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Interferometry basics

Image Credit: William Montgomerie (EAO) 

D

Single dish vs. Interferometer: Why interferometry?

Antenna diameter 
for resolution
= single-dish beam 

∼ 1.22λ/D

JCMT

A filled aperture

Image Credit: 
George Moellenbrock
(NRAO)

https://www.eaobservatory.org/jcmt/wp-content/uploads/sites/2/2017/12/IMG_7875.jpeg
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Interferometry basics

Image Credit: William Montgomerie (EAO) 

D

Single dish vs. Interferometer: Why interferometry?

Antenna diameter 
for resolution
= single-dish beam 

∼ 1.22λ/D

JCMT

A segmented aperture

Image Credit: 
George Moellenbrock
(NRAO)

https://www.eaobservatory.org/jcmt/wp-content/uploads/sites/2/2017/12/IMG_7875.jpeg
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Interferometry basics

Image Credit: William Montgomerie (EAO) 

D

Single dish vs. Interferometer: Why interferometry?

Antenna diameter 
for resolution
= single-dish beam 

∼ 1.22λ/D

JCMT

An unfilled aperture

Image Credit: 
George Moellenbrock
(NRAO)

https://www.eaobservatory.org/jcmt/wp-content/uploads/sites/2/2017/12/IMG_7875.jpeg
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Interferometry basics

Image Credit: William Montgomerie (EAO) 

D

Single dish vs. Interferometer: Why interferometry?

Antenna diameter 
for resolution
= single-dish beam 

∼ 1.22λ/D

JCMT

An unfilled aperture – Virtual focus

Image Credit: 
George Moellenbrock
(NRAO)

https://www.eaobservatory.org/jcmt/wp-content/uploads/sites/2/2017/12/IMG_7875.jpeg
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Single antenna diameter for Field of View
= primary beam ∼ 1.22λ/D

Interferometry basics

JCMT

ALMA (cartoon)

Image Credit: William Montgomerie (EAO) 

Image Credit: Ian Czekala (NRAO)

D

D

Bmax 

Single dish vs. Interferometer: What's the Beam about?

Antenna diameter 
for resolution
= single-dish beam 

∼ 1.22λ/D

Longest separation (baseline) for resolution
= synthesized beam ∼ λ/Bmax 

https://www.eaobservatory.org/jcmt/wp-content/uploads/sites/2/2017/12/IMG_7875.jpeg
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Interferometry basics

Credit: Ian Czekala (NRAO)

What is an interferometer

An interferometer measures the interference pattern produced by 

multiple apertures, much like a 2-slit experiment.
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Young’s double-slit experiment 

Interferometry basics

Code Credit: Oleg Smirnov

An interferometer measures the interference pattern (fringe) 

observed by pairs of antennas.

Point source

Fringe pattern

Intensity

One antenna pair

𝐼 = A[1 + cos 2𝜋
𝑝𝑎𝑡ℎ1 −  𝑝𝑎𝑡ℎ2

𝜆
]
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Michelson-Pease stellar interferometer 

Interferometry basics

They were able to obtain sufficiently fine angular resolution to measure the 

diameters of some of the larger stars such as Arcturus and Betelgeuse.

Credit: Interferometry and Synthesis in Radio Astronomy

• “Visibility” was introduced to 

describe the contrast of the 

fringe pattern as 

VM=(Imax-Imin)/(Imax+Imin).

• Imax and Imin are the 

maximum and minimum of 

the envelope.

• VM = 1 when Imin = 0.
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Young’s double-slit experiment 

Interferometry basics

Each baseline sees one Fourier component of the sky brightness with 

one spatial frequency

Shorter baseline ➔ Lower resolution

Longer baseline ➔ Higher resolution
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Young’s double-slit experiment 

Interferometry basics

Same source position relative to the pointing direction results 

different phases seen by different antenna pairs (baselines)

Pointing direction
“phase center”

Offset point source

Longer baseline

Shorter baseline
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• “Visibility” was originally introduced to describe the contrast of 

the fringe pattern as VM=(Imax-Imin)/(Imax+Imin).

• Radio interferometry works with “complex visibilities” 

Visibility function

Let 𝑢 = 𝑏𝐸−𝑊/𝜆, and 𝑣 = 𝑏𝑁−𝑆/𝜆 be spatial frequencies.

𝑉 𝑢, 𝑣 = 𝑉𝐴𝑒𝑖𝜙𝑉 = 𝑉𝐴 cos 𝜙𝑉 + 𝑖 sin 𝜙𝑉 .

E-W axis (latitude)N
-S

 a
x
is

 (
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n
g
it
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d
e

)
bE-W = 𝜆u

bN-S = 𝜆v
b = 𝜆(u, v) 

－ Fringe amplitude → Visibility amplitude

Fluxes from a spatial frequency (u, v)

－ Fringe phase → Visibility phase

“Location” of a spatial frequency (u, v)
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Task 1: 1D Visibility

What is 𝜙𝑉 𝑢  in the double-slit experiment under the far-field limit?  

Plot 𝜙𝑉 𝑢  in [0, 10]x[-180°, +180°].

Point source

b=2a

1. Let 𝑢 = 𝑏/𝜆 be spatial frequencies. 
𝑉 𝑢 ≡ 𝑉𝐴𝑒𝑖𝜙𝑉 = 𝑉𝐴 cos 𝜙𝑉 + 𝑖 sin 𝜙𝑉 .

2. Given the far-field limit (𝑑 ≫ 𝑝 ± 𝑎) and 1 + 𝑥 ≈ 1 +
𝑥

2
 𝑎𝑠 1 ≫ 𝑥.

 Δ𝐿 = ⋯

3. 𝐼 ∝ cos 2𝜋
𝑝𝑎𝑡ℎ1 − 𝑝𝑎𝑡ℎ2

𝜆
≈ cos

2𝜋

𝜆
Δ𝐿 = ⋯

⇒ 𝜙𝑉 𝑢 = ⋯

p

d

Hint: 

Far-field limit: p/d≈θ
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• Double-slit Experiment (summation; 𝛴-interferometer): 

Interferes physical light waves directly on a screen.  

• “Modern” Radio Interferometry (multiplication; 𝛱-interferometer): 

Interferes alternating voltage signals in a correlator.

Interferometer correlator

Credit: 
ALMA Technical Handbook

≈ A cos 2𝜋
𝑝𝑎𝑡ℎ1 −  𝑝𝑎𝑡ℎ2

𝜆
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1D case

Fourier transform

Credit: Interferometry and Synthesis in Radio Astronomy
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The interference pattern is directly related to the source brightness.

The complex visibility, V(u,v), is the 2D Fourier transform of 

the sky brightness, I(x,y).

𝑢, 𝑣 are E-W, N-S spatial frequencies [wavelengths]
𝑥, 𝑦 are E-W, N-S angles in the tangent plane [radians]

van Cittert-Zernike theorem

𝑉(𝑢, 𝑣) = ඵ 𝐼(𝑥, 𝑦)𝑒−𝑖2𝜋(𝑢𝑥+𝑣𝑦)𝑑𝑥𝑑𝑦

𝐼(𝑥, 𝑦) = ඵ 𝑉(𝑢, 𝑣)𝑒+𝑖2𝜋(𝑢𝑥+𝑣𝑦)𝑑𝑢𝑑𝑣

I(x,y)x

y

Physical imaging 
domain: x, y

Fourier domain: 
u, v

Visibility function
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2D case

Fourier transform

I(x,y)

𝛿(x,y)

𝛿(x-x0,y-y0)

ℱ properties: 
• ℱ (𝛿) = constant for amplitude

x

y

x

y

u

v

u

v

u

v

v

u

baseline1

baseline3

baseline2
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2D case

Fourier transform

I(x,y)

Gaussian

Gaussian Gaussian

Gaussian

ℱ properties: 
• ℱ (Gaussian) = Gaussian
• Narrow features transform into wide features and vice versa.
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2D case

Fourier transform

I(x,y)

ℱ properties: 

• Sharp edges produce “ringing” features and vice versa.
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Interferometric observations

So we have to think about our data in the Fourier domain!
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ALMA array
• The 12-m Array: 55 antennas

• The Atacama Compact Array (ACA): 

 the 7-m array: 12 7-m antennas

 the total power (TP) array: 4 12-m antennas

Credit: ALMA 
Technical Handbook

#baseline = N(N-1)/2
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ALMA array
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interact with the ipython interface

CASA basics

• taskhelp: see all available CASA tasks

• <task>?, help(<task>): see the online manual of a task (e.g. listobs?)

• inp <task>: to see all parameters of a task (e.g. inp listobs)

• inp: check what task is currently activated

• vis=‘data.ms’: to set a parameter via “=”

• par.<parameter>?: see examples of a parameter (e.g. par.spw?)

• go: execute a task

• tget <task>: get last input values from file on disk for a specified task (tget listobs)

• default(<task>): reset a task with default parameters

• execfile(‘myScript.py’): read and execute a Python script from a file

NOTE: if you see warnings about leap seconds, try:
# in a terminal
cd [casa directory]/data
rsync -avz rsync://casa-rsync.nrao.edu/casa-data .



ALMA Imaging Workshop @ ASIAA | EA ARC Node, Taiwan | September 2-4, 2026 
27

as multi-dimensional tables

Measurement set

• Get a summary of a measurement set with listobs and save the 
summary as a text file:

> listobs(vis=‘test.ms’, listfile=‘test.ms.listobs’)

• If listfile is not defined, the summary will be shown in the logger.

• Open the text file with your text editor (e.g. vi, emacs, etc.)

• Observation, ObservationID => time 

• Fields => pointing (which parts of skies were observed)

• Spectral windows => frequency samples

• Sources => observed targets (calibrators, science targets)

• Antennas => spatial frequency samples
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browstable and plotms

Visualization of a MS

• browstable: a GUI to visualize a MS as tables

• plotms: a GUI to visualize a MS as plots

browsetable plotms
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Task 2: ALMA Visibility

Simulation Guide Component Lists CASA 6.6.6

https://casaguides.nrao.edu/index.php?title=Simulation_Guide_Comp

onent_Lists_CASA_6.6.6

1. Generate the model images of four cases:

 a. point source,

 b. off-center point source,

 c. Gaussian,

 d. disk.

2. Run each “script_simobserve_*” script to simulate the visibilities 

(“*.ms” file: Measurement Set) observed by ALMA.

3. Use ”plotms” to check the “*.ms” files: 

x-axis=“Uvdist”, y-axis=“phase”

4. (HW) Can you derive the disk radius from the visibility?

https://casaguides.nrao.edu/index.php?title=Simulation_Guide_Component_Lists_CASA_6.6.6
https://casaguides.nrao.edu/index.php?title=Simulation_Guide_Component_Lists_CASA_6.6.6
https://casaguides.nrao.edu/index.php?title=Simulation_Guide_Component_Lists_CASA_6.6.6
https://casaguides.nrao.edu/index.php?title=Simulation_Guide_Component_Lists_CASA_6.6.6
https://casaguides.nrao.edu/index.php?title=Simulation_Guide_Component_Lists_CASA_6.6.6
https://casaguides.nrao.edu/index.php?title=Simulation_Guide_Component_Lists_CASA_6.6.6
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Task 2: ALMA Visibility

5. What happens if changing 

direction = 'J2000 10h00m00.0s -30d00m00.0s’

to 

direction = 'J2000 10h00m00.0s -00d00m00.0s’?

6. What happens if changing 

totaltime = '28800s’ to ‘60s’?

7. What happens if changing 

antennalist = 'alma.cycle12.1.cfg’ to 'alma.cycle12.10.cfg’?

Ref: https://casaguides.nrao.edu/index.php/Antenna_Configurations

_Models_in_CASA

https://casaguides.nrao.edu/index.php/Antenna_Configurations_Models_in_CASA
https://casaguides.nrao.edu/index.php/Antenna_Configurations_Models_in_CASA
https://casaguides.nrao.edu/index.php/Antenna_Configurations_Models_in_CASA
https://casaguides.nrao.edu/index.php/Antenna_Configurations_Models_in_CASA
https://casaguides.nrao.edu/index.php/Antenna_Configurations_Models_in_CASA
https://casaguides.nrao.edu/index.php/Antenna_Configurations_Models_in_CASA
https://casaguides.nrao.edu/index.php/Antenna_Configurations_Models_in_CASA
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Example: Fringe pattern with 2 Antennas
(one baseline)

Image Credit: Ian Czekala (NRAO)
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Example: Fringe pattern with 3 Antennas
(3 baselines)

Image Credit: Ian Czekala (NRAO)
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Example: Fringe pattern with 4 Antennas
(6 baselines)

Image Credit: Ian Czekala (NRAO)
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Example: Fringe pattern with 8 Antennas
(28 baselines)

Image Credit: Ian Czekala (NRAO)
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16 Antennas – Compact Configuration

Image Credit: Ian Czekala (NRAO)
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16 Antennas – Extended Configuration

Image Credit: Ian Czekala (NRAO)
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32 Antennas – Instantaneous

Image Credit: Ian Czekala (NRAO)
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32 Antennas –  8 hours

Image Credit: Ian Czekala (NRAO)
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• Calibrators are typically point-like sources 

Calibration

Interferometric observations

Flux

Bandpass

Source

Flux Bandpass

Phase

Source
Phase

Uncalibrated Data Calibrated Data
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  I = A [ 1 +   cos ⁡   (  2 𝜋   p a t h 1   −   p a t h 2 𝜆 ) ]


  u =  b  E − W / 𝜆


  v =  b  N − S / 𝜆


  V  (  u ,   v ) =  V A  e  i  𝜙 V =  V A  (    cos ⁡   𝜙 V + i   sin ⁡   𝜙 V )


   𝜙 V  ( u )


   𝜙 V  ( u )


  u = b / 𝜆


  V  ( u ) ≡  V A  e  i  𝜙 V =  V A  (    cos ⁡   𝜙 V + i   sin ⁡   𝜙 V )


      ( d ≫ p ± a )


    1 + x ≈ 1 +  x 2   a s   1 ≫ x


  Δ L = …


  I ∝   cos ⁡   (  2 𝜋   p a t h 1   −   p a t h 2 𝜆 ) ≈   cos ⁡   (    2 𝜋 𝜆 Δ L ) = …


  ⇒  𝜙 V  ( u ) = …


  ≈ A   cos ⁡   (  2 𝜋   p a t h 1   −   p a t h 2 𝜆 )


  u , v


  x , y


  V ( u , v ) = ∬  I ( x , y )  e  − i 2 𝜋 ( u x + v y ) d x d y


  I ( x , y ) = ∬  V ( u , v )  e  + i 2 𝜋 ( u x + v y ) d u d v


  ℱ


  ℱ


  ℱ

