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Construc�on	
  of	
  the	
  wheel-­‐on-­‐track	
  telescope	
  (Cooper	
  et	
  al.	
  1992)	
  
was	
  completed	
  in	
  November	
  1991,	
  with	
  the	
  first	
  astronomical	
  
observa�ons	
  being	
  made	
  as	
  part	
  of	
  a	
  VLBI	
  session	
  the	
  following	
  
week	
  and	
  one	
  of	
  these	
  	
  -­‐-­‐	
  Cen	
  A	
  -­‐-­‐	
  reported	
  in	
  Tingay	
  et	
  al.	
  (1998).	
  	
  

My	
  

My	
  own	
  first	
  visit	
  to	
  Mopra	
  was	
  November	
  1992…	
  

First	
  light	
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Frater,	
  Brooks	
  and	
  Whiteoak:	
  

“The	
  Compact	
  Array,	
  Mopra	
  antenna	
  and	
  Parkes	
  radio	
  telescope	
  can	
  
be	
  linked	
  together	
  to	
  form	
  the	
  Australia	
  Telescope	
  Long	
  Baseline	
  
Array.	
  …	
  Ul�mately,	
  correla�on	
  will	
  be	
  possible	
  at	
  Narrabri.”	
  

“Apart	
  from	
  its	
  use	
  in	
  the	
  Long	
  Baseline	
  Array,	
  the	
  Parkes	
  radio	
  
telescope	
  will	
  con�nue	
  to	
  be	
  used	
  for	
  ‘stand-­‐alone’	
  opera�on.	
  In	
  
addi�on,	
  it	
  is	
  planned	
  to	
  ou�it	
  the	
  Mopra	
  antenna	
  for	
  wide-­‐band	
  
(700	
  MHz)	
  opera�on	
  at	
  115	
  GHz;	
  at	
  this	
  frequency	
  its	
  only	
  
compe�tor	
  in	
  the	
  Southern	
  hemisphere	
  will	
  be	
  the	
  14-­‐m	
  Swedish-­‐
ESO	
  Submillimetre	
  Telescope	
  (SEST)	
  in	
  Chile.”	
  	
  

The	
  Australia	
  Telescope	
  Overview	
  (June	
  1992)	
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Now	
  that	
  the	
  Australia	
  Telescope	
  is	
  fully	
  opera�onal	
  we	
  have	
  to	
  
make	
  sure	
  we	
  maintain	
  a	
  vigorous	
  development	
  program	
  to	
  
maintain	
  it	
  as	
  a	
  world-­‐class	
  facility.	
  	
  

One	
  of	
  the	
  key	
  thrusts	
  in	
  interna�onal	
  radio	
  astronomy	
  is	
  the	
  push	
  
towards	
  shorter	
  (millimetre)	
  wave	
  lengths.	
  	
  

We	
  expect	
  to	
  rejoin	
  the	
  interna�onal	
  community	
  in	
  this	
  field	
  when	
  
the	
  Mopra	
  Telescope	
  begins	
  opera�ons	
  at	
  3mm	
  in	
  1994,	
  but	
  since	
  
Australia	
  has	
  no	
  suitable	
  sites	
  for	
  high	
  quality	
  observa�ons	
  at	
  short	
  
millimetre	
  wavelengths	
  it	
  is	
  not	
  clear	
  that	
  further	
  development	
  in	
  
this	
  area	
  will	
  be	
  our	
  best	
  strategy.	
  	
  

Such	
  issues	
  need	
  to	
  be	
  vigorously	
  debated	
  in	
  the	
  coming	
  years.	
  

ATNF	
  Annual	
  Report	
  1993	
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In	
  its	
  first	
  years,	
  Mopra	
  
was	
  used	
  for	
  VLBI	
  and	
  
single-­‐dish	
  observa�ons	
  at	
  
cen�metre	
  wavelengths	
  
(e.g.,	
  HI	
  observa�ons	
  of	
  
Koribalski,	
  Johnston	
  &	
  
Otrupcek	
  1994).	
  	
  

Single	
  dish	
  science	
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GRO	
  J1655-­‐40	
  Superluminal	
  mo�on	
  



In	
  1995,	
  the	
  telescope	
  was	
  used	
  together	
  with	
  the	
  Parkes	
  64-­‐m	
  
telescope	
  as	
  part	
  of	
  Project	
  Phoenix,	
  which	
  observed	
  209	
  solar-­‐type	
  
stars	
  over	
  the	
  frequency	
  range	
  1.2–3.0	
  GHz	
  to	
  search	
  for	
  possible	
  
narrow-­‐band	
  transmissions	
  from	
  extra-­‐terrestrial	
  life	
  (Tarter	
  1997).	
  	
  

The	
  Mopra	
  20/13	
  cm	
  feed	
  and	
  receiver	
  was	
  modified	
  from	
  
the(ATCA)	
  design	
  to	
  improve	
  performance	
  over	
  the	
  wider	
  Project	
  
Phoenix	
  range	
  —	
  changes	
  which	
  later	
  enabled	
  Mopra	
  to	
  support	
  
VLBI	
  observa�ons	
  during	
  the	
  descent	
  of	
  the	
  Huygens	
  probe	
  through	
  
the	
  atmosphere	
  of	
  Titan.	
  

Project	
  Phoenix	
  

Page	
  8	
  



FUDD	
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Project	
  Phoenix	
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First	
  light	
  at	
  3mm	
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A	
  3-­‐mm	
  SIS	
  receiver	
  was	
  tested	
  on	
  the	
  antenna	
  in	
  late	
  1994,	
  with	
  
the	
  feed	
  illumina�ng	
  the	
  central	
  solid-­‐panelled	
  15m	
  of	
  the	
  dish,	
  and	
  
astronomical	
  3-­‐mm	
  observa�ons	
  began	
  in	
  August	
  the	
  following	
  year,	
  
e.g.,	
  “Observa�ons	
  of	
  the	
  57Fe+23	
  hyperfine	
  transi�on	
  in	
  clusters	
  of	
  
galaxies”	
  by	
  Liang	
  et	
  al.	
  

and	
  

“12CO	
  J	
  =	
  1	
  -­‐	
  0	
  observa�ons	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  
of	
  the	
  Circinus	
  galaxy	
  using	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
the	
  Mopra	
  22m	
  radio	
  telescope”	
   	
   	
   	
   	
  b 	
   	
   	
   	
   	
  	
  	
  
by	
  Elmou�e	
  et	
  al.	
  	
  

First	
  3mm	
  observa�ons	
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A	
  12-­‐mm	
  receiver	
  was	
  constructed	
  for	
  Mopra	
  in	
  1996,	
  primarily	
  to	
  
support	
  space	
  VLBI	
  observa�ons	
  with	
  the	
  HALCA	
  satellite	
  as	
  part	
  of	
  
the	
  VLBI	
  Space	
  Observatory	
  Programme	
  (Hirabayashi	
  et	
  al.	
  2000).	
  

	
  The	
  compromised	
  performance	
  of	
  the	
  HALCA	
  12-­‐mm	
  receiver	
  
(Kobayashi	
  et	
  al.	
  2000)	
  resulted	
  in	
  Mopra	
  support	
  for	
  the	
  VSOP	
  
mission	
  being	
  at	
  1.6	
  and	
  4.9	
  GHz	
  (e.g.,	
  Sco�	
  et	
  al.	
  2004;	
  Dodson	
  et	
  
al.	
  2008),	
  however	
  the	
  ‘VSOP’	
  12-­‐mm	
  receiver	
  was	
  used	
  in	
  a	
  
number	
  of	
  other	
  Long	
  Baseline	
  Array	
  VLBI	
  observa�ons	
  (e.g.,	
  “A	
  
Warped	
  Accre�on	
  Disk	
  and	
  Wide-­‐Angle	
  Ou�low	
  in	
  the	
  Inner	
  Parsec	
  
of	
  the	
  Circinus	
  Galaxy”,	
  Greenhill	
  et	
  al.	
  2003).	
  

The	
  addi�on	
  of	
  12mm	
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VSOP  1997-2003 

  80 observations with ATCA 
190 observations with Mopra 





UNSW	
  funded	
  the	
  replacement	
  of	
  the	
  outer	
  perforated	
  panels	
  of	
  
the	
  dish	
  in	
  1999	
  with	
  solid	
  panels,	
  and	
  the	
  receiver	
  op�cs	
  were	
  
modified	
  to	
  illuminate	
  the	
  full	
  22	
  m.	
  	
  

Several	
  rounds	
  of	
  holography	
  using	
  a	
  30-­‐GHz	
  satellite	
  beacon	
  were	
  
used	
  to	
  reduce	
  the	
  surface	
  RMS	
  error	
  from	
  270	
  μm	
  in	
  1999	
  to	
  180	
  
μm	
  in	
  2004.	
  	
  

The	
  3-­‐mm	
  SIS	
  receiver	
  was	
  the	
  main	
  receiver	
  used	
  for	
  single-­‐dish	
  
observing	
  during	
  this	
  period,	
  and	
  the	
  telescope	
  was	
  characterised	
  	
  
by	
  Ladd	
  et	
  al.	
  (2005).	
  	
  

UNSW	
  upgrades	
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On-­‐the-­‐fly	
  mapping	
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OTF mapping became possible in 2004 as 
a result of  
(1) adjustment of the surface panels and 

subreflector to produce a more 
symmetric beam pattern at 3 mm,  

(2)  installation of a new antenna control 
computer (ACC) that can handle 
shorter cycle-times, and  

(3) development of software to facilitate 
rapid scanning, schedule file 
preparation and processing of OTF 
data into spectral cubes. 

Major contributions made by Tony Wong, 
Mike Kesteven and Mark Calabretta 



On	
  14	
  January	
  2005	
  the	
  European	
  
Space	
  Agency	
  (ESA)	
  Huygens	
  probe	
  
descended	
  on	
  to	
  the	
  surface	
  on	
  
Saturn’s	
  moon,	
  Titan.	
  

At	
  3:30	
  am,	
  Chris	
  grabbed	
  the	
  disks	
  
from	
  the	
  ATCA	
  and	
  jumped	
  in	
  a	
  taxi	
  to	
  
Narrabri	
  airport.	
  A	
  charter	
  plane	
  flew	
  
him	
  back	
  to	
  Sydney	
  via	
  
Coonabarabran	
  and	
  Parkes	
  airports,	
  
collec�ng	
  the	
  Parkes	
  and	
  Mopra	
  data	
  
en	
  route.	
  Nine	
  NRENs	
  collaborated	
  to	
  
give	
  us	
  a	
  dedicated	
  door-­‐to-­‐door	
  
gigabit	
  connec�on	
  from	
  Marsfield	
  to	
  
JIVE.	
  	
  	
  

Huygens	
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Upgrading	
  and	
  expanding	
  the	
  suite	
  of	
  mm	
  receivers	
  with	
  Indium	
  
Phosphide	
  (InP)	
  High	
  Electron	
  Mobility	
  Transistor	
  (HEMT)	
  Monolithic	
  
Microwave	
  Integrated	
  Circuits	
  (MMICs)	
  low-­‐noise	
  amplifiers:	
  

 	
  3-­‐mm	
  SIS	
  receiver	
  replaced	
  in	
  2005	
  with	
  new	
  76–117	
  GHz	
  receiver,	
  

 	
  addi�on	
  of	
  a	
  12-­‐mm	
  receiver	
  in	
  2006	
  (16–28	
  GHz),	
  

 	
  new	
  7-­‐mm	
  receiver	
  in	
  2008	
  covering	
  (30–50	
  GHz)	
  	
  

Physically,	
  the	
  three	
  receivers	
  are	
  mounted	
  in	
  a	
  single	
  dewar.	
  

MMIC	
  receivers,	
  2005-­‐2008	
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First	
  light	
  with	
  the	
  UNSW	
  Mopra	
  Spectrometer	
  (MOPS)	
  was	
  on	
  22	
  
May	
  2006,	
  on	
  Orion	
  KL.	
  MOPS	
  is	
  a	
  broadband	
  digital	
  filter	
  bank	
  with	
  
four	
  over-­‐lapping	
  sub-­‐bands,	
  each	
  with	
  a	
  bandwidth	
  of	
  2.2GHz	
  
providing	
  a	
  total	
  of	
  8.3GHz	
  of	
  con�nuous	
  bandwidth.	
  Both	
  a	
  
wideband	
  mode	
  and	
  a	
  zoom	
  mode,	
  with	
  up	
  to	
  16	
  zooms	
  are	
  
available.	
  

MOPS	
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Remote	
  Observing	
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Mopra remote observing from ATCA started August 2006 



Mopra	
  observing	
  soon	
  a�er	
  became	
  possible	
  from	
  anywhere	
  for	
  
qualified	
  observers.	
  

Balt’s	
  arrival	
  in	
  June	
  2007	
  was	
  quickly	
  followed	
  by	
  a	
  suite	
  of	
  tools	
  
including	
  TOAD	
  to	
  assist	
  observers.	
  

The	
  Mopra	
  sky	
  camera	
  was	
  finally	
  added	
  in	
  2011.	
  

Remote	
  observing	
  (ii)	
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The	
  first	
  Mopra	
  User	
  Manual	
  was	
  put	
  together	
  by	
  Jill	
  Rathborne,	
  
Michael	
  Murphy	
  and	
  Jung-­‐Kyu	
  Lee.	
  The	
  2002	
  version,	
  with	
  
addi�onal	
  work	
  by	
  Lucyna	
  Kedziora-­‐Chudczer,	
  is	
  s�ll	
  available	
  

h�p://newt.phys.unsw.edu.au/astro/mopra/mum/manual.html	
  

Other	
  versions	
  of	
  the	
  Mopra	
  User	
  Guide	
  came	
  and	
  went:	
  the	
  final	
  
version	
  is	
  Balt’s	
  Quick	
  Reference	
  Handbook	
  

An	
  incomplete	
  list	
  of	
  other	
  CSIRO	
  staff	
  who	
  have	
  provided	
  Mopra	
  
support	
  over	
  the	
  years	
  includes	
  Robina	
  Otrupcek,	
  Juergen	
  O�,	
  Tony	
  
Wong,	
  	
  Stuart	
  Robertson,	
  Erik	
  Muller,	
  Dion	
  Lewis,	
  Nadia	
  Lo,	
  Kate	
  
Brooks,	
  James	
  Urquhart,	
  all	
  Narrabri	
  staff	
  and	
  many	
  Marsfield	
  staff	
  
(Graeme	
  Carrad,	
  Warwick	
  Wilson,	
  Tasso	
  Tzioumis	
  …).	
  	
  

MUMs,	
  MUGs	
  and	
  QRHs	
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Indra	
  Bains,	
  Ramesh	
  Balasubramanyam,	
  Michael	
  Burton,	
  Paolo	
  
Calisse,	
  Neil	
  Crighton,	
  Maria	
  Cunningham,	
  Steve	
  Curran,	
  Tamara	
  
Davis,	
  Jess	
  Dempsey,	
  Gary	
  Derragopian,	
  Bruce	
  Fulton,	
  Marton	
  Hidas,	
  
Tracey	
  Hill,	
  Paul	
  Jones,	
  Lucyna	
  Kedziora-­‐Chudczer,	
  Ned	
  Ladd,	
  Jung-­‐
Kyu	
  Lee,	
  Steve	
  Longmore,	
  Vincent	
  Minier,	
  Michael	
  Murphy,	
  Michael	
  
Pracy,	
  Cormac	
  Purcell,	
  Jill	
  Rathborne,	
  Stuart	
  Robertson,	
  Angie	
  
Schultz,	
  John	
  Shobbrook,	
  Patricia	
  Sparks,	
  John	
  Storey,	
  Tony	
  
Travouillion,	
  Andrew	
  Walsh	
  

UNSW	
  Mopra	
  Support	
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“Another	
  even	
  more	
  spectacular	
  event	
  happened	
  at	
  Mopra	
  near	
  
midnight	
  on	
  12	
  January	
  2006:	
  Mopra	
  received	
  a	
  major	
  lightning	
  
strike.	
  A	
  broad	
  range	
  of	
  Mopra	
  systems	
  were	
  damaged	
  in	
  the	
  event	
  
and	
  these	
  are	
  being	
  assessed	
  and	
  repaired.	
  The	
  damage	
  caused	
  
some	
  electronics	
  chips	
  to	
  explode	
  while	
  wires	
  fused	
  and	
  the	
  
cryogenics	
  systems	
  failed.	
  As	
  of	
  wri�ng	
  the	
  Mopra	
  uninterrup�ble	
  
power	
  supply	
  has	
  yet	
  to	
  be	
  brought	
  back	
  online	
  and	
  receiver	
  health	
  
is	
  yet	
  to	
  be	
  tested.	
  At	
  present	
  this	
  event	
  is	
  not	
  expected	
  to	
  have	
  a	
  
major	
  impact	
  on	
  VLBI	
  or	
  the	
  start	
  of	
  the	
  millimetre	
  season.”	
  

ATNF	
  News	
  no	
  58	
  Oct	
  2006.	
  

Disasters	
  (i)	
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Disasters	
  (ii)	
  



http://www.youtube.com/watch?v=WlHP9J1UPrs 



Mopra	
  bushfire,	
  January	
  2013	
  



 	
  A	
  call	
  for	
  expressions	
  of	
  interest,	
  released	
  in	
  November	
  2011,	
  
solicited	
  interest	
  in	
  opera�ng	
  the	
  Mopra	
  beyond	
  October	
  2012.	
  	
  

 	
  Funding	
  was	
  secured	
  to	
  operate	
  the	
  Mopra	
  Telescope	
  for	
  three	
  
years,	
  commencing	
  in	
  October	
  2012.	
  Mopra	
  opera�ons	
  will	
  ini�ally	
  
be	
  supported	
  by	
  NAOJ	
  and	
  UNSW/Adelaide	
  consor�um.	
  

 	
  Mopra	
  observing	
  started	
  with	
  a	
  block	
  on	
  UNSW/Adelaide	
  �me	
  on	
  
May	
  7th.	
  	
  

 	
  In	
  return	
  for	
  their	
  contribu�ons	
  to	
  opera�ng	
  costs,	
  UNSW	
  was	
  
allocated	
  12	
  weeks/yr	
  and	
  8	
  weeks/yr,	
  with	
  ~5	
  weeks/yr	
  remaining	
  
for	
  Na�onal	
  Facility	
  (single-­‐dish	
  and	
  VLBI)	
  use.	
  

 	
  These	
  agreements	
  ended	
  at	
  the	
  end	
  of	
  October	
  2015	
  	
  

Change	
  in	
  opera�ng	
  model	
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