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Single dish radio telescopes

Green Bank Lovell, Jodrell Bank
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Signhals and noise

® |n radio astronomy, signals are also noise
® Noise of interest: signal VS unwanted signal: noise
® |ncrease signal strength and reduce noise: wait for sensitivity lecture

e Radio astronomical signals are very weak: 1 Jy = 1072° Wm—2Hz!
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Brightness :  B(v) = o T — ] Wm “Hz " sr (Planck’s law)
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For radio frequencies, hv < kT, so B(v) ~ —
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Brightness temperature, 7,(v) = B(v)



Signals to Noise ratio

et a radio telescope have a gain (. Let the

instantaneous RMS fluctuations in the output be /

Tsys ' ' ' '

RMS Fluctuations can be reduced: R
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For a source with brightness S (Jy), 7, = GS A kn
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Signal-to-noise, S/N = —
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Total power referred to receiver inputs
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S/N is usually a number. If /N > threshold, the g kp
source is detected. Increasing integration time and/or where  Lgys = Loys T Lree T Lopin + Lo

bandwidth improves S/N



Antenna Gain

. Power density available at antennas termainls W/Hz
ective area, A, = = m

_ _ 2
Flux density of incident radio wave W/m?/Hz

Antenna works better in some directions, so A, is a function of angle: A (&, ¢)
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[Nlumination taper = 10 dB



Measured brightness and temperature

Brightness measured at antenna terminals

W, ) = %JB(H, $) A 0—0,¢p—¢) sind db de

mainlobe
Antenna temperature corresponding to the brightness distribution 0
A Max HPBW
T,(0.¢) == JTBw, $) P(6— 6. ¢~ ¢) sind do dep
Antenna temperature is a smoothed version __— sidelobe

of the sky brightness temperature

I'5(0, @) could be a single, infinitely peaked source or a collection of faint sources, producing
the same 7,(0, ¢»). The lowest detectable 7,(0, ¢) sets the confusion limit.




Beam pattern

Beam pattern is related to the aperture size and shape

U(0) = [I/t(l) e =20l d]

Circular aperture < — > circularly symmetric beam pattern

The relationship is a Fourier transform pair

mainlobe
* 1D rectangular <—> 1D sinc function \
e 2D rectangular <—> 2D sinc function GHPBW
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o Circular <—> Bessel function: Gyppw ~ 5

e (Gaussian <— > (Gaussian
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Phased arrays

Resolution: ability to distinguish directions

Single dish resolution: HPBW Oippw ~ =

Large HPBW increases confusion, reduces detectability of fainter signals

Increasing resolution: decrease A or increase [

Increasing Is very expensive, scales as D?’

Increase the number of antennas: NV
antennas of aperture D, instead of one

antenna of area ~ (\ﬁVD)2

These antennas can be made to work like
a single antenna: phased array




Phased arrays: Linear arrays

E0) = Ey+ Ege™ + Ege'™ + Ege™ + ... + +Ege' "™V

' - - - sin(ny/?2 .
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Notice that this is a Fourier transtorm

When the array elements have the —
same phase, the array is said to be : ’ ; ARSI "
‘phased’.

The direction of the beam can be o A
changed by introducing a phase ® Resolution: B, ~ D
gradient across the array.

max

e|ncrease sensitivity and resolution

—ffectively, the beam can be
'sSteered’ to a desired direction.

eReduces confusion



Phased arrays vs Incoherent arrays

Phased array

)
Vpa = Z Vi
i=1

N times sensitive than a single antenna

Incoherent array

Via = Zn: Vi2
i=1

\/N times sensitive than single antenna
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