
Figure 4. Radial cuts of normalized PSF intensities (log(I=I0)) as a

function of angular position. The solid line represents the unapodized

PSF intensity and the dash-dotted line represents the apodized PSF

intensity for = 0.85 and =0.72.
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Abstract: In this work we describe an apodization technique of a circular  telescope aperture . The apodization procedure introduced here consists of splitting a PSF image into two PSF images, using optical systems,  where one of them 

has undergone a homothety to change its radial dimensions. After a coherent recombination of these two PSFs, we obtain an apodized  image. This procedure allows us to reduce the diffraction wings of the PSF with different  reduction factors 
depending on the combination parameters. In laboratory  this apodization aproach  can be realized  by using  an interferometric assembly based on  Mach-Zender interferometer . We present here the simulation results and we show that the 
technique HACA reduce the diffraction wings. This technique can be  combined with coronagraphy.
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PRINCIPLE OF THE TECHNIQUE
When a plane wave from a point source  passes through the circular aperture of a telescope of diameter D  we obtain, in the focal plane, a diffraction 

pattern known as the classic Airy  pattern. The amplitude at the focal plane P1 (PSF amplitude) is proportional to (Born 1980):                        

The apodization procedure introduced here (Fig. 2) is based on splitting the previous PSF image into two PSF images of different amplitudes,

using an optical system (Σ1).The ratio γ of the two PSFs amplitudes is chosen with the aim of getting the most optimal apodization. One of the

beams undergoes an homothety in order to change its radial dimension (system Σ2). After a coherent combination of these two PSFs, using

the optical system Σ4, the resulting amplitude at the final focal plane (CCD) can be written as:

where η is a factor that represents the change of the radial dimension of the PSF image (by homothety)

and γ is the ratio of the central amplitudes of the two PSFs. The optical system Σ3 allows us to compensate

the extra phase introduced by Σ2. Thus, we obtain an apodized PSF amplitude Φ(u) as shown in the next section.

SIMULATION RESULTS

In Fig. 3 we have presented anex ample of PSF combination obtained numerically. The first curve

(solid line) represents the normalized unapodized PSF amplitude (Ψ(u)/Ψ(0)), which represents the

diffraction pattern produced by a circular aperture of radius D (impulse response) and the second one

(dashed line) is the normalized PSF amplitude (Ψ(ηu)/Ψ(0)) that was modified by homothety. The

dash-dotted line represents the coherent addition of the previous PSF amplitudes as explained in

section 2, for g = 0.85 and η = 0.72. The two parameters η and g have been chosen so that the minima

of the first wave approximately cancel the maxima of the second one, for u > 2.5.

Figure 3. Radial cross-section through the classical Airy pattern

(solid curve), the enlarged PSF amplitude (dashed line) and the

apodized PSF amplitude (dash-dotted line). The maxima of one

PSF amplitude are approximately cancelled by the minima of the

other one.

Figure 5. 3 D presentation of normalized PSF intensities. Left: the unapodized

PSF intensity . Right: the apodized PSF intensity . For g = 0.85 and η = 0.72.

Figure 6. Percentage (ε) of energy outside central disc of

diffraction pattern as a function of the parameter η, obtained for

different values of g(0.25, 0.5, 0.75 and 1). For g = 0.5 we get a

favourable case when η = 0.62 where the remaining energy

outside the central lobe is at its minimum (6.4%). A line of

length 1% is presented in the detailed area to obtain a

graphical approximation of ∆ g for the experiment.

POSSIBLE IMPLEMENTATION & DISCUSSION

We have presented an interferometric procedure for circular aperture apodization. It is based on splitting the light that was diffracted by

a circular aperture into two beams (PSF images) where the radial dimension of one of them is changed by an afocal optical system.

Through various simulation examples, we showed that this technique allows us to obtain a redistribution of energy within the diffraction

pattern, which is very useful for direct detection of exoplanets.

The two PSF images can be obtained using a Mach Zehnder interferometer (MZI) as shown in Fig. 7. The plane P1 is the diffraction

pattern plane (Airy pattern) and the lens L0 is used to obtain a parallel light beam at the entrance of the MZI, where the beam splitter S1

divides it into two beams. After reflection on the planemirrors M1 and M2, the radial dimension of the beam 2 is modified by the afocal

optical system L1,2 (homothety), which allows us to obtain a dilation factor:

The two beams are combined at the beam-splitter S2 and emerged toward the lens L5.

The CCD camera is put at the focal plane of L5 which is the conjugated plane of the focal plane P1. Thus, we obtain a coherent addition

of the two PSF images. If the two emerged beams are not well parallel, we obtain additional interference fringes.

This phenomenon should be avoided in order to obtain only the apodization effect. To equalize the path lengths of the two arms of the

MZI,the afocal system L3,4 is put in the arm 1 to compensate the phase difference introduced by L1,2.

The parameter g is related to reflection and transmission coefficients of the beam-splitters and also to the parameter η.

Figure 7. Optical layout of the suggested experiment: ’A’ is a circular pinhole, P1 is the diffraction pattern plane 

as in a telescope focus, S1 and S2 are two beam splitters, M1 and M2 are two plane mirrors, L1,2 is an afocal

system which allows to enlarge the beam by a factor η = f1 /f2    and L3,4 is an afocal system which allows to 

compensate the phase difference introduced by L1,2. I1 and I2 denotes the central intensities of the two beams 

at the MZI output and I0 is the central intensity at the entrance.
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