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Abstract: When Bernard Mills left the CSIRO in 1960 to establish a radio astronomy group in the School of Physics,
University of Sydney, he had not only invented the principle of cross-type radio telescopes but proved their great
efficiency at surveying the positions, intensity and structure of radio sources. He had ambitious plans for a second
generation Cross—a radio telescope with arms one mile long.

This paper describes the circumstances of Mills' appointment as Professor of Astrophysics and the recruitment of
an international Department that achieved his vision with the Molonglo Cross. The construction involved interaction
with many colleagues—engineers in other university departments and government agencies, and with the
contracting firms. Formal links were set up with the Electrical Engineering Department through The Radio
Astronomy Centre in the University of Sydney and then with Arecibo Observatory through the Cornell-Sydney
University Astronomy Center.

When the Molonglo Cross completed its main survey in 1978 after eleven years, it was switched off and the EW
arm was then converted to the Molonglo Observatory Synthesis Telescope. Many of the staff involved with the
MOST are now challenged by SKAMP, testing systems for the Square Kilometre Array with cylindrical geometry in
the Molonglo Prototype. These two later developments out of the original Cross telescope are described briefly.
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1 THE CONCEPT—THE FIRST CROSS-TYPE Officer, Alec Little, & the dart d wha would turm out
RADIO TELESCOPE to bea 32yea patnership (Mills ard Little, 1953).

Much of the exliest radio astronomy in Austraia was
caried out by daff from the CIR’'s Divison of
Radiophysics at anumber of field dations in or nea
Sydney usng simple aeials, someof which were
basel on radar techndogy (Orchiston et al., 2006;
Orchiston and Slee 2005; Sullivan,2005) In the case
of the famous Dover Heights diff interferoneter,
sources were oberveal & low elevdion angles ad a
seond ‘antenna was formed vetically below thecliff
by an imagein the ocean (seeBolton and Ske 19%53).
In 1949, the Head of he Division’s ralio astronomy
group, Dr Joe Rwsey, suggstel to one of the young
resaarch scietists, B.Y. Mills (Figure 1), tha he
shald begin a reseach progran on discrete rado
sourcs. However, “... Pawsey knew that the future
lay with the use of horizontal basdinesand Bolton was
still making dfective wse d the interferoneter that had
proved sosuwccessiul for him previoudy.” (Mill s, 2006:
3).

In the ealy 1950s, Mlils developed lamge EW base
lines wth a 3-element interferometer at Badgery's
Cree&k near Sydney (seeFigure 2, inset)and cbsewved
nea the zenith to dbtain acarrate msitions in a sky
survegy of 77disaetesaurces (Mills 1952). Herealised
that the next deeper suvey would requre more sensi-
tivity and greater NS and EW spangs. HIS Sdl_,ltlonln Figure 1: Rudolph Minkowski (left) and Bernard Mills at the
1953 was a rew cross-tpe telesmpe in which the Radiophysics Division's Fleurs field station during the 1950s
corelaion of two interseting fan beans yielded a  (courtesy: Woody Sullivan).
high resolution pexcil beam The designcodd aso
sepaate the senstivity of the tdesmpe (dgpendent on CSIRO docated the necessry resaurces and the
its area) from the resdution (dependent on the naxi- 855 MHz ‘Mills Cross’ was built a Heurs field
mum am length ard hence he exent of the inter- stetion (Figure 2, insd) in 1953-1954, largdy by Little
cepted wavefront). In the face of official skepicism, while Mills was on a 6-month study tour in the USA.
Mills built a 120-ft prototype crossat Rotts Hill field The sulsequent MSH suvey was anoutstanding suc-
staion near Sydney (Figure2, insd) to prove his @n- cess, gving Mills daa on saurce counts and structure
cept, and he was joined in this venture by a Tednicd for the Gdactic Plane and the extragaladic Ky with 49
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arcminute resdution (Mills e al, 1%58).* At abou the
samre time, WN. Chridiansen developeda aoss aray
of smdl dishes a 1415 MHz for syrthess mepping of
the sdar disk (Chrigiansen et al., 1961) and C.A.
Shain built a third cross & Fleus for low frequency
observaions (Shain, 1958).

Despite the versatility and perfamance of these
crosstype radio telesopes, CIRO abandmned their
15yea tradition of adronomy usirg ingenious small
agial systemrs amd did no further devdopment at
Fleurs. The era of lage mrabdic dishes had dready
begun in Netherlands, Germany and Ergland, espee
ially with the 250-ft Jodrell Bank Radio Tdesmpe In
1953 the CSRO’s Division of Radiophysics embark-
ed on the planning of a ‘Giant Radb Tdescope’
(GRT). Chief of the Divison, Dr E.G. (‘Taffy’)
Bowen, succeded in obtaining funding from both the
Carngjie Corporaion ard the Rodefdler Foundaion
in USA for a GRT in Australia ard the desgn contract
for it was ploedin 195 (Rdertson 199). When
Mills and Chiistiansen drove in the peg to mak its
postion on a farm near Rarkes, bath knew that there
was no future within CSIRO for their types of cross
and array radio telesamopes. All remaning resairces
available to the Raliophysics Division were resened
for Paul Wild's Cugoora Raldioheliogrgph, andthere
was nothing left for a large cross (Boen, 198L).

The plaming and commitmentto the GRT atPakes
triggerel mgor caea changes for Mills and nany
other Radiophysics staff wholeft for reseach positions
elsewhee? 'Mills investigated chairs of Eledrical
Engneeaing at Adelaide, Melbourne ard Sydney but
these did not offer the finangal suppat to build his
large cross-ype telesmpe. He found thisin 1960, rot
in Engineeing, but in Fhysics, a Sydney University.

2 THE SCHOOL OF PHYSICS AT SYDNEY
UNIVERSITY

Harry Messelwas appinted as Rofessor of Rysics &
Sydney University on 1 September 1952 and establish-
ed The Nwlea Reseach Foundation (the firstin the
British Comnonwedth) to“... promote foster, devel-
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Figure 2: Australian localities mentioned in the text. The map on the right shows sites in or near Sydney (the dotted lines show
the approximate present-day boundaries of suburban Sydney and Wollongong).

op andassist...” resarch with grarts from “... fees,
donations and thelike.” Between Noverber 1%9 and
November 1961Messé recuited new Physics Prdfes-
sors in Theorticd, Thermo-nudear (dasma), High
Enagy Nuclea (cosmic rays) and Eedronic Conput-
ing (The Nuclear Reseach Foundation, 1962. When
Robert Hanbury Brown in Manchester sowght funds
and a ste for his qotical intendty interferoreter,
Messé began an astonomy group with Richard Twiss,
Cyril Hazard and Jahn Davis to build the interfero-
meter nea Narrabri in northem NSW. Mes®l aso hal
funds for a compgementry photometric telesape and
sent Colin Gum to Eurgeto exanmine opticd desgns.
Unfortunately, in April 1960 Gum died in a skiing
accident in Switzeland and the tdesmpe pojed never
went alead. Messé contaded Mills, approved the
concept of alarge cosstype radio telescopeandoffer-
ed him seedmoney sifficient to build a 408 MHz
Cross vith arms abou 400m long Mills janed the
Schod of Physics in June 1960 with his initial plans
dependent onfunding. He commaents:

From the keginning there genedto be few problens in
corstructing a Cross within the awilable kudget of
$200000 which would be able tosurvey the sky at
metre wavelengs with a sasitivity and resaltion at
leag equal to that articipated or the Parkes radi
telescape operatng at is optimun wavelength. But
why gopthere?(Mills, 1991:720).

Any furthe fundswould mean longer armns replicating
a flexible madular desgn. The callenge was to find
the adiitional finandal support for alarge cross.

Through some of his many oversea contads (prob-
ably Thomas Qld at Corndl) Mess¢ learred that the
newly-estdlished Nationd Science Burdaion was
willing to make grants autside of the USA. Mills
quickly wrote a prgosd for his anbitious 1-mile
crosstype radio telesoope. In support of this he
provided resuls from his 8.5 MHz Fleurs Mlls Cross
survg/, and made predse predidions of possble
obsrving programs, the number of fanter souces
expecked their canfusion levels ard the sensitivity
required of te telescoe.
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The applicaion was re@ved sympatheticaly, but
then met oppasition from Dr Bowen who alvised
agang ary grant, stéing tha a smal university group
coudd never managesuch a large prged. When the
NSF set a saff memler, Geffrey Keller, to Australia
to investigate, Messé advised him to go to Canbera
and tdk to Bart Bok. The visit reassued the NSF, and
in 1962they appoved the first (and pethaps theonly)
largeforeign grant hat the NSF eve made. Theinitial
funding of US$746,000 was followed by US$107500
in 1964 and allowed the Mdondo Cross projed to go
ahed with its planned milelong ams. In his first
pulished degription of the proje¢, Mills (19%62)
wrote: “This is a gredly enlarged version of the orig-
ina ‘Mills Cross’ pu into operation by he C3RO in
1954... the bamwidth would beabou 2.8 acmin ard
the sastivity adejuae © detect morethan a million
radio souces’

Meanwhile Messé negatiated the purchaseof a ste
for the new Crossin awide fat vdley nea Canbera.
This was me of the sites that hadbeen invedigated for
the GRT but which had been rgected n favour of
Parles. The height of the GRT woud have put it in
line of sight over hills to the transmitters on Black
Mountain in Canberra but the cylindrical refledors o
the Cioss were laver andrenmeined shielded. Thusin
the Paish of Molondo on a banch é the Mdondgo
River, canstuction of the Molondo Radio Observa
tory was ommaenced in 1961

2.1 The Astrophysi cs Departmen t and Colleagues

Mills reauited stdf for his nev Departrent from
industry and radio astronomy centres around the world.
Arthur Wakinson joined first from CSRO in 1960
and TerryButcher, tod maker, recently returnedrém
rado ard TV work in Canada. Alec Little, wio had
bea Mills’ assigant & CSIRO since 1948 ard was
conpleting aa M.Sc. at Stanfa University with Ron
Bracewell, was pesuaded to return to Sydney early in

1961, bu only after two meetings with Harry Messel
in San Fandsm. The appantment of Pat O’ Brien
(Cambridge) was a dsappdnting bungle—the letter
of offer never reacha him, and hetook a Char of
Physics at Khartoum instead. Bruce McAdam (Cam
bridge)came from New Zealandn Eastea 1961 to visit
Dapto, Parkes and Sydney University before dedding
to join Mills in June Two more technical stef mem-
bers, Jack Howeg¢from AWA) and Grant Calhoun,
were apminted in 1962. The initial academic team
was conpleted when Mchael Large (Jodr# Bank) ard
Tony Turtle (Cambridge) arived from the UK in
Februay 1963 Table 1gives dats d appointments
and resignations of releant staff at theUniversity of
Sydney in the order of their assodation with the
Molondo story,up t01978.

This smdl university group built the Crossover the
next six years, but did soin cooperdion with many
university ard industrial cdleagues. Many yeas later,
Mills (2006: 10) wes to reminisce “I found mysef
manager of a big engineering projed. It was nd an
enjoyalde job bu there was noone elseto do it and |
wasmuch helped by my engineering contads, streftch-
ing back in ome casa to stdert days.”

From thestart thae was a rgor patneship with
W.N. (‘Chris’) Chistiansen in the Depatment of
Eledrical Engineering who took resmnsibility for the
recaving systen. The cooperation was male formal
with the formation of the Radio Astronomy Centre in
the University of Sydney (Messé, 1960). Professor
Aitchison erticed Bob Frater toleave industry (AWA,
OTC ad then DUCON) andjoin the Hedrical Eng-
ineeging Departmert in 1961 specificdly to work on
the eledronic desgn of the Molongo Cross usig the
(then new) transisor tedinology. Frater (2005) later
commenteal: “I jumped a the opportunity. Bemie had
in mind an instrurrent where thetednicd derands
strethied significantly beyond the techndogy of the
time.”

Table 1: University of Sydney staff associated with Molonglo Observatory, 1960 to 1978.

Name First University Appointment Resigned or Retired Comments

School of Physics

Richard Twiss 1 July 1957 14 May 1963 Returned to UK

Colin Gum 1959 Killed 28 April 1960 skiing accident

Bernard Mills 11 July 1960 31 December 1985 Retired in Sydney

Arthur Watkinson 10 October 1960 22 December 1961 To Dwingeloo
reappointed 16 April 1964 To Fleurs Observatory

reappointed
Terry Butcher
Alec Little
Bruce McAdam
Alan Le Marne
Jack Howes
Grant Calhoun
Tony Turtle
Michael Large
Michael White
John Horne
Hugh Murdoch
David Crawford
John Durdin

Electrical Engineering

Wilbur Christiansen
Ron Aitchison

lan Lockhart

Bob Frater

January 1967

6 February 1961
13 April 1961

21 June 1961

5 February 1962
1 February 1962
2 May 1962

6 February 1963
12 February 1963
5 January 1964
22 February 1965
January 1951
January 1969

1 July 1975

21 April 1960
?

?
5 June 1961

16 August 1964
?

29 January 1965

Died 20 March 1985
21 September 1993

30 April 1972

6 March 1976

6 July 1979

30 November 1998
Died 4 March 2001
31 August 2005

6 August 1993
August 1986

2004

10 January 1986

21 December 1978
?

?

31 October 1980

Died 1997 May 12
Retired in Tasmania

Research Associate
Retired in Sydney

Died

Retired in Eungai Creek
Research Associate

Retired in Bungendore
Retired in Sydney
Retired in Sydney
Back from Cornell
Now in Tasmania

Died 26 April 2007
Died

Died 2 May 1976
Now in Sydney
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Dudey Rannad, one of Mills’ student cdleagues,
took leave from the NSW Govemment Public Works
Depatment and lived & Molondo as sie erginee
during the conaete and geel condruction gages.
Spedalist surveying hdp came from Phil Jones,
Lecturer in Civil Engineeing, who dd thelocal suvey
to ddfine the @ardinal diredions of the Crossard later,
in October 1963 chedked the gerture of the EW skel
frames. In Decenber 1965,B.P. Codk of the Division
of National Mapping fixed the locaion of the inter-
set¢ion of the arms and aignmert on the Austrdian
Geodetic Daum (Cook, 1965). Tke arms d the Crass
have become a land mak for local pilots. They are
true rorth and east within 4 acsecnds am are known
to 03 acseonds.

Figure 3: The beginning of the Cross. Terry Butcher and Alec
Little with the prototype EW module at the old St. Leonards
brick pit in Sydney. The prominent building in the background
is part of the Royal North Shore Hospital.

2.2 The Cornell-Sy dney University Astronomy
Centre

Through the close friendship of Messé and Tommy
Gold, theRadio Astronony Centre was s@n expanded
to the Corndl-Sydney University Astronomy Center
which shared epertise between Molonglo and the
newly egablished Aredbo Obsevatory. Many Sydney
students spent someyeas at Ithacaor Aredbo, in-
cluding Ron Wand, Don Campbel, John Sutton, Tony
Bray, Juris Urichs, Dave Jaince/, Michad Yerbury,
lan Jomston and David Crawford. Other staff mde
shot visits m sudy leave: Rgphaé Littaver ame to
Sydney in 1963 and Hugh Murdoch visited Cornell in
1969

e e S

Figure 4: Erection of the East arm reaches the centre. The
insulated phasing hut is on the left.

3 CONSTRUCTION OF THE MOLONGLO CROSS

The Crosswas formed by two interseting paakolic
cylindes tha were bult with 29 foot modues. The
east and west ams eah had 8 modules ard were
sepaated by the mntinuows noth-south arm with 177
modues. The foundaions and ged parbdic frames
were designed under the supevision of consuting
engineags Maaoreld Wagna and Riddle, with advice
from Dudley Rannad and De Havilland engnees.
Praotype modules with meshand feeds wee aeded
in a dsused brickpit at St Leonards for mechanicd
and RF testihg (see Figure3).

Contractswith Samsons (foundaions ard buil dings)
and Tubewrights (Austrdia) Ltd (steéwork) were
signed in May 1962 and construction began & Molon-
glo a the end d 1962 The telescope founditions,
control buildings and quarters were built while the
sted frameswere prefatricated in Sydney. Assembly
a Molondo was rgid (seeFigure 4): the EW ams
were ompleted first, ard then the whole mile of fixed
NS frames were eded injust three weeks, by mid
1963

The design of the ralio antennafeed sygens forthe
two arms took much longe. The RFdipdes were
syppated along the line focus by auminium frames.
For theE and W arns, theframe for a nodule formed
two waveguide cavities, eat excited by eight dipdes.
The two amsformeda merdian trarsit telesaope with
2816 in-phase dipoles eciting 352 waveguides. The
contractsfor thesewaveguides anddipoeswere placed
in March 1963 with De Havilland & Bankstown Air-
port where Mill s knew a mlleague from student days.
Assenbly and testing wagelatively simple for the
waveguide feeds abng the EW arms aml they began
operting in May 1965 as a fan beam with aresoltion
of 4 dggrees x 85 arcsecands.  Astronomny had com-
menced alad.

The Molonglo Ralio Observatory was formaly
opened by Prime Minister, Rabert Menzies, on 19
Novembe 1965 in the presace of the US Ambas-
sador, NSF and Canell repesenttives and many
astronomers (Fgureb).

The RF design of the NS arm was much more
complex. Tednicdly the major problem was phaing
the 4,248 dipoles dong the mile arm Each mdue
had 24 dipde eemens a the focus that required a
different phase gradient for every declination doservel.
After sorre expeimenting, the phasefor each dpoe
was se by raating a hdical diredional couple within
a parld transmission line Figure 6). The RF phase
changed as the caipler was sé to its appopriate argle
by a chain o geas, different for each dipde in a
modue, ard driven by a @mmon 1 mile steft (Mills &
a, 1963. It was an ingenious but complicated scherre
that worked rdiably for even years.

A praotype NS feed ariived from De Havillands on
29 Decenbe 19%64 ard was hasted to the oof of the
Physics huilding where testing and final RF design
took place over severd months before fectory pro-
dudion could begin. The first batd of feeds wes
ddivered to Mdongdo in August 1965. The dipdes,
couders andgears vere then fitted and ed feed was
chedked for medanical ard RF performance urtil it
met Mills’ gringent requirement that all dipoles ha
RF phases wthin 3 degees (6 mm path) and gans

66



Bruce McAdam

Molonglo Observatory: Building the Cross and MOST

equa within 0.6 B. Theassanbly, teging and ajust-
ment was a slow and neticuloustak. Afterabach of
10-15 feeds wes ready al staff would join for a day ©
lift theminto position dongthe NS arm. With experi-
ene, theproduction rae incressed from one modulein
the first week to eighteen per week during the final
month and thelast d the 177 feeds wes conpleted on
16 Novembe 1966.

During this time the receivers, IF phasng, delay
lines, display and recording sydens were designed and
built. All demandead innovetive desgn using siicon
trangstors and the first smple integratel circuits tha
were only just caning available. Signals from the 177
NS modules were phase into a conb of eeven fan
beans acossa 15 aranin zone of declination. When
correlatad with the EW transit fan beamthey produced
eleven overlapping pencil beams. In Decamber 197Q
two more EW eaty and late transt beans were added
to gve 33 simultaneaus padl beams.

Mills redised tha the deailed analysis of the
observaions mede by this conplex system required a
computer and hencea digital output system “The prin-
cipd output of the instrunment will be purched paer
tapefor processing by an dedronic computer.” (Mills,
1962. TheSchod of Physics hal built and qeraed
the SILLUAC compuer shce 1%6. With a nemory of
1,024 words, tis was fa too small for the Mdonglo
data but alarge KDF9 conmputer was abait to be
commissoned. KDF9 had adejuéae processing and
memory, but ks input was ako ory by purchel cad
or pger tgpe Astrophysics collaboraed with Dr Sam
Luxton in the Mecharica Engineeing Depatment to
desgn ard huild a sytem that reordeddaa at afield
staion on digital manetic tapes. The gw data ree
fromthe Molonglo Crossobseving over 18 hours each
day use the sane protomls asthe fast dat ratefrom
Luxton's low-turbulence wind tunnd with short ex-
petiments on heat exchange. The magnetic tapes vere
later transfered for replay to a KDF9 input buffer.
This data trarsfer could take severd days and Mills
insisted that there must be an anéogue dispay for
monitoring the telesope during an obsevation. A
facsimile chart recorde was designed tha dispayed
the autput of the fan beams ad eleven pencil beams
together with a cortour plot of al saurces within the
dedination zane while the trandt obsevation was
made (Large and MAdam, 1965).

‘First light’ for five pandl beams ocarred in March
1967 ard the full comb of eleven pencil beams wa
ready son after. In August 1967 the Crossbegan rou-
tine obsewving with 2.8 areninute resdtution. The
sensitivity wasimprovedin 1969by installing preamp-
lifiers onthe BNV arms. Therewas asimilarupgradein
1976 in collaboration with CSIRO. For the ®oond
pulsar survey of the Galactic Plane, Andrew Lyne, on
leave from Jodell Bank, built low-nase RF anplifiers
for ead of the 332 waveguides along the EW ams.
Tale 2 $iows the fnd peaformance spedfications for
both theCross ad its successoithe MOST.

4 OBSERVATIONS 1965 TO 1978

Up to the shrt of observationsusing the EW fan beam
in May 1965 orly four pgers had ben published by
the group. The first paperusng Molondo daa was a
survey of neaby spiral galaxies (Mlls and Glarfield,
1965. Inthe folowing three yeas twerty papers vere

written, mosty by the reseach students who haddone

much of the repeitive construction ard were given pri-

ority in observing. Their targets were spiral galaxies,

plaretary nebulae andthe Galadic Centre. Once the

Cross wasobsrving, its mgjor task for deven years
was a408 MHz survey of the sauthem sky from the
South Cdedial Pole to declination +18 degrees. The
resulting catalogue of 12,141 saurces wes published by

Large etal in 1981

Figure 5: Alec Little at the control Desk on Opening Day, 19
November 1965.

Other papes gave source positions better tan 2
arcsecandconsequert optical idertifications, descibe-
ed Galactic sources, nepped the Lage and Small
Magdlanic Clouds, and reported many pulsar discov-
eries. The sdentifi c output was an average of sixteen
papers eazh yea and the total readied 194 by 1978.
Among tese Mills (1991, 200§ mentions two that
had paticular significance David Wyllie used a tand-
ard dipole with theEag and Weg amsto determine an
absolute flux dersity sale @ 408 MHz which was
eventually admted worldwide, whie Pder Shaver
(from Canada)and Miller Goss ¢om USA) did nuch
to quell the rivalry beéween the Molonglo and CSIRO
radio astonamers as hey jointly obseved radio
emission from Galadic HIl regions usng dada with
comparable resdution from bath Cross(408 MHz) ard
Parkes (5006 MHz). Brian Robinson (2002) com
ments a1 the origin ard resoltion of this rivalry:

= ..en)ﬁ
;,} ‘-r:

&

e ——

Figure 6: The top view of N88 feedshowmg worm gears and
directional couplers.
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Table 2: Specifications and Final Performance of the Cross and MOST

Feature Cross MOST

Centre Frequency (MHz) 408 843
Effective Bandwidth (MHz) 25 3
Time resolution (microsec) 0.5 0.5
Declination Coverage (°) +18.5 to —90 +18.5 to —-90

for full HA Synthesis -30t0 -90
Meridian Angle Swing (°) 0 (transit) 60
Field size for full synthesis 23' x 23' cosec dec

Time shared 160" x 160’ cosec dec
Synthesized Beam 2.8'x2.8secZ 43" x 43"cosec dec
System Temperature (K) 120 110
System noise (12 hr, mJy) 16 0.2

Table 3: Molonglo Research Students and their Topics, 1960 to 1978

Student Name Submitted Thesis Title
John Sutton 1962* Aerial Performance and Information Theory in Radio Astronomy.
Ross Glanfield 1962* Observational Properties of Relativistic World Models at Radio Wavelengths.
John Rome May 1964* Galactic structure deduced from radio measurements.

Donald Campbell
Kent Price

John Sutton
Michael Kesteven
David Wyllie

Alan le Marne

Philip Harris
Peter Shaver
Malcolm Cameron
Trevor Clarke
Robert Munro
Richard Hunstead
Anne Green
Richard Schilizzi
lan Davies

Alan Vaughan
James Clarke
Robert Milne
Michael Batty
Gordon Robertson
Graeme White
David Hoskins

Andrew G Wilson

September 1964*
January 1966*
November 1966
January 1968
September 1968
1969 #

January 1969*
1970
September 1970
August 1971
August 1971
May 1972
September 1972
November 1972
1973 #

May 1974

May 1974
January 1976
February 1976
December 1976
February 1977*
1977 #

April 1977*

Data Reduction in Radio Astronomy.

Strip Scanning of Seven Radio Sources with a 1.6'arc Interferometer.
The determination of the positions of radio sources.

Radio Observations of Some Supernova Remnants.

An Absolute Flux Density Scale at 408 MHz.

Number-Flux Density Relationship for Radio Sources.

Radio Emission from Galactic HIl Regions.

Radio Observations of Bright Galaxies.

The Measurement of the Angular Sizes of Radio Sources by Model Fitting.
Identifications of Radio Sources from the Fourth Cambridge Catalogue.
Studies of Selected Radio Sources.

Spiral Structure of the Galaxy from a Radio Continuum Survey.

Structures of Extragalactic Radio Sources.

Pulsar Observations at Molonglo.

A High Resolution Survey of the Magellanic Clouds at 408 MHz.
Interplanetary Scintillation at 408 MHz.

Low Frequency Recombination Lines.

Radio Source Surveys at 408 MHz.

Optical and Radio Studies of a Molonglo Deep Survey.

Absolute Flux Density Measurements at 111 MHz.

Key: * = M.Sc. thesis

# = Did not complete

In 1953-1960 there was much stife at Radbphyscs,

5 AFTER THE CROSS

arising from Bwen’s suppdr of the Culgoora Solar

Obsenatory as a secod project after the Parkes dish.
Chris Clristiarsen resigied and went to the Chai of

5.1 The Molonglo Observatory Synthesis
Telescope (MOST)

Electricd Engineerng at Sydney University, then

Bernie Mill s went to the Chair of Astrophysics st up by
Harry Messel. A right royd battle then raged between
Bowen and Messl. Animosity existed urtil the com
bined Parles-Mdonglo obserations d Peter Shaver
andMiller Goss Thenlater ame the Molonglo-Parkes
obsenations d pulsars by Michael Large aml Dick
Manchester. | was Leader 6 the AstophysicsGroup at
Radophyscs over that perod, and warked very hard to
corvince Berné Mills that he cald trust us to wark

with Molondo on hose twaorojects

From the sart of the Astrophysics Depatment in

By the ealy 197Cs, dgitd computers hal both the
spe@ and rdiability to take real-ime control of aradio
telesaope. Mills redised that if a fan beam tradked a
field for twelve hours,the rotation of the Earth would
move he bem through 180° onthe ky and dow the
syrthess d a pend bean (Mills et a, 1976). He
designed a syrthesis telescope for 1,420 MHz, and
AlecLittle haddevéoped a pototype feed for the BV
modues when they learnal that C3RO was planning
the Australian (ater The Austrdia) Telesmpe for this
and higher frequencies. Mills then chosea nev fre-

1960 until 1978 the range of projeds obsened by the
fan beam and theCross & show in Talde 3 which
lists the resard students and their thesistopics com
pletedin this period. The cut-off is chasen becaiseon
24 Auguwst 1978 & 10amthe Cross vas switched off
and we prepared to lift feed modules down for con-
versionfrom 408 © 843 MHz (FHgure 7).

quency of 843 MHz which is nat a proteded radio
astronomy band but, with cooperation from the Au-
straian Post Office, has ben kept reasmably free of
interferenceby neaby radio phorelinks.

The onvesion of the Crosgo the MOST reusel the
East and Wed ams andgave a powerful new telescope
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at vey low cost. The NS armwas abadoned. All the
concaete, steé and mesh of the EW am had been
desgned with possible useat 1,420 MHz in mind and
neealed no change except for the addition of a sbw tilt
drive. A newmile of RFfocus at843 MHz reused he
waveguides from the Cross, btireplaced dpdes wth
7,744 ring dements hat were phasedby compuer to
tradk a field for twelve hours. The conversion d the
feeds ad construdion of new receives, diital ddays
and correlaors to produce 128 contiguaus fanbeans
took threeyears toconplete (Robetsan, 1991).

The first synthess mag of source 1836631 was
made o 15 Juy 1981 with 43 arcsec resdution overa
23 acmin field. Switcling beans acossthree aja-
cent certres incressed the field to 70 arcmin and
detal ed images of known sources upto one degres in
size vere observed for a deade In 191, develop-
ment of precie digital phaseunits (Amy and Large,
1992) gave computer control of phase for al 176
modules, thus renoving grating lobes and gving a
great improvement in dynamic range over the 70 arc
min field. A furtherinstallation of phase ontrol to the
separate waveguides within each module in 1996
increesed MOST’s field of view to 2.7 (and the
curent dosening paemeters for MOST are givenin
Tabe 2). With the lage field of view, it beame
feasibk to undertake aB43 MHz surve of all of the
souhen <Ky (from decination —30° to -90°). The
Sydney University Molonglo Sy Survey (SUMSS
was bega in 1998 ard is now (Augug 2007 effect-
ively finished. A second prgect has mapa the
souhen swee of the Galactic Plane through the
Galactic Centre.

5.2 The Square Kilometer Array and SKAMP

Evolution of the Molonglo Telesope is mntinuing.
Like may of the world’'s radb dbservaories, MOST
staff ae testing concepts and systerns for the future
Squae Kilometer Array in a piojed called the KA
Molonglo Prototype (Sjuae Kilometer Array). They
have developed wide-bard feels for the cylindrical
refledor as wdl as rew correlators and agle control
elements. Frst fringes from modues of the new
sydem were produced on 5 May 2004 bu the ful

SKAMP has © wait for the MOST surveys to finish.

MOST has al0 hectare colleding arey, wide fidd of
view and complete uv-coverage ait to its maximum 1
mile spaing. We expet its successorthe third Mo-
longlo tdesmpe, m@vering frequencies 300 to 1,420
MHz will explore hydogen in the high redshfted
Universe.

6 NOTES

1. This extensive souree survey “... had profound
cosmobgicd implications in terms of the comgting
‘Big Bang and ‘Steady $ate’ theores wilich wee
prevdert a the timeard led to the notorious ‘Fleurs-
2C Contoversy ...” (Orchiston and Ske, D05
152). For deails of the ' Controversy’, which soued
relaions beween Austrdian ard Canbridge rado
astronomers for many yeas, see Mills (1984) and
Sullivan (1990).

. R.N. Bracewd! wert to Stanfard and Frark Kerr to
Maryland. In 1961 J.L. Pawsey was offeredhe first
Diredorship of the National Rado Astronony
Observdory in USA, but tragically, died on 30

Noverber 1962 before hecould teke up the position.
J.H. Aiddington moved to the CSRO Division of
Physics. K Westfold went to the University of
Sydney and later beane the Dean of Science at
Monas Universily in Mebourne JV. Hindman
went to the ANU’s Siding Sring Coservatory.
W.N. Chridiansen went to the University of Sydney
on 21 April 1960, sweceeling Professor D. Myers in
the Peer Nicd Russell Chair of Electicd En-
gineeing (Nature, 183, 784, 1960). He was som
joined by R.F. Mullaly ard A. Watkinson.

Figure 7: Cloing the oss. The East 1 feed is lifted the
telescope near midday on 24 August 1978.
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