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What is radio astronomy?

Å The study of radio waves originating from outside the Earth

Å Wavelength range 10 MHz ï1 THz

Å Long wavelengths, low frequencies, low photon energies

ïLow-energy transitions (21cm line)

ïCold astronomical sources

ïStimulated emission (masers)

ïLong-lived synchrotron emission

Å Sources typically powered by gravity rather than nuclear fusion

ïRadio galaxies

ïSupernovae

ïPulsars

ïX-ray binaries
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What is radio astronomy?

Å Telescope resolution q = 1.02 l/D

ïRequires huge dishes for angular resolution

Å Coherent (phase preserving) amplifiers practical

ïQuantum noise proportional to frequency T = hn/kB

Å Precision telescopes can be built s<l/16

Å Interferometers are therefore practical: D Ò104 km
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A short historical digression

Å Discovery ignored by most astronomers, pursued 

by Grote Reber

ï1937-1940: Mapped the Galaxy at 160 MHz

ïDemonstrated the spectrum was non-thermal

Å World War II stimulated rapid progress in radio and 

radar technology
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Å Extraterrestrial radio signals first detected in 1932 

by Karl Jansky

ïElectrical engineer working for Bell Labs

ïAttempting to determine origin of radio static at 

20.5 MHz

ïSteady hiss modulated with a period 23h 56min

ïStrongest towards the Galactic Centre



Why radio astronomy?

Å Atmosphere absorbs most of the EM spectrum

ïOnly optical and radio bands accessible to ground-based 

instruments

Å Rayleigh scattering by atmospheric dust prevents daytime optical

Å Radio opacity from water vapour line, hydrosols, molecular oxygen

ïHigh, dry sites best at high frequencies

Å Stars undetectably faint as thermal radio sources

ïNon-thermal radiation

ïCold gas emission

ïCMB
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A tour of the radio Universe
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What are we looking at?

Å Synchrotron radiation

ïEnergetic charged particles accelerating along magnetic field 

lines (non-thermal)
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Åparticle energy

Åstrength of 

magnetic field

Åpolarization 

Åorientation of 

magnetic field

ÅWhat can we 

learn?



What are we looking at?

Å Thermal emission

ïBlackbody radiation from cool (T~3-30K) objects

ïBremsstrahlung ñfree-freeò radiation: charged particles 

interacting in a plasma at T; e- accelerated by ion

ÅH II regions
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Åmass of ionized gas

Åoptical depth

Ådensity of electrons 

in plasma

Årate of ionizing 

photons

ÅWhat can we 

learn?



What are we looking at?

Å How to distinguish 

continuum mechanisms?

Å Look at the spectrum

2nd School on Multiwavelength Astronomy, Amsterdam , June 2010 9

F
lu

x
 o

r 
F

lu
x
 D

e
n

s
it
y
 Ą

Frequency Ą

From T. Delaney 

Spectral index across a SNR

a
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What are we looking at?

Å Spectral line emission (discrete transitions of atoms and molecules)

ïSpin-flip 21-cm line of HI

ïRecombination lines

ïMolecular rotational/vibrational modes
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Ågas physical 

conditions

Åkinematics (Doppler 

effect)

ÅWhat can we 

learn?



The Sun
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Å Brightest discrete 

radio source

Å Atmospheric dust 

doesnôt scatter 

radio waves

Image courtesy of NRAO/AUI 



The planets

Å Thermal emitters

Å No reflected solar radiation detected

Å Jupiter is a non-thermal emitter (B field traps electrons) 

Å Also active experiments: radar

2nd School on Multiwavelength Astronomy, Amsterdam , June 2010 12

Images courtesy of NRAO/AUI 

Jupiter

Saturn

Mars (radar)



Stars
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Credit: Peterson,  Mutel, Guedel, Goss (2010, Nature)

Å Coronal loop resolved in the Algol system

Å Tidally-locked system, rapid rotation drives magnetic dynamo


