which demonstrated how difficult it was to provide a credible
understanding of the causes of that asymmetry. Dr Rainger was awarded his Ph.D thesis
in 1990, and elected not to pursue a career in astronomical research.
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S.A.Bell, P.P.Rainger, G.Hill and R.W.Hilditch, MNRAS, Vol.244, pp.328-340 and Microfiche
MN244/6, 1990.
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S.A.Bell, P.P.Rainger and R.W.Hilditch, MNRAS, Vol.247, pp.632-646, 1990.
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(Upper panel) A total of 2940 V-band observations of the eclipsing binary BX And
obtained by Bell and Rainger with the TPT over three seasons, 1985-86, 1986-87, and
1988-89, and all plotted as dots with uncertainties of +/-0.6% as a function of orbital
phase. (Lower panel) A plot of the observed minus calculated (O-C) residuals between
the observations and the best fit theoretical model, illustrating the intrinsic variability of
the binary at the 2-3% level.
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A V-band light curve of
the contact binary AG
Vir obtained by Bell
and Rainger using the
TPT in 1989 March.
The
strongly
asymmetric light curve
i s d e fi n e d b y 6 6 3
observations, each
with uncertainties of
+/-0.6 %.

−1.4

−1.5

−diff. V mag.

−1.6

−1.7

−1.8

AG Vir

−1.9

−2

−2.1
−0.2

0

0.2

0.4
0.6
orbital phase

0.8

136

1

1.2

Part 3. 1990 - 2015.
3.1 Merge, Move, and Rebuild
It has already been mentioned that the Departments of Astronomy and of Physics had
formally merged in 1987, as part of a University-wide restructuring programme. The
recently appointed Principal, Professor Struther Arnott, had initiated these changes in
order to reduce the substantial numbers of small departments, those with only 4 or 5
academic staff, at St Andrews and form larger cognate Schools that would be
administratively more effective and efficient. That merger between Physics and Astronomy
had taken place smoothly and positively, and some steps had been taken in the process to
rationalise the undergraduate teaching programme. In 1988-89, new half-courses were
introduced at first-level and second-level across the University, and that opportunity was
taken to provide an introductory course in astronomy for all students at first level, together
with a more advanced course at second level that had prerequisites of first-level
astronomy, physics and mathematics. This change restored the continuity for students of
having courses in astronomy at all levels, maintaining class sizes around 60 for first level,
and 25 for second level since 1989. A major revision of the entire undergraduate teaching
programme in Physics and Astronomy was completed and approved in time for the start of
the 1993-94 session, with all previous Single Honours and Joint Honours Degrees
involving Astronomy being replaced by a single Degree in Astrophysics, the name
signifying that the courses taught were a combination of the core subjects in Physics
(electromagnetism, quantum mechanics, dynamics, relativity, optics) with those in
Astronomy (stellar structure, atmospheres, and evolution, structure and dynamics of
galaxies, cosmology, astronomical data processing). It has proved to be a very successful
degree structure.
A few months after Professor Stibbs had retired in 1989, the Head of the School of Physics
and Astronomy, Professor Wilson Sibbett, asked Dr Hilditch to take on the responsibilities
of Director of the Observatory. Soon after, instructions were received at the Observatory
from one of the Vice Principals of the University that all the academic staff and research
students at the Observatory were to re-locate to the Physics Building on the North Haugh
by the beginning of September 1990, a mere 3 months away. There was no opportunity
given for any discussion of the issue, simply an instruction to move. During that 3 month
interval, office and laboratory space had to be found in the Physics Building for 4 teaching
staff, 4 postdoctoral research assistants, 4 research students and 1 Scientific Officer,
together with the Observatory’s suite of computers and terminals funded by the SERC
STARLINK programme. The teaching staff did move in time for the start of the new
session, whilst PDRAs and research students moved later when the computers were
moved to their new location on 28 November 1990. It is a credit to Mr Stapleton and Drs
Bell and Pollacco that the computing system was back to normal running within 24 hours.
All of the contents of the library at the Observatory were moved by staff from the University
Library, mostly to the (now) Physics, Astronomy, and Mathematics library on the North
Haugh. The Napier Building also had to be vacated to make way for Dr David Watt, a biophysicist, who ran a M.Sc course on Radiation Biophysics that required the entire ground
floor of that building. The astronomers were left with full control of the domes and the
telescopes and equipment therein, and the complete Gregory Building and TPT Building.
The Scott Lang Building, that is the prominent building seen from Buchanan Gardens, was
let by the University to a series of private companies during the 1990s. In 2002, major
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interior alterations and extensions of that building were made in order to accommodate a
new research group funded by the Wellcome Trust and the University, and named the
Centre for Research into Ecological and Environmental Management (CREEM), part of the
School of Mathematics and Statistics.
The Observatory Workshop staff were required to organise the relocation of all their
machines and equipment to the Workshop in the Physics Building, a difficult process that
took some months to complete. During that move, the original Scott Lang (or Pilot Model)
Telescope had to be scrapped for lack of any space to store it, but the mirrors were
retained as noted earlier. The Workshop building was later extended and substantially
altered within in order to house various units of the University, including most recently the
Centre for Housing Research.
Consideration by the University of the future of the vacant Napier Professorship in
Astronomy seems to have been deferred until 1993, when a review of the future planning
for Physics and Astronomy was undertaken. The outcome of that review for the Astronomy
component of the School was that an advertisement was published in March 1994 inviting
applications for perhaps three posts, one each at Professor, Reader, and Lecturer levels.
In view of the fact that Astronomy had been driven for years by just four research-active
staff, this prospect was nothing short of amazing, and yet it was realised. Dr Keith Horne, a
graduate of Pomona College, California, and a Ph.D from the California Institute of
Technology (Caltech), had worked at the Space Telescope Science Institute, Baltimore,
U.S.A. as well as the Universities of Cambridge, U.K., and Utrecht, Netherlands, and was
appointed to a professorship at St Andrews. The readership position was awarded to Dr
Andrew Collier Cameron, a graduate and Ph.D from the University of Canterbury,
Christchurch, New Zealand, who had worked at the Royal Greenwich Observatory, and the
Universities of Cambridge and Sussex. Dr Moira Jardine, a graduate in Astronomy from St
Andrews, and with a Ph.D in theoretical Solar Magnetohydrodynamics with Professor
Priest at St Andrews, held a Fellowship at the University of Sussex at that time, and was
appointed to a similar position at St Andrews that was soon approved to be a Lectureship.
Professor Horne started his position at St Andrews in November 1994, followed soon after
by Drs Cameron and Jardine. Horne and Cameron brought a wide range of expertise in
observational astronomy from UV to IR wavelengths, and in astronomical data analysis,
including Doppler tomography, eclipse mapping, Zeeman-Doppler imaging, and Bayesian
statistics. Jardine strengthened and broadened the expertise in theoretical astrophysics of
the Astronomy group, including modelling of magnetic field structures around magneticallyactive stars.
In September 1996, Dr Carson retired after 35 years of service, having contributed
consistently high academic standards to the teaching of theoretical astrophysics,
supervising many students to completion of their M.Sc and Ph.D theses, and pursuing a
long series of investigations of the properties of pulsationally unstable stars. Tragically, by
that time, Dr Edwin had been diagnosed with a terminal illness. He retired from the
University and died in 1997, aged 55 years, an exceedingly sad time for all who knew him.
Unfortunately, this tragedy was followed by another shock, with Dr Hill being taken to
hospital for an emergency operation. Although he struggled on to continue some teaching
his illness was also very serious and he died in 1999. After so many years of working
together, these were difficult times, but tempered by the continuing increase in the
numbers of young, very bright academics that were being appointed to positions in
Astronomy in St Andrews. After the arrival of the first three appointees in 1995, Dr Simon
Driver, a graduate in Astronomy from the University of Leicester and a Ph.D from the
University of Wales, was appointed to a Lectureship in 1997. He brought expertise in
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observational extragalactic astronomy, significantly broadening the research base of the
Astronomy Group. That trend continued the following year with the appointment of Dr Ian
Bonnell to a Lectureship. He was a graduate from McGill University in Canada, and a Ph.D
from the University of Montreal, and had worked for several years at the University of
Cambridge on theoretical studies of star formation in the spiral arm regions of galaxies. In
2000, Dr Kenneth Wood, a graduate and Ph.D from the University of Glasgow, arrived
from the Smithsonian Astrophysical Observatory in the USA with an SERC Advanced
Research Fellowship to continue his theoretical studies of the transfer of radiation through
the interstellar medium and star formation regions; he became a Lecturer at the end of that
Fellowship.
Dr Driver resigned his Lectureship in 2002 to return to Australia. Dr Jane Greaves, an
instrument scientist and observational astronomer involved in infrared and sub-millimetre
wavelength studies of star formation regions in the Galaxy, moved from the Royal
Observatory, Edinburgh to a Lectureship at St Andrews in 2003. Soon after, Dr Hongsheng Zhao, with expertise in theoretical studies of dark matter and alternative theories of
gravitation, was appointed to another Lectureship. Mr Stapleton retired from his Senior
Scientific Officer position managing the computer cluster of the Astronomy Group, and was
replaced by Mr Ian Taylor. By 2006, Dr Hilditch had decided to retire from his position in
the University, but another position had been advertised and it was awarded to a returning
Dr Driver! Over the decade 1996-2006, the Astronomy Group increased its cohort of
academics on long-term appointments by 8, but lost 4 academics, thereby doubling the
complement since 1990. Although there have been many promotions of these staff,
several to Professorships, the Napier Chair in Astronomy remains vacant, for reasons that
are unknown.
Changes to the structure of science research funding in the UK were made around this
time to introduce Full Economic Costing of a research programme. The direct
consequences of this major change were that numbers of academic staff in a particular
discipline were no longer evaluated predominantly against the numbers of students in that
subject, but also by the probability of staff securing major grants to pursue research
programmes that would be highly regarded internationally. With the School of Physics and
Astronomy continuing to improve its research gradings in the UK-wide Research
Assessments, further appointments were made to the Astronomy Group in 2010-12. Dr
Christiane Helling, an expert on theory of planetary and stellar atmospheres, was
appointed to a Lectureship after a 4-year Advanced Fellowship at St Andrews funded by
the Scottish Universities Physics Alliance. Dr Vivienne Wild, an experienced observer
studying the evolution of galaxies, moved from the University of Edinburgh, also to a
Lectureship. The gender balance of the Astronomy Group has at last achieved near
equality, very different from that seen in the 1961 photograph shown earlier. In addition to
these long-term University appointments, many research staff have spent 3 - 5 years
working in the Astronomy Group funded by personal Research Fellowships awarded by
the UK Research Councils, the Royal Society, and the Royal Astronomical Society. The
numbers of research-grant-funded PDRAs and research studentships has also increased.
In the last 2-3 years, several members of the Group have been successful in securing
further major research grant funding from the European Research Council, and the 7th
Framework Programme for Research and Technological Development of the European
Union. In the 2014 Research Excellence Framework conducted across all UK universities,
Physics and Astronomy at St Andrews gained an overall rating of 4th highest in the UK. In
2015, Dr Greaves moved on to the University of Wales at Cardiff, and Dr Martin Dominik
was appointed Reader at the end of his 10-year Royal Society Fellowship in St Andrews.
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During the 1990s, the UK developed its own James Clerk Maxwell Telescope (JCMT) on
Mauna Kea, Hawaii, for observations at sub-millimetre and millimetre wavelengths, and
became involved with the Gemini Telescope Project. Facilities for UK observational
astronomical research were further extended with the UK becoming a member of the
European Southern Observatory (ESO) consortium, with headquarters in Germany, and
the observatories in Chile at the best astronomical sites in the world (La Silla and Paranal).
In addition, St Andrews astronomers were part of the original consortium to develop the
Wide Angle Search for Planets (WASP) cameras, later superseded by the SuperWASP
instrument at the Isaac Newton Group of telescopes on La Palma, Canary Islands, for the
Northern sky, and by the WASP-South instrument at the South African Astronomical
Observatory, Sutherland, South Africa for the Southern sky. These instruments are now
operated by teams at the Universities of Warwick and Keele. A more recent development
for St Andrews astronomers is their involvement in the Las Cumbres Observatory Global
Telescope Network (LCOGTN) that operates 12 robotically-operated 1.0-m and 2.0-m
telescopes distributed around the Earth. The University, with a one-third contribution from
the Scottish Funding Council, has invested £2 million in capital costs and £780,000 in
operating costs over 5 years in three of the 1.0-m telescopes of this Network. The Network
provides rapid responses to transient phenomena such as supernovae events, long-term
photometric searches for exoplanets via transits and gravitational microlensing, and
studies of young stellar objects and active galactic nuclei.
All of these major developments, made possible by the enormous progress in the
necessary technologies over the past 25 years, has rendered the facilities at the University
Observatory, St Andrews to be primarily teaching and training instruments, with minor
contributions to research work conducted elsewhere with superior equipment and excellent
skies. Nevertheless, as demonstrated in the last section of this document, there has
remained a useful research role for the James Gregory Telescope.
Keeping the telescopes operational at St Andrews from 1990 has always been a
significant task for those involved, and necessarily has demanded the technical expertise
of many of the Workshop Staff in the School of Physics and Astronomy. For all of the
mechanical components on the telescopes, mountings, instruments and drive systems,
and all the dome rotation and shutter mechanisms, Messrs R.McCraw, G.Radley, G.Robb,
D.Steven, S.Johnston, P.Aitken, S.King and S.Balfour have contributed much skill, time
and effort. For all the electrical and electronic components involved in all of the above,
Messrs M.Robertson, J.Park, M.Ross, A.Swan and C.Booth have been equally or even
more involved. Breakdowns and problems have always occurred, but solutions have been
found to make some problems disappear, and the overall reliability of the telescopes has
improved. The astronomers involved are extremely grateful for all the technical work at the
Observatory. From 2007, Professor Driver was given the task of Observatory Director
during which time the Napier Building was refurbished, after Dr Watt had retired, to permit
Honours students use of computers in their own time for their practical and project work.
The Gregory Building also received a much needed upgrade to its electrical circuits and
the lighting systems. Professor Cameron took on the Observatory Director’s role from
2009, ensuring continued and research-focussed use of the JGT as well as for teaching.
When he was appointed Head of the School of Physics and Astronomy, he proposed that
the demands of the Observatory Director’s position should be recognised properly with
credits towards the average teaching load for the incumbent. That newly-defined position
was advertised in 2012, and Dr Alexander Scholz was duly appointed. His drive and
enthusiasm, coupled with funds from the Elizabeth Lumsden Bequest, has ensured a
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complete refurbishment of the Gregory Building including relocating all the telescope
guiding and instrument controls to a more comfortable space on the ground floor.

3.2 Observing Programmes 1990-2015
3.2.1 The Napier Building Telescopes

The removal of the Nishimura Telescope in early 1994, together with its mounting and
base.
The Nishimura Telescope continued to be used in a piecemeal fashion through 1990-92,
with only a Junior Honours practical exercise on photoelectric photometry being carried
out. Dr Hill proposed that the Nish should be replaced with a new telescope of SchmidtCassegrain design together with a CCD camera being marketed for amateur astronomers.
His proposal was approved, the Nish was advertised for sale at a modest price, and was
sold to an amateur astronomer in Yorkshire. The replacement telescope was a Meade
instrument with a 0.25-m diameter aperture together with a Starlight Express CCD camera
installed in the Summer of 1994. Because the Meade telescope was so much smaller than
the old design Nishimura telescope, a new tall plinth had to be made at the School’s
workshop, and as shown in the photograph below, the telescope looked out of place in
such a generously sized dome. But after a careful commissioning procedure, Dr Hill was
pleased to report that the telescope found astronomical sources in its pre-programmed
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(Left) In the North Dome of the Napier Building, the Meade 10-inch Schmidt-Cassegrain
telescope that replaced the Nishimura Telescope, and equipped with a Starlight Express
CCD camera. (Right) The same telescope seen in 2015, and showing the tall plinth
required to mount this small telescope somewhat incongruously in this large dome.
(Below) The Zeiss Telescope in 1995, with the turret eyepiece shown at the coudé focus,
and the Celestron 8-inch telescope equipped with a ST-6 CCD camera attached.
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lists very reliably, and the CCD camera provided remarkably good digital images. A direct
consequence of this success was that the students adopted the new 0.25-m Meade as
their favourite telescope for exploring the night sky. During the next few years, the
telescope was used with its CCD camera for 40-70 nights per year, typically for 2-3 hours
per session. Dr Hill conducted photometric observations of some RCrB stars, assisted by a
Senior Honours student for project work, whilst Dr Vincent, as an Honorary Lecturer,
studied the motions of many minor planets between 1994 and 2000, again with
contributions from Honours students. Positional measurements of the minor planets and
the reference stars on these CCD images were all made by Vincent, who wrote her own
software for the data analysis. The results were published in 14 contributions to the Minor
Planet Circulars, providing data on 288 observations of 22 Minor Planets and Comet
1997T1160 . Most of the observations had been made by Vincent, but with significant
observing contributions from students Alasdair Allan and Fraser Clarke, and minor
contributions from Dr Hill, Mr Stapleton, and student Michael Willis. Since 2000, the 0.25m Meade telescope has been used for the voluntary first-level and second-level observing
sessions, together with AstroSoc evenings, and by Honours and research students for
their own interests. The observing logbooks typically report two hour sessions with CCD
images recorded of Messier objects, planets, the occasional transient phenomena of
comets and lunar eclipses, and on 20-30 nights per season.
A poster, made in 2012 by
research students Lee Kelvin
and Grant Miller, illustrating
the quality and diversity of
astronomical images
obtained with the 0.25-m
Meade
Telescope and a
CCD camera providing
colour images. The contrast
between these images
obtained with exposure
times of some tens of
seconds via a 10-inch
diameter telescope, and the
monochrome images
obtained in the 1950s, via
the 18-inch Scott Lang
Telescope with exposure
times of hours for
monochrome photographic
plates, could not be more
stark.
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(Left) In the South Dome of the Napier Building, the 0.4-m Meade Schmidt-Cassegrain
Telescope seen in 1998, that replaced the Zeiss Telescope. It had a Starlight Express CCD
camera mounted at the Cassegrain focus. (Right) The same telescope in 2015, with a QSI
CCD camera and a Starlight Express LodeStar autoguider.

Use of the Zeiss Telescope had averaged about 60 nights per season through the 1970s
and 1980s, but by 1990 had decreased to about 25 nights. There was a brief resurgence
during 1993-95 when Dr Hill was using a SBIG ST-6 CCD camera attached to the
astrographic camera, and later by Dr Edwin using the same camera attached to the
Celestron 8-inch telescope, both mounted on to the Zeiss Telescope, as shown in the
photograph. Both of these investigations involved a student’s final-year project. Otherwise,
use of the Zeiss Telescope decreased directly, to the level where another replacement
became likely. Funds were approved in 1997 to replace the Zeiss Telescope with a 0.4-m
Meade telescope of similar programmed design, but with the expected added bonus of
providing brighter sharp images for visual observations with eyepieces, as well as with a
CCD camera. The Zeiss telescope was sold at a very modest price to a group of amateur
astronomers from the Glasgow-Paisley area, and the new Meade telescope was installed
in the Summer of 1998. The alignment programme was conducted by Hilditch, and the
GOTO controls on the telescope handset gave ready access to the hundreds of
astronomical sources with positions stored in the telescope’s computer memory. These
source lists included the Moon and all the Solar System planets together with the Messier
objects and many others and completely transformed the ease with which objects could be
found compared to the old Zeiss instrument. The optical performance of the telescope is
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excellent, and for the first few years it was used as often as the smaller Meade telescope
at 20-30 nights per year. More recently, some continuing problems with the sidereal drive
tracking mechanisms have led to the telescope being under-used for CCD imaging.
Since 1997 the Observatory has had to suffer the impact of the University Sports Centre
floodlights situated immediately to the East and North-East of the domes. When these
enormously bright lights are switched on, it is impossible to see the night sky with the
unaided eye, and the sky brightness seen through any of the telescopes is so bright that
only very bright astronomical sources may be seen. The impact of this gross light pollution
on the use of the two Meade telescopes has been obvious, with both telescopes not being
used to the extent that had been anticipated. The decision to install these floodlights was
taken within the University without any prior consultation of the Observatory personnel.
When the Observatory Director learned of this development, and raised objections about
this decision, the directive demanded a compromise to be reached between the Sports
Centre and the Observatory. Since “lights on” meant “no visual observing”, the only
agreement that could be reached was to limit the use of the lights to certain evening hours,
in an attempt to retain the decades-old tradition at the Observatory of having observing
sessions available for undergraduate students from 8pm to 10pm on two or three evenings
per week. That compromise did operate adequately for about a decade, but the Sports
Centre has persistently demanded more and more floodlight use. Some of the keener
students have used these two telescopes late at night after the Sports Centre has closed,
so that they can observe faint astronomical sources. But for the majority of students, the
Observatory is no longer a location for dark skies visual observing until after 10pm. For the
research work conducted with the James Gregory Telescope, described later, the impact
has been much less serious because the CCD camera is sensitive mostly to red light
beyond the spectral extent of the blue-white floodlights.

3.2.2 The Twin Photometric Telescope
Drs Hill and Edwin were awarded a SERC Research Grant in 1989 to purchase new
primary mirrors for the Twin Photometric Telescope. The original mirrors had been found to
suffer some unspecified chemical erosion over 25 years or so, resulting in their surfaces
becoming roughened. New mirrors were manufactured by Mr David Sinden, an optical
expert associated with Sir Howard Grubb Parsons Co. Ltd, and supplied to St Andrews at
the end of 1989. They were installed in 1990, and the telescope was briefly re-instated
with the original photometers, but repeated failures of various parts of the drive and control
mechanisms rendered the rest of that observing season unproductive. The telescope was
taken out of service for 12 months whilst new computer-controlled photometers161 were
designed and built by Dr Edwin and his SERC-funded research student, Mr Richard
Gears, a St Andrews graduate in Astronomy. During that interval, work was done to repair
some of the drive and control problems, items such as the Magslips for providing
information about the positioning of the telescopes, and various sections of cabling that
had become incinerated.
The TPT was re-commissioned for the 1991-92 observing season, and successful
observations were obtained by a SERC-funded research student Mr Pierre Maxted
working with Hilditch on the eclipsing binary system RZ Cas. Maxted was a graduate in
161
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Mathematical Physics from the University of Sussex with a strong interest in observational
astronomy that he exploited fully during his time at St Andrews. In addition, Mr Paul O’Neill
was working with Dr Hill on a programme to provide photometric calibrations between
adjoining photographic plates taken by the Palomar Observatory Schmidt Telescope for
the POSS-II Survey. Two papers were published from this work in 1992, that by Maxted et
al.162 including data obtained by Dr Graham Hill from the DAO 1.2-m telescope and coudé
spectrograph, and that by Hill et al.163 involving a collaboration with Dr B.Lasker from the
Space Telescope Science Institute. The new photometers worked well in producing good
photometric data, but there were continual problems with condensation on the small EEV
CCD cameras used for target acquisition, and it took several months to solve that problem.
More problematically, the repeated failures of the Magslips used for telescope positioning,
corrosion on the limit switches, and other failures due to the age of the electromechanical
control system of the TPT, rendered the telescope effectively unusable by Spring 1992.
The original aim of Gears’ Ph.D thesis work was to design and build a new programmable
control system for the TPT. Instead of it being implemented in stages around an existing
working system, it would have to become the working system directly. In his Ph.D
thesis164, Gears notes that “ A distributed control system architecture was selected with
regard to cost and performance factors. The architecture was implemented using multiple
micro-controllers linked to a central console by a common network.” The control system
was validated in August 1993, with the telescope functions operating correctly, but it was
not fully commissioned by the end of the project completion date when funding for Gears
was concluded at the usual three years time limit. Gears secured employment in the
scientific industrial sector, and completed his thesis in his private time, graduating in 1996.
In the Concluding Remarks of his thesis, Gears notes “The major restriction on the project
was financial. Product selection was based primarily on cost rather than a consideration of
various factors including task application, design standards, compatibility and product
lifetime.” During 1994 and 1995, Edwin returned to the task of completing the work done
by Gears and resolving some of the outstanding issues, but did not succeed in making the
telescope reliably operational before his terminal illness was diagnosed. In 1997, the
difficult decision was taken that to devote more time and effort in making the TPT a fully
operational instrument again was incompatible with the research and teaching aims of the
Astronomy Group, whose personnel had changed so remarkably after 1994, as noted
above. Various items of hardware that had been borrowed from other research groups in
the School of Physics and Astronomy were returned, and other components were used in
other research programmes. Eventually, the mirrors were removed from the telescopes
and are stored at the Observatory, and the metal components of the telescopes and
mounting were sent to a metals recycling centre.

3.2.3 The Leslie Rose Telescope
Mr Alastair Reynolds, a graduate in Astrophysics from the University of Newcastle, had
arrived at St Andrews in October 1988 to start an SERC-funded research studentship
working with Hilditch on some properties of high-mass X-ray binary stars. These binaries
162

P.F.L.Maxted, G.Hill and R.W.Hilditch, Astr. Astrophys., Vol. 282, pp.821-830, 1994.

163

P.W.Hill, P.O’Neill and B.Lasker, in Robotic Observatories, ed. M.F.Bode, Wiley, Chichester and
New York, pp.63-68, 1992.
164

R.T.Gears, Ph.D thesis, University of St Andrews, 1996.

146

are composed of a high-mass star of spectral type O or B together with a neutron star or
black hole companion that accretes matter from the O-B star and emits X-rays because of
the high temperatures involved in the accretion process. The high-mass star may or may
not fill its Roche lobe (its maximum volume) in the binary system, and either gaseous
matter streams across to an accretion disk around the very compact companion or is
accreted directly from a powerful stellar wind emitted by the O-B star. Most of Reynolds’
observational work involved spectroscopic studies of two high-mass X-ray binaries seen in
the Southern Hemisphere, and observing time was secured on the 3.9-m Anglo-Australian
Telescope for this work. In addition, it was decided that the apparently-brightest X-ray
binary in the Northern sky should also be observed spectroscopically at St Andrews. The
star X Persei, so named because it is a photometric variable star and happens to be the
6th variable star discovered in the constellation of Perseus, was discovered to be an X-ray
source in 1972 and early work suggested that it may contain a black hole. Attempts to
determine evidence for binarity of this X-ray source had been inconclusive, with no clear
evidence of any periodicity in X-ray pulse timing data, nor radial velocity data or
photometric data. Accordingly, it was decided to use the LRT with its new spectrograph
and Reticon detector to observe X Per as often as possible over a two-year interval in the
hope of resolving this problem.
As noted earlier, systematic use of the LRT began in December 1988, and continued for
the next 6 years without any significant instrumental problems. The reflection grating in
normal use was made by the Jobin-Yvon Company (France) with a ruling of 2400 lines per
mm and operated in first order. By rotating the grating through about 16º, it was possible to
record a region of spectrum in sections from about 370nm to 700nm, with a dispersion of
2.5 nm/mm and a resolution of 0.09 nm.
The main observer on the LRT for the rest of the 1988-89 season and for 1989-90 and
1990-91 was Reynolds, with help from Hilditch, and later Drs Bell and Pollacco. On every
clear session, two or three spectra of X Per were obtained with exposure times of typically
3000 seconds each, together with spectra of radial-velocity standard stars, and some
secondary radial-velocity standards of spectral type B, as well as a few spectral type
standards. In addition, spectra were obtained of two high-mass spectroscopic binaries with
highly eccentric orbits (e ~ 0.8), named iota Orionis and HR1952, as part of an
international campaign being conducted at that time, and Bell and Pollacco added the
emission-line B star 60 Cygni to the observing list as a suspected spectroscopic binary.
For the first half season, the LRT was used on 22 nights for 52 hours, and then 35 nights
(161 hours) in 1989-90 and 52 nights (147 hours) in 1990-91, rather poor observing
statistics for St Andrews. There were some long clear nights of 8 to 10 hours duration, but
most were 2 to 3 hour sessions, long enough to obtain some data, but frustratingly short
for the intended programmes. All the stellar spectra were processed in the standard
manner, including flat-fielding, wavelength calibration, and rectification of spectra to a
normalised continuum set at unity. Because the data had been obtained via a detector that
had a linear response to received flux, it was possible to add several spectra of a star of
constant velocity together to generate a summed spectrum that had a signal-to noise value
of up to S/N ~ 250. Such a procedure was followed to establish high S/N template spectra
of the secondary radial-velocity standard stars of spectral type B that would be used to
determine the radial velocities of the B-type components of the binary stars via crosscorrelation methods.
From the first two observing seasons, a total of 98 observations were made of radialvelocity standard stars of spectral types F to K. The mean difference between the
observed and the standard velocities for these stars was determined to be (O-S) = -0.3 +/147

2.2 (s.d.) km/s, confirming that the spectrograph provided radial velocities on the standard
system. For the 23 observations of B-type secondary standards, the mean difference
between the St Andrews data and the published data was +0.4 +/- 2.8 (s.d.) km/s, again
very satisfactory. For the spectroscopic binaries iota Orionis and HR1952, totals of 34
spectra and 24 spectra respectively were obtained and the measured radial velocities and
their analyses were published in 1991165 .
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Spectra of the K5 III star, alpha Tauri, taken with the LRT and spectrograph, showing
the wavelength range from about 400 nm to 680 nm. These data illustrate the very
large number of absorption lines seen in the spectra of stars with low surface
temperatures.

For X Per, the three observing seasons provided some 130 spectra, from which a set of
111 radial velocities were obtained, the remaining spectra being of too low S/N for any
reliable measurements. These radial-velocity data showed results typical of many
emission-line B stars, with variations of the order of 20 km/s within any one night, perhaps
explicable by non-radial pulsations in these rapidly-rotating stars. The data secured over
an interval of 753 days were analysed via Dr Skillen’s computer program. This code was
based on Fourier methods designed to establish any periodicities in data with noise that
are part of an unevenly-spaced time series, precisely that obtained for X Per. The
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published paper166 showed that no periodicity could be found in the range 10 to 600 days,
although the B-type component of X Per is probably a velocity variable. It was concluded
that the amplitude of any binary orbital motion was too low to have been detected from
these data, suggesting that the orbital inclination to the line of sight, and/or the likelihood
of the accreting X-ray source to be a black hole, was very low. Some 9 years later, new Xray pulse timing data obtained from the Rossi X-ray Timing Explorer satellite established
that the pulse arrival times varied in a periodic manner typical of that caused by orbital
motion of the X-ray source around a companion167. The period was determined to be 250
days, and the orbital analysis, combined with expected masses for a neutron star (~1.4
solar masses) and a hydrogen-core-burning B-type star (~14 solar masses), showed that
the orbital inclination was likely to be in the range 26º to 33º, and the semi-amplitude of the
velocity curve of the B-type star would be about 2 km/s. It is not at all surprising that such
a low amplitude periodicity could not be found from the LRT data.
Reynolds combined these observations and analyses with those obtained at the AAT on
other X-ray binaries to complete his Ph.D thesis awarded in July 1992168. He moved to a
Fellowship position at the European Space Agency’s ESTEC Division at Noordwijk,
Netherlands, where he stayed for about 10 years working on observations of astronomical
X-ray sources. He also developed his interests in writing science-fiction novels for which
he has become rather more famous!
More than 50 spectra of 60 Cygni were obtained during these nights, and were
investigated for periodicity in the radial-velocity variations by Bell and Pollacco, but no
significant results could be determined. A long-term investigation of 60 Cyg, involving a
long list of co-authors, was published169 a decade later that showed evidence for binarity
still in need of confirmation.
Junior Honours students made use of the spectrograph as part of their practical class
training, including observing the prototype classical Cepheid variable, delta Cephei, as well
as spectral type and radial-velocity standard stars. Over the two decades of observing with
a spectrograph on the LRT, a substantial number of spectra of delta Cephei were obtained,
one each by the students involved. Those data were collated by Hilditch to confirm that
they covered all phases of the pulsation cycle of the classical Cepheid, and were in
agreement (within uncertainties) with the published radial velocity curves that were defined
much more accurately via high-resolution spectra obtained with larger telescopes. Some
Senior Honours students also used the spectrograph for observational work related to their
final-year projects, although most of these data were not sufficient in quantity or quality to
merit publication.
The season 1991-92 was used for the most part by Hilditch taking spectra of stars mostly
in the red part of the spectrum around the Hydrogen alpha line. The target stars were X
Per, the binary star system WR 140 (HD193793) composed of a WC7 Wolf-Rayet star and
a O4-O5 companion, and the O9 supergiant star alpha Cam (HD30614). Because of
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Spectra of the O9.5II star, delta Orionis, taken with the LRT and spectrograph, showing
the wavelength range from about 370 nm to 690 nm. These data illustrate the obvious
Balmer lines of Hydrogen, as well as many Helium lines, seen in stars with high
surface temperatures . Also recorded are emission lines near 590 nm due to Sodium
from the local street lamps, and the water vapour absorption band around 690 nm due
to the Earth’s atmosphere at this sea-level site.
teaching commitments, Hilditch carried out observations only in the first half of any clear
night, with the result that data were obtained on 42 nights, but totalling only 103 hours. In
addition, sets of spectra were recorded for two stars at all wavelength ranges accessible to
the spectrograph and detector. The spectra of the K-type giant star alpha Tauri and the Otype supergiant delta Orionis are shown in the associated Figures.
Results from these red spectra of X Per were included in Reynolds thesis, and in the paper
already noted. The observations of WR140 were made in the hope of contributing to an
international multi-wavelength campaign to observe the periastron phases of this binary
that has an orbital period of 7.94 years and an orbital eccentricity e=0.84. Acquiring these
spectra required exposure times of 2 hours, too often interrupted by clouds, but the typical
S/N values were considered to be too low for publishable results. The data on alpha Cam
were obtained for a Senior Honours student project associated with explanations for the
variability in line profiles seen in the spectra of high mass supergiant stars, but despite
several investigations failed to yield any periodicity in the spectral line variations.
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The seasons 1992-94 contributed 61 nights use of the LRT for 236 hours, with most of the
observing being carried out by Pierre Maxted on one of his selected eclipsing binary stars
of Algol type, HU Tauri, with an orbital period of 2.05 days. A total of 41 spectra were
obtained in the wavelength range 400 - 450 nm, and all were measured via the cross correlation method against standard stars of spectral type A0 for the primary component,
and G0 for the secondary. These data, together with data obtained at the DAO by Dr G
Hill, provided a new determination of the orbital parameters and a new analysis of
published photometry to yield the complete astrophysical parameters of this semidetached binary system. These results were published later170, after they had been added
to the results that Maxted had determined for several other systems, from his own
observations with the INT at La Palma, and with data from Dr G Hill at the DAO. His Ph.D
degree was awarded in 1995171 , and Maxted has enjoyed a productive career in
astrophysics since then, currently being a Reader in Astrophysics at Keele University,
Staffordshire.
For the interval 1994-96, use of the LRT was limited to second-level and Junior Honours
level practical classes only. Thereafter, the Reticon detector became unreliable, and the
system was dismantled. The telescope was out of commission for the interval 1997-2000,
in part because of lack of any demand from the newer members of staff, and in part
because of Hilditch’s commitments to other projects. But in 2000, Hilditch was able to
purchase a Apogee SPH5 camera that contained a CCD with dimensions of 1024 x 122
pixels, each 24 microns square, well suited to spectroscopic observations. The
spectrograph used with the Reticon device had been very specifically designed around
that detector, with a minimal range of focussing, and it proved to be impossible to match
the new CCD camera to this instrument. However, the version of the spectrograph that had
been sent to the JKT at La Palma had been decommissioned, and it proved possible to
have it returned to St Andrews for the cost of transportation only. The old La Palma
instrument had been modified for use with a CCD camera, so it was easier to find a
solution once a new field flattener lens had been designed by staff at the Astronomical
Technology Centre, Royal Observatory Edinburgh. All of this preparatory work, and the
manufacture of the lens and associated camera holder, was conducted during 2000-01,
and some regular observations started in 2001 September, all for a Junior Honours
practical class, and for a Senior Honours project, both satisfactorily completed. In
December 2001, the telescope had to be de-commissioned whilst the Scott Lang Building
was being extended and internally altered. The enforced decommissioned time was well
used by having the LRT mirrors and the spectrograph collimator mirror cleaned and realuminised. In addition, the electrical connections to the telescope were brought up to
modern safety standards, and a new sidereal drive unit was built and installed.
Observations restarted in March 2003 with Hilditch obtaining spectra of two eclipsing
binary stars through to October 2003. The set of spectra on u Herculis (HD156633) were
sufficient to conduct a complete re-analysis of orbital parameters together with a solution
of the light curve published from the photometry obtained by the Hipparcos satellite, and a
paper was published in 2005.172
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The Leslie Rose Telescope and Spectrograph in 2001, with its Apogee SPH5 CCD
camera. The camera CCD was cooled to -50º C via a Peltier Effect system, and was
controlled by manufacturer-supplied software operated in a standard PC.

Thereafter, the instrument was used only for practical classes supervised by Dr Cameron
during 2003-06, but there were increasing problems with condensation occurring on the
window of the cooled chamber housing the CCD detector. Despite many attempts to solve
this problem, including returning the camera to the manufacturers for further investigation,
no solution was found and the instrument was de-commissioned. In addition, a complete
breakdown of the sidereal drive system on the JGT in 2007 was repaired as a matter of
urgency by removing the identical system from the LRT, thus de-commissioning the
smaller telescope. The LRT has remained in that state since then, due to a combination of
staff having too many other commitments, and insufficient interest in making use of this
modest telescope.
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A montage of 16 spectra of the eclipsing binary u Herculis obtained with the LRT and the
CCD spectrograph in September 2003. The spectra are displayed in orbital phase order
from 1st quadrature (orbital phase 0.25) at the bottom to 2nd quadrature (orbital phase
0.75) at the top. They illustrate the wavelength shifts due to the orbital motion, with the
brighter more massive component blue-shifted around 1st quadrature, and red-shifted
around 2nd quadrature.
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A photograph of a display cabinet outside Theatre A in the J.F.Allen Building, North
Haugh, St Andrews, containing parts of the spectrograph used with the Reticon detector
on the LRT during 1988-96, together with an additional diffraction grating, and the
grating-prism that was used on the JGT in 1982.
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3.2.4 The James Gregory Telescope
A SERC Research Grant was awarded in 1991 to Hilditch and Edwin for the purpose of
purchasing a commercially available photometer with a CCD detector for the JGT, together
with absolute encoders to be installed on the Right Ascension and Declination axes of the
telescope. The new photometer with its six-position filter wheel and CCD camera was
supplied by Wright Instruments Ltd., London, and the absolute encoders by Gaebridge
Encoders Ltd., Wrexham. The equipment arrived in Winter 1991-92, and work proceeded
apace to install these components on the JGT. The frame that had been used to mount the
grating-prism, in the early 1980s, some distance inside the Cassegrain port of the
telescope was used to support a Canon 85-mm f/1.8 camera lens that would transfer the
focal plane of the telescope to outside the port. Focussing of the images on that telescopecamera focal plane was achieved by having an electrical motor driving a rod and cam
system and a ribbed rubber band to rotate the focus control on the camera lens. Although
the camera lens introduced some vignetting, the area of the CCD detector was only 385 x
578 pixels, corresponding to a usable area on the sky of 11.5 x 17 square arcminutes.
That vignetting was visible only on the outermost edges of the CCD image frame. The
individual pixels on the EEV CCD measured 22 microns square, corresponding to 1.75
arcseconds on the sky. But the typical seeing discs of stars observed through the JGT
were 3-4 arcseconds in diameter, so the individual stellar images were well sampled. The
quantum efficiency of the CCD was rated at 75%, meaning that the CCD registered as
photo-electrons some 75% of the photons arriving at its photoelectric surface. The area of
the CCD may have been very small compared to the 2º.5 x 2º.5 of the square
photographic plates, but it was much more efficient than the 2% effective quantum
efficiency of photographic emulsions. The operating temperature of the CCD was kept
constant at -75º C by means of a Peltier Effect system within the camera box, thereby
minimising other sources of electrons within the camera system. The photometer was
mounted on to the base of the primary mirror cell, in the position that used to be occupied
by the original plateholders, and its box of control electronics was mounted alongside. A
simple coaxial cable connected the camera to the computer in the control room.
The new encoders replaced the system that had been built by Mr Carr, as it had become
unreliable, and offered improved accuracy. Together with software written by Mr Stapleton,
the encoders provided the Right Ascension and Declination positions of the telescope to
an accuracy of +/-1 arcminute over all sensible observing positions on the sky, these
positions being displayed on a computer monitor.
In order to make the operation of the telescope and its camera efficient, it was sensible to
move all the controls to one location, and out of the cold ambient temperatures of the
dome. A small room was built in one corner of the dome area, and the telescope control
console was moved from the observing platform into that room after all the cabling for it
had been re-routed. An Elonex personal computer (PC) and display monitor was used to
provide the observer with the Right Ascension and Declination of the telescope, via the
absolute encoders and the software written by Mr Stapleton. A second Elonex PC, with two
monitors, contained the camera interface card and an image processing card supplied by
Wright Instruments and thereby provided the observer with control of the camera functions
via one monitor and with a display of the image recorded by the CCD on the second
monitor. The days of the JGT observer being wrapped up in winter clothing, and climbing
up and down the vertical ladder to the observer’s platform in the dark, were ended. Some
of that indefinable magic of making observations of sources in the night sky on a dark
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(Above) The Gregory and Napier
Buildings seen on a winter morning
in 1992 with a bright blue sky.
(Left) The JGT in 1992 with its
newly installed CCD camera and
photometer mounted at the
Cassegrain focus, in the middle of
the back of the telescope. The box
of control electronics is mounted to
one side, seen in this photograph
as below the camera.
There was no requirement for an
acquisition head incorporating an
eyepiece for the observer to select
the correct star for observations. A
10-second exposure with the CCD
camera provided an image of the
field of view directly, and was
displayed on the monitor in the
control room.
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(Upper) A view of the JGT control room in 1992, with the Elonex PC providing the
interactive control of the camera by the observer via the control screen (right), and the
CCD image display screen (left) showing a busy star field . The Bernoulli disc drive is on
the far right.
(Lower) The same control room seen in 1998, with some re-arrangement of the terminals
and showing the telescope position monitor (right), the camera control monitor (middle),
and the image display monitor (left) with a gloriously false-colour image of a galaxy. The
Bernoulli disc drive had been replaced by a Zip disc drive.
winter night had been lost, but most observers enjoyed the pleasure of controlling all
aspects of the observations from a comfortable “computer chair” in a somewhat warmer
environment and with some low-level light.
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The new instrument acquired images of the field of view with the light-sensitive diodes
operating via the photoelectric effect. Between sensible lower and upper limits, the
response of the detector to incoming light is remarkably linear so that accurate photometry
may be secured of all the images in the field of view simultaneously, including the
measurement of the background sky. The nights of conducting sequential differential
photometry one source at a time had been consigned to history, and simultaneous
differential photometry became the norm, with the immediate benefit that photometric
uncertainties could be reduced to values around 0.2 - 0.3%, dependent of course on the
flux densities of the sources observed. Exposure times or integration times were typically
in the range 10 seconds to 120 seconds, and the upper brightness limit for the JGT even
with narrow-band filters was about 9th magnitude, without resorting to defocussed images.

An example of an unprocessed CCD image, obtained with the JGT and the second CCD
camera in 2005 with an integration time of 120 seconds in the V band. The stars in this
image range down to 16th magnitude, some 10,000 times fainter than may be seen with
the unaided eye. All of the data in this image was obtained simultaneously, with the
consequent improvement in photometric accuracy.

During the Winter of 1991-92, Dr Bell enjoyed the task of developing his own computer
codes to analyse the CCD image frames and extract photometric data of selected stars.
His software, called JGTPHOT, was designed to work in relatively uncrowded star fields to
provide fast and accurate automated data reduction by means of aperture photometry on
stars and background sky. The code was tested against other available routines and found
to give consistently good results, and was used at St Andrews for at least 10 years.
158

The new system was installed and made operational by 1992 March, and observations
were obtained on 3 nights in March/April of the near-contact eclipsing binary system, RU
UMi, that had an orbital period of 0.52 day. A total of 1455 observations were obtained in
the R-band that defined a mostly symmetric light curve with a total secondary eclipse,
thereby allowing a very good model fit to the data. The Poissonian uncertainty in an
individual measurement of both the variable and the comparison star was 0.2%, and the
rms scatter of the data points about the theoretical light curve was about 0.5%, a
demonstration that differential photometry of excellent quality was obtainable with this new
equipment on the JGT. Those data and their analysis were published in 1993173 , and some
subsequent spectroscopic observations obtained by Maxted with the INT at La Palma
permitted the determination of the complete set of astrophysical parameters for this semidetached and near-contact binary, but with the caveat that more spectroscopic data were
needed, and the demonstration that such high-quality photometry required more
sophisticated models of the distributions of surface brightness across projected stellar
discs174.
Having demonstrated that the new equipment provided good research-quality data, it was
possible to initiate photometric programmes on astronomical sources significantly fainter
than 10th magnitude, the faint limit on the smaller telescopes equipped with
photomultiplier photometers at St Andrews. Within the range 10th to 14th magnitudes,
there were many binary systems that were astrophysically interesting and topical, and had
short orbital periods measured in hours, not days, and for the first time at St Andrews it
was possible to conduct worthwhile studies of them. These binaries included very evolved
systems composed of hot compact stars (subdwarfs and white dwarfs) with cool red
companions, and sometimes seen as the central stars of planetary nebulae, the
cataclysmic variable stars (CVs), as well as further examples of the near-contact binaries
with accretion hotspots and magnetic activity. In addition, a request was received from Dr
A.C.Cameron at the University of Sussex to add JGT data to an ongoing programme of
photometric monitoring of low-mass stars in open clusters.
In the 1992-93 season, the JGT with its CCD photometer was used on 58 nights for a total
of some 250 hours, the majority conducted by Hilditch with substantial help from Bell and
Pollacco. Edwin conducted some trial observations on a few evenings in a separate
programme of searching for spacecraft debris in orbit around the Earth. The request from
Cameron involved securing V- and I-band observations of a set of stars in the open cluster
alpha Persei to determine their rotation periods from the modulation of their received
fluxes due to star-spot activity, or surface maculation, in turn caused by magnetic activity.
These data, secured by repeated observations over many nights, were part of a
substantial programme on such stars to establish how stellar rotation rates changed as a
function of stellar age, and were published later175 . Many observations of VRI photometric
standard stars were made also on photometric nights to confirm that the JGT photometer
reproduced the standard system with transformation coefficients of 1.00 +/- 0.02.
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From four photometric nights in 1992 October, Bell obtained a complete V-band light curve
of the detached eclipsing binary XY UMa in order to complement the spectroscopic data176
already obtained at La Palma, and to provide optical photometry contemporaneously with
planned observations at X-ray wavelengths by the ROSAT satellite. Those data and their
analyses were published in 1994177.
The massive X-ray binary 2S 0114+650 was found to display X-ray variability178 with a
period of 2.78 hours and so observations of this 12th magnitude source were obtained in
the V-band over a 9-hour interval on a photometric night. With integration times of 60
seconds, a photometric precision of 0.2% was attained, and coupled with the camera readout time of 18 seconds, it was possible to secure 45 observations per hour of the star field
containing this X-ray source. The differential photometry of the X-ray source and 3
comparison stars in the same field showed no variations on any short timescales, an
unexciting result179. Likewise, variability in spectral line strengths on short timescales had
been reported for the 11th magnitude star HD164963 in the centre of the planetary nebula
NGC 6543. Because of the strong emission lines from the nebula and from the central star,
photometric observations were obtained with the JGT through an interference filter centred
at a continuum wavelength of 530 nm, and a bandwidth of 8.5 nm, on four nights
distributed over a year. Again, there was no evidence of any short time scale variability at
a level greater than 4%, and nothing periodic, indicating that the star’s spectral-line
variations were due to fluctuations in its wind outflow180. There were also VRI observations
of the variable post-Asymptotic Giant Branch (AGB) star, FG Sge, made on 12 nights
during 1992 October-November as the star was brightening after a dust ejection
episode181.
During this 1992-3 season, two long-term members of the Observatory community, Drs
Steve Bell and Don Pollacco, completed their PDRA contracts. Dr Bell moved to a longterm position at the Nautical Almanac Office (NAO), at that time still part of the Royal
Greenwich Observatory that had been moved to Cambridge, and has enjoyed a successful
career at the NAO since then. Dr Pollacco moved initially to Liverpool John Moores
University, and then to Queen’s University Belfast where he led the design, construction,
and operation of the WASP and SuperWASP cameras for exoplanet detection. He was
promoted to Professor for this work, and has recently moved to the University of Warwick.
An extreme ultraviolet source, labelled RE0751+14, had been discovered by the ROSAT
satellite, and the first multi-wavelength studies had demonstrated that the source was a
cataclysmic variable of the intermediate polar type. A periodicity in X-ray and infrared
fluxes of 13.9 minutes had been established, that was taken to be the spin period of the
white dwarf star in the binary, whilst the orbital period was estimated to be about 5.5
hours182. An attempt was made with the JGT to search for any longer term variability that
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might be associated with the orbital period by observing the system on 5 nights in 1993
February. This source, later given the variable star designation PQ Gem, had a R-band
magnitude of 14, so integration times were set at 50 seconds to give sufficient photometric
precision (+/-1.5%) and also provide a reasonable sampling rate for the 13.9 minute
periodicity. The data from those 5 nights did confirm the variations at the X-ray spin period,
and demonstrated that these variations were modulated by up to 20%, with no evident
periodicity183. It was an enjoyable exercise to have the freedom to explore other aspects of
binary star structure and evolution, without having to write an application for telescope time
many months in advance. But it was also clear from discussions at conferences that these
types of binary systems with their multi-periodic and strongly wavelength-dependent
behaviour were not suitable targets for the JGT with a CCD photometer. As an example, at
the same time as the JGT observations were being made of PQ Gem, photometric and
polarimetric data were being obtained at the UK Infrared Telescope (UKIRT) on Hawaii at
7 optical and infrared wavelengths simultaneously184. There were other research fields
where the JGT photometer would be more effective.
A further request was received in 1993 January, from Dr K.O.Mason at the Mullard Space
Science Laboratory, University College London, for photometric observations of the novalike cataclysmic variable UX UMa to be obtained simultaneously with the Hubble Space
Telescope (HST), at that time the world’s most expensive telescope. Of the 8 observing
allocations on January 19 and 22 for HST ultraviolet spectra to be obtained of UX UMa,
each lasting no more than 48 minutes, two covered the main eclipse phases and were
observable from St Andrews. Remarkably, the sky was clear for both intervals, and R-band
observations with integration times of 50 seconds were made for 2.5 hours and 4.8 hours
respectively. This set of JGT data was further extended to provide two complete R-band
light curves from 6 hours of continual monitoring on each of two consecutive photometric
nights, March 24 and 25. Analyses of these combined UV (HST) and optical (JGT) data
sets were conducted to yield surface maps and temperature distributions across the
accretion disc in UX UMa, as well as establishing properties of the disc wind outflow185,186 .
The season 1993-94 provided observations on 56 nights for 326 hours, half conducted by
Hilditch and half by his new research student, Mr Paul Bennie, a graduate in Astrophysics
from the University of Birmingham. His studentship was funded by the newly-formed
Particle Physics and Astronomy Research Council (PPARC), one of three new Councils
formed from the break up of the SERC. After some discussion, it was decided to make use
of the JGT photometer to study the temporal behaviour of some cataclysmic variable stars
in the hope of establishing the sources of the reported non-periodic secular variability, and
perhaps the short-time-scale flickering phenomena, as well as investigating some of these
binaries seen in a low brightness state that may reveal more information about the
underlying stars. The last of these projects was realised very soon, when it was noted that
the dwarf-nova type CV, DX And, was reported to be in a low state, that is, with the
accretion disc much reduced in brightness, and perhaps size. A fortuitous run of 5
consecutive clear or partly clear nights occurred in 1993 October 12-16, allowing Hilditch
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The JGT R-band data of UX UMa obtained simultaneously with the Hubble Space
Telescope on 1993 January 19 (middle curve) and 22 (upper curve) and binned at a
phase resolution of 0.005 cycles. The lower curve shows the differences between the
two data sets. The dashed vertical lines mark the mid-eclipse phase and the ingress/
egress phases of the white dwarf star. The orbital period of UX UMa is 4.72 hours.
(Reproduced by permission of the American Astronomical Society.)
to secure 360 R-band and 76 I-band observations of the field containing DX And, as well
as many standard stars. At a magnitude of R=14.46, integration times of 180 seconds
were required for DX And for a photometric precision of +/-1%, and two complete light
curves were obtained in the R-band and a partial light curve in the I-band. The analysis of
these data, coupled with published spectroscopic data, provided confirmation that the cool
red secondary star did occupy its maximum Roche-lobe volume187 . There was also clear
secular variability, perhaps due to magnetic star-spot activity on the rapidly-rotating K-type
secondary, or to a non-uniform accretion disc.
For the remainder of that observing season, Bennie and Hilditch conducted repeated
monitoring observations in R- and I-bands of 4 nova-like CVs, together with observations
of standard stars. This programme continued throughout the 1994-95 season as well, on a
total of 76 nights for 384 hours, with Bennie contributing 80% of the observing effort, and
Hilditch 20%. After nearly two seasons of observations, and half way through his 3-year
studentship, Bennie had sufficient and fully-reduced data for meaningful analysis of
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temporal variability of the CVs, RW Tri, UX UMa, V363 Aur, and AC Cnc. Results for the
RW Tri system were reported188 at a conference in 1995, showing that the source of the
secular variability and the flickering lay in the accretion disc but with different distributions
compared to the average flux. A thesis was submitted by Bennie some time after he had
left St Andrews in 1996 to work for the X-ray Astronomy group at the University of
Leicester, and the examiners concluded that an M.Phil degree should be awarded
because the research work had not been pursued to a proper conclusion that merited
publication. By then, other research groups had used multi-wavelength photometry and
spectroscopy to establish the causes of the secular and flickering variability in several CVs
with results published promptly, an example of delayed publication resulting in work being
completely superseded by newer and better results.

Two example light curves of the nova-like CVs RW Tri (left) and V363 Aur (right) obtained
with the JGT in 1993-95 by Bennie and Hilditch. The eclipse of the white dwarf and its
accretion disc by the larger red companion in each system is clearly seen, together with
the secular and flickering variability. The integration time for each observation (plotted as
a dot with an uncertainty bar) was in the range 50 to 70 seconds.

One set of data that did see publication from the 1994-95 season was that on 3C 390.3,
an extended double-lobed radio source that contains an Active Galactic Nucleus (AGN).
Photometric data obtained with the JGT by Bennie and Hilditch contributed to a multiwavelength and international campaign monitoring this variable source to establish the
size and structure of that AGN. In the two subsequent seasons, further data were obtained
by research student Mr Stefan Collier at St Andrews, supervised by Professor Horne, with
the results published in 1998189 .
A second set of data was obtained as part of a final year project for Senior Honours
student, Mr Alasdair Allan, on the soft X-ray source, RX J0558+53, newly discovered by
the ROSAT satellite. It was found to be a binary system of the intermediate polar class of
cataclysmic variables, and the JGT photometric observations obtained on 6 nights in the
interval 1994 November to 1995 February established that the spin period of the
magnetically-active white dwarf star was 545 seconds. These JGT data were obtained with
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integration times of 30 seconds, and a camera read-out time of 18 seconds, so the spin
period was only just adequately sampled in time. The initial results were reported190 , and
further data obtained by other astronomers with better equipment and using integration
times of 2 seconds were combined to provide a joint publication in 1996191 .
The JGT dataset
on RX
J0558+53 folded on the 545
seconds spin period with 40
phase bins. Note the odd/
even asymmetry of the
troughs in the light curve. The
vertical scale is in R-band
magnitudes, indicating a
range of variation of +/-6% on
t h e a v e r a g e fl u x . T h e
individual 30-second
integrations had uncertainties
of +/-2.5%, but the phasebinned data had uncertainties
of +/-1%.

The season 1995-96 provided data on two separate programmes, one monitoring several
cataclysmic variables of the dwarf nova class with observations obtained in Dark Moon
time, and the second monitoring the magnetically-active eclipsing binary system XY UMa,
during Bright Moon time. The observations of the dwarf novae were conducted by Dr
Sandi Catalan and Dr Raymundo Baptista, both PDRAs working with Professor Horne.
The JGT was used on 56 nights for 323 hours to provide thousands of photometric
observations of these binary systems with short orbital periods. The dwarf nova, HT Cas,
with an orbital period of 106 minutes, was observed during an outburst interval on 1995
November 17-18-19 covering 13 orbits. These data were combined with observations
obtained elsewhere to establish the varying properties of the accretion disc around the
white dwarf star192 . A much larger set of data on the dwarf nova EX Dra, with an orbital
period of 5.04 hours, was obtained covering 4 outburst intervals between 1995 September
and 1996 January. These observations covered the quiescent intervals of EX Dra, as well
as the rises to maximum brightness at outburst and the subsequent declines, and required
the use of a smaller area of the CCD in order to obtain images with integration times in the
range 15 - 40 seconds with read-out times of only 5 seconds. The observational data193
were published in 2000, together with eclipse-mapping analyses194 to establish the varying
states of the accretion disc during these intervals.
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(Above) Some of the eclipse curves of EX Dra observed with the JGT in 1995
September-1996 January, demonstrating the dramatic changes between quiescent and
outburst intervals in this dwarf nova.
(Below) The resultant eclipse maps of the accretion disc, from quiescence to outburst
and decline back to quiescence. Darker components are hotter components, lighter are
cooler, in the range from 40,000K to 5,000K.
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Some of the observing duties for the afore-mentioned programme had been conducted by
Dr Yvonne Unruh, a PDRA working with Dr Cameron on magnetic activity in rapidlyrotating solar-type stars and with expertise in theoretical modelling and interpretation of
spectral data. She also helped on one night with the other set of data on XY UMa that
comprised 2,800 observations from 8 nights between 1995 March and 1996 February, all
obtained by Hilditch and Cameron. These nearly-complete light curves were analysed,
together with the 1992 data already published, via Cameron’s eclipse-mapping codes to
establish surface maps of the maculation present on the primary (brighter, more massive)
star of XY UMa, and the results were published soon after195.
In view of the success of that eclipse-mapping experiment, and the studies of single
magnetically-active stars in the alpha Persei open cluster mentioned earlier, the use of the
JGT and its CCD photometer was almost entirely devoted to that research programme for
the next 5 years. The observations required for this programme were repeated monitoring
of sources over several years, with emphasis on photometric precision with uncertainties
less than +/-1%, rather than the high-speed monitoring of rapidly varying sources like the
intermediate polars. Several observers contributed to the collection of data, including the
research students working with Cameron on various aspects of the larger programme, and
with contributions from Cameron and Hilditch. These students, all funded by PPARC
research studentships, were Ms Gaitee Hussain, a graduate from University College
London, Mr John Barnes a graduate from St Andrews, and Mr Tim Lister, who first
contributed to the programme during his Senior Honours project work, and then became a
research student in 1997. Over the 5 seasons from 1996-97 to 2000-01, the JGT was
operational for an average of 50 nights (330 hours) per year, this somewhat reduced figure
being caused by an excessive number of breakdowns of various parts of the telescope
control mechanisms. Some problems were solved within a day, but others required more
major work and the telescope was sometimes out of use for up to two weeks.
Most of the Ph.D thesis work of Hussain and Barnes196 involved the analysis of highresolution échelle spectroscopy obtained with the AAT in Australia and the WHT in La
Palma, but they also obtained photometry with the JGT on two rapidly-rotating single stars
in the alpha Persei cluster during 1996 Autumn. These data were included with the
Doppler tomography obtained from the WHT data in a paper published in 1998197 that
demonstrated the changing nature of the magnetic activity on timescales of days for both
stars.
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V-band photometry obtained with the
JGT in 1996 October - November of the
solar-type stars He699 and He520 in
the alpha Persei cluster. The data are
plotted as dots with uncertainty bars of
about +/-1% and the range of flux
density (brightness) of both stars is
about 10%.
The rotation periods of the two stars are
0.61 day and 0.49 day respectively,
whilst that of the Sun is 26.2 days. The
variations in brightness are due to
cooler star spots distributed over the
surfaces of the stars rotating into and
out of the line of sight.
The data for He699 obtained in October
(top panel) is significantly different from
that obtained in November (middle
panel). The data for He520 (lower
panel) displays changes from day to
day particularly around the maximum at
rotation phase 0.75.

Mr Tim Lister was responsible for about
two-thirds of the total observing time during this five year interval, with a large number of
long clear nights lasting 10-14 hours. His Ph.D thesis198 discusses JGT photometric
observations of four eclipsing binaries, two detached systems of the RS CVn type, and two
contact systems, all with evidence of magnetic activity in the form of cool star spots on
their surfaces. The photometric data for the two contact binaries, V523 Cas and TY UMa,
were obtained within one observing season 1998-99, with a Senior Honours student, Mr
Richard McDermid, being involved in some aspects of the work on V523 Cas. Complete
light curves in the V- and I-bands were obtained for both systems that have orbital periods
of 5.6 hours and 8.5 hours respectively. A light-curve synthesis code was used to analyse
the data to provide the orbital inclination, the sizes and shapes of both stars relative to
their separation, and the surface brightness ratio, for each binary, with results published in
2000199 .
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Light curves in V- and I-bands of the contact binaries V523 Cas (upper panel) and TY
UMa (lower panel) obtained with the JGT in 1998-99. The data points have uncertainties
of +/- 0.4%. For V523 Cas, the I-band curve is defined by 742 observations, and the Vband curve by 349 observations. For TY UMa, there are 621 I-band observations and
456 V-band observations.
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A total of 11 nights of JGT observing in 1998 Autumn were used by Lister to obtain
complete light curves of the eclipsing binary GSC2807-1423, defined by 2370 V-band
observations and 1565 I-band observations. The complementary spectroscopic
observations were obtained by Drs Barnes and James at La Palma with the WHT and its
Utrecht Échelle Spectrograph, and a complete analysis of the data is presented in Lister’s
Ph.D thesis. Evidently, several possible models of spot distributions over the stellar
surfaces were determined, and it seems that further observations were planned but not
obtained. Regrettably, these data and their analysis have not been published.

The complete V-band (left) and I-band (right) light curves of the eclipsing binary system
GSC2807-1423 obtained by Lister with the JGT photometer during 1998 Autumn. This
system is composed of two stars that are detached from their maximum Roche-lobe
volumes, but are still significantly non-spherical, as shown by the substantial variations in
brightness outside the eclipses. The magnetic starspot activity is also obvious with the
first maxima of the light curves fainter than the second maxima.

The eclipsing binary that was most repeatedly observed by Lister, Cameron and Hilditch
was the system XY UMa, that has a long history of displaying light curves with very
distorted shapes as well as remarkably symmetric ones. The system had already been
observed in 1992 and 1995-96 with the JGT, as already reported, and it was decided that
a longer campaign would be worthwhile. An interference filter with central wavelength at
640nm and bandwidth 11nm was used to provide photometry with uncertainties of +/-0.4%
on this 10th magnitude star, and 10 light curves were obtained over the interval 1997
January to 2000 March defined by a total of 3644 observations. Each light curve was
analysed with Cameron’s eclipse-mapping code to determine surface maculation maps of
the brighter, larger, more massive star in the binary system. A prior set of complete
astrophysical parameters is required for this procedure, and these were adopted from
earlier published work. The results demonstrated significant variations in surface
maculation on time scales of a few days over the four year interval, but with a persistent
cooler area near the substellar point of the primary star. The magnetic activity of the star
had declined to a minimum in 1997, compared to previous studies, and had risen again by
1998-2000200 .
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The 10 light curves of the eclipsing binary XY UMa obtained in the interval 1997
January to 2000 March with the JGT. Note the substantial changes in light curve
shape, particularly from the nearly symmetric one in 1997 January to the obviously
asymmetric one in 2000 March. For each panel, the lower curve is the difference
between the observations and the fitted model, with a range of +/- 3%.
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The 10 surface maculation maps corresponding to the 10 light curves on the previous
page determined from the Eclipse Mapping code written by Cameron.
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Other observations that were obtained during that 5 year interval, and have been
published, include two primary eclipses of the Algol-type binary system RZ Cas that help to
confirm that the primary component is a delta Scuti-type variable star201 , and a timely
confirmation of a remarkably shallow eclipse202 of a star labelled HD209458 by a planet
orbiting that star with a period of 3.52 days. The star HD209458 was discovered to have
an orbiting planet from radial-velocity observations of that star, and analysis of that data
suggested that a transit eclipse of the star by its planet would be observable.
Investigations of newly discovered planets around stars other than the Sun had already
been started by Cameron and Horne by means of high resolution échelle spectroscopy
conducted at the AAT and WHT, and work had already begun on a Wide Angle Search for
Planets (WASP) to detect new planets around stars by means of discovering transit
eclipses. These JGT data on one predicted transit eclipse served as a marker for the
future use of the JGT resulting from the successful implementation of the WASP and
SuperWASP instruments and the transiting planets programme.

The JGT photometric observations of HD209458 on 1999 November 18 over a 6-hour
interval with an intermediate band filter centred at 640nm and bandwidth 11.3nm, and
integration times in the range 15-25 seconds. The upper set of data are the observations
of HD209458 relative to a selected comparison star. The lower set of data are the
observations of that comparison star relative to a second comparison or check star,
confirming the constancy of the comparison star. Some cloud marred the data around
eclipse ingress. The depth of the eclipse was measured to be 1.5 +/-0.2 %.
(Reproduced with permission from ASP Conference Series.)
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Another component of that research programme on searching for planetary transits
involved the use of the Wide Field Camera on the INT at La Palma to monitor several
Open Clusters of stars. Ms Rachel Street, a graduate in Astrophysics from the University
of Birmingham, was the first research student involved in that work, and she made a
substantial number of observations with the JGT in 1999-2000 of the clusters NGC 6819
and NGC 7142. In her Ph.D thesis203, and the resultant research papers, all the work
reported is taken from the INT+WFC data only. Perhaps the JGT data was obtained as a
back-up set that was not found to be necessary, or was used only as confirmation of the
INT+WFC results.
Ms Sandra Jeffers, a graduate from Queens University, Belfast, came to St Andrews in
2000 to work with Cameron, and his PPARC-funded PDRA Dr John Barnes, on further
aspects of their investigations of the magnetic activity of rapidly-rotating solar-type stars.
An immediate task was contemporaneous spectroscopic and photometric observations of
He699 in the alpha Persei cluster to add to that already obtained in 1996. The échelle
spectroscopy was obtained at the WHT with the UES instrument on 2000 October 8, and
the photometry on the JGT on 2000 October 14. The Doppler tomography analysis of the
spectra yielded surface maps of the temperature distribution, showing substantial polar
caps, as observed on other single stars, as well as significant active regions at lower
latitudes. The photometric variations observed with the JGT served to constrain and
confirm these features204 .

The JGT observations of He699 obtained on 2000 October 14, and phased according to
the established 0.61 day rotation period of this single star. Some cloud towards the end
of the night marred the data in the phase range 0.55-0.65. The dotted line is the model fit
to these data and the spectroscopic data, with the lower panel showing the (observedcalculated) residuals with a range of 3% only necessary because of the observations
affected by cloud.
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A successful application was made by Cameron and Jeffers for observing time with the
Hubble Space Telescope and the STIS spectrophotometer to determine high precision
photometry of the eclipsing binary SV Cam throughout a primary eclipse. These
observations were made on 2001 November 1, 3, and 5, providing in total a complete
coverage of the primary eclipse phases of SV Cam, where the cooler smaller star acts as
a dark occulting disk crossing the projected disk of the hotter larger star that is the
magnetically-active component. Observations were also obtained by Jeffers and Cameron
with the JGT photometer over a two-week interval covering the times of the HST
observations. The HST data had exquisite precision, with uncertainties of 0.02%, or ten
times more precise than possible with the best of the JGT data. But that precision was
necessary to reveal clearly that the primary component of SV Cam has both a substantial
polar spot coverage, as observed in many examples of such active stars, and was
peppered with spots at lower latitudes that would be too small to be resolved by the
existing Doppler methods, the derived spot filling fraction for this one example being 28%.
These results together with Jeffers’ extensive work on model simulations completed her
thesis work205 and resulted in several published papers, with that including the JGT data
being published in 2006206 .

The light curve of the eclipsing binary SV Cam, obtained at a wavelength of 530nm, and
combining the HST data through the primary eclipse phases with the JGT data defining
other parts of the light curve including secondary eclipse. The lower plot provides the
(observed - calculated) residuals in the range +/-2% to accommodate the JGT data. Note
that the residuals for the HST data are a factor of 10 smaller.
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For the remainder of the 2001-02 season, and the 2002-03 season, Lister and Barnes
made further observations of several eclipsing binary stars, mainly systems with unusual
distributions of surface brightness, but most of these data have not been published. One
partial exception is a report by Lister of his repeated monitoring of the unusual massexchanging binary system V361 Lyr that displays a remarkably asymmetric and somewhat
variable light curve over more than 20 years of observations. His 2002 September
observations of V361 Lyr obtained with the JGT are shown below, and his conference
report207 highlights the variable shape of the light curve and the continued decrease in the
orbital period of the system.

JGT differential photometric observations in the V-band of the mass-exchanging eclipsing
binary V361 Lyr obtained by Lister in 2002 September 10. This system is a 14th
magnitude source at its brightest, with a primary eclipse depth of 1.3 magnitudes. The
upper light curve is that of V361 Lyr versus a comparison star, and the lower light curve
is that of the comparison star versus a second comparison or check star indicating that
the comparison star has constant brightness.
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Dr Barnes moved on from his PDRA position at St Andrews to the University of
Hertfordshire at Hatfield, where he has continued his work on high-resolution spectroscopy
of magnetically-active stars and on studies of exoplanets. Drs Lister and Street were
appointed to PDRA positions at St Andrews funded by the SuperWASP project, and their
time was completely absorbed with the enormous data reduction and analysis tasks of that
project until 2006, after which they moved to the Las Cumbres Observatory in California
which is now the headquarters of the Global Telescope Network that developed out of the
RoboNet project.
The reliability of the Wright Instruments CCD photometer had been excellent for many
years, but increasing problems with the positioning of the filter wheel, such that the
observer was not confident which filter was being used, and other issues, meant that a
new photometer would have to be found after 11 years of successful use. It was decided
that the new photometer should be designed and built within the School of Physics and
Astronomy, save for a new CCD camera that would have smaller pixel sizes than the
Wright Instruments camera and be more efficient with a faster read-out time. The
photometer was constructed in the School’s Workshop, the new CCD camera was
supplied by Andor Technology Ltd, Belfast, and the focal-plane shutter for accurately
specified integration times was supplied by the Melles-Griot Company, France. The CCD
in this camera had a square array of 1024 x 1024 pixels, each pixel being 13 microns
across, providing a field of view on the JGT of 18 x 18 square arcminutes and an image
scale of 1.0 arcseconds per pixel. The quantum efficiency of the CCD was rated at 90%,
and the operating temperature of was set at -50º C. With a read-out time of 1 second, the
monitoring capabilities of the new camera were much better, and the better sampled
images provided improved accuracy of the photometry obtainable compared with the first
CCD photometer. The newly completed photometer was installed in early 2004, after the
JGT had been repainted in the Autumn of 2003. During trial observations, with the camera
control computer mounted on a moveable trolley on the dome floor, a cable between the
telescope and the trolley became trapped during movement of the telescope with the
result that the computer was knocked on to the dome floor! The damage caused to the
interface card for the camera was extensive, and the new Andor camera had to be
returned to Belfast for major repair. Finally, the new photometer was declared fully
operational in 2004 October, and the control computer was mounted securely on the
telescope near the camera. The photometer has been operating successfully for more
than 10 years, and all the image frames secured by the camera have been logged
automatically into a directory, stored on a computer hard disc, that now contains in excess
of 132,000 entries. The standard pipeline data reduction package for converting selected
images on the frames into reliable photometric measurements of those images makes use
of several standard Starlink routines.
In the first two seasons of use of the new photometer, 2004-05 and 2005-06, Lister
continued to secure repeat light curves of selected eclipsing binaries, notably V361 Lyr
and SV Cam noted above, and also obtained a total of 2387 observations on 3 nights of
the eclipsing binary IZ Per. This latter system, with an orbital period of 3.69 days, had been
observed by Dr Graham Hill at the DAO with 21 spectra being obtained to determine the
radial-velocity curves. There were also published photometric observations obtained via
the Hipparcos Satellite mission, but these data were incomplete particularly through the
entire secondary eclipse. The JGT data provided very well sampled primary and
secondary eclipses together with observations outside the eclipses, and all with a narrowband filter centred at 530 nm close to the Hipparcos photometry. The two sets of
photometry were easily combined to provide a complete light curve, and the complete
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Two views of the JGT taken in 2014, ten years after the new photometer with its Andor
CCD camera had been successfully installed. In the upper photograph, the control
computer for the camera is seen mounted on the right-hand-side of the telescope tube,
and the black-painted photometer with the grey camera is attached at the Cassegrain
port of the JGT. In the lower photograph, the grey camera is seen more readily at the
centre. The original guide refractor telescope at the side of the JGT has an autoguider
attached to ensure that the telescope is always tracking the selected field of view
correctly.
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(Upper curve) The combined JGT and Hipparcos Satellite photometry of the eclipsing
binary IZ Per, with an orbital period of 3.69 days. The data were binned in orbital phase
intervals of 0.005, with the data in the well sampled eclipses having uncertainties of
0.3%, whilst some out-of-eclipse bins had a single Hipparcos observation with
uncertainty of 1.5%.
(Lower curve) The (observed - calculated) residuals of the final model fit to the data,
offset for clarity.

astrophysical parameters of the two components of this high-mass evolved binary system
were determined for the first time208 .
It is an unfortunate fact that the JGT observing logbooks for the interval 2001 December 2008 January have been lost, so that it is only possible to establish what observing
programmes were conducted from the CCD image frames stored on computer hard drives
and from thesis reports and published research papers. From 2004 October all the image
frames recorded have been stored automatically, but these do not record the name of the
observer. One further paper has been published from this time interval on aspects of
binary star characteristics and evolution. On three nights in 2007 February, the JGT was
used to obtain data on an eclipsing binary system that contains stars still in the pre-mainsequence contraction stages. These data were a contribution to a substantial
spectroscopic and photometric investigation of this interesting eclipsing binary, with the
catalogue name ASAS J052821+0338.5, and the full analysis was published in 2008209.
The co-authors included Drs Eric Stempels and Leslie Hebb, both PDRAs at St Andrews at
that time, and Mr Nicholas Dunstone, a St Andrews graduate in Astrophysics who was
studying for his Ph.D degree with Professor Cameron as his supervisor.
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As part of their training in observational astrophysics, students at Senior and Masters level
make regular use of the JGT with its Andor camera to obtain images of star clusters and
galaxies. They also have to learn about the attendant instrumental-correction requirements
of dark frames to establish the necessary positive offset, or bias above zero level, of the
CCD, and short integrations called flat-field frames on a clear twilight sky at dusk or dawn
to establish the pixel-to-pixel variations in sensitivity to a uniform illumination of the entire
CCD. All the CCD frames of observed sources have the bias values subtracted, and then
are divided by the flat-field frame to remove those pixel-to-pixel variations, typically of a
few percent only. The resultant corrected observations may then be analysed to yield
photometric measures of stars in clusters, or surface brightness distributions across
galaxies, by means of interactive computer codes that remove much of the tedium
experienced by the photographic observers of the 1960s, and provide more accurate
results.

An unprocessed I-band image taken with the JGT and the Andor camera on 2006
November 1 with an integration time of 30 seconds. The star cluster is NGC188, the
oldest known open cluster at an age of 5 billion years, and about 5,000 light years away.
The images of stars are determined by the atmospheric seeing at this sea-level site, and
partly by the telescope optics. The CCD pixel size is only half of the typical grain size in
photographic emulsions, and the dynamic range of the CCD is very much greater.
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An unprocessed V-band image taken with the JGT and the Andor camera on 2013
October 5 with an integration time of 120 seconds. The spiral galaxy is NGC 6946 at a
distance of 22.5 million light years, and seen in the constellation of Cepheus, through the
lower galactic latitudes of the Milky Way Galaxy - hence the large number of stars seen
in the foreground.
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Part of an unprocessed CCD frame taken with the JGT and the Andor camera on 2006
November 1 with an integration time of 30 seconds in the I-band. The edge-on spiral
galaxy is NGC 891, seen in the constellation of Andromeda, and is at a distance of 30
million light years.
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The JGT was used for a total of only 47 nights over the two seasons, 2004-06, much
reduced compared to previous years because of commitments to the SuperWASP project,
and yet that commitment was producing the much anticipated results of detecting
significant numbers of candidate stars where very shallow eclipses, possibly due to
orbiting planets, were being detected. These shallow eclipses typically last for a few hours
and yet have depths of only 1-2%, and therefore require excellent photometry to determine
the detailed shapes. These transit events were discovered from analysis of the photometry
on many thousands of stars via a very sophisticated pipeline reduction package, and
repeat observations were used to determine orbital periods, and therefore the ability to
predict subsequent eclipses. These substantial numbers of predicted transits were
therefore ideal targets for the JGT and its new photometer, and it would provide the
necessary confirmations or rejections of the proposed candidate stars that may have
orbiting planets. The JGT was only one of several telescopes used in these follow-up
observations, and the resultant research papers that reported the discoveries of these new
extra-solar planets (exoplanets) typically have many co-authors from the many
participating observatories and universities. The SuperWASP project has identified more
than 100 exoplanets from its own data, together with the follow-up observations, from
millions of observations of a very large number of stars over just a few years. The results
have been complementary to those obtained by the Kepler Mission spacecraft that has
been operational over a similar time interval.
Since September 2006, the JGT has been used primarily for observations of candidate
planetary transits for which times of occurrence and duration have to be predicted and
checked against the observability of the relevant star. Coupled with the vagaries of the St
Andrews weather, the procedure can be both satisfying when everything works well in
photometric skies, and frustrating when the gremlins and the clouds conspire to thwart
these best-laid plans. During 2006-07, observations of candidate stars WASP-10, -20, and
-33 were obtained, but only the data for WASP-33 were published210 together with several
contributions from other telescopes and observers. In the season 2007-08, the electrical
circuitry for all mains power and lighting in the 50-year-old Gregory Building had to be
replaced in 2007 Autumn, making the JGT inoperable for two months. But in 2008
February 16, R-band observations of a complete transit of WASP-13 were obtained in
good conditions that could be combined with the original SuperWASP data and with
spectroscopic observations obtained at l’Observatoire de Haute Provence on the 1.92-m
telescope and its stabilized SOPHIE spectrometer. The resultant complete specification of
the star+planet system, like an eclipsing binary of stars but with an extremely small mass
ratio, showed that the planet had half the mass of Jupiter, and orbited its parent star of one
solar mass in a period of 4.35 days211 . The most recent analysis with additional data on
WASP-13 is the first in a series based on a homogeneous study of transiting systems212 .
The JGT was used on 40 nights per season during 2008-09 and 2009-10, and increased
to 64 nights per season for the 4 seasons 2010-2014. Most of the time continued to be
devoted to observing planetary transit candidates, with many of them being shown to be
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Original data and the complete model solution from combined photometry and
spectroscopy of WASP-13. (Top panel) The SuperWASP data over the complete orbit
and showing the identified transit. (Middle panel) The JGT observations of the transit on
2008 February 16 with a depth of 0.9% and lasting 4.1 hours. (Lower panel) The radial
velocity observations of the star plotted with the same complete-orbit phase range as the
top panel. (Reproduced with permission from Astronomy & Astrophysics, © ESO.)
due to shallow eclipses of two stars and not pursued further, and only some planetary
transits being confirmed. The observers were mostly those PDRAs and research students
who were pursuing research connected to the properties of exoplanets, namely the RAs
Drs Becky Enoch, Leslie Hebb, Christine Liebig, Neil Parley and Eric Stempels, and the
students, David Brown213 and Grant Miller214 . But there was considerable help also from
other members of the Astrophysics Group, for example, research students working on the
structure and evolution of galaxies, and taking the opportunity to have some observing
experience.
Further JGT transit confirmation observations were obtained in 2008-09, with a partial
transit of WASP-12 observed in photometric conditions on 2008 November 30. These data
were combined with HST UV spectroscopy and photometry and other ground-based
photometry to investigate the interactions between the stellar radiation and the extended
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atmosphere of this very hot planet215 . The planet is 1.4 times the mass of Jupiter and 1.8
times the Jovian radius, and orbits its host star every 1.09 days, about one stellar radius
above the star, so it is not surprising that its temperature is remarkably high at some
2,500º K. More transits were confirmed in 2010-11 with R-band observations of WASP-52
on 2010 October 24, of Qatar-1 on 2010 November 27 and December 7, and WASP-59 on
2011 November 20. As before, these JGT data were combined with spectroscopic data
and other photometry obtained elsewhere to determine the properties of the planets, all
“hot Jupiters” orbiting close to their parent stars216. The Qatar Exoplanet Survey had
made its first discovery observations of a transiting planet, obviously named Qatar-1b, and
the JGT data helped in that confirmation217, a pleasing outcome since Dr Khalid Alsubai,
the Principal Investigator for the Qatar Exoplanet Survey, had studied for his Ph.D
degree218 at St Andrews with Professor K Horne as his supervisor.

The photometric observations of Qatar-1 obtained at the JGT are plotted in the second
and third graphs in the above figure in orbital phase order. The ingress phases were
observed on 2010 November 27 with further observations prevented by clouds. A
complete transit was observed on 2010 December 7. The solid curves are the final
model fit to all the data, including the radial-velocity data.
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Two further observations of transits with the JGT have been published to date, one on
2012 January 9 for WASP-65, and the second on 2012 March 11 for WASP-56. The JGT
data for WASP-65 compares very well with the other data collated for this transit.

Photometric observations of WASP-65 obtained with several telescopes, including the
JGT, and plotted against orbital phase covering the transit phases. Each set of
observations are plotted as dots, offset for clarity, with the final model fit drawn as a red
line, and the (observed-calculated) residuals as uncertainty bars underneath each set of
data. The JGT data are the third set down from the top, labelled JGT 2012-01-19.
(Reproduced with permission from Astronomy & Astrophysics, © ESO.)
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For both star+planet systems, the photometric data came from several telescopes as
indicated in the above figure. The spectroscopic data, for radial-velocity measurements
defining the orbital motion of the star about the centre of gravity of the star+planet system,
were obtained with the CORALIE spectrometer on the 1.2-m Euler-Swiss Telescope at La
Silla, Chile, for WASP-65, and with the SOPHIE spectrometer on the 1.93-m telescope at
l’Observatoire de Haute Provence, France, for WASP-56. The analyses of all the data for
WASP-65219 and for WASP-56220 were published in 2013, and add further empirical data of
high quality on the properties of these Jupiter-mass planets orbiting their host stars with
orbital periods of a few days at most. Such planets are very different from any seen in the
Solar System, but their discovery contributes to the characterisation of exoplanets across
an increasingly wide range of masses and of orbital periods around their host stars. The
work presented here, because some of the observations were conducted at St Andrews,
represents a small component of the overall effort by the members of the SuperWASP
Consortium to identify the planet-hosting stars in the first place from amongst millions of
star images recorded across the sky.
Observations of potential planetary transits have continued through the seasons 2013-14
and 2014-15, and further confirmations are likely to be forthcoming. In addition to that
work, the new Observatory Director, Dr Aleks Scholz has brought his own research
programme involving the studies of very young star-forming regions and the evidence for
variability amongst young low-mass stars. One of those star-forming regions includes
NGC 1333, a dusty reflection nebula, at an age of about 1 million years, and a distance of
about 1,000 light years. This young region is being regularly monitored with the JGT using
an I-band filter to establish the photometric properties of many of the cool red sources, and
results are expected to be published soon.
A separate observing programme has also been in operation during the last two years in a
collaboration with the company Space Insight Ltd., Eastbourne, to identify the debris from
spacecraft in orbit about the Earth, particularly those associated with spacecraft in
geostationary orbits. Images obtained with the Andor camera on the JGT with the sidereal
drive motor switched off reveal the relatively non-moving sources in geostationary orbits
around the Earth, whilst star images become trails across the camera frame.
Improvements to the operation of the JGT continue, with Mr Roger Stapleton very much
involved in establishing the system that controls the movement of the dome in response to
the position of the telescope, in setting up the autoguider system on the 8-inch guide
telescope, and keeping the data archive of CCD images under control.
Astronomical observations continue…………..

219

Y.Gomez Maqueo Chew and 40 co-authors, including D.J.A.Brown, A.C.Cameron, C.Liebig,
B.Enoch and G.R.M.Miller, Astr. Astrophys. Vol.559, A36 (11pp), 2013.
220

F.Faedi and 40 co-authors, including D.J.A.Brown, A.C.Cameron, R.Enoch, C.Liebig,
G.R.M.Miller and N.Parley, Astr. Astrophys., Vol. 551, A73 (17pp), 2013.

186

A false-colour image of the young star-forming region near NGC 1333, made from JGT
images obtained through V- R- and I-band filters in 2012-13, by Aleks Scholz, Jack
O’Malley James and Joe Llama. Hot gas is coloured blue, young low-mass stars red, and
outflows from such stars green.
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JGT co-added V-, R- and I-band images of the active galaxy M82 taken in 2014 by Aleks
Scholz around the time of the Supernova Event SN2014J that was discovered in that
galaxy. The upper image was taken on 2014 January 23 around 24 hours after the event
was reported, with integration times of 120 seconds for V and R, and 60 seconds for I.
The two images below were taken on February 02 and February 26, showing the
enormous brightness of the supernova compared to the entire host galaxy, and it fading
away over several weeks.
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The Elizabeth Lumsden Control Room for the James Gregory Telescope, newly
established in 2014, to provide a comfortable working environment for the JGT observer
and with control of telescope guiding and the photometer and camera. In the lower
photograph, two screens providing the pointing position of the JGT (right) and the CCD
camera image (left).
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Addendum:
Figures have been included from published research papers by taking “screen shots” of
those figures from papers available from SAO/ADS. The list of those “screen shots” is as
follows: (excepting the 2 figures from Hilditch’s book, for which the originals were used)
p.82: UBV light curves of AS Cam, from
R.W.Hilditch, Memoirs RAS, Vol. 76, p.18 Fig.1, 1972.
p.96: Isophote maps of NGC 157 and a Hubble Atlas image with superposed spiral density
wave, from
C.P.Blackman, MNRAS, Vol.186, p.705 Fig.1, and facing p.175, Plate 1, 1979.
p.100: Occultation observations of Aldebaran, from
A Brown et al., MNRAS, Vol.187, p.754 Fig.1, 1979.
p.116: Light curves of AB And, from
S.A.Bell et al., MNRAS, Vol.208, p.125 Figs 1 and 2, 1984.
p.122: Two LRT Reticon spectra, from
R.P.Edwin, The Observatory, Vol. 109, p.178 Figs 2 and 3, 1989.
p.128: Light curves of SV Cam, from
R.W.Hilditch et al., MNRAS, Vol.187, p.799 Fig 1, 1979.
p.136: Two light curves of BX And, from
S.A.Bell et al., MNRAS, Vol. 244, p.332 Fig 4, 1990.
p.136: Light curve of AG Vir, from
S.A.Bell et al., MNRAS, Vol.247, p.639 Fig 3, 1990.
p.149: Spectra of alpha Tau, from
R.W.Hilditch, An Introduction to Close Binary Stars, Cambridge University Press, p.63 Fig
3.3, 2001.
p.150: Spectra of delta Ori, from
R.W.Hilditch, An Introduction to Close Binary Stars, Cambridge University Press, p.65 Fig
3.4, 2001.
p.153: Montage of spectra of u Her, from
R.W.Hilditch, The Observatory, Vol.125, p.77 Fig.1, 2005.
p.162: R-band light curve of UX UMa, from
R.Baptista et al., Astrophys.J., Vol.448, p.398 Fig 2, 1995.
p.164: Light curve of RX J0558+53, from
A.Allan et al., MNRAS, Vol.279, p.1346 Fig 2, 1996.
p.165: Eclipse curves and eclipse maps of EX Dra, from
R.Baptista et al., MNRAS, Vol.324, p.602 Fig.2, 2001; and MNRAS, Vol. 316, p.532, Fig.3,
2000.
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p.167: Light curves of He699 and He520, from
J.R.Barnes et al., MNRAS, Vol.299, p.907 Fig.2, 1998.
p.168: Light curves of TY UMa and V523 Cas, from
T.A.Lister MNRAS, Vol.317, p.113 Figs 1 and 2, 2000.
p.170-171: Light curves and Surface Maps of XY UMa, from
T.A.Lister et al., MNRAS, Vol.326, p.1491 Fig.1, and p.1493 Fig.3, 2001.
p.172: Transit light curve of HD209458, from
R.A.Street et al., ASP Conf Ser Vol.219, p.624 Fig.2, 2001
p.173: Light curve of He699, from
S.V.Jeffers et al., MNRAS, Vol.331, p.670 Fig.5, 2002.
p.174: Light curve of SV Cam, from
S.V.Jeffers et al., MNRAS, Vol. 366, p.669 Fig.2, 2006.
p.178: Light curve of IZ Per, from
R.W.Hilditch et al., The Observatory, Vol.127, p.41 Fig.3, 2007.
p.183: Transit light curves of WASP-13, from
I.Skillen et al., Astr.Astrophys, Vol.502, p.392 Fig.1, 2009.
p.184: Transit light curve of Qatar-1, from
K.Alsubai et al., MNRAS, Vol.417, p.714 Fig.4, 2011.
p.185: Transit light curves of WASP-65, from
Y.Gomez Maqueo Chew et al., Astr Astrophys, Vol.559, A36, p.5 of 11, Fig 4, 2013.
Most of these Figures are reproduced from papers published in MNRAS, The Observatory,
and Cambridge University Press for which no formal permissions are required provided full
acknowledgment is given to the original sources, including Figure number, page number,
volume number, and authors’ names. These are provided in the above list, and in the full
references presented in the footnotes on the relevant pages of this document.
Permission to reproduce the Figures from the Astrophysical Journal, Astronomy &
Astrophysics, and the ASP Conference Series have been granted by those organisations,
and reported in the Figure captions.
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