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10. RADIO ASTRONOMY AT POTTS HILL

This Section begins with a short history and description of the Potts Hill site. It then introduces the
principal researchers who carried out observations at Potts Hill, and the instruments they used. Finally, the
overall research contributions are examined in detail.
10.1. The Potts Hill Site History

Potts Hill owes its name to Joseph Hyde Potts, who bought the original allotment of land in 1834 from
H.G. Douglas (Perrin, 2006). J.H. Potts was the first employee of the first bank in Australia, the Bank of
NSW, which later became Westpac Banking Corporation. He was reputed to be a keen mathematician and
rose to the position of accountant. He was also an excellent draughtsman and designed the bank‘s first
notes (Macarthur, 1998).
The rapid growth of Sydney and its suburbs in the late 19th century outpaced the ability of the
infrastructure, particularly sanitation and the water supply, to cope. As a result of growing public concern,
in 1867 the NSW Government appointed a Commission of Enquiry to establish a system of supply of fresh
drinking water for the city of Sydney and its suburbs (Lewis, 1979). The Commission heard evidence for
nearly two years before recommending the construction of a scheme known as the Upper Nepean Scheme.
This scheme involved tapping the head waters of the Nepean River and its tributaries, the Cataract,
Cordeaux and Avon Rivers (Beasley, 1988). A series of weirs was to be used to divert water and feed
tunnels, canals and aqueducts into a system known as the Upper Canal. From here the Upper Canal
transported water to the Prospect storage reservoir and then via the Lower Canal to a basin at Guildford
(now called the Pipe Head). It was then to be piped to a service reservoir constructed at Potts Hill and then
on to Crown Street in the city of Sydney.

Much controversy ensued following the selection of this scheme, primarily fuelled by unsuccessful
rivals. At the same time Sydney‘s infrastructure continued to deteriorate. In 1877, the NSW Government
employed the English civil engineer W. Clark to conduct an independent review. This review endorsed the
original selection, but also recommended that a number of additional reservoirs be constructed to cope with
the increasing demand. In 1879 an Appropriation Act was passed authorizing a public works loan for the
Upper Nepean Scheme. Work commenced in 1880 and continued until 1888 when the system was handed
from Public Works to the Board of Water Supply and Sewerage. The Board had been constituted at the
same time as construction was commenced, but was only called into being on completion of works (2006).
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As Sydney continued to grow, the need to again upgrade its water supply became apparent and in 1913
construction of a second reservoir was commenced and included the construction of a railway link from
Lidcombe to Potts Hill. This reservoir was significantly larger than the first and took ten years to complete.
All twenty-two hectares of the reservoir was lined by concrete that was laid by hand (Beasley, 1988).

Since 1923 the layout of the reservoirs has remained the same and they continue to provide an integral
part of Sydney‘s water supply. They have more recently been Heritage listed by the NSW Government in
recognition of their historical importance to the development of Sydney (2006).

For the period 1948 to 1955 Potts Hill also served as a migrant camp for future Water Board employees.
Many of these migrants worked on the City Water Tunnel which was constructed from 1946 to 1957.

In 1948, Radiophysics Division obtained permission from the Board of Water Supply and Sewerage to
operate a field station on vacant land adjacent to the Potts Hill service reservoir. In a letter dated June 1948
reporting on progress during Pawsey‘s absence in the U.S. and U.K., McCready (1948b) noted:
―We are still in the paper stage of negotiations with the Water Board, but all will be quite OK – not the
slightest evidence to suggest that they will offer less than 100% cooperation.‖

This was the Division‘s second major field station after Dover Heights and by 1952 had become the
Division‘s largest field station. The operating arrangement with the Water Board was largely informal in
nature. In March 1952 Pawsey met with the President of the Water Board, Dr. T.H. Upton, to seek
permission to expand the operations at the field station (Pawsey, 1952c). This was readily agreed to and
they also agreed to continue the operation on an informal basis. Dr. Upton requested an article of general
interest that could be included in the Water Board Journal and this was subsequently prepared by F.J. Kerr
(1953b).

In June 1954 the Water Board began construction of a welding workshop at Potts Hill (Kerr, 1954a).
Electrical interference was becoming an increasing problem and the interference from the welding shop
when it became operational exacerbated the problem.

Radiophysics continued operations until 1962 when the field station‘s operations were fully transferred
to other field stations.
10.2. The Potts Hill Site Map

Potts Hill is located 23 km south-west of the city centre of Sydney (Figure 3).
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Figure 3: Potts Hill (circled) is located 23km to the south west of the central business district of Sydney (©2007 MapData
Science Pty. Ltd, PSMA).

Potts Hill is part of the Bankstown local council region and is now totally surrounded by the western
suburbs of Sydney. In 1948 Potts Hill was still on the outskirts of surburban Sydney. Today, the resevoirs
are bordered by Rookwood Road to the east and the Regents Park rail line to the west.

Radiophysics occupied the vacant land to the immediate north of the No.1 reservoir (Figure 4). The
southern and eastern sides of the No.1 reservoir were used for the east-west and north-south arms of the
solar grating arrays.
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Figure 4: The vacant land used by Radiophysics Division is shown marked by a dashed box. In
this diagram North is up. (© 2007 MapData Science Pty. Ltd, PSMA).

Figure 5 shows an aerial view of Potts Hill taken from the north looking south. The main part of the
field station is shown in the foreground of No.1 reservoir.

Figure 5: An aerial view of Potts Hill taken from the north looking south. The main part of the field station
is in the immediate foreground (Courtesy of ATNF Historical Photographic Archive: B3253-1 Image Date:
19 March 1954).

In a letter to Pawsey in 1948 soon after the field station was established, McCready notes:
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―Potts Hill field station [is] a beautiful site, with all the wattle trees in full bloom.‖ (McCready, 1948c).

Figure 6 shows an equivalent view to Figure 5 today. The layout of site remains much the same as the
1950‘s. The trees have grown somewhat and the reservoirs have been covered. Nearly all traces of the
occupation by Radiophysics have gone. Only the remains of some foundations and two small huts remain.

Figure 6: Potts Hill in 2007. The image shows a similar aspect to Figure 4 (©2007 MapData Science Pty. Ltd,
PSMA Image ©2007 DigitalGlobe).

Figure 9 shows a closer view of the field station, again taken from the north looking south. The 36'
Transit Parabola is visible in the foreground and the 16-ft×18-ft Paraboloid is just visible on the left of the
image. The Solar Grating Arrays can be seen in the background on the southern and eastern sides of the
reservoir. Figure 10 shows the position of the Mills Cross prototype near the 16-ft × 18-ft Paraboloid.

Figure 7 shows a sketch of the original plans for Potts Hill field dating from mid 1948. The plan shows
the proposed site at the northern end of the No. 1 reservoir. In this plan south is up.
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Figure 7: A sketch plan for the Potts Hill field station from mid June 1948. At this stage only the Swept-Lobe
Interferometer, the 16-ft x 18-ft and two Yagi arrays appear on the plan (Courtesy of the National Archives of
Australian – 972098 - C3830 - A1/1/1 Part 3 Box 1).

In this sketch plan the positions of the Swept-Lobe Interferometer aerials (Aerials 1 to 3) had not yet
been aligned on an east-west baseline. Aerial 4 was the reference aerial used in conjunction with the
interferometer. The 16-ft × 18-ft Paraboloid is shown on the plan in its correct position. This should be
compared to Figure 8 which shows the full complement of instruments that were eventually installed at
Potts Hill.

Figure 8 shows the locations of the major instruments that were operated at Potts Hill. These are
described in detail in Section 10.4.
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Figure 8: Site Map showing location of major radio telescopes used at Potts Hill.

36

Harry Wendt

Contribution of the Division of Radiophysics Potts Hill & Murraybank Field Stations to International Radio Astronomy

Figure 9: A closer aerial view of the Potts Hill field station looking toward the south. The E-W and N-S Solar Grating Arrays are visible
on the far and left banks of the reservoir respectively. The main field station with instruments marked by circles is visible in the
foreground. From left to right these are the 16-ft×18-ft Paraboloid, the Four Element Yagi, the central Yagi of the Swept-Lobe
Interferometer, the Single Yagi used in conjunction with the Swept-Lobe Interferometer, the 36-ft Transit Parabola and its reference
aerial. The 68-in and 44-in Parabolas are just outside the image located to the left (due east) of the 16-ft×18-ft Paraboloid (Courtesy
of ATNF Historical Photographic Archive: B3475-2 Image Date: 19 March 1954).
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Figure 10: Potts Hill field station looking west with visible instruments marked by circles and the crossed lines. The Mills Cross
prototype is in the foreground. Next to it is the 10-ft Portable Parabola and the 16-ft × 18-ft Paraboloid. In the background are the 36ft Transit Parabola and its reference aerial. The Yagi arrays are just out of the picture to the left, however one of the equipment trailers
is visible. The 68-in and 44-in Parabolas are behind the photographer and to the left (Courtesy of ATNF Historical Photographic
Archive: B3171-4 Image Date: 7 October 1953).
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10.3. The Potts Hill Researchers

This section provides a brief overview of the people who conducted research at Potts Hill. The instruments
they used and their research programs are described in detail in Sections 10.4 and 10.5.

At the outset, three main groups began research at Potts Hill. The first of these groups was headed by
Ruby Payne-Scott who had taken over development of the Swept Lobe Interferometer and was working
with Alec Little. This work continued until Payne-Scott resigned in 1951. Figure 11 shows Payne-Scott and
others at Potts Hill in 1948.

Figure 11: Potts Hill in 1948-9. From left to right are Ruby Payne-Scott, Alec Little, George Fairweather, Alan Carter and Joe
Pawsey (Courtesy of ATNF Historical Photographic Archive: B12759-1).

Christiansen was placed in charge of the main solar instrument at Potts Hill, the 16-ft×18-ft Paraboloid
and initially worked with Yabsley and Mills and later with Warburton on the Solar Grating Array. After a
short stint in solar research followed by some initial discrete source investigations, Mills left the group to
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conduct his own research on discrete cosmic sources and to set up the Badgerys Creek and then Fleurs field
stations. He returned briefly to Potts Hill to work with Alec Little on the construction of the prototype for
the Mills Cross. The third group was lead by Piddington working with Minnett, Labrum and Hindman.
From the outset Piddington was interested in conducting cosmic as well as solar research. His interests
shifted away from observational research to concentrate on theoretical research. He later collaborated with
Wade and Trent, with Hindman taking a lead role in observational research.

The team structures during the life of the field station were not rigid. At different times, different
alliances were formed. For example for the initial H-line confirmation, Hindman joined Christiansen on
the receiver development and initial survey. The H-line work was subsequently taken over by Kerr on his
return from a fellowship at Harvard Observatory in the U.S., and Hindman continued to work with Kerr for
the remainder of the survey.

Several junior researchers began their careers at Potts Hill, notably Davies and Robinson. Davies
worked with Piddington on solar research and Robinson on the H-line survey with Kerr. In addition, two
Indian radio astronomers, Swarup and Parthasarathy, took part in a Colombo Plan programme research
fellowship at Potts Hill.

Unfortunately, Radiophysics had no budget to support research students

undertaking their PhD research. This meant that the up and coming researchers were forced to seek
positions overseas to further their careers. Pawsey had noted this serious limitation on talent development
as early as 1951 (Sullivan, 2005: 28).

Both Christiansen and Mills left Radiophysics near the end of the life of the Potts Hill field station.
They had championed the construction of alternate instruments to that of the Parkes Radio Telescope.
Ultimately the Division‘s budget could not support these alternate instruments and Mills and Christiansen
left the Division to pursue their research at the University of Sydney.

Of the Potts Hill Group, Minnett would go on to become Chief of the Radiophysics Division while
Robinson would become a leader of the Astrophysics Group at Epping in the 1970s. Christensen, Mills,
Minnett, Piddington and Robinson were all elected as Fellows of the Australian Academy of Science.
10.3.1.

Christiansen

Wilbur (Chris) Norman Christiansen (1913-2007: Figure 12) joined Radiophysics in 1948 from Australian
Wireless (Australasia) A.W.A. where he had worked on aerial design. He was unique amongst the early
recruits to Radiophysics in that despite working on radio aerial design, he had harboured a long-term
ambition to work as an astronomer (Sullivan, 2005: 14).
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Christiansen was recruited into a senior role within the Division, filling a vacancy that had been created
by Lehany‘s transfer to the Division of Electro-technology. He was soon established as the lead researcher
of the solar research program at Potts Hills. One of his major achievements while at Potts Hill was the
development of the Solar Grating Arrays.

Christiansen, working with Hindman, was also responsible for the Australian confirmation of the H-line
detection. They went on to conduct a preliminary survey of the Milky Way and obtained the first
indications of a spiral arm structure in our Galaxy based on neutral hydrogen observations.

After

completing the preliminary survey, Christiansen handed the leadership of the H-line research program to
Kerr and returned to his solar research and the construction of the N-S Solar Grating Array.

Figure 12: W.N. Christiansen in 1957 (Courtesy of National Archives of
Australia: Image No. A1200, L23589)

In 1954, Christiansen spent a year as a Visiting Fellow at Meudon Observatory near Paris, France. On
his return, he decided that rather than relying on earth rotational synthesis to produce two-dimensional
scans of the Sun, it would be possible to construct a new type of array based on Mills‘ cross design that
could produce daily two-dimensional images of the Sun. As Potts Hill had insufficient space to construct a
cross array, Christiansen decided to move operations, joining Mills at the new Fleurs field station.
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At Fleurs he built the ‗Chris‘ Cross. This was a highly successful instrument that continued operation
for many of years. Ultimately Christiansen sided with the group within Radiophysics that preferred the
program of continuing with constructing special-purpose instruments rather than investing in the multipurpose, but very expensive, Parkes Radio Telescope. He left Radiophysics in 1960 to join the University
of Sydney where he continued with the development of what would become the Fleurs Synthesis
Telescope.
‗Chris‘ Christiansen died in Canberra on 26 April 2007. For a more detailed biography see Chrompton
(1997).
10.3.2.

Davies

Rod D. Davies (Figure 13) joined Radiophysics in January 1951 as a graduate recruit together with
Warburton after having completed a Physics degree at the University of Adelaide. As part of his induction
to the group he was assigned to work at Potts Hill under the direction of Christiansen. During 1951 he
helped with the construction of the E-W Solar Grating Array as well as spending time at the Radiophysics
Laboratory. His laboratory work led to collaboration with Piddington on an analysis of the long-term solar
records and his first scientific publications.

Figure 13: R.D. Davies in 2001 (Courtesy of the European
Space Agency)

After the announcement of the detection of the H-line in the U.S., Davies was assigned to help
Christiansen and Hindman with the Australian detection attempt and the subsequent survey work.
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In September 1953, Davies left Radiophysics to take up a position as an assistant lecturer in the Physics
Department of Manchester University in the U.K. Here he began research at Jodrell Bank under Lovell
and was involved in the start-up of the H-line group at Jodrell Bank. He went on to have a distinguished
career in radio astronomy including the directorship of Jodrell Bank from 1988 to 1997. In 1992 he was
elected as a Fellow of the Royal Society and is currently Emeritus Professor of Radio Astronomy at the
University of Manchester.
For a more detailed overview of Davies‘ time at Potts Hill see Davies (2005).
10.3.3.

Hindman

James (Jim) V. Hindman (Figure 14) was a long term member of the research team at Potts Hill. He started
at Potts Hill working with Piddington on observations of the partial solar eclipse of 1 November 1948 and
also worked with Christiansen on the multi-frequency solar observations program.

In 1951, he joined forces with Christiansen to work on the confirmation detection of the Hydrogen
emission line and went on to make the first H-line survey of the Galaxy. On Kerr‘s return from the U.S.,
Hindman worked with Kerr on the construction of the 36-ft Parabola and then went on to survey both the
Magellanic Clouds and the Milky Way at 21-cm.

Figure 14: J.V. Hindman in 1952 (Adapted from ATNF Historic
Photographic Archive: B2842 Image Date: 8 August 1952).
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Following completion of the H-line survey in 1959, Hindman worked with Wade on some source
investigations at 1,400 MHz again using the 36-ft Parabola.

This was to be the last program of

observations at Potts Hill, and the last using the 36-ft Parabola.

Hindman continued a long association with Kerr, collaborating with him on H-line research using the
Parkes Radio Telescope and publishing their last joint paper, part five of a series on a survey of the Milky
Way, in 1970.
10.3.4.

Kerr

Frank John Kerr (1918-2000: Figure 15) joined Radiophysics in 1940 having completed a BSc in Physics
and an MSc on the refractive index of gases at radio frequencies with the University of Melbourne. The
onset of WWII had prevented him from undertaking a PhD at Cambridge University; however he was
subsequently awarded a DSc by Melbourne University in 1962. During the war years he worked on
airborne radar and the effect of super-refraction on radar (Kerr, 1948).
Kerr‘s first foray into radio astronomy came in 1948 when he worked on a project to obtain radar echoes
from the Moon (Kerr et al., 1949). He also went on to consider the feasibility of obtaining echoes from the
other planets and the Sun (Kerr, 1952).

In 1951, Kerr was awarded a Fulbright Travel Grant and a research scholarship to Harvard to study
astronomy. He was the first member of Radiophysics to formally undertake studies in astronomy. It was
during his time at Harvard that the 21-cm hydrogen emission line was first detected. A full description of
this discovery and Kerr‘s involvement is discussed in section 10.5.2.2.
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Figure 15: F.J. Kerr in 1952 (Adapted from ATNF Historic
Photographic Archive: B2842 Image Date: 8 August
1952).

Kerr returned to Australia in 1952 to take over leadership of the H-line research program from
Christiansen. A new dedicated 36-ft Transit Parabola was constructed at Potts Hill and working with
Hindman, Robinson and later M.S. Carpenter, Kerr conducted a survey first of the Magellanic Clouds and
then the southern Milky Way. This survey was a major undertaking and would span from 1952 until the
final paper in the series was published in 1959.

During 1952-1953, Kerr collaborated closely with Gerald de Vaucouleurs from Mount Stromlo
Observatory to determine estimates of the rotation rates and hence masses of the Magellanic Clouds. This
was the first time a galaxy‘s mass had been estimated based on radio data, as well as being the first
detection of neutral hydrogen emission from an external galaxy. It was also one of the first examples of a
joint optical and radio research project.

Kerr worked closely with the Leiden group which conducted the northern sky H-line survey from 1954
to 1957. Together, these two groups produced the first maps of the spiral-arm structure of our Galaxy.
One unique discovery in this period was the detection of a ‗warp‘ in the galactic disk, which Kerr
suggested may be the result of a tidal action from the Magellanic Clouds.

Part of this work led to the

redefinition of the coordinates of the Galactic Plane. The I.A.U. adopted these new coordinates in 1958.
By this time Kerr had become one of the leading experts in the field of galactic structure.
With the first H-line survey completed, Kerr‘s involvement at Potts Hill also came to end as did the
useful life of the field station itself. Kerr went on to be heavily involved in the conceptual studies for the
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Parkes Radio Telescope and planning for future H-line surveys. In 1966, he left Radiophysics to take up a
position as a Visiting Professor at the University of Maryland, where he remained until his retirement in
1987.

Besides research publications, Kerr also published popular articles on radio astronomy at Potts Hill (e.g.
see Kerr, 1953c; Kerr, 1958a) including a report specifically for the Sydney Water Board (Kerr, 1953b).

For a more detailed biography see Westerhout (2000).
10.3.5.

Labrum

Norm R. Labrum (Figure 16) had a unique association with Potts Hill, being a member of a team working
with Harry Minnett on observation of the partial solar eclipse of 1 November 1948, which was one of the
first solar observations at Potts Hill. He then had an 11 year break in his involvement before conducting
observation of the 8 April 1959 partial solar eclipse.

Figure 16: N.R. Labrum in 1948 at Potts hill attending to the
68-in Parabola (Adapted from ANTF Historical Photographic
Archive: B1581-3 Image Date: 26 October 1948)

Labrum went on to a long career within the Division, specialising in solar radiophysics and culminating
in the publication of the classic book titled Solar radiophysics: Studies of emission from the Sun at metre
wavelengths (McLean and Labrum, 1985).
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Little

Alec G. Little (1925-1985: Figure 17) had joined Radiophysics in 1940 as a messenger after leaving school
at the age of 15. He soon acquired a position as a junior laboratory assistant and his abilities as a gifted
technician were quickly recognised (Freeman, 1991: 94).

In 1947 Little was assigned to work with Treharne at Bankstown aerodrome on the development of the
Swept-Lobe Interferometer. In 1948 Payne-Scott took over from Treharne and she and Little relocated the
development work to Potts Hill. The Swept-Lobe Interferometer presented many technical challenges.
However, these were overcome and Payne-Scott and Little went on to conduct a highly successful program
of observations.

Figure 17: A.G. Little in about 1948-49 (Adapted from
ANTF Historical Photographic Archive: B12759-1).

In 1951, Payne-Scott resigned from the Division. Little was much in demand as a skilled technician and
in 1952 he joined Mills to work on the design and construction of the Mills Cross Prototype at Potts Hill.
The prototype proved highly successful and led to the construction of the full scale Mills Cross at the
Fleurs field station.

Little went on to work with R.Q. Twiss and then took two years leave as a research associate at Stanford
University that had been organised by Ron Bracewell. During this period Little obtained his MSc with
research on parametric amplifiers. On his return to Sydney he decided to leave Radiophysics and joined
Mills at Sydney University. He went on to a distinguished career including the Directorship of the
Molonglo Radio Observatory, until his untimely death of a sudden heart attack on March 20, 1985.
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For a more detailed biography see Mills (1985).
10.3.7.

Mills

Bernard Y. Mills (Figure 18) had only a brief association with Potts Hill, although he went on to have a
very distinguished career in radio astronomy.
Mills‘ first foray into radio astronomy was as part of a team lead by Christiansen conducting
observations of the partial solar eclipse of 1 November 1948. Prior to this Mills had worked on wartime
research with Radiophysics. Mills was keen to establish an independent research topic and decided to
investigate the discrete radio sources. He used the Swept-Lobe Interferometer in its static lobe mode to
examine Cygnus A. Working with Thomas he established a refined position estimate for the source and
determined that the observed source fluctuations were due to the F-region of the ionosphere. Although he
initially proposed an optical identification of the source with a faint galaxy, he was discouraged by
Minkowski from making the association due to the large positional errors still present in the measurement.
In fact, it would transpire that this galaxy was the source of the radio emission when a later more accurate
position was determined at Cambridge.

Figure 18: B.Y. Mills in the mid 1950s (Adapted from W.T.
Sullivan).
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These initial observations led Mills to further explore the discrete sources using interferometry
techniques. At this point he out-grew Potts Hill and moved his observations to a new field station at
Badgerys Creek.

He returned briefly to Potts Hill in 1952 to construct a prototype of a new cross-type radio telescope
which would become known as the Mills Cross. The prototype was highly successful and made the first
radio-frequency detection of the Magellanic Clouds. The full scale version of this array was later
constructed at the Fleurs field station and was the main instrument used for survey and discrete source
investigations. The subsequent history of observations and the discrete source survey controversy with
Cambridge has been described in detail by Mills (1984) (also see Sullivan, 1990).
10.3.8.

Minnett

Harry Clive Minnett (1917-2003: Figure 19) joined Radiophysics in April 1940 soon after graduating from
Sydney University. He was attached to Pawsey‘s radar research group and involved in the wartime radar
development work.

In 1947 Minnett teamed up with Piddington to conduct observations at microwave frequencies on the Sun
and Moon, initially from the roof top at Radiophysics headquarters. Later, Minnett, working with Labrum,
was one of the first to conduct observations at the Potts Hill field station. They observed the partial solar
eclipse of 1 November 1948 from Potts Hill.

Following the eclipse observations, Minnett worked with Piddington on a galactic source survey that
resulting in the discovery of the discrete source Sagittarius-A at the centre of our Galaxy (Piddington and
Minnett, 1951a). Piddington and Minnett were keen to continue their galactic survey work and proposed
the construction of a larger 20-m Parabola. However, their proposal was not supported due to the increasing
funding competition for building instruments such as the Mills Cross.
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Figure 19: H.C. Minnett (after Thomas and
Robinson, 2005).

In 1952 Minnett left radio astronomy with his appointment as leader of the Radiophysics Microwave
Navigation Group where he worked with Yabsley. In 1955 he returned to radio astronomy when he was
appointed by Bowen as the liaison officer to the design company Freeman Fox and Partners in the U.K.
who had been awarded the contract for the design study of the 64-m Parkes Radio Telescope.

Minnett continued a career in both radio astronomy and navigation aids. In September 1978 he was
appointed as Chief of the Division of Radiophysics and retired in 1981.

For a more detailed biography see Thomas and Robinson (2005).
10.3.9.

Parthasarathy

R. Parthasarathy joined Radiophysics in March 1953 together with Govind Swarup (see section 10.5.1.3) as
part of a two-year Colombo Plan Fellowship. Together they conducted research at Potts Hill in the second
year of their Fellowship. They used the E-W Solar Grating Array, modified to operate at 500 MHz, to
investigate limb brightening of the Sun. Their findings of the evidence supporting limb brightening at 500
MHz was published in a summary paper in The Observatory and two detailed papers in the Australian
Journal of Physics.

Parthasarathy had the misfortune to fall into the Potts Hill reservoir, but was rescued by his friend
Swarup (2006).
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On completion of the Fellowship, Parthasarathy returned briefly to India before accepting an
appointment at the Geophysical Institute, University of Alaska. He remained with the University of Alaska
until his retirement as Emeritus Professor of Physics.
10.3.10. Payne-Scott

Ruby Violet Payne-Scott (1912-1981: Figure 20) was one of the founding members of Radiophysics‘ radio
astronomy group. She had graduated with first class honours in mathematics and physics from Sydney
University in 1933 and in 1936 obtained her Masters in Physics becoming only the fifth woman in
Australia to obtain an advanced degree in physics.

Figure 20: R.V. Payne-Scott (Courtesy of Miller
Goss).

After completing her Masters, she worked in medical research in cancer radiology before joining
Amalgamated Wireless Australia (AWA) as a librarian. In 1941 she joined Radiophysics as an Assistant
Research Officer.

Here she quickly gained a reputation for her forthright personality, intellect and

technical skill. She worked with Pawsey in the first unsuccessful attempt to detect cosmic radio emission
in March 1944, and their subsequent classic solar investigation that introduced Fourier analysis to radio
astronomy (McCready et al., 1947).

Payne-Scott continued her solar investigations, but soon came into conflict with Bolton at the Dover
Heights field station over overlapping research interests. In a move to restore the peace, McCready
relocated Payne-Scott to Hornsby field station (Pawsey, 1947e).
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In 1948, she took over leadership of development of the Swept-Lobe Interferometer and its subsequent
installation at the new field station at Potts Hill. Little and Payne-Scott used to Swept-Lobe Interferometer
to conduct a highly successful series of observations, locating the source of radio outbursts on the solar
disk.

Even in the post-war period, the policy of the Commonwealth Civil Service remained that a married
woman could not hold a permanent appointment in any Commonwealth organisation.

Payne-Scott held

the strong view that the marital status of an employee should not be the business of the Government. In
1944, she had married William H. Hall, but chose not to officially declare her marital status. Such a
declaration would have meant that she could not be employed by Radiophysics in a permanent position,
placing her at a significant seniority and financial disadvantage.

In 1951, with the pending approach of her first child, Payne-Scott made the decision to resign from
Radiophysics. Her resignation was a major loss not only to Radiophysics, but radio astronomy as a whole.
Pawsey highly valued Payne-Scott as a researcher. In 1952 he invited her to submit a paper to the URSI
meeting that was being held in Sydney that year (Pawsey, 1952a). This meeting was one of the most
important events in the history of Australian science and recognition of the achievements of the
Radiophysics group. Although Payne-Scott did not submit a paper, she did attend the conference.

Payne-Scott never again returned to scientific research. Instead she concentrated on raising her two
children and worked for many years as a high school teacher. She died of Alzheimer‘s disease on 25th May
1981.

For a more detailed biography see Williams (2004). Also, a book on the life of Payne-Scott is currently
in preparation by Goss and McGee.
10.3.11. Piddington

Jack Hobart Piddington (1910-1997: Figure 21) was a long term member of Radiophysics having joined the
group during the wartime development work on radar. In 1947, Piddington began research on solar and
cosmic radio noise, shifting his focus away from the application of radar for peace-time purposes.

Piddington was one of the first to conduct observations at Potts Hill and together with Hindman
observed the partial solar eclipse of 1 November 1948 at Potts Hill. Earlier in 1948, he began collaboration
with Minnett to investigate both solar and cosmic sources focusing on a switched-radiometer technique.
These investigations included the detection of microwave radiation from the Moon based on observations
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from the Radiophysics headquarters at Sydney University.

One of their surveys at Potts Hill led to the

discovery of a new discrete source at the Galactic Centre that would later become known as Sagittarius A.
Over time, Piddington‘s interests shifted progressively away from observational work and by late 1951
he had decided to focus solely on theoretical research. In this role Pawsey made Piddington the senior
leader in theoretical work, although he had little interaction with the other members of this group, Smerd
and Westfold.

Figure

21:

J.H.

Piddington

(Courtesy

of

ATNF

Photographic Archive: SP014).

Piddington had maintained a strong relationship with Martyn following their wartime collaboration, and
often consulted him on his theoretical work. This may have been a factor in the strained relationship he
had with Bowen who did not value Piddington‘s theoretical contribution and made no secret of his desire
for Piddington to leave the group. An example of Bowen‘s attitude toward Piddington can be seen in a
letter he wrote Pawsey in 1948 on progress in the group:
―The microwave work is still in the doldrums due to Piddington‘s failure to provide any inspiration. Most of
the work and ideas come from Harry Minnett and, while there is nothing exciting to report about the Sun, he
is getting quite interesting results on the Moon‖ (Bowen, 1948b).

While he focused on theoretical work, he was still able to collaborate with some of the newer members
of the Radiophysics team who conducted research at Potts Hill. He worked with Davies, drawing on the
long-term solar records and with Trent and Wade on later cosmic source investigations.
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Figure 22: A drawing of Piddington in 1952 (Courtesy of
the Daily Telegraph Newspaper).

From the late 1950‘s Piddington became increasing isolated from the rest of the Radiophysics group as
he pursued his theoretical interest on a solo basis. When Radiophysics moved its headquarters to Epping,
Piddington transferred to the Division of Physics and remained at the University site. He retired from the
C.S.I.R.O. in 1975.

Figure 22 shows a drawing of Piddington in 1952. For a more detailed biography see Melrose and
Minnett (1998).
10.3.12. Robinson

Brian John Robinson (1930-2004: Figure 23) joined Radiophysics in May 1952 as a fixed term research
officer after completing an MSc at the University of Sydney. He was initially assigned to work with Kerr
and Hindman at Potts Hill on the construction of the 36-ft Parabola for use in a H-line survey of the
southern sky. Working with Kerr and Hindman he was involved in the first detection of neutral hydrogen
from an external galaxy, the Magellanic Clouds.
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Figure 23: B.J. Robinson (Courtesy of ATNF
Historical Photographic Archive: SR017-2).
.

During his short time at Potts Hill Robinson also worked on the construction of the N-S Solar Grating
Array, along with other more junior members of staff.

In 1953, Robinson was awarded a Rutherford Memorial Scholarship at Cambridge University that
allowed him to begin a PhD at Trinity College in 1954 under the supervision of J.A. Ratcliffe and K.
Weekes. After completing his PhD, Robinson was reappointed to Radiophysics, but was immediately
seconded to the Netherlands Foundation for Radio Astronomy (N.F.R.A.) as a Visiting Fellow. During his
time at N.F.R.A., Robinson completed important work on developing receiver equipment that would later
be used in the Parkes Radio Telescope.

Robinson went on to a distinguished career in radio astronomy at the C.S.I.R.O. He retired in 1992, but
continued his involvement in radio astronomy as an Honorary Fellow with the Australia Telescope
National Facility.

For a more detailed biography see Whiteoak and Sim (2006).
10.3.13. Smerd

Stefan (Steve) Friedrich Smerd (1916-1978: Figure 24) joined Radiophysics in 1946. During the war he
had worked on radar development in the U.K and immigrated to Australia on 29 May 1946.
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Figure 24: S.F. Smerd in 1952 (Adapted from
the ATNF Historical Photographic Archive:
2842-43 Image Date: 8 August 1952).

Smerd was principally employed as a theoretician and together with Kevin Westfold, made up the
original theoretical section of the solar noise group. His main research interest was radio emission from the
Sun. Although working mainly in theory, he was also placed in charge of the long term multi-frequency
solar observation program at Potts Hill. One of Smerd‘s major contributions was the application of the
theory of free-free transitions in an ionised gas to the quiet Sun (Smerd, 1950b). His paper on the radio
frequency representation of the solar atmosphere (Smerd, 1950c) and a chapter (Pawsey and Smerd, 1953)
in the book by Kuiper titled, The Sun, that he co-authored with Pawsey, became standard references in solar
radio astronomy.

Smerd did not publish any research explicitly based on the Potts Hill long-term solar observations other
than contributions to the Quarterly Bulletin on Solar Activity. As Wild (1980:5) has noted he was most
famous for his ―unpublished‖ works. During the International Geophysical Year 1957-58 Smerd
established a World Data Centre for solar radio emission.
Smerd became one of the world‘s leading solar physicists and in 1971 succeeded J.P. Wild as the Head
the solar radio astronomy group and the Director of the Division‘s Solar Observatory at Culgoora. He died
in 1978 while undergoing heart surgery.

For a more detailed biography see Robertson (2002) or Wild (1980).
10.3.14. Stahr-Carpenter
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Martha Stahr-Carpenter (Figure 25) spent a year during 1954-55 working at Radiophysics on a research
fellowship from Cornell University‘s Centre for Radiophysics and Space Research. During this time she
worked with Kerr and Hindman at Potts Hill on the H-line survey of the southern Milky Way, co-authoring
the paper that would appear in 1957 in Nature on the large scale structure of the Galaxy. She also
presented the preliminary findings of the survey at the I.A.U. Symposium No.4 on Radio Astronomy held
at Jodrell Bank in August 1955.

Figure 25: Martha Stahr-Carpenter in 1954 (Courtesy of
Sydney Morning Herald Newspaper).

10.3.15. Swarup

Govind Swarup (Figure 26) joined Radiophysics in March 1953 together with R. Parthasarathy on a two
year Colombo Plan Fellowship. Prior to this Swarup had been working in the National Physical Laboratory
in New Delhi, India under K.S. Krishnan. Krishnan had attended the 1952 URSI General Assembly in
Sydney and had returned to India where he described the developments in radio astronomy and inspired
Swarup to apply for the Fellowship.
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Figure 26: G. Swarup in 2007 (Courtesy of Queen
Victoria

Museum

and

Art

Gallery,

Launceston

Australia)

Under Pawsey‘s direction, Swarup spent his first twelve months on a rotation with each of the major
research groups in Radiophysics in 1953. These were led by Christiansen (Potts Hill), Wild (Dapto), Mills
(Badgerys Creek and Potts Hill) and Bolton (Dover Heights) (Swarup, 2006). During his assignment at
Potts Hill, Swarup first worked with Christiansen and Warburton on the production of the two-dimensional
map of the Sun using strip scans taken with both the E-W and N-S Solar Grating Arrays. He then worked
with Mills and Little on the Mills Cross Prototype that was under construction at Potts Hill.

In their final year of the fellowship, Swarup and Parthasarathy were able to work on a project of their
own choice.

They chose to investigate limb-brightening of the Sun at 500 MHz. With Christiansen

overseas during 1954, they modified the E-W Solar Grating Array to operate at 500 MHz and were able to
confirm limb-brightening. They published their findings in a summary paper in The Observatory and two
detailed papers in the Australian Journal of Physics.

Upon returning to Australia in early 1955, Christiansen decided to construct a new cross array at the
Fleurs field station rather than continuing research with the Solar Grating Arrays. Swarup suggested to
Pawsey that the E-W Grating Array could be donated to India and this was supported by both Pawsey and
Bowen. Swarup returned to India in August 1956 to set up a radio astronomy program at the National
Physical Laboratory. However, after it became clear there would be delays in shipping of the E-W Solar
Grating Array antennas to India, Swarup elected to travel to the U.S. where he completed his PhD at
Stanford University under R.N. Bracewell. He returned to India in 1963 and went on to use the antennas of
the old Potts Hill Solar Grating Array in a new configuration for research.
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Figure 27: Swarup working in the Radiophysics Division
Laboratory in 1954 (Courtesy of People Magazine).

Swarup went on to have a distinguished career in radio astronomy, becoming the Centre Director of the
National Centre for Radio Astrophysics (Pune) and Professor of Eminence at the Tata Institute of
Fundamental Research (Mumbai, India). He also has the distinction of being one of the two Potts Hill
researchers to be elected as a Fellow of the Royal Society.
For a more detailed review of Swarup‘s time at Potts Hill see Swarup (2006).
10.3.16. Thomas

A.B. (Bruce) Thomas had a very brief career working at Potts Hill. Between May and December 1949,
working as a research officer, he collaborated with Mills on observations of Cygnus A using the SweptLobe Interferometer. From their observations they obtained a more accurate position estimate for CygnusA, and determined that the fluctuations observed in the source were due to the F-region of the ionosphere.
Prior to this he had been part of the group examining extra-terrestrial radar echoes. Thomas left the radio
astronomy group in 1950.
10.3.17. Trent

During 1956 G.H. (Gil) Trent collaborated with Piddington on a 600 MHz survey of the southern sky using
the 36-ft Parabola at Potts Hill. They published the results of the survey and a catalogue of 49 discrete
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sources in the Australian Journal of Physics. Following this research, Trent went on to work with Wild
and K. Sheridan on solar spectroscopy.
10.3.18. Wade

Campbell M. Wade joined Radiophysics on a Junior Research Fellowship in December 1957, having
completed his PhD at Harvard. Pawsey and Bart Bok were instrumental in securing Wade‘s appointment
to Radiophysics (Goss, 2007). During his Fellowship, he conducted observations at Potts Hill with
Hindman using the 36-ft Parabola and a 1,400 MHz receiver. They examined a number sources and later
published the results of the observations of the Eta Carinae Nebula and Centaurus-A in the Australian
Journal of Physics.

Following the completion of his fellowship, Wade returned to the U.S. and took up a position with the
National Radio Astronomy Observatory.
10.3.19. Warburton

J.A. (Joe) Warburton joined Radiophysics in January 1951 as a graduate recruit together with R.D. Davies.
He was the main collaborator with Christiansen on construction of the first Solar Grating Array and the
subsequent solar research program at Potts Hill.

Warburton worked briefly on the Murraybank

multichannel H-line receiver project, before leaving the radio astronomy group in 1957.
10.3.20. Yabsley

Don E. Yabsley (Figure 28) was one of the pioneers of solar radio astronomy in Radiophysics. Working
with F.J. Lehany, in 1947 they conducted some of the first multi-frequency solar observations at the
Georges Heights field station. Yabsley had also collaborated with Pawsey on a paper about the thermal
origin of the radio-frequency radiation from the Sun (Pawsey and Yabsley, 1949).
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Figure 28: Don E. Yabsley in 1948 (Adapted from
ATNF Historical Photographic Archive: B1031-9
Image Date: 1 May 1947)

In 1948 he joined Christiansen and Mills in a team to observe the partial solar eclipse of 1 November 1948.
Yabsley conducted the observations at Potts Hill using the 16-ft × 18-ft Paraboloid.

In 1950 he left the radio astronomy group to work on the design of distance measuring equipment for
use in civil aviation. In later years he returned to radio astronomy, working with the Parkes Radio
Telescope and later on the design of the Australia Telescope.
10.4.

The Instruments

A wide variety of instruments was operated at the Potts Hill field station, spanning both solar and cosmic
research programs. This section gives a description of each of the principle instruments, their receiving
equipment and some explanation of the observing techniques used. A site map showing locations of the
various instruments at the field station is given in Section 10.2.

Ten different types of radio telescope were operated at Potts Hill. A summary description is given in
Table 2. Each instrument is referred to by a label (A-J) which is used as a cross reference in later sections.

Before describing each instrument in detail it is useful to provide an overview of the issues facing both
antenna and receiver design during this period. Two principle issues faced the designer of a radio
telescope: sensitivity and resolution. Consideration also needed to be given to polarisation measurements
which were of interest for solar and galactic observations.
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For simplicity, the approximate beamwidth (θ) of a simple circular parabolic aerial is given by:

  1.2 / D

(1)

where
λ

is the wavelength in metres and

D

is the diameter of the aerial in metres.

Table 2: Summary of Potts Hill Instruments
Ref

Instrument

A

16-ft x 18-ft
Paraboloid

10-ft Parabola

B

44-in Ex-Search
Light Parabola
68-in Parabola
Swept Lobe
Interferomter

C
D
E

Solar Grating
Arrays

F

36-ft Transit
Parabola

G

H

Mills Cross
Prototype

I

Yagi Arrays

J

Suspended Dipole

Freq
(MHz)
200

21

Source
Investigations
Solar

600

0.50

7

Solar, Cosmic

1,200

0.25

3.5

Solar, Cosmic

1,420

0.21

2.3

H-Line

600

0.50

12

Solar

1,200

0.25

6

Cosmic

9,428

0.03

2

Solar

3,000

0.10

3.4

Solar, Cosmic

97

3.09

0.03

Solar, Cosmic

1,400

0.21

0.05

Solar

500

0.60

0.14

Solar

1,420

0.21

1.4

H-Line

λ (m)

θ⁰

1.50

600

0.50

3

Cosmic

1,400

0.21

1.4

Cosmic

97

3.09

8

Cosmic

62

4.84

--

Solar

98

3.06

--

Solar

20

15.31

--

Jupiter

Beamwidth (θ⁰) is as stated in the published material, or where resolution was not explicitly stated,
beamwidth has been calculated using the formula given below and assuming D = aerial diameter. Note that
Appendix A – Publications from Potts Hill
contains a cross reference to the published research from each instrument.

Therefore, the smaller the aerial or the longer the wavelength (the lower the frequency), the lower the
resolution of the aerial. For wavelengths over tens of centimetres, the size of the aerial grows prohibitively
large in terms of both cost and engineering difficulty where a resolution > 1° is desired.

The gain (g) of the aerial is given by:

g  4 A / 

2

(2)

where A is the effective aperture collecting area.
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Essentially this shows that the collecting area of the aerial for a given wavelength will determine its
gain. However, the aerial is only one component of the radio telescope. The other essential component is
the receiver.
The receiver‘s purpose is to convert the signal received at the aerial into a form that can be displayed or
recorded on the detecting equipment. The actual signal received from solar and particularly cosmic sources
is extremely weak. The receiver noise temperatures were of the order of hundreds to thousands of degrees
Kelvin. The input stages of the receiver were most vulnerable to noise. During the period Potts Hill was
operating, receiver design fell into two broad groups. For frequencies above ~500 MHz, superheterodyne
receivers that used crystal mixers and no signal frequency amplification were generally used, although
superheterodyne receivers were also used at lower frequencies. For frequencies below 500 MHz, the signal
amplification could prove impractical with the available equipment and therefore intermediate frequency
conversion was generally used to convert the signal to the intermediate frequency of a crystal mixer before
further amplification. The intermediate frequency amplifier generally operated at 30 MHz. Alternatively,
valves with low noise output were used as first stage amplifiers followed by a mixer tube.

The sensitivity of the receivers was not only limited by internal thermal noise, but was also subject to
gain variations over time.

Where mains-supplied power was used, the receiver was subject to gain

variations caused by fluctuations in the supplied voltage. Where battery power was used the receiver was
subject to longer-term gain drift as the power of the battery supply decreased with time. This variation in
gain created difficulty in calibrating the receiver to determine the absolute temperature of the received
signal. This led to a variety of techniques being employed for calibration and to check the receiver gain
during observations. Alternatively the need for this was negated by using highly stabilised D.C. power
supplies.

The receiver gain drift could also be overcome by using a differential method developed by Dicke
(1946a). This involved the rapid switching between the aerial signal and a reference signal to produce a
difference signal. While this produced an inherent reduction in sensitivity as the receiver spent only 50%
of the time connected to the aerial signal, it did have the advantage of receiver gain stability in detecting
weak signals and was essential in the later Hydrogen Line studies. It is interesting to note that one
weakness quoted in a summary of receiver technology at this time (Pawsey and Bracewell, 1955: 44) was
that the Dicke method did not allow aural monitoring of the signal. In the early radio work, aural
monitoring was considered important in the detection of interference from terrestrial sources:
―All known extraterrestrial sources give the well-known swishing sound characteristic of receiver noise;
crackles, crashes, clicks etc, appear to be solely of terrestrial origin.‖ (Pawsey and Bracewell, 1955: 51).
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Terrestrial interference would become an increasing problem at Potts Hill, particularly as the suburbs of
Sydney were expanding rapidly in the 1950s.

10.4.1.

16-ft×18-ft Paraboloid (A)

The 16-ft × 18-ft Paraboloid was originally constructed at the Georges Heights field station as an
experimental research radar as part of Radiophysics‘ wartime research efforts. In 1946 the aerial was
converted for solar research work by Lehany and Yabsley (1949). The aerial was a section of a paraboloid
measuring 16-ft × 18-ft. Figure 29 shows the aerial and receiving equipment at the Georges Heights field
station.

Figure 29: 16-ft×18-ft Paraboloid at George's Heights Field Station (Courtesy of ATNF Historic
Photographic Archive: B1164 Image Date: 13 Sep 1947).
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In its original configuration it was fitted to an alt-azimuth mounting which made tracking of celestial
objects difficult. Because of this Lehany and Yabsley used a drift/scan technique for their original solar
observations. This involved positioning the aerial ahead of the Sun via a hand-crank mechanism and then
allowing the Earth‘s rotation to sweep the aerial beam over the Sun. Once the Sun had moved through the
aerial beam the aerial was repositioned and the procedure repeated. This resulted in a ‗picket fence‘
response that is apparent in their recorded observations. An example is shown in Figure 30.

Figure 30: Example of ‘picket fence’ recording as a result of the drift/scan observation technique (after
Lehany and Yabsley, 1949: 50).

The aerial was relocated to Potts Hill in the latter half of 1948 in preparation for observations of the
partial solar eclipse of 1 November 1948. A new polar mount was constructed together with a motor drive
for right ascension to improve its tracking capabilities. This mount, shown in Figure 31, allowed tracking in
declination from +40o to -40o. The right ascension and declination position of the aerial were indicated by
scales on the mount.
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Figure 31:16-ft×18-ft Paraboloid on the new polar mount at Potts Hill field station (Courtesy of ATNF Historic
Photographic Archive: B2649-3 Image Date: 2 January 1952).

For the original solar research the aerial was fitted for simultaneous reception in three frequency bands
(1,200 MHz, 600 MHz and 200 MHz) using three separate dipoles located at the primary focus of the
aerial. In this configuration the aerial was linearly polarised. Figure 32 shows a close-up of the prime focus
plate.
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Figure 32: Close-up of the prime focus plate showing the three different feed dipoles. Note that a pair of
dipoles was used at the two higher frequencies (after Lehany and Yabsley, 1949: Plate 2).

Unusually, the theoretical beamwidth of the aerial, based on the 18-ft dimension was quoted at the one
quarter power points rather than the standard half-power point, being 21º at 200 MHz, 7º at 600 MHz and
3.5º at 1,200 MHz. The receivers used in this work were primarily designed for radar reception; however
components were specifically selected with the aim of reducing instrument noise. To reduce signal loss at
the highest of the three frequencies, the first stages of the receivers were mounted directly on the aerial
frame. The 200 MHz receiver was located separately from the aerial as the feeder losses at this frequency
were much less. This same configuration was used by Christiansen for observation of the 1 November
1948 solar eclipse at 600 MHz (Christiansen et al., 1949b).

The 16-ft×18-ft Paraboloid was used for solar research between 1949 to 1953 as part of a multifrequency observing program. On 17, 21 and 22 of February 1950 a series of major solar outbursts was
observed at a range of different frequencies with the 16-ft×18-ft Paraboloid contributing observations at
1,200 MHz and 600 MHz (Christiansen et al., 1951).

While solar research continued to be the primary use for this aerial, growing interest in the investigation
of discrete sources meant that time was also assigned for cosmic source investigations. Thus, Piddington
and Minnett were allocated some restricted periods for observations during 1950. They used the 16-ft × 18ft as the main aerial in a Dicke radiometer configuration (1946a). When it was not available they reverted
to the use of a 10-ft Parabola as the main aerial. However, this had a much lower sensitivity and resolution
than the 16-ft × 18-ft antenna. The receiver noise at the observing frequency of 1,210 MHz was much
higher than the noise power of the cosmic sources that were being observed. While this was not an issue
for the strong solar sources, clearly a different receiver configuration was necessary for detection of the
weaker sources and hence the use of the technique developed by Dicke. The Dicke method involved
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continuous switching between the observed signal and a dummy load to produce a modulation of the
signal. The observed signal was then subtracted from the dummy load signal. This produced a more
sensitive signal that was not as susceptible to receiver gain drift. In this instance instead of a dummy load a
second reference aerial was used. This was a 5.5-ft parabolic reflector with a simple dipole feed at the
prime focus.
The reference aerial was pointed at a ‗cold‘ area of the sky so that the main aerial could be subtracted
from this signal. A rotating-disk wave guide switch, driven by a 1,500 rpm synchronous motor, was used
to achieve the signal modulation. A block diagram of the receiving system is shown in Figure 33.

Figure 33: Block diagram of the 1,210 MHz receiver system (after Piddington and Minnett, 1951a: 460).

Rather than tracking the source as had been done for solar observations, a drift scan technique was
employed. The aerial was pointed ahead of the source and the source was allowed to drift through the
aerial beam courtesy of the Earth‘s rotation. The aerial temperature difference for an observed source was
generally only in the order of a few Kelvin and hence the longest possible time constant was used in the
observations. By way of example, the ratio of source power to receiver noise can be compared as follows:
power  kT v

(3)

where k = 1.38 × 10-23 JK-1

Receiver Noise:
assuming T = 1,000 K will result in a thermal noise power = 1.38 × 10-20 WHz-1

Source Power:
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a typical strong radio source, say Cygnus A, is 1,000 Jy = 1 × 10-23 Wm-2Hz-1

Power delivered to Receiver:
the effective area of 16-ft ×18-ft antenna = 4.9 m × 5.5 m = 14.8 m2
allowing for an efficiency of 70%, the power delivered = 1.48 × 10-22 Wm-2Hz-1

thus,
source power
receiver noise

~

1.48  10

22

1.38  10

20

~ 0.01

These observations using the 16-ft × 18-ft Paraboloid produced the first recorded detection of the
discrete source at the Galactic Centre (Piddington and Minnett, 1951a).

Arguably the most notable contribution of the 16-ft×18-ft Paraboloid was its role in the confirmation of
detection of the Hydrogen-line emission at 1,420 MHz in 1951 by Christiansen and Hindman (Pawsey,
1951b). For this work, and the subsequent Hydrogen-line survey, the declination range of the polar mount
was increased to +50º to -50º by displacing the receiver feeds in the focal plane of the Paraboloid. This
was achieved by changing the length of the guide wires that braced the receiver plate at the prime focus as
shown in Figure 34.

Figure 34: 16-ft×18-ft Paraboloid showing guide wires supporting the prime focus receiver plate (Adapted from
ATNF Historic Photographic Archive: B2649-3 Image Date: 2 January 1952).
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While minor displacement of the feed had little impact on the directivity of the aerial, displacement
beyond ±10º led to degradation of directivity. A maximum displacement of -66º was used during the
survey work.

It is interesting to note that with the publication of the preliminary survey in 1952 (Christiansen and
Hindman, 1952b) the aerial was hence referred to in metric terms as a ―...25 square metre section of a
paraboloid on an equatorial mount‖. Gone are the references to feet and inches and the mount is no longer
referred to as a polar mount in the published research.

The most important component for detection of the Hydrogen-line emission was the receiver. This was
constructed by Christiansen and Hindman who had initially been working independently, but later
collaborated to produce the final working version (Orchiston and Slee, 2005a: 139). It was principally
similar to that used by Ewen and Purcell in the U.S. and by the Leiden group led by Muller and Oort.

Figure 35 shows a block diagram of the major components of the receiver.

Figure 35: Block diagram of the H-line Receiver (after Christiansen and Hindman, 1952b: 439).

The receiver consisted of a superheterodyne receiver with double-frequency change.

It had two

intermediate-frequency channels. The first operated at 30 MHz with a bandwidth of 2 MHz and the second
at 5 MHz with a bandwidth of 0.05 MHz. A second heterodyne oscillator was used to continuously sweep
the tuning of the receiver back and forth over a 1 MHz range. The signal from the hydrogen-line emission
was detected as a small increase in signal when the pass-band of the receiver swept over the H-line
frequency. As the signal increase was very small an additional balancing method was used to improve
sensitivity. This was done by switching the first heterodyne oscillator at 25 Hz between two frequencies
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0.16 MHz apart at around 1,390 MHz. This caused the centre frequency of the band-pass to alternate
between the two frequencies and therefore allowed comparison between the signals. Any difference
between the signals appeared as a 25 Hz component of the rectified receiver output. This component could
then be recognised by using a selective amplifier and a phase-sensitive detector which was synchronised
with the 25 Hz generator. As the receiver was tuned over the 1 MHz frequency band where detection of the
Hydrogen emission line was predicted to appear, the energy produced by the H-line was first detected in
one band-pass of the two switch components 0.16 MHz apart. This caused an in-phase 25 Hz signal. It was
then detected in the other component as an out of phase signal. This caused a characteristic sine-wave
signal on the recorder output as illustrated in Figure 36.

Figure 36: Illustration of H-line receiver operation and theoretical output signal - R =
receiver pass-bands, H = H-line signal, D = Recorder signal output (after Christiansen
and Hindman, 1952b: 440).

The 50 KHz bandwidth gave a relative velocity resolution of 10.5 kms-1 and with a total bandwidth of 1
MHz, the system had a relative velocity resolution of 210 kms-1, which was just sufficient to provide
coverage for the Galactic H-line profiles which typically have half-widths of 4-10 kms-1 and cover a range
of 150 kms-1.

The receiver for the H-line detection was assembled in approximately six weeks. As Christiansen has
commented:
―Our research was done crudely but it was good fun and the results were exciting. When Purcell‘s research
student Ewen came over and saw the gear I had, with cables lying all over the floor and ancient oscillators, he
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said, ‗My God. I can understand why you could do it in six weeks and it took me two years.‖ (Chrompton,
1997).

And,
―The fellow [Ewen] who discovered it [the H-line] in the USA came out and when he saw the equipment that
Hindman and I had used for it he said, ‗I can‘t believe it.‘ It looks like old rubbish lying on the floor - absolute
‗string and sealing wax‘.‖ (Bhathal, 1996b: 37).

During 1951 the aerial continued to be used for source work as well the regular solar monitoring.
Piddington and Minnett used the aerial for observations of Cygnus A at 1,210 MHz (1952). From the
acknowledgements in this paper it is clear that the aerial was still well and truly considered the property of
Christiansen,
―The authors are grateful to …Mr. W.N. Christiansen for the loan of his 16 by 18 foot aerial‖
(Piddington and Minnett, 1952: my italics).
Christiansen maintained a program of daily solar observations at 600 MHz and 1,200 MHz. Although
overall few papers were published based on these ongoing long-term observations, two papers did appear
in Nature in 1951 (Christiansen and Hindman, 1951) and 1953 (Piddington and Davies, 1953a). These
sought to draw some conclusions based on the long-term observations. A further paper appeared in the
Monthly Notices to the Royal Astronomical Society (Davies, 1954).

In 1954 the need for a large aerial that could track objects for fine H-line structure was identified (Kerr,
1954a). Consideration was given to installing a 25-ft diameter parabola on the mounting used for the 16ft×18-ft Paraboloid. However, by this time interference was becoming an increasing problem at Potts Hill
and it was decided to set up new field station at Murraybank for this purpose. Ultimately the 16-ft×18-ft
aerial was superseded by the new instruments.
10.4.2.

Portable 10-ft Parabola (B)

The 10-ft Parabolas were recycled ex-U.S. Army surplus TPS-3 radar aerials (Figure 37) that had been
developed during the war by the U.S. Army Signal Corps as a light-weight portable 600 MHz early
warning radar (Orr, 1964). These aerials were also known as the ‗British Type 63 Radar‘. The aerial was
made up of 8 × 45º aluminium frame sections covered by wire mesh that could be packed in a very
compact bundle and quickly reassembled through a series of speed-clips, so that two men could assemble
the aerial in about 5 minutes (Murray, 2007).
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Figure 37: AN/TPS-3 Radar Set in operation on 16 June 1944 at the Camp Evans Signal Laboratory,
U.S. Army Signal Corps. (Courtesy of CE LCMS Historical Office Department of the Army, USA.)

At least three aerials were modified specifically in preparation for the eclipse observations on 1
November 1948. They were originally tested in their role as radio telescopes at the Georges Heights field
station (Orchiston, 2004b). Figure 38 shows one of the parabolas undergoing trials at the Georges Heights
field station in August 1948.
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Figure 38: A 10-ft Parabola undergoing trials at the Georges Heights field station in August 1948 (Courtesy of
ATNF Historical Photographic Archive: B1511 Image Date: 13 August 1948)

The 10-ft Parabola was one of the first instruments at Potts Hill and during 1948 it was used for some
preliminary observations of radiation from near the Galactic Centre (Piddington and Minnett, 1951a: 465).
These light weight portable aerials were used in a variety of other applications.

They provided

observations at the remote sites of Rockbank in Tasmania and Strahan in Victoria during the partial eclipse
of 1948 (Christiansen et al., 1949b). The aerials were originally mounted on alt-azimuth mounts that were
hand steered. This required a table of azimuth and elevation positions for the Sun to be calculated for each
location in case of cloudy conditions during observations. For the 1949 partial solar eclipse observations
the aerials were modified to include motor driven polar mounts to make tracking the Sun simpler. The
receiver feed for the aerial consisted of crossed dipoles and reflectors as illustrated in Figure 39.
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Figure 39: Portable 10-ft Parabola at Potts Hill showing crossed dipoles and reflectors at
the prime focus feed (Courtesy of ATNF Historic Photographic Archive: B1803-2 Image
Date: 29 May 1949).

Crossed dipoles were used to measure polarisation. Separate parallel coaxial transmission feeds to the
receiver were used for each of the dipoles. By using telescopic pieces of coaxial line the lengths of the feed
lines could be varied. By making one line ¼ λ longer than the other, circular polarisation in one sense
could be measured. By the altering the length difference by ½ λ in the other transmission line the sense of
polarisation could be reversed.

The receivers used for these observations at 600 MHz consisted of a quarter-wave transmission-type
cavity-resonator, followed by a crystal converter, 30 MHz intermediate frequency amplifier and a diode
second detector. After rectification the signal was passed through a D.C amplifier which was connected to
a recording milli-ammeter. Receiver gain drift was a major issue for this type of receiver. To ensure a
constant receiver temperature the receivers were run for several hours prior to observations and measures
were taken to ensure input voltage stability. Additionally, during observation the aerial beam was moved
away from the Sun every few minutes so that the receiver gain could be checked against the background
sky.
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This same type of aerial was used by Piddington and Minnett as the main aerial for their initial
exploration of cosmic sources at 1,210 MHz in 1948. When the more sensitive ex-Georges Heights 16ft×18-ft aerial became available during 1949, the 10-ft was only used as a back-up main aerial for when the
16-ft×18-ft aerial was unavailable (Piddington and Minnett, 1951a). The 10-ft can be seen in the right
foreground in Figure 31.

Christiansen and Yabsley also used two of the ex-TPS-3 aerials as a spaced interferometer setup to
explore limb brightening, something that Yabsley had been considering doing at Georges Heights. In the
minutes of the Radio Astronomy Committee of November 17, 1949 (Christiansen, 1949b) they report that
they are ―...ready to commence‖ observations at Potts Hill. Shortly after this Yabsley, who had been the
instigator of this experiment, left the group and no results of these experiments were ever published. By
March 1950, Christiansen had tabled the concept for his solar grating array at the Radio Astronomy
Committee meeting (Christiansen, 1950b) and further work using the ex-TPS-3 aerials in an interferometer
configuration was abandoned.
10.4.3.

Ex-Searchlight 44-in Parabola (C)

The 44-in Parabola was constructed using a surplus ex-military searchlight mirror. It was originally located
at the headquarters of Radiophysics in the grounds of Sydney University and mounted on a small flatroofed tower on top of the Radiophysics Laboratory known as the ‗Eagle‘s Nest‘. Figure 40 shows the
aerial at Sydney University.
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Figure 40: The ex-Searchlight 44" Paraboloid shown mounted on the ‘Eagle's Nest’ on top of the
Radiophysics building in the grounds of Sydney University (Courtesy of ATNF Historic Photographic Archive:
B1641 Image Date: 4 January 1949).

The aerial was originally used by Labrum, Minnett and Piddington for solar observations at 9,428 MHz
and 24,000 MHz and for lunar observations at 24,000 MHz (1949a). For these observations the aerial was
equatorially mounted and had a small telescope on its frame for visual alignment.
In late 1948 the aerial was relocated to Potts Hill to take part in the solar program. In this role it was
used for the observation of the 1 November 1948 partial solar eclipse at 9,428 MHz and went on to be used
for daily solar observations at this frequency. At Potts Hill the aerial had an equatorial mounting which
would either be operated by hand or using a synchronous electric motor. At 9,428 MHz the half power
beamwidth of the aerial was 2º. The speed of the aerial tracking in right ascension could be compared with
an accurate clock to ensure tracking was within tolerance on cloudy days. When the Sun was visible the
small telescope attached to the mounting could be used to check alignment.
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The receiver used during these observations was based on the Dicke radiometer principle (1946a). It
used the same components as those employed earlier for the lunar observations, however at the lower
frequency of 9,428 MHz. A block diagram of the receiver is shown in Figure 41.

Figure 41: Block diagram of the receiver used in both Lunar and Solar observations (after Piddington and Minnett,
1949a: 66).

A rotating disk of absorbent material was rotated through the waveguide to allow comparison to the
aerial signal at a rate of 25 Hz. This produced a modulated signal which was then converted to an
intermediate frequency of 30 MHz using a beat oscillator and passed through a preamplifier. These stages
of the receiver (shown within the dotted line box in Figure 41) were located in a box mounted near the
prime focus of the aerial. The signal was then fed via a coaxial cable to the amplifier and recording stages
of the receiver. These were located separately to the aerial. The receiver produced a response of two
channels 30 MHz wide centred on the local oscillator frequency of 9,428 MHz.
10.4.4.

68-n Parabola (D)

The 68-in parabola was constructed to perform daily solar observations at 3,000 MHz. It was also involved
in the observations of the 1 November 1948 partial solar eclipse (Piddington and Hindman, 1949). The
aerial had an equatorial mounting that could either be driven manually or via an electric motor (see Figure
42: Arrow B). The declination of the aerial could be adjusted using a lead screw (Figure 42: Arrow C). The
receiver was essentially similar to that used for the ex-Search Light 44-in and descried in section 10.4.3. It
consisted of a horn feed (Figure 42: Arrow D) which fed the signal to a rotating disk of absorbent material
that passed through the wave guide. This was driven by a motor (Figure 42: Arrow E). The first receiver
stage (Figure 42: Arrow F) fed the remotely located amplifier and recorder via coaxial cable.
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A screen (Figure 42: Arrow G) could be mounted in front of the parabola reflector to allow either left or
right- hand circularly polarised components of the radiation to be received depending on its orientation. A
frontal view of the aerial in Figure 43 shows a clear view of the polarisation screen. The ex-Search Light
44-in aerial also can be seen in the background. The screen was operated by taking a measurement with the
screen set at a given orientation and then the screen was rotated by 90° and a second measurement taken,
thus giving an indication of the relative intensities of the components of circular polarisation.

Figure 42: The 68-in Parabola at Potts Hill (Piddington and Hindman, 1949: Plate 1).
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Figure 43: Frontal view of the 68-in Paraboloid (Courtesy of ATNF Historic Photographic Archive:
B2475-1 Image Date: 24 April 1951).

Piddington and Minnett (1951a) also used this aerial for their cosmic source investigations, however for
these observations the aerial aperture was increased to 7.5 feet by fitting wing extensions to the main
parabola dish. This increased the sensitivity of the aerial and decreased its beamwidth at 3,000 MHz to 1.7º
at the half-power points.
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Figure 44: 68-in and 44-in aerials at Potts Hill with associated equipment (Courtesy of ATNF Historic Photographic Archive:
B3171-1 Image Date: 7 October 1953).

Figure 44 shows the wing extensions, not fitted to the 68-in aerial, but lying in the grass to the left of the
hut in the centre of the image. The 68-in is to the right of the 44-in and the polarisation screen can be seen
leaning against the left hand side of the hut.

For the 3,000 MHz cosmic source observations, Piddington and Minnett developed an observation
technique that they called ‗beam-swinging‘. Using a receiver time constant of about 10 seconds the aerial
was pointed at a given direction relative to the Earth (position A). It remained at this position for one or
two minutes and then the aerial was shifted several degrees to the west to a new position (position B). It
remained pointing at position B for the same time interval it had pointed at position A. The difference in
aerial temperature between the two positions was measured and plotted against time. The procedure was
then repeated for the time interval that the source had taken to move from A to B via the Earth‘s rotation.
Assuming the source caused an increase in aerial temperature of TA, and assuming a uniform background
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radiation, then the curve of the aerial temperature difference would vary through a total range of 2TA as the
source moved between A and B. Piddington and Minnett estimated a minimum detectable flux density at
3,000 MHz using this technique was 10-23 Wm-2Hz-1.

For the later observations of Cygnus A by Piddington and Minnett (1952) the aerial extensions had to be
removed as the aerial could not be pointed far enough north in declination with the extensions fitted. The
beam-swinging technique could not be used at this declination and therefore, with the extensions also
removed, the sensitivity of observations was greatly reduced. The steep radio spectrum of Cygnus A also
compounded the difficulties of detection at this frequency. A drift-scan technique was used in an attempt
to detect the Cygnus source, but with the limitations in sensitivity the source could not be detected,
however, an upper limit for the flux density at 3,000 MHz was established.
10.4.5.

Swept-Lobe Interferometer (E)

In order to investigate solar burst radiation in more detail, a new instrument was constructed at Potts Hill
by Payne-Scott and Little in the latter part of 1948. This instrument had its genesis at the short lived
Bankstown field station but was relocated to Potts Hill after the Bankstown building was sold. A single
aerial with sufficient resolving power to accurately locate the source of the burst on the solar disk would
have been prohibitively large and expensive to construct. Instead, the construction of the new instrument
drew on the experience of the group‘s earlier work using interferometry (McCready et al., 1947).

Previous research using interferometry techniques in both Australia and the U.K. to determine source
positions had relied on the interference pattern being produced by holding the aerial beam at a fixed
position relative to the Earth and allowing the source to drift through the beam lobes courtesy of the Earth‘s
rotation. This obviously worked well where the radiation was relatively constant in nature and emanated
from a discrete source at a fixed position. However, for solar bursts this was not the case. These bursts
often had durations of only a few seconds and appeared to move rapidly in position. To accommodate these
observations a new type of spaced-element interferometer was required that could accurately measure both
the position and the polarisation of these short-duration bursts.
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Figure 45: The western aerial of the swept-lobe interferometer at Potts Hill (Courtesy of ATNF Historic
Photographic Archive: 2217 Image Date: 28 July 1950)

In an inspired piece of design such an instrument was constructed at Potts Hill (Little and Payne-Scott,
1951). It consisted of three equatorially-mounted and physically-identical crossed dipole, five-element
Yagi aerials (Figure 45). The crossed dipoles allowed for switching between the horizontal and vertical
elements for polarization measurement.
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Figure 46: Site map showing aerial locations of the swept-lobe interferometer (after Little and
Payne-Scott, 1951: 494).

Three aerials were used for the interferometer and were positioned to give two different spacings for
interference pattern measurements. These spacings were A1 to A2 and A1 to A3 as illustrated in Figure 46.
The fringe spacing at the largest spacing can be calculated as follows:
λ = 3.077 m

D = the spacing A1 to A3 = 280.495 m
Therefore the fringe spacing is given by:

D



3.077

 57.3  0.63

(4)

280.495

In a two-aerial array position can be determined accurately, but due to the large number of lobes produced,
and their angular widths being smaller than the Sun, there was the possibility of ambiguity in the position
with two lobes being positioned on the Sun at any given time. By using a different aerial spacing for
comparison, this ambiguity could be eliminated. Some of the lobes produced at the different spacings are
coincident, and thus the position could be determined as being located in the coincident lobes that are on or
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near the solar disk. Using this method an accuracy of 2 minutes of arc could be achieved at the observing
frequency of 97 MHz. This frequency was chosen to avoid interference from a nearby radio transmitter.
The aerials were located on the northern side of the No.1 reservoir at Potts Hill with the receiving
equipment located in a hut as shown in Figure 46.
A separate Yagi system operating at 98 MHz was used in conjunction with the interferometer to provide
continuous recording of solar signal and to provide an independent check on polarisation measurements
performed using the interferometer. This consisted of two crossed Yagi aerials connected to a standard
receiver and an Esterline-Angus recorder. These were switched at intervals of 30 seconds to receive right
and left-handed circularly polarised components.

As a fixed-beam interferometer, this system would have been unable to identify the position of short
duration sources and was largely similar to the two-aerial interferometer used by Ryle and Vonberg at
Cambridge. The innovation used at Potts Hill to overcome this issue, was to electronically sweep the lobes
of the aerials across the source rather than waiting for the source to move through the lobes. This was
achieved by varying the electrical length of the receiver feeds from the array elements to introduce a phase
change in the signal over a time constant. The main innovation was to put the phase shift in the local
oscillator signal at 171 MHz. A phase change of one wavelength resulted in a ‗sweep‘ of one lobe width.
By repeating the sweeps rapidly, with phase changes of 1¾ λ, it was possible to produce two interference
patterns in the signal and, from this, the source position could be derived.

Figure 47 shows a block diagram of the interferometer receiver configuration. Pre-amplifies were used
for each of the three aerials. The signals were then fed to a phase-changing unit via coaxial cable. This
unit was driven by a 1,500 rpm synchronous motor that produced a total relative phase change of twice the
electrical line length, 25 times per second. The output produced a 25 Hz interference pattern which was
displayed as a sine wave on a cathode-ray tube. The position of the minimum of the sine wave varied with
the position of the source.
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Figure 47: Block diagram of swept-lobe interferometer (after Little and Payne-Scott, 1951: 494).

A 16 mm cine-camera was used to photograph the output signal on the cathode-ray tube screen together
with a clock, a film frame counter and a meter which registered the receiver output current. The camera
was triggered to take three consecutive photographs automatically when the received signal reached a
threshold level. The first frame was of the signal produced by the aerial spacing A1 to A2 (refer to Figure
46) as received by the horizontal elements of the Yagi array at A2. The receiver was then automatically
switched to display the signal from the vertical elements of aerial A2 and the second frame photographed.
The receiver was then switched to display the signal produced by the longer spacing of A1 to A3 and the
final frame of the sequence taken. The entire sequence of the three frame photographs was about 1 second.
Figure 48 shows an example of the recorded output of the three frame photograph for a circularly-polarised
source. Comparing frame 1 (bottom) with frame 2 shows a shift in the interference pattern phase of one
quarter of a wavelength indicating circular polarisation. The direction of the phase shift indicated whether
the signal was left or right-handed circularly-polarised. For a randomly-polarised signal the interference
pattern would disappear in either frame 1 or 2, and for linearly- polarised signals the amplitude of the
interference in one of the planes was significantly less depending on the alignment.

The idea for improving interferometry techniques dates back almost to the beginnings of the
Radiophysics solar noise investigations. The minutes of the second formal meeting of the solar noise group
held on 6th June 1947 records the following project which was assigned to R. Treharne:
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―Improved Interferometry. Object: To make equipment capable of yielding interference patterns in a fraction
of a second with a view to extending this technique to ―bursts‖. Initial ideas are to use manual phase variation
to aerials connected by a transmission line. Frequency 100 Mc/s.‖ (Pawsey, 1947a).

Figure 48: Example recording showing three photographed
frames of a circularly-polarised source (Little and Payne-Scott,
1951: Plate 4).

By September 1947, A. Little had joined Treharne at a site at Bankstown aerodrome to work on the
construction of equipment. The 23 September minutes of the Solar Noise Group record the following:
―Solar Interferometry Research Programme – Bankstown (R.F. Treharne & A. Little).

General Aim: To

establish interference methods of determining the distribution of sources of cosmic radio frequency radiations
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with particular reference to the Sun. Physical Applications: In particular the following physical applications
appear to arise from such methods:

1.

Determination of the size of sources of ―burst‖ or short duration radiation at a frequency of 100 Mc/s and
correlation with optical frequency sources. In particular, confirmation or otherwise of the hypothesis that
―burst‖ radiation sources on the surface of the Sun are smaller size than the source which gives rise to the
―general enhanced level‖ of the disturbed Sun.

2.

Location of sources of ―burst‖ radiation at a frequency of 100 Mc/s and correlation with position of
optical frequency sources. In particular, confirmation or otherwise of the hypothesis that burst radiation
emanates from positions on the Sun corresponding to the positions of optical sunspots. Furthermore,
correlation of high intensity short duration ―outbursts‖ with the appearance of ―flares‖ may be possible.

3.

Determination of distribution of solar sources of ―enhanced general level‖ radiation of frequency 100
Mc/s and correlation with optical sunspots.

4.

Determination of thermal radiation from the ―quiet‖ Sun at a frequency of 100 Mc/s and correlation with
Dr. Martyn‘s theoretical distribution.

5.

Determination of polarisation of thermal level of ―quiet‖ Sun by suppressing radiation received from one
solar hemisphere and correlation with solar magnetic theory.

6.

Determination of the size of the source of cosmic radiation ―Cygnus‖ at 100 Mc/s.

7.

Determination of the sizes of circumpolar cosmic sources of 100 Mc/s radiation.

8.

Extension of experiments to other radio frequencies such as 65, 200, 1200 and 3000 Mc/s.

Technique: The technique of interferometry to be employed rests largely on the use of two or more aerials at
various points on the earth‘s surface separated by distances chosen to give the desired interference pattern in
space. Then by varying the phase difference between the signals received from the aerials taken two at a time
and recording the resultant amplitude as a function of phase displacement the necessary information can be
deduced.

The first experiment to be carried out consists of setting up a two aerial interferometer operating on a
frequency of 100 Mc/s as shown diagrammatically in Figure SK(E)3363.

In the first instance the aerials will be so placed as to give an angular null separation of about one degree.
Continuous 360 degree per cycle 25 cycles per second automatic phase changing will be obtained by using
remote frequency converter units at each aerial fed by a common local oscillator. The phase of the local
oscillator will be varied continually by means of a rotating transmission line phase shifter of approximately
180º electrical length synchronisation to 50 c/s mains.

The resultant noise amplitude of 2 Megacycles bandwidth will be detected and integrated over a time interval
of 4 × 10-3 seconds and displayed on a 25 c/s time sweep oscillography.

Visual display methods will be used at first, and photographic recording, at a rate determined after visual
inspection of the desired phenomena, will be used.
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The conflicting bandwidth requirements imposed by signal path differences and by phase scanning rate have
been taken into account in planning this experiment.
Drift Interferometry – It is proposed to adapt the system of SK(E)3363 for very slowly varying phenomena by
using the natural drift of the Sun to produce the interference patterns and to record them by Esterline Angus
mechanical recorders. In this case the phase and oscillograph are not used.
Extension of Technique – Extensions of the technique will be guided largely by experience but will probably
fall into the following groups:

(i)

Calibration of system in phase and amplitude to permit both size and absolute position to be established.

(ii) Extension to more than two aerials to give higher accuracy, two dimensional position for point sources or
plane distribution for multiple sources.
Immediate Plans – The equipment indicated in SK(E)3363 is under construction and will be tested at the
laboratory. The system will be set up at the Bankstown field station. It is hoped that:

(i)

Interference patterns from bursts will be observed and the size determined.

(ii) Drift interference patterns from enhanced general level will be observed.
(iii) An experimental technique of phase calibration established to enable absolute positions to be determined.
Note by Dr. Pawsey on Treharnes’s programme: This plan looks further ahead than the others [plans described
in the minutes]. Many aspects will not be touched for some time, perhaps never. Details of specific planning
require discussion at intervals in the future.‖ (Pawsey, 1947b).

In the November 1947 monthly progress report, Treharne and Little report that:
―The gear has now been installed at Bankstown and drift interference patterns obtained. A recorder will be installed almost
immediately and attempts to measure source distribution etc. while the motor-driven phase shifter is being constructed.
Another assistant is urgently required. The matter is in Mr. Higgs [Technical Secretary of the Division] hands.‖ (Pawsey,
1947c).

As it turned out the drift interference patterns obtained at Bankstown where not real, but rather caused
by gain fluctuations in the receiver due to problems with a power supply (McCready, 1947).

By February 1947, Treharne and Little had been joined by another assistant, Johnston, and they report:
―Practically all the instrumentation has been completed. Installation at Bankstown now proceeding and
interference patterns can be taken as soon as a mains stabiliser (ex. Dr. Builder) is delivered (expected within a
few weeks).‖ (Pawsey, 1947d).
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By April 1948, Payne-Scott had been assigned to head the programme in place of Treharne and she and
Little were forced to search for a new location for the experiments after the building they were using at
Bankstown was sold. They report in the monthly progress report:
―A search for a site to replace Bankstown has resulted in the choice of Potts Hill reservoir (which should also
provide a suitable stretch of water for K-band interferometry); negotiations with the Waterboard have begun.
Meanwhile equipment is being made to replace that stolen, and some obvious faults in the system are being
remediated.‖ (Pawsey, 1948a).

As described earlier, the equipment was installed at Potts Hill in July of 1948.

The use of phase variation to produce a sweeping aerial beam would later be used by a group at Jodrell
Bank to develop what they called a ‗Rotating-Lobe Interferometer‘ (Hanbury-Brown et al., 1955). This
technique would go on to underpin the long baseline interferometry at Jodrell Bank used to determine
source sizes and that would ultimately contribute to the measurement of the angular diameters of quasars.

At Potts Hill, the swept-lobe technique was suitable only for strong sources as the phase switching
device introduced considerable noise into the system. However, for weaker sources of longer duration the
system could also be used as a fixed lobe interferometer. For this purpose the coaxial feeds were
connected directly to a 97 MHz receiver with a band-pass of 150 KHz and the output fed to a recorder that
was connected to a mechanical time-signal clock. This configuration was used by Mills and Thomas for
investigation of the Cygnus A discrete source from May to December 1949 (Mills and Thomas, 1951).
They used the fixed lobe interferometer to determine a position for the Cygnus source and to investigate
intensity variations of the source signal. The right ascension of the source was determined from the time of
transit through the aerial beam. The declination was determined by measuring the frequency of the
interference pattern as described below (Mills and Thomas, 1951):

90

Harry Wendt

Contribution of the Division of Radiophysics Potts Hill & Murraybank Field Stations to International Radio Astronomy

cos  

n

(5)

d sin H n

where
λ

is the wavelength;

d

is the distance between aerials;

n

is the number of a minimum in the interference pattern

counting from an assumed central

minimum; and
Hn is the corrected hour angle at which the nth minimum occurs.
This was Mills‘ first experience in using interferometry techniques and this sparked his interest in
further examining discrete sources.

In order to achieve higher resolution a longer baseline for the

interferometer was required. In 1950 limited space was available at Potts Hill. Therefore, Mills chose to
construct a new interferometer at the new field station at Badgerys Creek which was located further to the
west of the Potts Hill site. This ended Potts Hill‘s involvement in the investigation of discrete sources
using interferometry. However, the technique would continue to be developed here, but focused solely on
solar observations.
With Payne-Scott‘s resignation from Radiophysics in 1951 (see section 10.3.10 for further detail),
further work using the swept-lobe interferometer was discontinued.
10.4.6.

The Solar Grating Arrays (F)

Following observation of the partial solar eclipse on 1 November 1948, Christiansen was looking for a way
to perform high-resolution solar observations that did not rely on solar eclipses and would not involve great
expense. He was primarily interested in high-resolution observations at wavelengths of around 20 cm. To
achieve a resolution of 3 seconds of arc at this wavelength would have required a single aerial at least 1,000
wavelengths wide (~700-ft) if the same design as the 16-ft×18-ft parabola was used. Clearly this would
have been impracticable.

Christiansen devised an approach that was analogous to a diffraction grating. He realised that by using a
number of aerials arranged in a straight line at a uniform spacing, the combined response of the array
would produce multiple beams which would be separated from each other proportionally as the inverse of
the spacing between aerials. As such, the array could be configured so that only one of the response beams
could be positioned on the Sun at any given time. Christiansen‘s inspiration for this configuration came
indirectly and was influenced by his antenna design background:
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―The idea occurred while reading a description of Bernard Lyot‘s optical filter in which narrow frequency
pass-bands are produced at widely different frequencies. This may seem particularly indirect when the
analogy which is more obvious is the optical diffraction grating, but to me as an antenna designer the cos
n.cos 2n.cos 4n series of the Loyt filter immediately suggested an antenna array and an array of arrays.‖
(Christiansen, 1984: 118).

Keeping the cost of the design to a minimum level was of prime concern to Christiansen. He was given
permission by Bowen and Pawsey to construct the array provided that the material cost for construction
could be kept under £500 (Christiansen, 1984: 118), although on a different occasion Christiansen recalled
that the cost needed to be kept below £180 (Bhathal, 1996b). The mechanical design for the array was
performed by K. McAlister (Figure 49), who also proved extremely resourceful in meeting the cost target.

Figure 49: Keith McAlister, the resident Mechanical Engineer at Radiophysics who was responsible for the
mechanical design of many of the aerials (Courtesy of ATNF Historic Photographic Archive).

The construction of the array commenced in July 1950. The array consisted of 32 aerials evenly spaced
at 23-ft along an east-west baseline of 700-ft located on the southern end of the northern reservoir at Potts
Hill (Figure 50).
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The aerials were constructed in the Radiophysics workshops in the grounds of Sydney University. The
array was assembled by the Radiophysics staff. A series of 32 wooden posts was aligned using a theodolite
by Warburton and Davies, and as Davies has noted:
―At that time we didn‘t know that Ph.D. meant Post-hole Digger!‖ (Davies, 2005: 94).

Each aerial consisted of a 66-in solid parabolic reflector plate (Christiansen and Warburton, 1953a). A
dipole receiver and reflector were mounted at the prime focus. In this form all of the aerials were
horizontally polarised. To observe circularly polarised radiation the aerials could be configured so that
alternate aerial dipoles were set horizontally and vertically so that there was a 90º phase shift between
pairs. Each of the aerials was equatorially mounted and could manually be stepped in right ascension via a
series of holes in the mounting post and a locking peg to allow tracking of the Sun. During observations
the aerial positions were changed approximately every 15 minutes. This involved someone running down
the length of the array and adjusting each of the 32 elements by hand.

Figure 50: The 32-element array at Potts Hill (Courtesy of ATNF Historic Photographic Archive: 2976-1 Image Date: 14
January 1953)
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The aerials were combined by a branching system of transmission lines. To keep costs down, the
transmission lines were a braced open-wire system separated by a ¼ λ and supported by polystyrene
insulators and spacers (see Figure 51).

Figure 51: The array showing the bracing weights for the open-wire transmission lines (Courtesy of ATNF Historic
Photographic Archive: B2976-1 Image Date: 28 November 1951).

To achieve the branching configuration the transmission-lines were stacked vertically in five levels and
connected via short vertical connectors. Figure 52 shows a schematic of the transmission-line system.
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Figure 52: Schematic of the branching transmission lines on the 32-element solar grating array (after Christiansen and
Warburton, 1953a: 192).

The directivity of the array can be calculated via the formula given below (Christiansen and Warburton,
1953a):

2

 ( ) 

sin Np

(6)

2

N sin p '

where

p

= πd sinθ/λ;

Φ(θ) is the power received from the source, relative to the power received from one aerial;
N

is the number of elements in the array;

d

is the spacing between elements;

λ

is the wave length; and

θ

is the angle between the perpendicular to the baseline and the direction of the source.

The array produced a series of fan-shaped beams which had a calculated beam width of 2.9 minutes of
arc at 1,410 MHz. The spacing between beams was 1.7º and since the diameter of the radio Sun at this
frequency was ~0.5°, this meant that the Sun could only be in one of the fan-beams at any one time. Figure
53 shows the beam response produced by the array.
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Figure 53: Beam response diagram for the 32-element array. The power received from the source is shown on the Yaxis and the direction of the source relative to the array beam on the X-axis (after Christiansen and Warburton, 1953a:
192).

A superheterodyne receiver was connected to the array transmission-line via a radio-frequency switch
that contained a rotating condenser which switched the signal at a rate of 25 Hz between the transmissionline and a dummy load. The modulated signal was then passed to a crystal detector which was coupled to a
line-tuned heterodyne-oscillator and a 30 MHz amplifier with a 4 MHz bandwidth. After the 30 MHz
amplification was a further detector, a 25 Hz amplifier and a phase sensitive detector. This then fed a
recording milli-ammeter. A typical output of the recording is show in Figure 54.

Figure 54: An example of the output recording showing the passage of the Sun through several beams of the array
(after Christiansen and Warburton, 1953a: 193). In this example a strong source of emission is present near the righthand limb of the Sun.

When the array was configured to measure polarisation the output recording characteristic would
change. For linear or randomly polarised radiation, successive records would be substantially similar in
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strength as shown in Figure 54. For circularly polarised radiation successive records would show a
diminished response depending on the strength of polarisation.

The solar grating array became operational in February 1952 and was used to make daily observations
of the Sun. This was generally done by observing over a two hour period centred on midday.

One of the limitations of observations using the east-west array was that fan beams could only scan the
Sun in one dimension. To calculate the distribution of radiation from the Sun it was therefore necessary to
assume a symmetrical distribution. From visual observation it is clear that the Sun is an oblate spheroid
and solar eclipse observation indicated that the solar corona was far from symmetrical (Blum et al., 1952).
To overcome these limitations Christiansen realised that by using a second array arranged in a north-south
direction the Sun could be scanned at a variety of angles. The Earth‘s rotation and orbit presented a very
wide variety of angles for observations. By performing a Fourier Analysis on the one-dimensional scans
taken over a wide variety of angles it was possible to construct a two-dimensional brightness distribution of
solar radiation. Although not widely acknowledged, this was the world‘s first application of Earthrotational synthesis in astronomy (Christiansen, 1989b).

Figure 55: Range of scanning angles covered by the arrays (after Christiansen and Warburton, 1955a: 479)

To achieve these objectives, in 1953 a north-south array was constructed on the eastern side of the
reservoir on which the east-west array was located. The aerial design for this array was quite different.
Instead of 32 elements, the North-South Array had 16 elements consisting of open-mesh parabola aerials
mounted on much more robust equatorial mounts, as shown in Figure 56.

97

Harry Wendt

Contribution of the Division of Radiophysics Potts Hill & Murraybank Field Stations to International Radio Astronomy

Figure 56: North-South Array (Courtesy of ATNF Historic Photographic Archive: 3116-1 Image Date: 20 July 1953)

The array was also somewhat shorter than the East-West array being 760 wavelengths in length as
opposed to the 1028 wavelength of the East-West array. This meant that the aerial produced a slightly
wider beam of 4 minutes of arc. The open transmission-line feeds were retained and can also be seen in
Figure 56 with the East-West array in the distant background. Figure 57 shows an aerial view of the two
arrays. This view is taken from the northeast looking southwest.
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Figure 57: Aerial view of the 32-element east-west and the 16-element north-south arrays (Courtesy of ATNF Historic
Photographic Archive: 3474-1 Image Date: 25 September 1954).

Daily observations were made using both arrays from September 1953 to April 1954 (Christiansen and
Warburton, 1955a). By observing over a long period Christiansen and Warburton were able to make use of
the seasonable variations of the Sun‘s orientation with respect to the two arrays. Thus, they were able to
achieve coverage of 140º out of the 180º range of scanning angles, as indicated in Figure 55.

During the URSI General Assembly in Sydney in 1952 the French representatives invited Christiansen
to work with them for a period. So, in 1954 he moved to the Meudon Observatory near Paris on
secondment from Radiophysics for one year.

In Christiansen‘s absence, Swarup and Parthasarathy

modified the receiving equipment on the East-West Array to carry out solar observations at 500 MHz (λ =
60cm) (Swarup and Parthasarathy, 1955b). At this frequency the width of the fan beam was increased to a
theoretical value of 8.2 minutes of arc at the half power points with a beam spacing of 4.9º. Swarup and
Parthasarathy checked the beam response using Cygnus A as a reference and found the actual beam width
to be closer to 8.7 minutes of arc.

From July 1954 to March 1955 they used the East-West Array to

measure the one-dimensional distribution of radio brightness of the quiet Sun and to look for limb
brightening effects. By tracking the Sun over a period of months they were able to scan the Sun at angle
from 90º to 60º with respect to the central meridian.
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Christiansen returned from France in 1955. During his absence he had determined to build a new array.
The seed for this array had been sown in 1953 following a discussion with Mills. As Christiansen later
recalled:
―While visiting Potts Hill one morning in 1953, Mills asked me why we did not couple the two arrays to
produce high resolving power in two dimensions. During the ensuing discussion it was agreed that for this to
be effective the centres of the two arrays must not be separated (as they were in the Potts Hill antenna), and
also that some means had to be devised to multiply the outputs of the array. By the next morning Mills had
devised the Cross Antenna consisting of a pair of thin orthogonal antennas with their outputs multiplied to
give a single narrow response.‖ (Christiansen, 1984: 122).

Mills went on to build the Mills Cross prototype discussed in Section 10.4.8. Christiansen decided to
abandon the Earth rotational synthesis technique he had developed, largely because it was too timeconsuming to be useful for observing short term changes in solar radiation. Instead he returned to the idea
of the crossed arrays. Potts Hill did not have sufficient vacant land on which to build an array with a
common centre, so Christiansen moved his activities to the field station at Fleurs where a new array was
constructed.

However, a prototype of the aerial design that would be used at Fleurs was tested at Potts Hill. Figure
58 shows the larger prototype aerial located next to the original north-south array.
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Figure 58: The prototype of the larger aerial in the background that was to be used in the new crossed array being tested
at Potts Hill (Courtesy of ATNF Historical Photographic Archive: B3881-2 Image Date: 13 December 1955).

Figure 59 shows another view of the prototype aerial.

The new crossed array began operation in 1957 producing daily images of the Sun (Orchiston, 2004c).
Again, this array was designed and constructed in-house in the Radiophysics workshops. This move
effectively made the original Solar Grating arrays redundant and hence they were earmarked to be
scrapped. Fortuitously, as noted by Swarup;
―Pawsey liked to visit all the RP field stations unannounced to see what his staff were doing
(Sullivan, 2005), and during one of his surprise visits to Potts Hill I asked whether these dishes
could be gifted to India. He readily agreed to this suggestion, as did E.G. (Taffy) Bowen, Chief of
the Division of Radiophysics. On 23 January 1955, I wrote to K.S. Krishnan about the possibility
of transferring the thirty-two dishes from Sydney to the NPL (National Physical Laboratory) in
New Delhi.‖ (Swarup, 2006: 25).
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Figure 59: Another view of the cross grating prototype aerial being tested at Potts Hill (Courtesy of ATNF
Historical Photographic Archive: B3881-14 Image Date: 13 December 1955).

Although Australia agreed to donate the equipment under the Colombo Plan, there was a substantial
delay before the equipment was actually shipped to India as there was no agreement as to who should bear
the cost of shipping, which at the time was about 700 Australian Pounds (Swarup, 2006). Eventually the
CSIRO agreed to meet the shipping costs and the 32 elements of the Potts Hill East-West Solar Grating
Array was shipped to New Delhi. In mid 1963 the array was transferred from the National Physical
Laboratory in New Delhi to Tata Institute of Fundamental Research and was set up at Kalyan near Bombay
for solar observations at 610 MHz. The original 32 aerials were configured as two arrays, one of which
consisted of 24 aerials oriented in a east-west baseline 630 metres long and the second consisting of the
remaining 8 aerials in a north-south baseline 256 metres long. In this configuration it became known as the
Kalyan Radio Telescope and began operations in April 1965 (ibid.) The first paper produced from
observations from this instrument appeared in Nature (Swarup et al., 1966).
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The fate of the North-South Array is not clear although some aerials may have been donated to local
universities (see Section 10.4.10).
10.4.7.

36-ft transit Parabola (G)

Following the detection of the Hydrogen emission line using the 16-ft × 18-ft Paraboloid and the realisation
of the importance of investigation of the line emission, it was determined to build a dedicated instrument
for survey work at Potts Hill. This instrument was one of the largest radio telescopes in the world and
certainly the largest in the southern hemisphere at this time. The construction work was supervised by
Hindman and Kerr (upon the return of the latter from studies at Harvard College Observatory during 19501951). As luck would have it Kerr was visiting Harvard when the H-line discovery was first announced
and hence he was able to assist in engaging Radiophysics in the confirmation of the discovery.

Initially Radiophysics considered purchasing a large aerial rather than constructing one in their own
workshops. In August 1951, Pawsey contacted the Dutch company, Werkspoor, enquiring as to the
feasibility of purchasing an 80-ft instrument. However, after some tentative exploration it was decided to
proceed with in-house design and construction (Pawsey, 1951d).

Construction of the instrument commenced in late 1951. For the purposes of survey work it was decided
to build a transit instrument that consisted of a 36-ft parabola mounted on a fixed east-west axis, which
could be stepped only in declination.

Figure 60 shows the construction of the foundations for the aerial mount and the receiver hut. The
aerial was located just to the west of the 16-ft×18-ft Paraboloid on the northern side of the reservoir.

103

Harry Wendt

Contribution of the Division of Radiophysics Potts Hill & Murraybank Field Stations to International Radio Astronomy

Figure 60: Construction of the foundations for the 36' Transit Parabola (Courtesy of ATNF Historical Photographic
Archive: B2768-1 Image Date: 6 June 1952).

The aerial was supported by two major post structures at the east and west sides of the aerial together
with a further central supporting track. Figure 61 shows the post mountings during construction.
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Figure 61: The two major support posts of the 36-ft aerial during construction (Courtesy of ATNF Historical
Photographic Archive: B2778-5 Image Date: 19 June 1952).

The aerial itself was fabricated on site and consisted of a frame construction with a mesh reflector
surface. Figure 62 shows the aerial on its construction jig during assembly.
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Figure 62: The onsite assembly of the 36-ft Parabola in its construction jig (Courtesy of ATNF Historical Photographic
Archive: 2774-2 Image Date: 3 September 1952) .

A crane was then used to lift the parabola into its mounting as shown in Figure 63.
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