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Abstract

The  Murchison  Widefield  Array  (MWA)  in  Western  Australia  offers  a  tremendous  new 
opportunity for ionospheric science.  The MWA is a new low frequency array being built with funds from 
the US National Science Foundation (NSF), Air Force Office of Scientific Research (AFOSR), and other 
organizations  to  develop  powerful  new  capabilities  for  radio  astronomy  and  heliospheric  science  at 
frequencies from 80 to 300 MHz.  This talk will focus on how the MWA can be used to significantly 
advance the state of knowledge of mid-latitude space weather effects through its fine-scale observations of 
large and small-scale ionospheric structuring. 

1. Introduction

In  this  presentation,  we  will  describe  how  the  powerful  new  capabilities  of  the  Murchison 
Widefield  Array (MWA) located  in  Western Australia  can  be used  to  increase  our  understanding  and 
knowledge of mid-latitude ionospheric processes.  The MWA is a new low frequency array that is being 
built with funds from the US National Science Foundation (NSF), Air Force Office of Scientific Research 
(AFOSR),  and  other  Australian  and  Indian  organizations.   It  is  being  developed  primarily  to  provide 
significant new capabilities for radio astronomy and heliospheric science at frequencies from 80 to 300 
MHz [1](Salah et al.,  2005).  This array has been designed to have extremely wide fields of view and 
unprecedented sensitivity at these frequencies.  It  will consist of 8192 dual-polarization dipole antennas 
arranged as 512 "tiles", each being a 4x4 array of dual-polarization dipoles.  An aerial photograph of the 
installation of the first 32 tiles is shown in Figure 1 together with a close-up photograph of one of the tiles. 
The MWA project is being led by MIT Haystack Observatory with strong collaboration from other U.S., 
Australian, and Indian universities and research institutions.  

2. Background

The MWA offers a tremendous new opportunity for ionospheric science. MWA observations will allow us 
to monitor space weather from a southern hemisphere mid-latitude location with more precision and detail 
than ever before, opening the door for discovery science. The offset of the geographic and geomagnetic 
poles places  the MWA at a special  longitude for investigating ionospheric space weather  disturbances. 
Recent studies indicate that this offset has important consequences for the development of storm enhanced 
density (SED) effects in the American sector ([2], [3], [4]). 



The MWA observations  are  uniquely suited  for  the  exploration of  ionospheric  irregularities  and radio 
scintillation. The MWA will provide simultaneous VHF scintillation measurements at multiple positions 
across an ionospheric region of about 175 sq. km.   In addition, the MWA will be capable of measuring 
total  electron  content  (TEC)  spatial  gradients  on  a  1  km  resolution  grid  over  this  region.  These 
measurements will be made on short temporal (~10 sec) scales and with very fine amplitude resolution 
(<0.01 TEC units; 1 TEC unit = 1016 electrons /m2.) The MWA observations will be augmented by data 
from three  specially designed  GPS receivers  at  the MWA site  which can measure L-band scintillation 
statistics.   These receivers  were  provided by Dr.  Keith Groves (AFOSR) and have been intermittently 
operational at the site.  GPS TEC data from these receivers, when combined with data from a large number 
of  recently  deployed  GPS  receivers  on  the  Australian  continent,  will  provide  important  contextual 
information about the regional distribution of TEC around the MWA site.  Other satellite based platforms, 
including  COSMIC,  DMSP,  and  JASON,  provide  data  which  can  add  further  information  about 
background ionospheric plasma and electrodynamic conditions. 

3. Summary

The MWA provides  us with a  new window from which we can observe ionospheric  phenomena.   By 
combining MWA observations with those from GPS, we will be able to examine how energy cascades from 
larger to smaller scale sizes within the plasma.  In particular, we will be able to:

1) observe TEC gradients associated with SED in Australia with unsurpassed precision and detail, 
enhancing our understanding of this phenomenon both locally and globally;

2) associate plasma irregularities with causative features such as large TEC gradients associated with 
SED;

3) monitor TID speed, direction, and amplitude as these features cross the array, and determine when 
and how these structures produce irregularities;   

4) observe background irregularity conditions that produce VHF and L-band scintillation.  

All  of  these  capabilities  will  allow us  to  significantly  advance  the state  of  knowledge on ionospheric 
structuring and space weather.



Figure 1.  Aerial photograph of the first 32  MWA tiles deployed in Western Australia.  (Inset) Close 
up view of one antenna tile consisting of 16 dipoles placed on a ground screen ([5]).
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