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Talk outline
ÅThe radio window

ïBasic emission mechanisms

ÅSome basics of radio telescopes

ïFeeds, illumination 

ïSensitivity & noise

ÅWhistle-stop tour of a single-dish system

ï Principal components

ï Example observation



The electromagnetic windows



The Night Sky in Radio



Multi-wavelength astronomy



Radiation mechanisms
(the quite short version)

ÅThermal radiation
ïaka ñfree-freeòor ñbremsstrahlungòemission - electrons

ÅNon-thermal emission

ïSynchrotron emission

ïAtomic and molecular spectral lines

ïmasers

ïgyrotron / synchro-gyrotron

ïCerenkov

ÅAbsorption and radiative transfer



Thermal radiation

ñoptically-thinò

2/2)( ln kTB =

Radio astronomy weôre (nearly)

always in the ñRayleigh-Jeansò

regime;

units: Watt/m2/Hz/sterad

short-hand: refer instead to 

ñbrightness temperatureòT



Synchrotron or ñnon-thermalò

radiation

F = ɜŬ : ñpower-lawòspectrum

Ŭ :  spectral index

Ŭ~ 0 to -0.5    ñflat spectrumò

Ŭ< -1   ñsteep spectrumò

Ŭ> 0 :  ñinverted spectrumò

GPS  : ñGHz Peaked spectrumò



The radio sky at 408MHz (70cm)



Jupiter in the radio

ATCA images by Dulk, Leblanc, Sault & Hunstead

13cm = 2.4GHz

Thermal emission from Jupiterôs

atmosphere much more prominent

22cm = 1.3GHz

Synchrotron emission from 

electrons trapped in Jovian 

magnetic field 



Spectral lines ï

cosmic ñtuning forksò

Neutral atomic Hydrogen ïHI

the ñspin-flipòhyperfine transition

produces photons at  ɚ= 21cm or

1420.40575177 MHz

(same transition as used by 

Hydrogen maser atomic clocks)





Spectral lines ïa new dimension

Frequency  ~ Velocity

by Doppler effect

fobs = fo(1 - v/c) 

Images: Paolo Serra



Youôll need a telescope

The two main functions;

ÅSensitivity  (collecting area)

Area ~ Diameter^2

ÅMagnification, angular resolution

~Diameter  (largest dimension)

ɗ~ ɚ/D 



Some well known telescopes



The parabolic reflector (ñDishò)

Parkes 64-metre

Prime-focus: f/D ~ 0.4 

74 MHz ï26 GHz

(2.5 decades)

Prime focus

vs

Secondary;

Cassegrain etc

ray path lengths equal 

ɗi

ɗr



Diffraction limit ïsimplified

D ɗ

ɗD = ɚ Ą ɗres = ɚ/D 

oblique wavefront: 

phase cancellation



Diffraction limit

Diffraction theory

Airy pattern Ą

ăĄ



Angular resolution: 

the Rayleigh criterion

Dd /22.1 lq=

Rayleigh criterion to resolve two point sources:

peak of first source lies on first null of second source



Multiple reflector systems

ñBeam-waveguideò

DSS34,35 é at Tid

GBT

MeerKAT
SRT 64mATCA, 

Tid 70m



Telescope beams

FWHM: 

ñfull width

half maximumò

*



Antenna effective area

Antenna Effective Area:

how much flux is collected?

matched power density, pol i 

),(A)(),(  eff nqnnq ii SP =

Main lobe

sidelobes

ɗ

S(v)

S(ɜ) : flux density (W/m2/Hz) ïdiscrete sources

Jansky: 1Jy = 10-26 W/m2/Hz

source dunpolarizefor   )(
2

1
)( nn SSi =

Aeff (ɗ) : the 

beamshape 



All-sky integral of Aeff depends

only on wavelength:

high gain = small beam area

ñno high-gain isotropicsò

Reciprocity theorem;

transmit beamshape = receive beamshape

Two handy antenna facts

ñ =W 2).Ĕ( ldAeff n

pl 4/2=isoA



Antenna response

ñ W-= dABP effii )ĔĔ()Ĕ()Ĕ( 00 nnnn

B(ɜ,n) :  Brightness - Watts/Hz/m2/sterad

A(ɜ,n0) : Effective collecting area ïm2

Received power density in pol. i :

DFWHM /lq º
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For ñbroadò sources;



Perfectly-illuminated circular 

aperture

Aeff(0) = Aphysical = .́r2     (projected area)

ñAiry diskò

FWHM = 1.02ɚ/D

ñfull width half maxò

Rayleigh = 1.22ɚ/D



The ñDishòAdvantage

Simplicity  ïcost effective for collecting area

Sensitivity ïhard to beat

Versatility ïimaging, spectral line, pulsars é.

Adaptability ïstill going strong after ~50 years!



The drawback:

cost ~D2.8



Original steel wire 

mesh surface

Solid Al panels (18m)Perforated Al panels to 45m (1984)

Perforated Al panels to 54m (2003) New focus 

cabin (1995)



The pointy end:

feeds & receivers



Feeds

Crossed-dipole

or simple Yagi-Uda



The feed

Goal: to collect 

reflected energy

optimally, over

defined frequency 

range



The real world ïñGalileoòFeed

Spillover



A real 64-metre beam ïat 2.3GHz

FWHM=8.9ô

1.25 ɚ/D

ɖ=63%

Tsys=20K



Multibeam

Feeds

Why stop at one?

The simple parabolic 

reflector is best.

Shaped reflectors

and Cassegrains

canôt compete



Transforming technology



each pair of neighbouring 

dipoles is effectively a pixel

Phased Array Feed



BETA ïa  PAF interferometer

Image: Ian Heywood

primary beam: ~ɚ/D

synthesised beam: ~ ɚ/B,

Where B = longest baseline



Mills Cross:

phased-array

feed


