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V(ρ) = 2
𝐽1(πρθ)

πρθ

ρ=B/λ is the spatial frequency (cycles/rad) 
θ is the star angular diameter (rad)
J1 is the first order Bessel function.
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θ = 250 x 0.46µm / 29m ≈  4 mas 
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V>0.132
Below this value there are other lobes of the visibility
that match the same values.
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Positive Visibility
Phase = 0°

Negative Visibility
Phase = 180°

Positive Visibility
Phase = 0°

Negative Visibility
Phase = 180°

V(ρ) = 2
𝐽1(πρθ)

πρθ
Centro-symmetric object Real Fourier Transform
Phase=0° (positive number)
Phase=180° (negative number)
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V(ρ) = 2
𝐽1(πρθ)

πρθ

ρ=B/λ is the spatial frequency (cycles/rad) 
θ is the star angular diameter (rad)
J1 is the first order Bessel function.

θ = 1.22 λ\ B

θ = 250 λ\ B 

θ = 4 mas

V>0.132
Below this value there are other lobes of the visibility
that match the same values.

The object is centro-symmetric


Its Fourier Transform is Real
The phase is 0 (positive number) or 180° (negative)

B(V=0) ≈ 29m
Amplitude ≈ 0.132
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3. Few other 1D distributions
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Aplitude ≈ 0.092

Uniform disk Limb Darkened disk
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The star appears smaller although it has exactly the 
same size as before.
The light emission is more “concentrated” in the 
center due to the limb darkening.

Uniform disk Limb Darkened disk
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2nd lobe amplitude 0.132 vs 0.092
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B ≈ 32 m
Aplitude ≈ 0.092

The star appears smaller although it has exactly the 
same size as before.
The light emission is more “concentrated” in the 
center due to the limb darkening.

By measuring the 2nd lobe amplitude
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FT of a Gaussian is a Gaussian
Phase is 0° and V = 0  B = ∞
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B ≈ 32 m
Aplitude ≈ 0.092

The star appears smaller although it has exactly the 
same size as before.
The light emission is more “concentrated” in the 
center due to the limb darkening.

By measuring the 2nd lobe amplitude

A Gaussian distribution

The phase is always 0

The zero is at the infinity
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V = 0  B ≈ 18m



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

Amplitude 2nd lobe ≈ 0.4
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B ≈ 32 m
Aplitude ≈ 0.092

The star appears smaller although it has exactly the 
same size as before.
The light emission is more “concentrated” in the 
center due to the limb darkening.

By measuring the 2nd lobe amplitude

A Gaussian distribution

The phase is always 0

The zero is at the infinity

B ≈ 39m
Aplitude ≈ 0.4
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Ring, Uniform disk, Limb-Darkened disk, Gaussian

UD LDD GaussianRing
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2nd Lobe Amplitudes
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From the sharpest to the smoothest:
Ring, Uniform disk, Limb-Darkened disk, Gaussian

UD LDD GaussianRing

0.4 0.13 0.09 0

2nd Lobe Amplitudes

Sharpness in image  higher lobes in FT
Ring = 0.4 UD = 0.13  LDD = 0.09 Gauss. = 0
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From the sharpest to the smoothest:
Ring, Uniform disk, Limb-Darkened disk, Gaussian

Sharpness in image  higher lobes in FT
Ring = 0.4 UD = 0.13  LDD = 0.09 Gauss. = 0

0.9 mas UD V = 0.233
0.5 mas Gaussian V= 0.372 
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From the sharpest to the smoothest:
Ring, Uniform disk, Limb-Darkened disk, Gaussian

Sharpness in image  higher lobes in FT
Ring = 0.4 UD = 0.13  LDD = 0.09 Gauss. = 0

0.9 mas UD V = 0.233
0.5 mas Gaussian V= 0.372 

0.9 mas UD V = V=0.958
0.5 mas Gaussian 0.963

Only in B band as visibility are too similar in K band
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Measurements at different baselines

Longer baselines for 2nd lobe
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From the sharpest to the smoothest:
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0.9 mas UD V = V=0.958
0.5 mas Gaussian 0.963

Only in B band as visibility are too similar in K band

The visiblity are very similar at 100m (0.23)
Having measurements at multiple baselines length can 
help discriminate between these models + longer 
baselines for 2nd lobe measurements
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From the sharpest to the smoothest:
Ring, Uniform disk, Limb-Darkened disk, Gaussian

Sharpness in image  higher lobes in FT
Ring = 0.4 UD = 0.13  LDD = 0.09 Gauss. = 0

0.9 mas UD V = 0.233
0.5 mas Gaussian V= 0.372 

0.9 mas UD V = V=0.958
0.5 mas Gaussian 0.963

Only in B band as visibility are too similar in K band

The visiblity are very similar at 100m (0.23)
Having measurements at multiple baselines length can 
help discriminate between these models + longer 
baselines for 2nd lobe measurements

FT(Point Source) : V = 1
FT(flat field) : V = 1 if (B=0) and V = 0 otherwise
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4. Going 2D 
with flattened models
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Same Visibility curve as for the 4 mas uniform disk

North-South Baseline 
And North South Elongation

Elong = 2  D(minor_axis) = 2mas
D(Major_axis) = 2x2 = 4 mas
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It is extacly the same! (V=0  B=29m)
The baseline is North-South oriented and so it ``sees’’
The major-axis of the Elongated disk
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4 mas
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2 mas4 mas
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2 mas 3.2 mas4 mas
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It is extacly the same! (V=0  B=29m)
The baseline is North-South oriented and so it ``sees’’
The major-axis of the Elongated disk

Twice as far, i.e., B=58m
Now the baseline is oriented along the minor-axis

2mas

At 45° we found 3.1 mas, an intermediate value 
between the major and minor axes.
The interferometer only measures extension along the 
baseline orientation
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All baselines have the same Length!

Lower Visibility Larger extension
Major-axis at 50°
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It is extacly the same! (V=0  B=29m)
The baseline is North-South oriented and so it ``sees’’
The major-axis of the Elongated disk

Twice as far, i.e., B=58m
Now the baseline is oriented along the minor-axis

2mas

At 45° we found 3.1 mas, an intermediate value 
between the major and minor axes.
The interferometer only measures extension along the 
baseline orientation

yes, as there is some modulation, minimum is at 50°, 
which mean the longest dimension (the major axis) 
has a PA of 50°
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Vmin ≈ 0.5
Vmax ≈ 0.84

V = 𝑒
−(πθ

𝐵
λ
)2

4𝑙𝑛2

θ = fwhm ≈ 1.66 −𝑙𝑛𝑉
λ

π𝐵
θmin ≈ 2.4e-9 rad
θmax ≈ 4.8e-9 rad

θmin ≈ 0.5mas
θmax ≈ 1 mas
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It is extacly the same! (V=0  B=29m)
The baseline is North-South oriented and so it ``sees’’
The major-axis of the Elongated disk

Twice as far, i.e., B=58m
Now the baseline is oriented along the minor-axis

2mas

At 45° we found 3.1 mas, an intermediate value 
between the major and minor axes.
The interferometer only measures extension along the 
baseline orientation

yes, as there is some modulation, minimum is at 50°, 
which mean the longest dimension (the major axis) 
has a PA of 50°

Using the FT given in the cheatsheet for the Gaussian

fwhm ≈ 1.66 −𝑙𝑛𝑉
λ

π𝐵
 𝑓𝑤ℎ𝑚 = 1 and 0.5
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It is extacly the same! (V=0  B=29m)
The baseline is North-South oriented and so it ``sees’’
The major-axis of the Elongated disk

Twice as far, i.e., B=58m
Now the baseline is oriented along the minor-axis

2mas

At 45° we found 3.1 mas, an intermediate value 
between the major and minor axes.
The interferometer only measures extension along the 
baseline orientation

yes, as there is some modulation, minimum is at 50°, 
which mean the longest dimension (the major axis) 
has a PA of 50°

Using the FT given in the cheatsheet for the Gaussian

Elong = 1 / cos (inclination)

fwhm ≈ 1.66 −𝑙𝑛𝑉
λ
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It is extacly the same! (V=0  B=29m)
The baseline is North-South oriented and so it ``sees’’
The major-axis of the Elongated disk

Twice as far, i.e., B=58m
Now the baseline is oriented along the minor-axis

2mas

At 45° we found 3.1 mas, an intermediate value 
between the major and minor axes.
The interferometer only measures extension along the 
baseline orientation

yes, as there is some modulation, minimum is at 50°, 
which mean the longest dimension (the major axis) 
has a PA of 50°

Using the FT given in the cheatsheet for the Gaussian

Elong = 1 / cos (inclination)

60°

fwhm ≈ 1.66 −𝑙𝑛𝑉
λ

π𝐵
 𝑓𝑤ℎ𝑚 = 1 and 0.5
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5 Composed models
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transforms.
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Elong. Gaussian minor axis

Elong. Gaussian major-axis
plateau at V=0.5
4-8mas Gaussian fully resolved
But not the 0.5mas uniform Disk

Starts resolving the
0.5mas uniform Disk
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The Fourier transform of a weighted sum of functions
is the weighted sum of their respective Fourier

transforms.

A sum of the Fourier transform of :
• the elliptical Gaussian distribution (seen at short 

baselines and that gives different values for the 
two perpendicular strips of baselines) 

• and of the uniform disk (Airy function seen at long 
baseline and never fully resolved)
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plateau at V=0.5
I will change the fluxes to 
• 0.8 for the Gaussian
• 0.2 for the UD

fluxes are :
• 0.5 for the Gaussian
• 0.5 for the UD



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

New plateau at V=0.2

fluxes are :
• 0.8 for the Gaussian
• 0.2 for the UD
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The Fourier transform of a weighted sum of functions
is the weighted sum of their respective Fourier

transforms.

A sum of the Fourier transform of :
• the elliptical Gaussian distribution (seen at short 

baselines and that gives different values for the 
two perpendicular strips of baselines) 

• and of the uniform disk (Airy function seen at long 
baseline and never fully resolved)

the level of the plateau between the baselines
resolving the Gaussian and the ones resolving the 
Uniform disk have changed. This plateau allows to 
make a direct measure of the relative flux of the two 
components of our model.
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Baselines
Probing the 
CE extension

+
Need different

orientation

Baselines only measuring the Flux ratio
between the star and CE

Baselines probing the star
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The Fourier transform of a weighted sum of functions
is the weighted sum of their respective Fourier

transforms.

A sum of the Fourier transform of :
• the elliptical Gaussian distribution (seen at short 

baselines and that gives different values for the 
two perpendicular strips of baselines) 

• and of the uniform disk (Airy function seen at long 
baseline and never fully resolved)

Baselines shorter than the plateau : B < 20 m
Disk elongated Baselines in many orientations.

No. The star start to be significantly resolved for 
baselines larger than 60 m.

the level of the plateau between the baselines
resolving the Gaussian and the ones resolving the 
Uniform disk have changed. This plateau allows to 
make a direct measure of the relative flux of the two 
components of our model.
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A weighted cosine function
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The visibility function corresponding to a binary is a 
weighted cosine function.
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The visibility function corresponding to a binary is a 
weighted cosine function.
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A = 
2𝑟

1+𝑟

Here r = 0.2/0.8 = 0.25    A = 0.4
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The visibility function corresponding to a binary is a 
weighted cosine function.

If r is the flux ratio between the components (r<1), 
the amplitude A of the modulation is given by :

A = 
2𝑟

1+𝑟
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T = 19 m  4.13e7 cycles/rad  5 mas binary
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T = 9.5 m  2.06e7 cycles/rad  10 mas binary

1 mas = 4.84e-9 rad    1/10mas = 2.06e7 cycles/rad
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The visibility function corresponding to a binary is a 
weighted cosine function.

If r is the flux ratio between the components (r<1), 
the amplitude A of the modulation is given by :

• 5mas => 19m => 4.13e-7 cycles/rad
• 10mas => 9.5m => 2.06e-7 cycles/rad
The modulation period is equal to the inverse of the 
binary separation.

1 mas = 4.84e-9 rad
4.13e-7 = 1/5 mas               2.06e-7 = 1/10 mas

A = 
2𝑟

1+𝑟



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

The visibility function corresponding to a binary is a 
weighted cosine function.

If r is the flux ratio between the components (r<1), 
the amplitude A of the modulation is given by :

• 5mas => 19m => 4.13e-7 cycles/rad
• 10mas => 9.5m => 2.06e-7 cycles/rad
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The visibility function corresponding to a binary is a 
weighted cosine function.

If r is the flux ratio between the components (r<1), 
the amplitude A of the modulation is given by :

• 5mas => 19m => 4.13e-7 cycles/rad
• 10mas => 9.5m => 2.06e-7 cycles/rad
The modulation period is equal to the inverse of the 
binary separation.

1 mas = 4.84e-9 rad
4.13e-7 = 1/5 mas               2.06e-7 = 1/10 mas

There is no modulation anymore as the baseline
samples perpendicular to the binary direction.
V = 1 as the interferometer ``sees” an unresolved 
object in the baselines orientation.

A = 
2𝑟

1+𝑟
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Projected separation along the baseline orientation
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The visibility function corresponding to a binary is a 
weighted cosine function.

If r is the flux ratio between the components (r<1), 
the amplitude A of the modulation is given by :

• 5mas => 19m => 4.13e-7 cycles/rad
• 10mas => 9.5m => 2.06e-7 cycles/rad
The modulation period is equal to the inverse of the 
binary separation.

1 mas = 4.84e-9 rad
4.13e-7 = 1/5 mas               2.06e-7 = 1/10 mas

There is no modulation anymore as the baseline
samples perpendicular to the binary direction.
V = 1 as the interferometer ``sees” an unresolved 
object in the baselines orientation.

The interferometer samples the projected separation
of the binary along the baseline orientation

A = 
2𝑟

1+𝑟
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FT(Resolved Binary) = FT(Binary) x FT(UD)

Resolved Binary  = convolution of Binary and UD
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The visibility function corresponding to a binary is a 
weighted cosine function.

If r is the flux ratio between the components (r<1), 
the amplitude A of the modulation is given by :

• 5mas => 19m => 4.13e-7 cycles/rad
• 10mas => 9.5m => 2.06e-7 cycles/rad
The modulation period is equal to the inverse of the 
binary separation.

1 mas = 4.84e-9 rad
4.13e-7 = 1/5 mas               2.06e-7 = 1/10 mas

There is no modulation anymore as the baseline
samples perpendicular to the binary direction.
V = 1 as the interferometer ``sees” an unresolved 
object in the baselines orientation.

The interferometer samples the projected separation
of the binary along the baseline orientation

It is a convolution of two distributions in the image
plane, so in the Fourier plane it amounts to a
mutiplication of the binary pattern with the FT of a
disk, i.e., a Bessel function

A = 
2𝑟

1+𝑟
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227 mas
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We see the inner rim of the dusty disk, the disk
emission in N band, and some central emission which
correspond to the central star. The disk is flattened
which is a hint that it is not seen pole-on.



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

227 mas

We see the inner rim of the dusty disk, the disk
emission in N band, and some central emission which
correspond to the central star.The disk is flattened
which is a hint that it is not seen pole-on.



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

227 mas

As the object intensity distribution has no sharp edge
beside the inner rim that is very small compared to the
object extension, its visibility function is closer to that
of a Gaussian distribution.
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correspond to the central star.The disk is flattened
which is a hint that it is not seen pole-on.
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As the object intensity distribution has no sharp edge
beside the inner rim that is very small compared to the
object extension, its visibility function is closer to that
of a Gaussian distribution.
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We see the inner rim of the dusty disk, the disk
emission in N band, and some central emission which
correspond to the central star.The disk is flattened
which is a hint that it is not seen pole-on.

fwhm ≈ 1.66 −𝑙𝑛𝑉
λ
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B = 20m  λ = 12µm
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227 mas

As the object intensity distribution has no sharp edge
beside the inner rim that is very small compared to the
object extension, its visibility function is closer to that
of a Gaussian distribution.

V= 0.755
V= 0.618

fwhm ≈ 34.7 mas
fwhm ≈ 45.4 mas

We see the inner rim of the dusty disk, the disk
emission in N band, and some central emission which
correspond to the central star.The disk is flattened
which is a hint that it is not seen pole-on.

fwhm ≈ 1.66 −𝑙𝑛𝑉
λ

π𝐵

B = 20m  λ = 12µm

Elong = 1 / cos (incl.)
Elong = 45.4/34.7 = 1.31

Incl ≈ 40°
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6 Effect of the Wavelength
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12/0.46 = 26

B is the best (but V, R, or I are Ok)

No, it would be overresolved by the 50m baseline.
The star should be observed in the J, H, K, or L bands.
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λ=10µm

λ=0.1µm

The visibility is not a function of the baseline but of the spatial frequency B/λ
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Resolution B/λ
Smaller λ higher resolution

12/0.46 = 26

B is the best (but V, R, or I are Ok)

No, it would be overresolved by the 50m baseline.
The star should be observed in the J, H, K, or L bands.

The visibility is not a function of the baseline but of
the spatial frequency B/λ.
For the same baseline length, observing at different λ
leads to probing different spatial frequencies.



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

This that case it is strictly equivalent to observing with different 
baselines lengths. It helps a lot to enhance the UV coverage.
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will dominate on the short wavelength, and gradually 
the cooler but much larger environment will take its 
place when the wavelength increases.
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DISCO model taken from the AMHRA website https://amhra.oca.eu/AMHRA/disco-gas/input.htm
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The central star (hotter, but of smaller angular size) 
will dominate on the short wavelength, and gradually 
the cooler but much larger environment will take its 
place when the wavelength increases.

The size of the circumstellar disk emission grows with
λ. Its relative contribution to the total flux is also
growing with the λ.
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λ=0.5µm

λ=2µm
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The object is more extended at 10µm where the large 
circumstellar disk dominates the emission
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V = 0   Spatial Frequency B/λ = 158.3  Mλ

θ ≈ 250/158.3 ≈ 1.58 mas 
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The central star (hotter, but of smaller angular size) 
will dominate on the short wavelength, and gradually 
the cooler but much larger environment will take its 
place when the wavelength increases.

The size of the circumstellar disk emission grows with
λ. Its relative contribution to the total flux is also
growing with the λ.

The object is more extended at 10µm where the large 
circumstellar disk dominates the emission

V=0 for B/λ ≈ 158.3  θ ≈ 1.58 mas  

1’’ = 1au at 1 pc.
1au ≈ 107 Dsol

Rstar ≈ 0.107 x distance (in pc) x θ (in mas) 
Rstar ≈ 10 Rsol
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7 Bonus
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