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1 cm – 30 m
30 GHz – 10 MHz



Radio astronomy in engineering definition:

§ HF (3 MHz – 30 MHz)

§ VHF (30 MHz – 300 MHz)

§ UHF (300 MHz – 3 GHz)

Low frequency:

§ Typically ν < 400 MHz
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(From International Telecommunications Union & IEEE)



6



7(M. Bentum & A.-J. Boonstra, 2011)



§ Synchrotron Continuum

Best observed at ν < 1 GHz

§ Redshifted Line

ν = 1420/(1+z) MHz (21 cm)

ν = 1665(7)/(1+z) MHz (OH (Mega) Maser)

§ Radio Recombination Lines

8(Thompson, Moran, & Swenson)



§Early universe

§Cosmic rays

§Transients
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Cosmic Dawn

(Bowman et al. 2018)



§Solar system

§Magnetic fields

§Population surveys

§Exoplanets
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Instrument Location TelescopeType Frequency Range (MHz)

DSL Space (China-Europe) Dipole array 0.1 - 50
LWA (LEDA, DAWN) New Mexico, USA Dipole array 10 - 88
LOFAR The Netherlands Dipole array 30 - 80, 120 - 240
DARE (future) Space (USA) Single dipole 40 - 120

SKA Low (future) Western Australia Dipole array 50 - 350

21CMA Tianshan, China Dipole array 50 - 200

JVLA New Mexico, USA Dish array 50 - 80, 74, 300 - 350, …
EDGES Western Australia Single dipole 50 - 200
MWA Western Australia Dipole array 80 - 300
HERA South Africa Dish array 100 - 200
PAPER South Africa Dipole array 110 - 180
GMRT India Dish array 150, 232, 325, …
WSRT The Netherlands Dish array 270 - 390, …
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13LWA antenna
MWA antenna
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§ No need for accurate surfaces

§ Dipoles cheap to build and maintain

§ Flexibility to image anywhere on the sky
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A single dipole 

Station of dipoles 

Multiple stations 
combined
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LWA1 MWA I

Time Since 2011 Since 2013

Cost > $ 3.5M $ 50M

Number of antennas 256 4 x 4 x 128

Station size 100 m x 110 m ellipse Baseline up to 3km

Field of view 3 – 10 deg 15 - 50 deg

Spatial resolution 3.2 deg 1 arcmin

Spectral resolution 6 kHz 10 kHz

Time resolution 10 ms 100 μs

Collecting area 1500 - 5600 m2 2000 m2

Sensitivity 8 Jy (5σ) 1s, 16 MHz 10 mJy, 800s, 150 MHz (Δ=1 MHz)
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§ Australian SKA Pathfinder (ASKAP) 

§ MeerKAT (South Africa)

§ MWA

§ LWA

§ Hydrogen Epoch of Reionization (HERA)*

§ …
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* DeBoer, David R., et al. “Hydrogen epoch of reionization array (HERA).” Publications of the 
Astronomical Society of the Pacific 129.974 (2017): 045001.
* https://www.skatelescope.org/news/hera-ska-precursor/
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§The Sun
§Ionospheric research and space weather
§Jupiter
§Meteors
§Pulsars
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A Pulsar’s profile

A giant pulse 
from the Crab

A solar burst on
May 24, 2013

35 pulses from
a rotating radio 
transient

Light curves of
transients

Stokes V 
spectrogram of 
a Jupiter burst

Matching Game

(All 6 panels from G. B. Taylor 2014)

(Dowell et al. 2013)
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§Linear polarisation gradient
maps

§Turbulence in the local ISM

§Important foreground for
EoR experiments
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(Emil Lenc et al. 2016)
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FRB Location Host Galaxy Redshift

FRB Dispersion

(E. F. Keane et al.2016)
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§ Low frequency radio astronomy difficult and important

Difficulties: radio frequency interference, ionosphere instability

Importance: early universe, transients, magnetic fields

§ A couple of current low frequency facilities

§ Dipole telescope design for low frequency

Cheap, flexibility in beam pointing, simultaneous multi-beam pointing

§ LWA & MWA basic properties

§ Not much breaking discovery so far
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§53 LWA stations, with 400 km baseline(s)

§MWA phase II, double current size; phase III

§SKA-low

2020 Full science operations

§Low frequency radio astronomy in space or on the moon
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§ The host galaxy of a fast radio burst, E. F. Keane+, 2016, Nature Letter

§ An absorption profile centred at 78 megahertz in the sky-averaged spectrum, Judd D. Bowman+, 2018, Nature Letter

§ Science with the Long Wavelength Array, G. B. Taylor, 2014, The Metrewavelength Sky.

§ Predicting low-frequency radio fluxes of known extrasolar planet, J.-M. Grießmeier+, 2007, A&A

§ DETECTION AND FLUX DENSITY MEASUREMENTS OF THE MILLISECOND PULSAR J2145−0750 BELOW 100 MHz, J. Dowell+, 2013, ApJ
Letter

§ ELECTRON-ION RECOMBINATION RATE COEFFICIENTS AND PHOTOIONIZATION CROSS SECTIONS FOR ASTROPHYSICALLY ABUNDANT 
ELEMENTS. XI. N v–vi AND F vii–viii FOR ULTRAVIOLET AND X-RAY MODELING, Sultana N. Nahar, 2006, AJSS

§ Low Frequency Astronomy – the challenge in a crowded RFI environment, Mark J. Bentum+, 2011, IEEE

§ Discovering the sky at the Longest Wavelengths, Albert-Jan Boonstra+, 2016, IEEE

§ The Murchison Wide field Array: the Square Kilometre Array Precursor at low radio frequencies, S.J. Tingay+, 2012, PASA

§ Limits on low-frequency radio emission from southern exoplanets with the Murchison Wide field Array, Tara Murphy+, 2015, MNRAS

§ The High Time and Frequency Resolution Capabilities of the Murchison Wide field Array, S. E. Tremblay+, 2015, PASA

§ Multi-messenger Observations of a Binary Neutron Star Merger, LIGO Scientific Collaboration+, 2017, ApJ Letter

§ (arXiv) HI Epoch of Reionization arrays, LJ Greenhill+, 2012, arXiv

§ (arXiv) Calculations of low-frequency radio emission by cosmic ray-induced particle showers, Daniel Garcia-Fernandez+, 2017, arXiv

§ (Proceeding) The First Station of the Long Wavelength Array, Patricia Henning+, 2010, PoS

§ (Report) The Long Wavelength Array: Design Concept, Namir E. Kassim+

§ (Report) Effective Aperture of a Large Pseudorandom Low-Frequency Dipole Array, Steven W. Ellingson

§ (Report) Collecting Area of Planar Arrays of Thin Straight Dipoles, Steve Ellingson, 2006

§ (Report) Long Wavelength Array Station Architecture Version 2.0
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§ (Slides) Status of Low Frequency Radio Facilities, Joseph Lazio
§ (Slides) LOW FREQUENCY INTERFEROMETRY, Roberto Francesco Pizzo, 2013
§ (Slides) Introduction to Low Frequency Radio Astronomy, George Heald, 2014
§ (Slides) Introduction to Low-Frequency Radio Astronomy, John McKean
§ (Slides) An Introduction to Modern Radio Interferometers, John McKean, 2015
§ (Slides) 21 CM COSMOLOGY WITH PAPER, MWA AND HERA, DANIEL C. JACOBS
§ (Slides) Low Frequency Interferometry, Tracy Clarke
§ (Slides) Murchison Widefield Array, Randall Wayth, 2015
§ (Slides) The Long Wavelength Array, Kevin Stovall
§ (Slides) The Long Wavelength Array: Status and Updates, Jayce Dowell, 2016
§ (Slides) The Murchison Widefield Array, Colin J. Lonsdale, 2010
§ (Slides) The Very Large Array, Zhou Shuang
§ (Slides) Ground Low Frequency  (<40MHz) Observations: Past And Future, Zhou, Jianfeng, 2018
§ (Slides) Low-Frequency Radio in Space, Willem A. Baan+
§ Unlabeled figures not from refereed papers, from either the Internet or slides above
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