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References  

•  This talk will reuse material from many previous Radio School 
talks, and from the excellent textbook “Interferometry and 
Synthesis in Radio Astronomy” by Thompson, Moran and 
Swenson 
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Introduction 

•  Simple/early interferometry 
•  The theoretical interferometer 
•  The Fourier transform 
•  The action of the correlator 
•  Coordinate systems 
•  Practical Interferometers 
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Implications for real observing will be shown 
in pull-out boxes like these. 

Useful mathematical relations will be shown in 
pull-out boxes like these. 



Why Interferometry? 

•  Interferometry is the quest for finer resolution 
•  Better resolution allows for more precise studies of complex 

sources, better discrimination between multiple sources and allows 
for more accurate matching between observations at different 
wavelengths 

•  Back to 1940: optical telescopes have resolutions of arcseconds; 
radio telescopes have arcminute resolution 

•  We could build bigger radio telescopes, but becomes 
uneconomical quickly 
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The Michelson-Pease Interferometer 
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The Michelson-Pease Interferometer 
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The Michelson-Pease Interferometer 
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An interference pattern is created, which can be compared to models and thus used 
as a way of measuring structure smaller than the resolution afforded by the primary 
mirror! 



The Ryle and Vonberg Radio Interferometer 
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D 

θ

D cos θ  

D sin θ  

Wave arrives at left antenna 
after right antenna by: 

τg = (D/c) sin θ 

Output: 
V sin (2πν0[t - τg]) 

Output: 
V sin (2πν0t) 

Output: 
V2 [ 1 + cos((2πν0D sin θ)/c) ] 

ν0  = central frequency 
c  = speed of light 
V  = voltage 

The angular width of the 
fringes is proportional to the 
baseline distance D! 



Now for the maths! 

•    
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This is the fringe pattern for an 
interferometer with D/λ = 3 



One Dimensional Interferometry 

• We now consider a very simple interferometer to derive some 
of its important properties. 

•  Two (mostly) independent antenna, separated by distance D 
•  The antennas have no special position or orientation upon the 

Earth, but the baseline is stationary with respect to position and 
orientation 

•  the antennas themselves may move around to look at different regions 
of the sky 

•  We consider only a quasi-monochromatic receiver system sensitive 
to a small range of frequencies centred on ν0 

•  The receiver only sees one of the two orthogonal polarisations 
•  There is no frequency mixing – we are considering an “RF” 

interferometer 
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One Dimensional Interferometry 
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One Dimensional Interferometry 
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Some Important Assumptions 

•  This relation only holds if the emission we observe in the sky is 
spatially incoherent. 

•  This holds only if we can think of the objects in the sky as 
collections of independent point sources with varying intensities 
and phases. 

•  In most scenarios, this assumption is valid. 

•  The time delay between the two antennas is D/c sin θ. 
•  This holds only if the incoming waves are planar.  
•  We call this the “far field”. 
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The Interferometer Response 

•  To go beyond just the fringe response, we make the 
interferometer look at some source in the sky. 
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The Fourier Transform 

•    
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The Interferometer Response 

•    
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The Fourier Series 

•  In general, any function can be 
generated from a number of 
sinusoidal components with different 
periods, amplitudes and phases; this 
is the Fourier series. 

•  The Fourier transform takes some 
function and tells you the amplitudes 
and phases of each sinusoidal 
component as a function of period. 
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The Interferometer Response 

•    
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The interferometer is a spatial frequency filter. 



Another Dimension 

•    
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van Cittert-Zernike Theorem 

•    
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van Cittert-Zernike Theorem 

•    

CSIRO.  Interferometry I – Parkes Radio School, September 2011 

This is the van Cittert-Zernike Theorem, and it states that the intensity distribution of 
the incoming radiation (which is what we wish to know) is the Fourier transform of the 

“spatial coherence” function (which we can approximate with measurements by 
interferometers). 



Correlator Theory 

•    
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Correlator Theory 

•    
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By using the correlator to integrate the product of two antenna voltages, we can 
create a cross-correlation spectrum as a function of frequency with Fourier 

transforms. This is how XF correlators (or lag correlators) work. 



Back to reality 

•    
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And the world keeps turning 

•    
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Array Design 

•  Let’s look at some real arrays now, and their properties 
•  The Australia Telescope Compact Array (ATCA) near Narrabri 

is a six-element configurable interferometer array 
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East-West Arrays 

•    
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The old correlator tracks are now shown in blue, while 
the tracks possible at 16cm with CABB are shown in 

black: a total of 2 GHz of bandwidth makes a big 
difference! 



2-dimensional arrays 

• When we need to look at a source on the equator, we need a 
2D array, such as an ATCA Hybrid array. 

•  In the hybrid arrays, a couple of antenna are moved on the North 
spur. 
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More antenna 

•  To get better coverage both instantaneously and over time, we 
can add more antenna. 

•  VLA has 27 antennas 

•  ASKAP will have 36 antenna 
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VLA Coverage and Beams 

Twelfth Synthesis Imaging Workshop 34 

      δ=90                 δ=60                   δ=30                   δ=0                   δ=-30 
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There is a lot more! 



Things left out of this talk 

•    
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Contact Us 
Phone: 1300 363 400 or +61 3 9545 2176 

Email: enquiries@csiro.au  Web: www.csiro.au 

Thank you 

CSIRO Astronomy and Space Science 
Jamie Stevens 
ATCA Senior Systems Scientist 

Phone: 02 6790 4064 
Email: Jamie.Stevens@csiro.au 
Web: www.narrabri.atnf.csiro.au 


