
Interferom
etric im

ages of radio sources
In the previous lessons, w

e have seen that the correlator response of a radio interferom
eter is linked to the 

com
plex visibility, w

hich is a function of the baseline coordinates and is the 2D
 Fourier transform

 of the 
source brightness as a function of the sky coordinates

V
=

(u,v)=∫∫ A(x,y)Iν (x,y)e −2πi(ux+vy)dxdy

R
=

|V
|cos(2πντg −

ϕ)
w

here 
 is the visibility am

plitude
|V

|=
R

2c +
R

2s

 is the visibility phase
ϕ

=
tan

−1(R
s /R

c )

I=
(x,y)=∫∫ A(u,v)Iν (u,v)e 2πi(ux+vy)dudv

(quasi-m
onochrom

atic interferom
eter)

I

V(u,v)↔
I(x,y)



Interferom
etric im

ages of radio sources

V
=

(u,v)=∫∫ A(x,y)Iν (x,y)e −2πi(ux+vy)dxdy

R
=

|V
|cos(2πντg −

ϕ)
w

here 
 is the visibility am

plitude
|V

|=
R

2c +
R

2s

 is the visibility phase
ϕ

=
tan

−1(R
s /R

c )

I=
(x,y)=∫∫ A(u,v)Iν (u,v)e 2πi(ux+vy)dudv

(quasi-m
onochrom

atic interferom
eter)

I

V(u,v)↔
I(x,y)

In the previous lessons, w
e have seen that the correlator response of a radio interferom

eter is linked to the 
com

plex visibility, w
hich is a function of the baseline coordinates and is the 2D

 Fourier transform
 of the 

source brightness as a function of the sky coordinates



Interferom
etric im

ages of radio sources: Fourier transform

Exam
ples of 2D

 Fourier transform

I(x,y)
|V(u,v) |

Am
plitude tells us “how

 m
uch” of a certain spatial frequency



Interferom
etric im

ages of radio sources: Fourier transform

Exam
ples of 2D

 Fourier transform

I(x,y)
|V(u,v) |

|V|

UV radius 

|V|

UV radius 

00

Am
plitude tells us “how

 m
uch” of a certain spatial frequency



Interferom
etric im

ages of radio sources: Fourier transform

Exam
ples of 2D

 Fourier transform

Am
plitude tells us “how

 m
uch” of a certain spatial frequency

I(x,y)∼
gaussian

Exam
ple: Continuum

 em
ission for the host-galaxy of a quasar at z~6, as seen by ALM

A w
ith a 

synthesized beam
 of 0.4” x 0.5” (Carniani et al. 2019)
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Interferom
etric im

ages and sam
pling of the (u,v) plane

Use m
ore frequencies to increase sam

pling 

-
need to determ

ine how
 source structure changes w

ith frequency 

-
“m

ulti-frequency synthesis” for continuum
 im

aging

W
e aim

 to sam
ple 

 at enough 
 points using distributed (relatively sm

all) antennas to synthesize 
the equivalent large aperture antenna of size 

 

Use m
ore antennas to increase sam

pling 

-
1 pair of antennas 

 1 
 sam

pling at a tim
e 

-
N

 telescopes 
 the num

ber of sam
plings is N

(N
-1)/2 (“snapshot”)

V(u,v)
(u,v)

(um
ax ,vm

ax )

→
(u,v)

→

Use m
ore antennas to increase sam

pling 

-
fill in 

 plane by exploiting Earth rotation (“track”)  

-
m

ove antennas (observe w
ith different antenna configurations)

(u,v)
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2 antennas
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8 antennas x 60 sam
ples
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8 antennas x 480 sam
ples



Interferom
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ages and sam
pling of the (u,v) plane

Another exam
ple of different sources as seen by ALM

A



Interferom
etric im

ages: im
plications of (u,v) plane sam

pling 

✴
O

uter  boundary (m
axim

um
 baseline) 

-
no info on sm

aller (x,y) scales 

-
resolution lim

it

✴
Inner  hole (antenna separation) 

-
no info on larger (x,y) scales 

-
extended structures are “invisible”

✴
Irregular and discrete sam

pling in betw
een 

-
M

issing inform
ation
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Subm
illim

eter Array (SM
A) 

M
auna Kea, H

aw
aii 
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I Dν (x,y)
Iν (x,y)

S(u,v)
sam

pling
B



Regular (u,v) sam
pling and FFT

dirty 

A

Bdirty : Point Spread Function (PSF) of the interferom
eter  

dirty 



From
 visibilities to Im

ages: deconvolution
The Fourier transform

 of the m
easured 

 to the im
age plane gives us the dirty im

age 
V(u,v)

I Dν (x,y)
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age plane gives us the dirty im

age 
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H
ow

ever, doing science directly on the dirty im
age m

ight be difficult: ok for relatively sim
ple sources (e.g. 

point sources, sym
m

etric disks).   

In general, to determ
ine the real 

, w
e need to deconvolve the dirty beam

 
 from

 
 and 

create a clean im
age in w

hich to perform
 our science.

Iν (x,y)
b(x,y)

I Dν (x,y)

The idea is to find a sensible m
odel of 

 com
patible w

ith data: this is typically done by using non-
linear techniques to interpolate sam

ples of 
 into unsam

pled regions of the 
 plane (and rem

ove 
sidelobes of the dirty beam

 from
 the im

age)

Iν (x,y)
V(u,v)

(u,v)

This requires know
ing the beam

 shape (O
K) and a priori assum

ptions on Iν (x,y)



From
 visibilities to Im

ages: deconvolution
The Fourier transform

 of the m
easured 

 to the im
age plane gives us the dirty im

age 
V(u,v)

I Dν (x,y)

O
ne of the m

ost com
m

on deconvolution algorithm
s is the C

LEAN
 algorithm

 (H
ogbom

 1974) 



From
 visibilities to Im

ages: deconvolution


