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• The importance of the Planck Law 
• Using the ideas of radiative transfer 
• Reciprocity and antenna design 
• Thinking about interferometers 
• Nyquist sampling and convolution 
• Noise and the propagation of errors
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The Planck Law for Blackbody radiation
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For Blackbody 𝛕 = ∞
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Tb ⇡ T0 e�⌧ + Ts ⌧ (⌧ << 1)



Tatm = 300 K

⌧atm = 0.01

Tb ⇡ T0 e�⌧ + Ts ⌧ (⌧ << 1)

Tb = 0.99 T0 + 3 (K)
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Reciprocity

f(t) = f(-t)









Reciprocity

1, 2  Spillover 
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Reciprocity

4. What are the effects of blockage? 
3. What does it mean that the surface looses efficiency? 

What is the effect of a hole in the dish? 
Can you reduce sidelobes by wrapping legs in absorber?



The Parabolic Reflector







Blockage



































Load switch



The Big Bang!



Thinking about interferometers



Radio image of the Moon



Big dish beam

Small dish beam
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Diam = 100 m

Diam = 1000 m



angular resolution = λ/Diam
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A digression on the sensitivity of radio telescopes

Instrument f2 21cm HPBW 
GBT 1 9.1’

Arecibo 1 3.2’
VLA-D ∼104 46”
VLA-C ∼106 14”

VLA-B ∼108 4.3”
ASKAP ∼106
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This is not related to the issue of 
missing short spacings

For a given angular resolution, the brightness sensitivity is 
always greatest for a filled aperture 



VLBA Limited to Tb>105 K



Deconvolution?



If we know the beam, why can’t we deconvolve?





FWHM(obs)2  ≈ FWHM(source)2 + FWHM(beam)2

FWHM(beam)=9’

FWHM(obs) = 10’

FWHM(source) = (100-81)1/2 = 4.36

Convolution of two Gaussians



FWHM(obs)2  ≈ FWHM(source)2 + FWHM(beam)2

FWHM(beam)=9’

           FWHM(obs) = 10’(±0.5)

FWHM(source) = 



FWHM(obs)2  ≈ FWHM(source)2 + FWHM(beam)2

FWHM(beam)=9’

        FWHM(obs) = 10’(±1’)

FWHM(source) = 4.36+1.96
�4.36

Deconvolution is not robust!



 Nuclear winds are common in galaxies 



ROSAT  
1.5 keV



 𝛾-ray Data From Fermi 
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Fermi Bubbles Artist’s Conception







 McClure-Griffiths et al. 2013  
Australia Telescope Compact Array 
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GBT Hydrogen Clouds 
in the Fermi Bubble Wind



GBT Hydrogen Clouds 
in the Fermi Bubble Wind



Model of the Hydrogen Clouds being 
Ejected from the Galactic Center

Vexp = 330 km/s












