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Lecture 4 
§  2- element interferometer 
§  visibilities 
§  correlator 
§  uv-coverage 
§  synthesis imaging 



Why Interferometry 

because there are limits 

The old 300-foot transit telescope in Green Bank.   
  



The basic two element interferometer 

Geometric delay τg 

τg 

b 

assume the following system 
•  monochromatic 
•  stationary reference frame 
•  RF throughout (it should be baseband) 



geometric delay some details 
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all sky fringe function 
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Top Panel: 
The absolute value of the 
response for u = 10, as a 
function of angle.   

pattern alternate in sign.  

 

Bottom Panel: 
The same, but for u = 25. 

Angular separation between 
lobes (of the same sign) is 

 ~ 1/u = /b radians. 
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all sky fringe function [angular perspective] 



sky fringe function [different perspective] 
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sky fringe function [different perspective] 
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s s 
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multiply 

average 

The path lengths 
from sensors  
to multiplier are 
assumed equal! 

Geometric  
Time Delay 

Rapidly varying,  
with zero mean 

Unchanging 
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the measured fringe (COS correlator [even]) 
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Orientation set by baseline 
geometry. 
Fringe separation set by 
(projected) baseline length and 
wavelength.  

Long baseline gives close-packed 
fringes 

Short baseline gives widely-
separated fringes 

Physical location of baseline 
unimportant, provided source is in 
the far field.   
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         Fringe Sign 

/b rad. 

Source 
brightness 

/b 



van Cittert-Zernike theorem 



van Cittert-Zernike theorem 
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Orientation set by baseline 
geometry. 
Fringe separation set by 
(projected) baseline length and 
wavelength.  

Long baseline gives close-packed 
fringes 

Short baseline gives widely-
separated fringes 

Physical location of baseline 
unimportant, provided source is in 
the far field.   
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         Fringe Sign 

/b rad. 

Source 
brightness 
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Integration over the entire sky and 
averaging in time 
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detour even and odd functions 
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The cosine fringe pattern is even, the response Rc of our interferometer  
to an odd brightness -Io(-x,-y) distribution is 0 !!! 



making a SIN correlator [odd] !"#$%&'"'()*'+,--./"0,-'
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Complex Visibilities 
The correlator is called complex if it produces Cosine and Sine fringes.  
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phase errors are  
odd features in the images  

amplitude errors are  
even features in the images  



move from monochromatic 
assumption 
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the effect of bandwidth 
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the effect of bandwidth 
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Fringe Attenuation 
function:  

Note:  The fringe-
attenuation function 
depends only on bandwidth 
and baseline length  not on 
frequency.   
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move to the IF signal 
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LO LO X X 
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E cos( RFt) 

E cos( IFt- LO) 
( RF= LO+ IF) 

E cos( IFt IF - LO) E cos( IFt RF g) 

Local 
Oscillator 

Phase 
Shifter 

Multiplier 

Complex Correlator 

Not the same phase 
as the RF 
interferometer! 

!"#$%&$'()*+,'$+-#$./,0(1,(#2$34$+$1/-#$'(*/'5(26$+0$7-#8/#*94$ :;$
<#$9+*$+22$+-3(0-+-4$1"+'#$ :;$5*$5*#$'(2#=$

relation LO down conversion (see also last lecture) 



IF signal: recover the correct 
visibility phase 
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an interferometer is not stationary 
!""#$%&'#()&*)+,-&

X 

s s 

A sensor b 

s0 s0 

g 

S0 = reference    
 (delay)  
        direction 
S = general  
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adding a time delay needs to be done continuously  



the three centres of interferometer !
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the general coordinate system  
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Interferometer ONLY does not cover the position of the individual telescopes 
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the direction cosines  
source only describing the vector S  in the (l,m,n) system 
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antenna position coordinate system 
XYZ – coordinate system for position on the earth 
- based on a model for the earth  
- essentially your correlator knows all about it 
- careful if the position of the telescope is wrong  

X hour angle  0h and declination 0o  

set the system  fixed to the terrestrial system: 

Y hour angle -6h and declination 0o  
Z                               declination 90o  

Horizontal coordinate system 

The baseline separation (Lx, Ly, Lz) to a reference antenna. 

geographic latitude ϕ, elevation E, azimuth A 



baselines in uvw coordinates 

UV coverage 

eliminate h  



visibility shopping list 
§ measure a visibility at a specific time towards a source at 

declination δ and right ascension α with respect to the phase 
centre	


§ get the UV coordinates for each measurement (need the 
antenna position for this) 

 

δ = arcsin(m · cosδ0 + sinδ0 ·
�

1− l2 −m2)

α = α0 + arctan(
l

cosδ0 ·
√
1− l2 −m2 −m · sinδ0

)

l = cosδ · sin(α− α0)

m = sinδ · cosδ0 − cosδ0 · sinδ0 · cos(α− α0)

observational parameters declination right ascension 



get the real Fourier transformation 
transform 3d to 2d 
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lets get more antennas 

12 hours UV coverage δ = 90o synthesized beam 

Fourier Transformation 

only use uv points and not 
the measured values of the 
visibility 



UV coverage and synthesised beams 



Synthesis Imaging  
UV coverage brightness distribution 


