
The opportunities for organisations to engage 
with the MWA range from partnering in its 
planned upgrade to involvement in research 
programs and measurement surveys to inform 
specific government and commercial projects. 

Please contact the MWA Director to discuss 
any areas of interest or potential application. 
The sky is, quite literally, the limit.
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Following a successful two years of 
operation, plans are now in place to 
significantly increase the size and scale 
of the telescope by doubling the number 
of antennas, thereby quadrupling its 
current geographic footprint.

Industry involvement was critical to the 
construction of the MWA and will also feature 
prominently in its planned upgrade. 

The challenges posed by the expanded data 
handling, signal processing, computing and 
networking requirements of the upgrade will 
place industry partners at the cutting-edge of 
technical development in radio astronomy. 

This expertise will leave partners well-placed to 
contribute to other high-technology projects in 
communications, wireless technologies, super-
computing, data management and other areas.

The Murchison Widefield Array (MWA) 
is an international project to create and 
operate a groundbreaking low-frequency 
radio telescope. 

Curtin University, based in Perth, Western 
Australia, leads the MWA consortium, made up 
of 15 institutions across Australia, India, New 
Zealand and the US:

•	 Arizona State University

•	 Australian National University

•	 Commonwealth Scientific Industrial Research 
Organisation (CSIRO)

•	 Curtin University

•	 Harvard–Smithsonian Center for Astrophysics

•	 Massachusetts Institute of Technology/
Haystack Observatory

•	 Massachusetts Institute of Technology/Kavli 
Institute for Astrophysics and Space Research

•	 Raman Research Institute, Bangalore

•	 Swinburne University of Technology

•	 The University of Melbourne

•	 The University of Sydney

•	 The University of Western Australia

•	 University of Tasmania

•	 University of Washington

•	 Victoria University of Wellington.

An interferometric telescope, the MWA consists 
of 128 aperture array ‘tiles’ made up of 2,048 
fixed dual-polarisation dipole antennas. The 
majority of the tiles are placed in a core 
region 1.5 km in diameter, with the remainder 
distributed more widely, yielding a maximum 
baseline of 3 km.

The 128 tiles transmit signals to 16 receiver 
packages for initial processing in the field, and 
then to a high-performance computing cluster 
for correlation and real-time imaging and 
calibration. The resulting data and images are 
transmitted on a dedicated optical fibre data link 
to Perth, where they are stored at the Pawsey 
Supercomputing Centre. 

The MWA has attributes including:

•	 a very wide field of view (hundreds of square 
degrees)

•	 high angular resolution (several arcminutes)

•	 wide frequency range (80–300 MHz) with 
flexible tuning

•	 digital design, allowing for extreme frequency 
and pointing agility, wide fractional 
bandwidths and considerable signal processing 
capabilities.

The MWA is located at CSIRO’s Murchison Radio-astronomy 
Observatory (MRO), 300 km from Geraldton. This is the 
perfect site for world-leading radio astronomy because it 
is extraordinarily ‘quiet’, with extremely low levels of radio 
frequency interference. The MRO site also provides excellent 
sky access, with the Galactic Centre (the rotational 
centre of the Milky Way galaxy, located at a distance 
of approximately 27 light years from the Earth) and 
Magellanic Clouds (small galaxies orbiting the Milky Way) 
reaching high elevations. 

We acknowledge the Wajarri Yamatji people as the 
traditional owners of the MRO site.

THE MURCHISON  
WIDEFIELD ARRAY

EARTH-BOUND AND 
NEAR-EARTH APPLICATIONS
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After two years of operation, the MWA’s 
fundamental science research programs are 
in place and ongoing, but other applications 
for this unique instrument are regularly being 
discovered. The MWA is proving to be much more 
than a telescope for looking at the stars.

Space debris and orbital tracking
Space debris is ever-accumulating around the 
Earth. Collisions between the debris increase the 
number of fragments, and the chance of collision 
between debris and active satellites continues to 
rise. Tracking space debris is considered a critical 
activity worldwide, to minimise collision risks for 
these very expensive and strategically important 
assets.

The MWA can be used to track debris, effectively 
becoming a receiver for passive radar in the 
commercial FM broadcast band (87.5–108 
MHz). FM radio broadcasters act as independent 
transmitters, their signals reflect off debris in 
Earth orbit, and these can be received at the 
MWA. 

The MWA is one of very few facilities with 
this capability in the southern and eastern 
hemisphere, providing a wide field of view for 
this under-monitored quadrant of sky. It is 
capable of simultaneously detecting multiple 
objects in orbit, imaging their positions on the 
sky as a function of time, and providing tracking 
data that can be used to determine orbital 
parameters. 

Proof of concept observations have 
demonstrated the detection and tracking of the 
International Space Station via reflected FM 
broadcast signals, and the detection of sub-
metre size objects is possible. Modification of 
standard MWA observation modes and data 
processing techniques may allow substantially 
smaller objects to be detected.

The MWA will potentially fill a gap between 
C-band radar and laser tracking capabilities 
to provide a hierarchy of detection and 
tracking facilities in the southern and eastern 
hemispheres, with many civil and defence 
applications.

Interplanetary scintillation and the 
solar wind
Interplanetary scintillation (IPS, commonly 
known as twinkling stars) is the observed 
rapid variability in the brightness of distant 
radio sources – not because of intrinsic source 

variability or ionospheric distortion, but due 
to radio wave propagation through density 
variations in the near-earth ionised solar wind. 

IPS is becoming an important technique for 
investigating the structure and evolution of 
the solar wind, characterising the near-Earth 
environment in more detail. This information is 
important for satellite operation in Earth’s orbit, 
and even more so for more distant satellites in 
Earth-trailing or Lagrangian orbits. It must also 
be taken into account in interplanetary missions 
(such as the launch of the Curiosity Mars Rover).

Observations of IPS are typically made at low 
radio frequencies, < 400 MHz, for which the MWA 
is ideally suited. Unlike telescopes studying IPS 
in individual radio sources, the MWA is capable 
of measuring IPS from thousands of sources 
across its entire field of view in one observation. 
This removes selection bias and provides a more 
detailed picture of the variations in the solar 
wind across the wider near-Earth environment.

Plasma imaging to map the Earth’s 
magnetic field
Ionisation of the Earth’s atmosphere by 
sunlight forms a complex, multi-layered plasma 
environment within the Earth’s ionosphere. 
Similar to IPS, studying the variation in distant 
radio sources caused by density fluctuations 
in the ionosphere provides a means of imaging 
the plasma structure. Unlike IPS, ionospheric 
distortion is observed primarily as positional 
shift rather than brightness variation in the 
radio source, due to the ionosphere’s closer 
proximity to land-based telescopes.

The sampling ‘completeness’ of the MWA, 
created by its wide field of view and high-
cadence imaging ability, surpasses existing 
instruments by a factor of ~100, making it the 
first radio telescope capable of imaging the 
plasma in detail.

Research using this data has shown for the 
first time that the ionosphere contains many 
extremely coherent, large-scale cylindrical 
structures that channel plasma between the 
upper and lower ionosphere, aligned along the 
Earth’s magnetic field. This in effect provides a 
new way of mapping and monitoring variations 
in the Earth’s magnetic field, with applications 
in positional and guidance technologies across a 
myriad of space, civil and defence applications.

EXTENDING  
SCIENTIFIC FRONTIERS
Research using the MWA is currently 
investigating the Universe in more 
detail than previously possible at low 
frequencies, and encompasses four 
broad areas of investigation:

•	 Early Universe cosmology – searching for and 
studying the Epoch of Reionisation, when 
the first stars, galaxies and quasars began 
forming, approximately 13 billion years ago.

•	 The dynamic Universe – high-sensitivity 
surveys of the dynamic radio sky, searching 
for short-timescale and highly variable 
phenomena.

•	 Galactic and extragalactic research – studies of 
phenomena in our galaxy and galaxies at great 
distances from us.

•	 Solar, heliospheric and ionospheric studies 
– investigating the Sun and its effect on near- 
Earth space weather, including applications 
such as improving early warnings of solar 
storms to protect infrastructure like satellites, 
power grids and communications networks.

EXTENDING THE ARRAY

The MWA has been supported by the Australian 
Government under the National Collaborative Research 
Infrastructure Strategy, Education Investment Fund, and 
other research infrastructure programs.


