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Master thesis

Abstract
This Master thesis is about the study of the photon sieves aimed to make a photon sieve based
telescope for deployable CubeSat interferometer. The photon sieves are diffracive lens made
of polymide, a light material suitable in space environment.
Such a satellite would have a great interest in space observation, and more specifically, in the
research of exoplanets thanks to the nulling interferometry. The contextual CubeSat is a 6U
CubeSat studied to carry and deploy two telescopes.

To begin this work, a presentation of the concepts involved in the project (interferometry, pho-
ton sieve and CubeSat) is done. Then, in order to study the behavior of the photon sieves, a
light propagator specific to the photon sieves is implemented in the Matlab environment. Fi-
nally, thanks to the propagator, the analysis and the sizing of the photon sieves is performed.
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Master thesis 1. Introduction

1 Introduction
The Hubble Space Telescope, operational since 1990, allowed views and knowledge of the
universe never obtained before. Indeed, by observing from space, the negative impacts of the
atmosphere are no longer present and then, it highly improves the quality of the observations.
But at what price?

Its cost was close to 1.5 billion of dollars in 1990. Indexed, it represents approximately 3 billion
of dollars nowadays. Concerning its next and close successor, the James Webb Space Telescope
or simply the JWST, the price could even exceed 10 billion of dollars. [29] [30]

But, this is not only about money, there is also the cost of time. The JWST began to be imagined
after the launch of the Hubble Space Telescope, and, almost 30 years later, it is still on Earth.
Its launch has already taken a decade of delay.

These examples show how space observation and more generally space can be expensive. For
this purpose, an interferometer based on a deployable CubeSat with telescopes using photon
sieve could be interesting. Indeed, photon sieves and interferomertry could lead to good optical
performances without exceeding too large sizes and so, as they are linked, too large costs. The
CubeSat standardization is also intended to reduce the costs and to accelerate the procedures.
Moreover, a spatial interferometer would have a particular interest in the research of exoplanets
thanks to the nulling interferometry. Obviously, the study of an interferometer is a vast oeuvre.
This work is mainly focused on the photon sieve, its performances and sizing, and then, leads
to a continuity of the research.

To begin, in Chapter 2, a description of the three concepts linked in this project is done (photon
sieve, interferometry and CubeSat). Chapter 3 acts as a state of the art of the photon sieve. Its
working is carefully demonstrated and its integration into the space telescope, FalconSat-7, is
explained.

Chapter 4 is about the nulling interferometry and the optical fiber which has an interest in in-
terferometry. In Chapter 5, a description of the optical design process is made to define the
specifications for the study of the photon sieves.

In order to analyze the behavior of the photon sieve, a propagator has been implemented in the
Matlab environment. The numerical discretization of the problem, based on the Fourier Optics,
is explained in Chapter 6. Finally, in Chapter 7, the photon sieve is analyzed and sized by the
help of the propagator.
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2 Presentation of the project

2.1 Photon sieve

Figure 2.1: Shapes of a Fresnel zone plate and of a photon sieve.[1]

2.1.1 What is a photon sieve?

Optical elements of a telescopes use special properties of light : the reflection with the mirrors
and the refraction with the classical lens. A photon sieve is a device that uses the diffraction
principles and is then called a diffractive lens.

The photon sieve is made of a polymeric membrane with thickness approximately equal to 10
microns. The FIG.2.2, represents the tiny membrane of the CubeSat, FalconSAT-7. It is shaped
with billions of holes, following the pattern of the Fresnel zone plate represented in FIG.2.1.

The theoretical content and features of the photon sieve will be exposed in the next section.
The advantages that it could bring to space observation are listed here after. All of these are
leading to a reduction of the weight and then, of the costs. They could also accelerate the
manufacturing process.

2.1.2 Advantages

• Light weight and compact

Photon sieve are made of aluminum-coated polyimide films which are strong, pliable, and have
a very light weight, which is a huge benefit knowing that one of the main concern of space
application is weight. Indeed, nowadays, the price to launch one kilogram in space is close to
10 000$.[31]

For example, the primary mirror used for the Hubble Space Telescope (HST) had a specific
mass of 180 kg/m2. Close to 30 years later, the specific mass has been reduced to 25 kg/m2

in the futur James Webb Space Telescope (JWST). However, the use of polyimide membranes
could highly reduce this parameter to 0.25 kg/m2.

An other issue imposed by large monolithic structures, such as primary mirrors, is the packag-
ing that has to respect the limits of the launch vehicle. This problem could be avoided thanks
to photon sieves which could be folded without losing their properties.[19]
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• Surface tolerance

To keep high performances (diffraction-limited performances), the refractive or reflective opti-
cal elements have to maintain a quality on the surface close to 1/10 of the wavelength studied.
Concerning the photon sieve, the constrain is much less significant. Indeed, it requires a flat-
ness of about 10 times the wavelength. For instance, assuming a photon sieve dedicated to the
visible frequencies, its defaults in flatness should not exceed 5 microns. [19]

• Drawback

One weakness of such a diffractive element, concerns the chromatic dispersion. The pattern of
the photon sieve depends on the wavelength of interest, and the focal length varies linearly with
the wavelength.[19]

This effect can be reduced by using secondary optics as it will be explained further.

Figure 2.2: FalconSAT-7: The picture shows the photon sieve, which is the thin circular
membrane. [2]

2.2 Interferometry
2.2.1 Principles

When one talks about the size of a telescope, it is about the size of the diameter of its primary
mirror. The resolution, or in other words, the ability to catch fine details, is related to that
diameter. The larger the diameter of the mirror; the higher the resolution.

However, even with the largest telescopes, some details can not be distinguished. For instance,
if the scientists wanted to study the surface of close stars, they would need a telescope with a
primary mirror of 1.5 kilometers in diameter. No need to say that it is impossible. [4]

Moreover, even if it was possible to build a mirror as large as that, it would deform due to its
own weight. By using an active optics system below the mirror to compensate the flexures, the
size of the telescopes can achieve a diameter of 8 to 10 meters. A recent solution used to reach

University of Liege -3-



Master thesis 2. Presentation of the project

larger diameters is the segmented mirrors. It can increase the size to a few tens of meters. The
best example is the ELT (Extremely Large Telescope). It is a project of giant telescope under
development by the ESO (European Southern Observatory) in the Cerro Armazones in Chile.
By means of segmented mirrors, its primary mirror will have a diameter of 39 meters and will
become the largest telescope in the world (FIG.2.3). [4]

Figure 2.3: Breakdown of the ELT’s structure. [3]

This is probably close to the limits of resolution that a single telescope can reach. However,
it is possible to reach a better resolution by using more than one telescope with a technology
called inteferometry.

An interferometer, combines light coming from several distant telescopes. The distance be-
tween two telescopes, also called the separation, forms a baseline. The longest baseline of the
set determines the effective diameter of the interferometer. The interferometer can thus be seen
as a virtual telescope of that diameter. So, it is possible to reach a resolution equivalent to the
one of a telescope that has a diameter of hundreds of meters. The more baselines are used, in
the length and in the orientation, the more information is acquired about the object studied.

One of the most famous observatory using interferometry is the VLTI (Very Large Telescope In-
terferometer), working in infrared and based in the Cerro Paranal in Chile. The FIG.2.4 shows
the effective diameter formed by the 1.8-metre Auxiliary Telescopes (ATs), which is equal to
200 meters. In this case the angular resolution is 4 milliarcseconds. [4]
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Figure 2.4: VLTI: Effective diameter formed by the Auxiliary Telescopes.[4]

The different telescopes are observing the same object, and the light received by each one is
combined in a centralized detector. To be successfully combined, the light passing through the
telescopes has to arrive at the same time in the detector. As the telescopes are positioned differ-
ently, the light does not reach them simultaneously. In order to compensate those differences,
extra distances are added in the path of the telescopes which receive the light earlier. They are
called delay lines. [4]

More careful explanations of the concepts will be done lately in this report.

2.2.2 Interferometry in space

Observation from space has several advantages compared to the observation on Earth. Indeed,
the turbulences of the atmosphere decrease the resolution of an optical instrument (these effects
can be reduce with adaptive optics). Furthermore, the atmosphere is not transparent to every
frequencies as shown in FIG.2.5
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Figure 2.5: Atmospheric transparency windows.[5]

However, advantages never come without drawbacks. As already said, space is expensive and
then space telescopes are much more expensive than ground-based telescopes. In this case,
interferometry could be very promising in space. Indeed, two small telescopes instead of an
equivalent bigger one would decrease the weight and size of an optical system.

Nowadays, interferometry in space is still at its beginning. A few projects have been made but
some did not succeed, because of lack of funding, and others are still in the feasibility phase.
Therefore, none of them went into space yet.

Two of them, SPIRIT and Darwin mission, show different ways to apply interferometry in the
space environment. They are slightly described here after.

• SPIRIT

SPIRIT (Space Infrared Interferometric Telescope), is a project of the NASA whose feasibility
study began in 2004. Its mission, is to provide views of planets, stars and galaxy formations by
observing in the infrared frequencies (25-400µm).[6]

The SPIRIT satellite is composed of two telescopes placed oppositely on deployable rails
(FIG.2.6). In order to change the base, they are able to move along the beam like a train
on a railway and their information is combined using interferometry in the central part of the
satellite. The maximum distance reached by the telescopes is 40 meters.
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Figure 2.6: SPIRIT telescope.[6]

• Darwin mission

The Darwin mission was a project of the ESA, which ended in 2007 after the phase-A study
(feasability study). The configuration studied was a constellation of five satellites working to-
gether (FIG.2.7) designed to search exoplanets (Earth-like planets around other stars) and to
analyze their atmospheres seeking for chemical signatures of life. The frequencies studied are
in the infrared spectrum (6-18µm) .[7]

Looking for planets orbiting around extrasolar stars is complex. Indeed, for a given optical
wavelength, a star outshines a planet by a thousand million to one. The Mission Darwin pro-
posed to design the mission in mid-infrared in order to reduce the contrast drop to a million to
one (10−6).

The technique used to perform the research is called the nulling interferometry. The telescopes
are pointed in the direction of the central star. The light which reaches the telescopes has to be
delayed before being combined in the hub satellite. The goal is to cancel out the light coming
from the star (destructive interferences). Since the exoplanets are not located in the direction
pointed by the telescopes, their emitted light is already delayed from one telescope to another.
Thanks to this delay and the delay used to cancel out the star, the light coming from the planets
interferes constructively, and thus shows the planet.
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Figure 2.7: Mission Darwin constellation.[7]

2.3 CubeSat
2.3.1 Specifications

Satellites heavier than 500kg are considered as large satellites. Below that mass, the satellites
are categorized from minisatellites to femtosatellites following the TABLE 2.1

Category Mass range [kg]
Minisatellites 100-500
Microsatellites 10-100
Nanosatellites 1-10
Picosatellites 0.1-1

Femtosatellites <0.1

Table 2.1: Classification of the small satellite. [9]

The CubeSats are standardized nanosatellites. That concept was first developed in the early
2000s by the Stanford University (California) in collaboration with the California State Poly-
technic University. The goal was to broaden the access to space for small payloads and to
reduce the development time with the standardized design. [32]

The development and design of a specific CubeSats is generally not made by huge companies
as NASA or ESA but by students within a school or a university. For example, the Belgian
nanosatellite Oufti-1 has been made by students from the University of Liège (FIG.2.8).
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Figure 2.8: Conception of Oufti-1 at the CSL. [8]

At the beginning, the CubeSat was only referring to a cube of dimensions approximately equal
to 10x10x10 cm, also called 1U. Then, it has been extended to the 2U, 3U, 6U and even bigger.
The dimensions and weights are the following: [9]

• 1U is a 10x10x11.35cm cube with a mass up to 1.33 kg,

• 2U is a 10x10x22.7cm cube with a mass up to 2.66 kg,

• 3U is a 10x10x34.05cm cube with a mass up to 4 kg,

• 6U is a 10x22.63x36.6cm cube with a mass up to 12 kg.

Usually, CubeSats are secondary payloads of a launch. The dispenser is a standardized system
used to stack the CubeSat during the phase of launch. Once the orbital altitude is reached, the
dispenser is able to eject the CubeSat. The FIG.2.9 shows two different dispensers.
In FIG.2.9(a) the P-POD (Poly-Picosatellite Orbital Deployer) which can contain three Cube-
Sats 1U or one CubeSat 3U. In FIG.2.9(b), a dispenser made by Tyvak society, which is able to
transport a CubeSat 6U.[9]

(a) P-POD (3U). (b) Tyvak (6U).

Figure 2.9: CubeSat dispensers. [9]
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2.3.2 Deployable 6U CubeSat

The study of a deployable 6U CubeSat in order to provide solution for interferometry has been
performed by Sebastien Duijsens during the 2016-2017 academic year. A summary of this
work is presented here after. [9]

• System

The idea was to visualize the 6U CubeSat as three 2U CubeSats. In this configuration, the
two lateral parts contain a telescope and the central one is relative to the recombination of
the signals received by the telescopes. In this case, the system is called a MAOT (Multiple
Aperture Optical Telescope). Two configurations exist for a MAOT:

• Fizeau design: the aperture segments are portions of a unique primary mirror. [9]

• Michelson design: independent telescopes are combined by a dedicated telescope. [9]

They are shown in FIG.2.10.

(a) Fizeau configuration. (b) Michelson configuration.

Figure 2.10: Different configurations of Multiple Aperture Optical Telescope. [9]

The choice of the Michelson configuration, and then, of two independent telescopes has been
kept by Sebastien. The FIG.2.11 shows the configuration of the optical system through the 6U
CubeSat. In that Figure, the traditional recombination of telescopes thanks to the mirrors is
represented. Approximately 1.25 U are dedicated to the optical system in each lateral part of
the CubeSat.
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Figure 2.11: 6U configuration. [9]

The proposed concept for the configuration of the 6U CubeSat is illustrated in FIG.2.11. The
free spaces shown are filled by other systems used to make the satellite operational. The free
space 2 (in blue) is used by the deployment system while the free space 1 (in red) contains the
system used for the good behavior of the satellite. Among these:

• Computer: The ISIS on board computer (iOBS) placed in one of the lateral 2U CubeSats.

• Communication: The ISIS TXS S-band transmitter, which is dedicated for nanosatellite in
Low Eart Orbit, is placed in the same lateral 2U CubeSat than the computer.

• Attitude: The iADCS400, aimed for small satellite as the 6U. It contains a star tracker for the
attitude determination and a reaction wheel for the control of the satellite. It is located in the
above part of the central 2U CubeSat.

• Electrical power system: The NanoPower P60, especially designed for nanosatellites, is used
to regulate the power and is placed in the second lateral 2U CubeSat.

• Solar panels: To power the satellite; deployable solar panels are added on the sides of the
different 2U CubeSats.

• Thermal control: Because of the small remaining place, a passive method has been chosen,
such as a coating of the structure.

Finally, a CAD of the stowed configuration is illustrated in FIG.2.12.
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Figure 2.12: Stowed configuration of the deployable 6U CubeSats. [9]

• Proposed deployment mechanism

An enumeration of the different deployment mechanisms has been made by Sebastien. To be
suitable with interferometry, the deployment mechanism has to respect some criteria. The de-
ployment has to intend an accurate positioning of the telescopes, a good rigidity and a sufficient
packaging ratio.

The retained option is the telescoping booms. Indeed, the mechanism is not too complex, is
one of the most rigid and is suitable with the available space.

The FIG.2.13 represents the deployed configuration. One can see that guiding rails have been
added to increase the rigidity of the satellite.

Figure 2.13: Deployed configuration. [9]

Two cases have been studied: a boom with two tubes and a boom with 3 tubes. In the first case,
the structure is more rigid, while in the second case, the deployed length is longer and then,
leads to an increase of the resolution. The dimensions of the tubes are the following:
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Diameter [mm] Length [mm]
Tube 1 30 203.2
Tube 2 24 201.2
Tube 3 18 199.2

Table 2.2: Dimensions of the tubes. [9]

•Modal and thermal analysis

To perform inteferometry, stability is a critical requirement. Indeed, the optical paths, between
the telescopes and the recombiner have to be stable with respect to the studied wavelength.
Thus, knowing the behavior of the structure, some correctional tools are used.

To this end, a modal and thermal analysis have been studied. For more information; the work
of Sebastien Duisjens should be consulted.[9]

2.4 Photon sieve based telescope for deployable CubeSat interferometer
The FIG.2.14 illustrates what a Photon sieve based telescope for deployable CubeSat interfer-
ometer might look like. Such a satellite has a particular interest in the research of exoplanets
thanks to the nulling interferometry.

Instead of traditional telescopes made with mirrors, deployable photon sieves would be in-
stalled in the lateral CubeSats. The illustration shows the photon sieves when they are already
deployed, the deployable structures are the one used by FalconSat-7 which will be discussed
in the following section. In the stowed configuration both photon sieves should be fold in half
of the lateral CubeSats space.

This work is focused on the photon sieves. They will be studied and sized in the context of this
6U deployable CubeSat interferometer.
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Figure 2.14: Illustration of the 6U CubeSat developed in this work. Both photon sieves are in
the deployed configuration.

University of Liege -14-



Master thesis 3. Photon sieves: state-of-the-art

3 Photon sieves: state-of-the-art
The concept of photon sieve was firstly developed in the beginning of the 2000s. In comparison
with the traditional telescope, which is a few centuries old, it can be said that the photon sieve
is a young technology. Therefore, there is still a lot to understand about them and their limits.
They could be applied to innovative design.

In this Chapter, the photon sieve is described: its mode of operation, the way it is manufac-
tured and the project involving it. The best way to begin is to recall the theoretical principles
of diffraction and interference coming from the wave behavior of light. After that, the Fresnel
zone plates (FZP) will be introduced. [11]

3.1 Theoretical reminders
3.1.1 Diffraction

The diffraction is a characteristic behavior of a wave observed when it meets an obstacle which
size is close to its wavelength. This is clearly highlighted in FIG.3.1. This Figure represents
a water wave that crosses an opening which size is smaller and smaller. It can be seen that
instead of keeping the direction, the waves are spreaded once the obstacle is passed. [11]

Figure 3.1: Diffraction effects on the water.
[10]

It is important to note that the effect also occurs with the biggest opening. The phenomenon is
less marked but is nevertheless present on the edges.

The "double-slit experiment" was performed by Thomas Young in the beginning of the 19th
century. The experiment consisted in illuminating an opaque plane constituted of two transpar-
ent thin slits and then by observing the pattern made by the light on a screen behind the slits.
The experiment and the shadow pattern observed are represented in FIG.3.2. This unexpected
pattern was explained by the phenomenon of diffraction by Young and marked the beginning of
the understanding of light as a wave. Nowadays, the wave nature of light is well explained by
the theory of the electromagnetic waves.
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Figure 3.2: Double slits experiment.[11]

An interesting diffracting pattern, a fortiori in optics, is the Airy disk obtained by a small cir-
cular aperture and a screen located sufficiently far. It is represented in FIG.3.3. One can see
that it is composed of concentric circles, alternatively bright and dark. In the bright zones,
constructive interferences of the light occur while in the dark zones, destructive interferences
occur.
The total amount of luminous energy crossing the circular aperture is received in the observa-
tion screen following the principle of conservation of energy. So, in the Airy disk, most of the
energy is concentrated in the first disk, 84% to be accurate.

Figure 3.3: Airy disk pattern.[11]

The FIG.3.4, shows the illumination profile of the Airy disk. Its analytical expression is rigor-
ously given by :

I(θ) = I(0)[
2J1(k

D
2

sin θ)

kD
2

sin θ
]2 (3.1)
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Where D is the diameter of the aperture, k = 2π
λ

is the wave number and θ is the angle between
the line linking a point on the screen to the center of the circular aperture and the optical axis,
which is perpendicular to the aperture and crossing its center. J1 is called a Bessel function and
verifies the following expression with the value n=1

Jn(x) =
∞∑
p=0

(−1)p

p!(n+ p)!
(
x

2
)2p+n (3.2)

The first value of θ for which J1 = 0 verifies D
2
k sin θ = 3.83. By noticing that sin θ ≈ r

z
,

with r being the distance between the point in the screen and the center of the screen and z the
distance between the aperture and the screen.
The following relation, of considerable interests, gives the radius of the first peak in the Airy
disk

r1 ≈ 1.22
zλ

D
(3.3)

Figure 3.4: Illumination profile of the Airy disk. [11]

Without entering in the details, which will be more discussed in the next sections, the impor-
tance of the relation 3.4 in optics is relative to the resolution of an optical system.
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An optical system, without any geometric aberration or other else, is said diffraction-limited,
and is usually, an idealization of the reality. The best resolution of an optical system is obtained
when it is diffracted limited. In that case the image of a point is a spot which radius, rspot, is
related to the one of the Airy disk and is given by the relation

rspot = 1.22
fλ

D
(3.4)

With f, the focal distance of the optical system and D, its diameter.

3.1.2 Interference

The interferences between waves are explained by the superposition principle which stands
that for linear systems, the response caused by two or more sources is the complex sum of the
individual responses. When the amplitude of the response is bigger than the amplitude of the
individual perturbations, the interferences are said constructive. In the opposite situation, when
the amplitude of the response is smaller, the interference are said destructive. Those effects are
well represented in FIG.3.5. The superposition principle is applicable for every kind of waves:
light wave, acoustic wave, water wave, and so on.

Figure 3.5: Constructive and destructive interferences.[12]

• Electomagnetic waves

The mathematical description of a wave can be made with a sinusoïdal form or a complex form.
For a plane monochromatic wave, in the direction k, the sinusoidal form is given by

A(r, t) = A0 cos (kr− ωt+ φ) (3.5)

With k (|k| = 2π
λ

), the wave vector; ω, the angular frequency and φ the phase. The complex
form, which is more convenient for manipulations is

U(r, t) = A0e
j(kr−ωt+φ) (3.6)
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And the relation between the two expressions is simply

A(r, t) = R[U(r, t)] (3.7)

The frequencies of the electromagnetic waves are generally very high. For example, the fre-
quencies of the visible light are close to 1015 Hertz.
Nowadays, the sensors are not able to record information on an interval of time as short as the
period of an electromagnetic waves. Instead of that, the sensors record an average parameter,
called the intensity. This one, which unit is a power per unit of surface ( W

m2 ), is exactly given
by

I(r) =
n

2
〈cε0U(r)U∗(r)〉 (3.8)

=
1

2η
|U(r)|2 (3.9)

=
1

2η
A2

0 (3.10)

With c, the speed of light; n, the refractive index; ε0, the vacuum permittivity and η, the charac-
teristic impedance of the medium (377 Ω for vacuum). The mathematical operator 〈〉 stands for
the temporal average. So, assuming a high value of T (with respect to the period of the wave)
it gives

〈cε0U(r)U∗(r)〉 =
1

T

∫ T

0

cε0U(r)U∗(r)dt (3.11)

It has to be noted that cε0U(r)U∗(r) is actually the energy density of the wave. Generally, by
convenience, the prefactor 1

2η
is not taken into account in the expression of the intensity.

Assuming now that two monochromatic electromagnetic waves have the same frequencies,
U1(r, t) and U2(r, t), their interference in r (the position vector) gives the response

U(r, t) = U1(r, t) + U2(r, t) (3.12)

= A1e
j(φ1(r)−ωt) + A2e

j(φ2(r)−ωt) (3.13)

And, by making the mathematical development, the following expression for the intensity is
found
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I(r) = |U(r)|2 (3.14)
= A2

1 + A2
1 + 2A1A2cos(φ1(r)− φ2(r)) (3.15)

= I1 + I2 + 2
√
I1I2cos(φ1(r)− φ2(r)) (3.16)

The Eq.3.16 shows that the resulting intensity depends on the phase difference between the
waves. In this case, the phase depends on the position, r, of the studied point. The phase is an
important feature in the interferometry purposes.

3.1.3 Huygens-Fresnel principle

The principle of Huygens-Fresnel stands that every point of the space crossed by a wave be-
comes itself a source of a spherical wave having the same wavelength (FIG.3.6). Even if this
principle is not rigorously true from the point of view of physics, coupled with the superposi-
tion principle, it gives good understandings and predictions of the wave propagation of light.
Indeed, the mathematical expression given in Eq. 3.1 comes from this principle.[14]

Figure 3.6: Huygens-Fresnel principle. [11]

It is important to keep in mind that diffraction and interference are two dependent phenomena
and are thus inseparable.

3.1.4 Coherence

Coherence is a delicate topic, because out of intuition, but it is an important concept in inter-
ference and therefore in interferometry. The principles are presented without entering into the
details.[13]

But before that, some identities of the operator 〈〉 are given ([13])

〈f(x)〉 =
1

T

∫ T

0

f(x)dt (3.17)
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〈cst〉 = cst (3.18)

〈cos(ωt+ φ)〉 = 0 (3.19)

〈cos2(ωt+ φ)〉 =
1

2
(3.20)

Assuming two monochromatic plane waves, U1(r, t) of frequency ω1 and U2(r, t) of frequency
ω2, which are interfering in r. The response is the same than in Eq.3.13 with the particular
values for the frequencies. Concerning the intensity, its value is given by

I(r) = 〈|A1e
j(φ1(r)−ω1t) + A2e

j(φ2(r)−ω2t)|2〉 (3.21)

Developing the expression, it yields to

I(r) = I1 + I2 + 2
√
I1I2〈cos((ω1 − ω2)t+ φ1(r)− φ2(r))〉 (3.22)

Following the identities 3.18, 3.19 and 3.20, two cases arise:

• ω1 = ω2. In this case, the expression of the Eq. 3.16 is still valid

I(r) = I1 + I2 + 2
√
I1I2cos(φ1(r)− φ2(r)) (3.23)

• ω1 6= ω2. In this case, the expression becomes

I(r) = I1 + I2 (3.24)

It shows that in the case where the frequencies are different, the resulting intensity is simply
the addition of the two intensities. Consequently, two waves which have different frequencies
will not interfere together.

As it is known, monochromatic waves do not exist; they are an idealization of the reality. In-
deed, a light source always emits polychromatic waves (∆ω 6= 0). However, the broadband
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of frequencies can be quite small. For instance, the light emitted by lasers is close to be
monochromatic. A more realistic model uses the quasi-monochromatic waves. Its mathemati-
cal description is

ej(φ1(r,t)−ω1t) (3.25)

Compared to the previous model, in this one, the phase is a random function of time. This effect
comes from the physical nature of light emissions. For instance, light can be emitted during
the transition of an atom from an excited energy state to a lower energy state (spontaneous
emission). This transition can occur at random moments and the phase of the emitted light is
then a random function of time.

The FIG.3.7 represents this effect. The characteristic time or coherence time between two phase
jumps is noted τc.

Figure 3.7: Random jump of the phase. [13]

Now, two quasi-monochromatic waves of same frequencies which are interfering are consid-
ered. By adapting the Eq. 3.22, the intensity of the response becomes

I(r) = I1 + I2 + 2
√
I1I2〈cos(φ1(r, t)− φ2(r, t))〉 (3.26)

If the sources responsible of these two waves are independent, the phase jumps of the waves
are independent too, as seen in FIG.3.8.
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Figure 3.8: Jumps of two independents sources. [13]

In this case, the function φ1(r, t) − φ2(r, t) becomes a random function of time, sometimes
positive, sometimes negative, so

〈cos(φ1(r, t)− φ2(r, t))〉 = 0 (3.27)

Then

I(r) = I1 + I2 (3.28)

Two independent quasi-monochromatic waves sources cannot create interference. They are
said mutually incoherents.

Let’s go back to Young’s experiment, presented in FIG.3.9. The source of light is located in S.
Following the Huygens-Fresnel principle, S1 and S2 become themselves sources, but dependent
sources this time.

Figure 3.9: Coherence in the two slits experiment. [13]

The path difference of the sources in M (FIG.3.9) is
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δ21 = r2 − r1 = cτ21 (3.29)

The path difference can be converted in a temporal difference (τ21) knowing that the waves are
traveling at the speed of light, c. Using this equation and the fact that the sources are dependent,
their phases can be expressed as

φ1(M, t′) = φ(M, t′) (3.30)

φ2(M, t′) = kδ21 + φ(M, t′ − τ21) (3.31)

With k, the wave number of the emitted light from the source located in S.

The Eq. 3.26 is rewritten and becomes

I(r) = I1 + I2 + 2
√
I1I2〈cos(kδ21 + φ(M, t′ − τ21)− φ(M, t′))〉 (3.32)

Again, two cases arise

• τ21 << τc

I(r) = I1 + I2 + 2
√
I1I2〈cos(kδ21)〉 (3.33)

• τ21 > τc

I(r) = I1 + I2 (3.34)

Waves coming from the same source will interfere if τ21 << τc. In other words, if the temporal
difference, caused by the difference between the optical paths, is much smaller than the coher-
ence time (time between two phase jumps). This condition can be expressed with respect to the
path difference as

δ21 < cτc = Lc (3.35)

With Lc the coherence length.
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Note that those coherence principles can be extended to polychromatic light but will not be
done here. However, one thing will be emphasized. For a polychromatic light of bandwidth
equal to ∆ν, the coherence time is given by

τc =
1

∆ν
(3.36)

The notions introduced here are those of the temporal coherence. The notions of the temporal
coherence will be described in the Chapter 4, relative to the nulling interferometry.

3.2 Fresnel zone plate
The Fresnel zone plate (FZP) is a device used to focus the light. In this device, the lens uses
diffraction instead of reflection or refraction like the traditional lens or mirrors. It is composed
of several rings alternatively transparent and opaque as can be seen in FIG.3.10. Its name has
been given in honor to Augustin-Jean Fresnel.[14]

Figure 3.10: Beams crossing a Fresnel zone plate. [14]

The alternative rings are named "zones". This term is kept along this report. Those zones are
spaced and sized so that the light crossing the transparent zones will interfere constructively at
the desired focus. To compute the radius and widths of the zones, the light that arrives on the
plate is supposed to come from a source located far away, and considered as a plane wave.

The optical path length (OPL), is the geometric distance between two points multiplied by the
index of refraction n. Here, as vacuum is considered, n=1. According to FIG.3.11(a), the OPL,
between a point of the plate and the focus is given by

l =
√
r2 + f 2 (3.37)

With f, the focal distance and r, the distance of a point of the plate and the optical axis.
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In the first zone which is transparent (FIG.3.11(a)), the light coming from the points of the plate
will interfere constructively at the focus if the OPL does not differ by more than half of the
wave length, λ

2
. So, the points of the first zone have to satisfy the inequality

l − f < λ

2
(3.38)

The second zone which is opaque (FIG.3.11(b)), covers a surface where the light will interfere
destructively at the focus. The condition on the OPL is given by

λ

2
< l − f < λ (3.39)

(a) Constructive interference in red. (b) Destructive interference in blue.

Figure 3.11: Interference in the Fresnel zone plate. [14]

By following the same reasoning zones by zones, an alternation of constructive transparent
zones, and destructive opaque zones is obtained. The nth zone, opaque (if n is even) or trans-
parent (if n is odd), has to satisfy the conditions

(n− 1)λ

2
< l − f < nλ

2
(3.40)

Using Eq.3.37, rn, the radius of the boundary between the zones n and (n+1), verifies

l − f =
√
r2n + f 2 − f =

nλ

2
(3.41)

Solving for rn, it yields to
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rn =

√
nλ(f +

nλ

4
) (3.42)

Concerning the width of the nth zone, it is simply

∆r = rn − rn−1 (3.43)

It is important to note that the radius of the zones, given by Eq.3.42 depends on the focal length
f and the wavelength λ. The pattern of the FZP is then a function of f and λ.

It is not possible to manufacture a FZP. Indeed, a support has to maintain the opaque zones.
The solution is the photon sieve which consists of filling the constructive zones of the FZP by
holes, as shown in FIG.3.12.

Figure 3.12: From a Fresnel zone plate to a photon sieve. [15]

3.3 Photon sieve behaviors
The FIG.3.13 shows focused spot of light obtained with a photon sieve when the location of the
observation plane varies. The central spot is obtained when the observation plan is at the focal
plane. The size of the spot increases when the observation plane is placed before or after the
focal plane. It can be noted that no spherical aberrations occur.

Figure 3.13: Variation of the observation plan along the axis. The spot increases when the
observation plane is placed at positions that differ from the focal plane. [16]
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The photon sieve, as a diffractive element, has a high chromatic dispersion. Indeed, the focal
length varies linearly with the wavelength. This effect is illustrated in FIG.3.14. The right
part of the figure shows the variation of the spot in the observation plane with respect to the
wavelength. The spot obtained at 632.8nm is the smallest one, knowing that the photon sieve
is designed for this wavelength. The spots obtained at 400nm and 700nm are much larger. The
bandwidth in which the effect of the chromatic dispersion is negligible is approximately equal
to 10nm. The left part of the figure shows the focal distance obtained for different wavelengths.

Figure 3.14: Chromatic dispersion of a photon sieve of 632.8nm. The spots obtained at 400nm
and 700nm are expanded. [17]

However, it is possible to remove significantly the dispersion by using a secondary optical
system as shown in FIG.3.15. This secondary optical system, called a dispersion corrector, is
described in FIG.3.15(a). The FIG.3.15(b) shows, for a photon sieve of 532nm, a constant focal
spot for 514nm, 532nm and 543nm. Thanks to the dispersion corrector, the bandwidth in which
the chromatic dispersion is negligible is increased to 40nm.[16]

(a) Description of the optical system. It uses a Diffractial Optical Element
(DOE).

(b) Focal spot at 514nm, 532nm and 543nm.

Figure 3.15: Dispersion corrector. [16]
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3.4 Photon sieve manufacturability
The process used to manufacture membrane photon sieve is called the photolithography. The
process is briefly described without going through the details, which are out of context.[16][33]

According to FIG.3.16, it can be seen that the membrane, is an aluminum-coated polymer film.
The polymer used is the CP1 polymide, which is suitable to the space environment. Indeed,
its near-zero CTE (Coefficient of Thermal Expansion) is necessary to avoid troubles of pattern
changing due to the unstable thermal environment experienced in space.[19]

At first, a photomask is performed from a computerized data file and acts as a master during
the photolithography. This one is made of glass (fused silica generally) coated by a layer of
chromium. This layer is etched with the pattern of the photon sieve.

The mask, the membrane and a photoresist placed between them form an assembly which is
exposed to UV. Then, the photoresist is etched when the master is removed. Finally, the pho-
toresist has an etch exposed oxide on the aluminum, and is removed once the process is done.
The smallest holes possible to manufacture are micron sized.

Figure 3.16: Photolithography process to produce a photon sieve. [16]

3.5 FalconSAT-7
3.5.1 Goals

FalconSAT-7 is a satellite prototype and is the first one to involve a photon sieve. [19] The
project, studied by the USAFA (United States Air Force Academy) in Colorado Springs, began
in the early 2010s but has not been launched yet. The goals are:
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1. The deployment of a photon sieve telescope from a folded configuration,

2. To image the hydrogen alpha (H-Alpha) band of the sun in order to study the chromo-
sphere in LEO,

3. To determine the imaging performance of a photon sieve in space.

The FIG.3.17 represents a CAD (Computer-aided design) of FalconSAT-7. It illustrates the
photon sieve in its deployed configuration. The photon sieve is the circular part of the whole
membrane.

Figure 3.17: CAD of FalconSAT-7. The membrane photon sieve is in its deployed
configuration. [18]

3.5.2 Spacecraft

The spacecraft is a 3U CubeSat nanosatellite which dimensions are 30x10x10cm. Its weight is
approximately equal to 5kg and respects then the CubeSat standardization.

The payload, which is the world’s first membrane telescope, is called Peregrine. It is con-
stituted of the photon sieve membrane, the deployment structure, the secondary optics, two
cameras and the electronics. Peregrine is placed in half of the 3U CubeSat.

The other half is filled by the bus avionics. The spacecraft has a 3-axis control in order to point
the sun and is powered thanks to deployable solar panels.

3.5.3 Deployment of the membrane

The membrane is folded during the entire launch and is only deployed once the solar panels are
operating effectively.

The deployment structure is constituted of three spring-load pantographs which are stowed un-
der compression. Once the satellite reaches the orbit, the hinged end panels are opened by
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a burn wire, and the pantographs are automatically deployed. The pantographs are linked to
the membrane thanks to lanyards and provide a sufficient tension in the membrane to get the
required flatness once deployed. This radial tension is equal to 0.5N.

The deployment occurs in two-stage, both spring-loaded. The first one makes the assembly
move linearly out of the bus. Then the pantographs are released. This sequencing is illustrated
in FIG.3.18.

Figure 3.18: FalconSat-7: Deployment sequence of the membrane photon sieve. [16]

3.5.4 Peregrine

Peregrine refers to the whole optical system. It is composed of four subsystems: the primary
optical element, which is the photon sieve; the deployment structure (already described), the
secondary optics and the electronic.

The FIG.3.19 shows Peregrine in its stowed configuration (before the deployment). In this
configuration, Peregrine is sized to be contained in a 1.5U.
The pantographs and the membrane are folded in the upper part. The bottom part contains the
secondary optics and the electronics payload.
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Figure 3.19: Peregrine in stowed configuration. [19]

Concerning the parameters of the photon sieve, they are the following

• Diameter → 0.2 m

• λ → 656.45nm

• f → 0.4 m

The photon sieve is constituted of 2.5 billion holes ranging in size from 2 to 277 microns. The
performances achieved by the telescope are

• Resolution → 4 µrad

• Field of view → 6 arcmin

• Spectral bandwidth → 1 Å

The secondary optics, constituted of four elements, is represented in FIG.3.21. Its exploded
view (FIG.3.21) gives a clear understanding of the different elements and their utilities.

Figure 3.20: Secondary optics of FalconSat-7. [18]
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The first element is used to collimate the beams. In order to eliminate the unwanted frequen-
cies, the second element is a H-Alpha filter (Fabry Perot bandpass with a 0.1 nm bandwidth
centered at 656.45 nm). The beams are finally focused to a CCD sensor thanks to a lens of
10mm diameter with a focal length of 100mm.

Figure 3.21: Secondary optics of FalconSat-7 (exploded view). It is composed of 4 elements:
a colimator; a filter; a focusing lens and a CCD sensor. [18]
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4 Nulling interferometry and optical fiber
The finality of the CubeSat studied in this work is the research of exoplanets, which is per-
formed thanks to the nulling interferometry. In this Chapter, the stellar interferometry and the
nulling interferometry, are introduced.

Usually, as it will be explained, an interferometer uses mirrors to propagate the light from the
telescopes to the recombiner. However, for our purposes, it has been decided to use optical
fiber to propagate the light from the photon sieve telescopes to the recombiner. The features of
the optical fiber are also introduced in this Chapter. [11][34]

4.1 Young experiment
To understand the stellar interferometery it is necessary to start from the Young experiment
taking into account the principles of coherence.

Figure 4.1: Young experiment with a quasi-monochromatic source. [13]

Assuming a punctual quasi-monochromatic source placed in S, as illustrated in FIG.4.1; the
light passes through the slits placed in S1 and S2 to reach the screen (observation plane). From
the screen, S1 and S2 can be seen as sources of light themselves.

The optical paths, SS1 and SS2, are equal. Therefore the optical path difference between SS1

and SS2 is equal to zero and is then inferior to the coherence lenght (Lc). That means that the
sources S1 and S2 are coherent with each other. They are even phased in that case.

As the sources S1 and S2 are coherent with each other, the light that they emit makes interfer-
ences in the observation plane as explained in Chapter 3. It is important to mention that the
coherence between S1 and S2 is due to the fact that they are not independent. Indeed, they both
come from the source placed in S. The intensity at the position r of the observation plan is given
by
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I(r) = I1 + I2 + 2
√
I1I2〈cos(kδ21)〉 (4.1)

With δ21=r2-r1. (FIG.4.1)

If instead of this experimental setup, two punctual sources are placed in S1 and S2; this time,
the sources, S1 and S2, are independent and are said incoherents. Therefore, the light emitted
by the sources does not interfere and the intensity in the observation plane is simply the sum of
each intensities

I(r) = I1 + I2 (4.2)

• Young experiment with extended source
The experiment is now explained for a case where the quasi-monochromatic source is not punc-
tual anymore but extended. This is illustrated in Fig.4.2(a).

(a) Schematic view.

(b) Intensity in the observation plane.

Figure 4.2: Young experiment with an extended source. [11]

The extended source of light can be seen as a continuous set of punctual elementary sources,
supposed incoherent to each other. The source element placed on the optical axis, S’ (FIG.4.2(a)),
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produces an intensity pattern in the observation plane centered in P’, given by

dI = 4dI0cos
2(
Y aπ

sλ
) (4.3)

A source element located out of the optical axis, in S” for instance, will produce the same
intensity pattern, but centered in P” this time (FIG.4.2(a)). The FIG.4.2(b) on the left shows
the different intensity patterns shifted coming from the different source elements. As they are
supposed to be incoherent to each other, the total intensity in the observation plane is the sum
of every shifted patterns. The resultant is shown in FIG.4.2(b) on the right.

The quality of the interference fringes produced by an interferometer is defined thanks to the
visibility, V , defined as follows

V =
Imax − Imin
Imax + Imin

(4.4)

Which takes a value between 0 (no interference) and 1 (perfect interference). The FIG.4.3,
shows the evolution of the fringes of interference, when the size of the incoherent extended
source increases. It can be seen that the visibility of the fringes is decreasing when the size of
the source is increasing.

Figure 4.3: Interference figures obtained by increasing the size of the extended source.[11]
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This simplified example shows how the fringes of the interference pattern can give information
about the size of the source. Generally, the sources are not incoherent but partially coherent.

4.2 Michelson stellar interferometer
The assembly of the Michelson stellar interferometer is presented in FIG.4.4(a). Similarities
with the Young experiment can be seen. [11]

Figure 4.4: Michelson stellar interferometer.[11]

The following discussion is made with respect to the FIG.4.4, where the letter M stands for
mirror.

The distance between the mirrors M1 and M2 is removable and is noted h. These two mirrors
collect the light from a far star (represented by the parallel beams) and direct the light to the
apertures S1 and S2 thanks to the mirrors M3 and M4. The two apertures make a system of
Young’s fringes in the focal plane of the objective of the telescope.

The optical paths, M1M3S1 and M2M4S2, have to be equal in order to equalize the phase dif-
ferences between M1 and M2 and the phase difference between S1 and S2. Usually, a delay
line is added on one side to correct the optical path when it is necessary. These delay lines rep-
resent a difficulty of interferometry. Indeed, the order of magnitude of the required accuracy is
relative to the wavelength studied. For instance, in visible light, the required accuracy is close
to 550nm.

Assuming that the assembly points to a far star. The light coming from the pointed far star is
represented by the beams which are parallel to the optical axis. The beams of light are phased
between M1 and M2 and then, are phased between S1 and S2. As the sources S1 and S2 are
phased, they are coherent and they create interference fringes centered in P0 in the focal plane
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of the telescope (FIG.4.4(a)).

The beams of light coming from a secondary star, close to the one pointed, arrive with an angle
θ (with respect to the optical axis) as shown in FIG.4.4(b). In that case, when the beams reach
the mirrors M1 and M2, they are not in phase anymore. Assuming that the stars emit light in
a close bandwidth centered in λ0; with respect to the FIG.4.4(b), the phase difference is given by

∆φ = k0hsinθ ≈ k0hθ (4.5)

The light from the secondary star also produces interference fringes in the focal plane of the
telescope. The interference pattern created is similar to the one of the primary star. However,
because of the phase difference ∆φ between M1 and M2 and then between S1 and S2, the in-
terference pattern is centered in a point P (FIG.4.4(b)).

Since the stars are assumed incoherent with each other, the total intensity in the focal plane is
the sum of the intensities created by each star. By adjusting the distance between the mirrors,
h, it is possible to obtain a shift between the individual patterns such as the minimums of one
are positioned on the maximums of the other, the visibility is then V = 0. This case is obtained
when the value of h is equal to

h =
λ0
2θ

(4.6)

And the only unknown, θ, is then found. With similar procedures, it is possible to measure the
angular diameter of a star.

4.3 Nulling interferometry
Stellar nulling interferometry is used to research exoplanets. The goal is to block the light
coming from the central star thanks to destructive interferences. Indeed, these destructive inter-
ferences cancel out the image of the star and the fainter light coming from the exoplanets that
orbit around the star can be detected. The way to produce destructive interferences is roughly
described in FIG.4.5. [20]
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Figure 4.5: Working of a stellar nulling interferometer.[20]

The telescopes are pointed in the direction of the central star. Then, by dephasing of half a
wavelength (π rad) the signal received by one of the two telescopes, destructive interferences
are created for the star located in the optical axis.

For an object located slightly on the side of the star (an exoplanet for example); the interferences
are not destructive. They could even increase the transmitivity of the exoplanets by adjusting
the distance between the telescopes with respect to the wavelength studied. This effect is shown
in FIG.4.5, in which constructive interferences are produced for the exoplanet when the distance
between the telescopes, B, is adjusted such as its value verifies

λ

2B
= θdistance (4.7)

With θdistance, the angular separation between the star and the exoplanet.

4.4 Optical fiber
The description of the interferometers in the previous part showed that the light is directed
from the telescopes to the recombiner thanks to mirrors. However, it is also possible to use
fiber optic.[21]

Optical fiber, developed from the 1970’s, is used to transmit light between its two extremities.
Its working is explained by the principle of total internal reflection. It is constituted of a core
made in drawing glass (silica) of tiny diameter (5-10 microns) and is surrounded by a transpar-
ent cladding material with a low index of refraction (FIG.4.6). To be correctly injected in the
optical fiber, the beam of light has to be included in the acceptance cone as shown in FIG.4.6.
The angle of the acceptance cone depends on the index of reflection of the different materials
constituting the optical fiber.
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Figure 4.6: Optical fiber representation.[21]

The advantages of optical fiber in space environment are the following [21]

1. Compact and lightweight.

2. High accuracy and sensitivity in comparison with typical mechanical architecture.

3. Silica material properties: Usability in harsh, high temperature and rugged environments;
and immunity to electromagnetic interference.

The FIG.4.7 illustrates an example of design for a stellar interferometer using optical fiber.

Figure 4.7: Example of design for a stellar fiber interferometer.[22]
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5 Optical design
The purpose of this Chapter is to define the specifications for the sizing of the photon sieve.
To this end, the requirements of an optical system are defined. Then, the optical tools used to
analyze the performances of an optical system are presented.

5.1 Requirements
5.1.1 FOV and resolution

The main goal of an optical system is to resolve a specific sized-object over a global object
called the field of view (FOV) which can be spatial or angular. The resolution spatial or angular,
is respectively the minimum angle or distance between two objects as they can be distinguished
by the optical system. The FOV and the minimum-sized object to observe depend on the mis-
sion goals. [28]

Figure 5.1: FOV for a simple lens.[23]

As shown by the exaggerated example in Fig.5.1, the FOV depends on the focal length and on
the size of the image plan. Usually, a CCD or CMOS sensor is positioned at the image plan.
These sensors use the photoelectric effect. They transform the incident photons into an electric
signal which is amplified, digitized and then treated to obtain a numerical image.

The FOV is then related to the maximum angles of the rays which reached the sensor. The
FOV should not be too large to avoid the geometrical aberrations obtained when the paraxial
approximation is not respected. To respect the conditions of the paraxial approximation, the
angle of the rays with respect to the optical axis have to be small enough. For example, the
Hubble Ultra Deep Field has a field of view of 2.4 arcminutes on each side.[35]

Without detailing them, because out of context, some of the different geometrical aberrations
are defocus, spherical aberration, coma, astigmatism, field curvature and image distortion.

University of Liege -41-



Master thesis 5. Optical design

5.1.2 Wavelength

The different phenomena or objects that an optical system is designed to observe, emit electro-
magnetic waves of specific wavelength. For instance, supernovas emit radio waves and black
holes emit gamma waves. The wavelengths of the studied objects are an important feature for
the optical system.

As shown in Fig.5.2, the light sources do not emit in only one frequency but in a spectrum of
frequencies. The spectrum can be extended or narrow, depending on the source. An optical
system is designed to take into account from 3 to 5 wavelengths of the spectrum. A weight is
associated to the wavelength according to their importance in the spectrum.

Figure 5.2: Spectrum of light sources. [24]

5.1.3 Brightness gain

An optical system has the ability to increase the brightness of an object. This effect is illustrated
in Fig.5.3 for a simple system with an ocular.[25]

Figure 5.3: Brightness gain. [25]

The brightness gain depends on the light collected by the telescope and therefore, depends on

University of Liege -42-



Master thesis 5. Optical design

the area by which the light enters in the system. For the simplified case in Fig.5.3, the light
grasp, GL is given by the ratio of the area

GL =
π
4
D2
Opt

π
4
D2
Eye

= (
DOpt

DEye

)2 (5.1)

5.2 Optical tools
5.2.1 PSF

The image of a point through an optical system is not a point. Indeed, due to the aberrations
of the system itself and the diffraction, the image of the point is a spot. This spot is the funda-
mental unit in the image formation of the system.[36]

The PSF (Point Spread Function) is the three-dimensional pattern representing the image of
the light from an infinitely small source, a punctual source. The ideal PSF is obtained with
diffracted-limited systems which are systems without any geometrical aberrations. In this case,
the PSF is related to the Airy disk.

Figure 5.4: Angular resolution with Rayleigh criterion. [26]

The resolution of a system can be determined thanks to the PSF. The FIG.5.4 illustrates this
statement with the Rayleigh criterion for a diffracted limited system. The figure shows the
profile of the PSF of two points. On the left, the angular distance between the object is such
that the PSF of the points do not overlap; they are resolved. On the right, the angular distance
is not sufficient, the two PSF overlap, and the spot observed does not allow a clear distinction
between the points; they are unresolved.

In the middle, the case illustrates the limit of the resolution with respect to the Rayleigh cri-
terion. In this case, the two central peaks are separated by a distance equal to the diameter of
those central peaks. It yields to an angular resolution equal to [28]
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∆θ ≈ 1.22
λ

D
(5.2)

With D, the aperture diameter of the optical system.

The spatial resolution in the object plane or in the sensor, can be extended from the angular
resolution thanks to trigonometric formulas.

5.2.2 Encircled energy

The encircled energy is a diagram representing the percentage of energy contained in a circled
centered in the focus with respect to the radius of this circle. It gives the distribution of energy
around the focus. For instance, the encircled energy of the Airy disk is illustrated in FIG.5.5.
The curve has an important slope at small radius, meaning that a high part of the energy is
contained in the first peak of the Airy disk. Then, the curve tends asymptotically to 1.

Figure 5.5: Encircled energy of the Airy disk. [27]

5.2.3 MTF

The MTF (Modulation Transfer Function) measures the ability of an optical system to transmit
the intensity modulation of an object to the image created. Due to the aberrations of an optical
system, the image contrast is not as pronounced as the object contrast. This is illustrated in
FIG.5.6. [28]
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Figure 5.6: Modulation of intensity. [27]

The mathematical definition of the modulation is given by

Modulation =
Imax − Imin
Imax + Imin

(5.3)

And, the MTF is given by

MTF =
Modulation Image
Modulation Object

(5.4)

The MTF depends on the spatial frequency. Typical curves are represented in FIG.5.7.

Figure 5.7: Modulation transfer function with respect to the spatial frequency. [28]
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The cutoff frequency is the frequency at which the MTF becomes zero and is given by

νcutoff =
1

λ f
D

(5.5)

5.3 Specifications
In our case, the analysis is global. Indeed, no accurate requirements are stated. Given that the
final goal of the interferometer is to study exoplanets, it has been decided to make the analysis
in visible light, between 400 and 700nm.

The sizing of the photon sieve is studied in order to be injected in optical fibers. To this end,
the PSF is adapted. The goal is to make the first peak of intensity suitable with the core of the
optical fiber whose measure is between 5 and 10 microns. It will give a criteria for the diameter
of the photon sieve with respect to the focal length and the wavelength.

Regarding the energy and its distribution, the surface ratio, which is the ratio between the open
surface and the whole surface of the photon sieve, and the encircled energy are suitable.

Moreover, the size of the holes in the photon sieve has to be analyzed as well. Indeed, they
could not be smaller than the manufacturing limits.

Therefore, all those parameters and tools are required to be implemented to the Matlab propa-
gator.
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6 Development of a propagator
It exists many software for optical design. Among them: CodeV, Zemax, Olso and ASAP. All
those have differences that make their advantages and drawbacks.[5]

There are two categories in optical design software:

1) Classical lens-design software: Used to optimize the image-forming. The data of the system
are entered in the software and the performances can be analyzed. The data of the system are
the sizes and positions of the lenses, the wavelenght studied,... and other else. (CodeV, Zemax,
Olso).

2) Illumination packages: Used to make more detailed analysis of the optimized system; for
instance, the effect of the sunlight in a designed telescope. In this case, ASAP and Zemax are
suitable.

Figure 6.1: Interface of Code V. [1]

However, all of these software are ray tracing software. They simulate the light as beams of
light and used geometrical optics to propagate the beams. The photon sieves are diffractive el-
ements and their behavior can not be described by geometrical optics. Indeed, the wave nature
of light is in the field of optical physics. The software presented are then not suitable to analyze
the photon sieves.

Therefore, a light propagator using optical physics, specially dedicated to the photon sieves, has
been implemented in the Matlab environment. To be more precise, the propagator is based on
Fourier optics which is a particular section of the optical physics. It is designed to simulate the
propagation of the light from the photon sieve to an observation screen. Matlab is well adapted
to this task because it is optimized to work with vectors and matrices. Indeed, the photon sieves
and the observation screen can be described with arrays of two dimensions corresponding to the
two physical dimensions thanks to the use of scale factors. The development of the propagator

University of Liege -47-



Master thesis 6. Development of a propagator

has been done using the textbook "Computational Fourier Optics" as support. [3]

In the propagator, the light is modelized as monochromatic, which is, as said previously, an
idealization of the reality. Moreover, the light is not represented as beams anymore but as pla-
nar wavefront. In ray tracing, the beams of light representing a far object, as an exoplanet,
are parallel. In the wavefront description, a far object is represented by a planar wavefront. A
representation of the light emited by a source as beams and wavefronts is illustrated in FIG.6.2.
One can see that the shape of the wavefront is spherical close to the punctual source and be-
comes planar when the distance with the source increases. The planar wavefront is then well
adapted to represent astronomical objects.

Figure 6.2: Representation of the light as beams and wavefronts. [2]

During this Chapter, the elements relative to Matlab, the variables and the functions, are writ-
ten in bold letters to make it more readable.

6.1 From Huygens-Fresnel to Fourier optics
As indicated by its name, the Fourier optics uses the Fourier transform. To begin this section,
it is necessary to remind the Fourier transform. Then, the propagation of the light is explained
and mathematically described.

• Remind of the Fourier transform
The spatial Fourier transform (FT) in two dimensions is given by

F (fx, fy) =

∫∫ ∞
−∞

f(x, y)exp
[
−j2π(fxx+ fyy)

]
dxdy (6.1)
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fx and fy are spatial frequencies associated to x and y. The Fourier transform can also be noted
using the following short notation

F (fx, fy) = F {f(x, y)} (6.2)

The inverse Fourier transform, is given by

f(x, y) =

∫∫ ∞
−∞

F (fx, fy)exp
[
+j2π(fxx+ fyy)

]
dfxdfy (6.3)

With the short notation

f(x, y) = F−1
{
F (fx, fy)

}
(6.4)

The relation between the inverse and direct transforms is called the identity relation and is given
by

f(x, y) = F−1F {f(x, y)} (6.5)

An important theorem of the Fourier transform, particularly in Fourier optics, is the convolu-
tion theorem which gives a simplified relation for the Fourier transform of a convolution

F

{∫∫
f(ζ, η)h(x− ζ, y − η)dζdη

}
= F {f(x, y)}F {h(x, y)} (6.6)

= F (fx, fy)H(fx, fy) (6.7)

• Rayleigh-Sommerfeld propagation
The FIG.6.3 shows a source plane with a signal distribution U1(ζ, η). The signal represents the
intensity of the light. The objective is to compute the resulting signal, U2(x, y) in the observa-
tion plan and then the intensity (Reminder: the intensity is given by I1 = |U1|2). [6][7]
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Figure 6.3: Geometrical description of the propagation of the light between two parallel
planes. [3]

To compute the signal in the observation plane, the Huygens-Fresnel principle is applied.
Therefore, every point of the source plane are seen as sources themselves. By integrating
on the whole surface, Sommerfeld found the following formulae to compute the signal in the
observation plan named the Rayleigh-Sommerfeld solution

U2(x, y) =
z

jλ

∫∫
Σ

U1(ζ, η)
exp(jkr12)

r2
12

dζdη (6.8)

With r12, the distance between a point of the source plane and the point in the observation plane
where the response is computed; λ, the wavelength of the monochromatic light assumed and z
the distance between the planes.

The total response in a point of the observation plane is then the superposition of the responses
of every "elementary sources". The exact expression of r12 is

r12 =
√
z2 + (x− ζ)2 + (y − η)2 (6.9)

The square root of r12 makes the Rayleigh-Sommerfeld solution numerically unstable. It also
increases greatly the computation time. Some hypothesis are then made to obtain approximated
solutions more numerically convenient. These approximated solutions are the Fresnel approx-
imation and the Fraunhofer approximation.

To give a better understanding of the problematic, an illustration in the context of the photon
sieves is given in FIG.6.4.
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Figure 6.4: Geometrical description of the propagation in the context of the photon sieves.

• Fresnel approximation
The Taylor series of a square root is

√
1 + x = 1 +

1

2
x− 1

8
x2 + ... if − 1 < x < 1 (6.10)

This development is applied to the distance term, r12, and only the first degree terms of x are
kept. It becomes

r12 ≈ z

[
1 +

1

2
(
x− ζ
z

)2 +
1

2
(
y − η
z

)2

]
(6.11)

This expression is used for the phase term of Eq.6.8 which is in the exponential. For the de-
nominator term, the approximation r12 = z is used. Finally, the Fresnel approximation is

U2(x, y) =
ejkz

jλz

∫∫
Σ

U1(ζ, η)exp

(
j
k

2z

[
(x− ζ)2 + (y − η)2

])
dζdη (6.12)

This expression can be written as the following convolution integral

U2(x, y) =

∫∫
Σ

U1(ζ, η)h(x− ζ, y − η)dζdη (6.13)
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With h(x,y) the impulse response

h(x, y) =
ejkz

jλz
exp

[
jk

2z
(x2 + y2)

]
(6.14)

The Fourier transform of the impulse response is called the transfer function and its expression
is

H(fx, fy) = ejkzexp
[
−jπλz(f 2

x + f 2
y)
]

(6.15)

Thanks to the convolution theorem, the signal in the observation plan is given by the useful
expression

U2(x, y) = F−1
{
F {U1(x, y)}H(fx, fy)

}
(6.16)

The Fresnel approximation can be used when the approximation made on the square root de-
velopment does not make a consequent impact on the phase. A criterion used to verify this
hypothesis is based on the Fresnel number. This one, noted NF is a dimensionless number
given by

NF =
w2

λz
(6.17)

With w, the maximal distance of the aperture in the source plane.The Fresnel approximation is
considered as valid for a value of NF inferior to one, or slightly higher of one. Therefore, the
observation plane has to be sufficiently far. This is expressed by a large value of z with respect
to w.

• Fraunhofer approximation
The Fraunhofer approximation, also known as far field approximation, supposes a very far ob-
servation plane.

Developing the quadratic terms of Eq.6.12 yields to

University of Liege -52-



Master thesis 6. Development of a propagator

U2(x, y) =
ejkz

jλz
exp

[
j
k

2z
(x2 + y2)

]
∫∫

Σ

U1(ζ, η)exp

[
j
k

2z
(ζ2 + η2)

]
exp

[
−j 2π

λz
(xζ + yη)

]
dζdη

(6.18)

The assumption of a high distance of the observation plan implies

z >>

(
k(ζ2 + η2)

2

)
max

(6.19)

This assumption is used in Eq.6.18. It results to the Fraunhofer approximation expression

U2(x, y) =
ejkz

jλz
exp

[
j
k

2z
(x2 + y2)

] ∫∫
Σ

U1(ζ, η)exp

[
−j 2π

λz
(xζ + yη)

]
dζdη (6.20)

The integral expression obtained is actually a Fourier transform with the substituted variables

fζ → x

λz
(6.21)

fη → y

λz
(6.22)

The condition, with respect to the Fresnel number, to use the Fraunhofer approximation is

NF << 1 (6.23)

The Fresnel approximation and Fraunhofer approximation are the formulae implemented in
the propagator to compute the propagation of light. The choice between the two expressions is
made with respect to the value of the Fresnel number of the simulation performed.

6.2 Numerical discretization
6.2.1 Discretization and Shannon-Nyquist Sampling Theorem

To perform Fourier optics simulations using a computer, continuous physical data are dis-
cretized. For instance, the continuous functions of two dimensions representing the signal in

University of Liege -53-



Master thesis 6. Development of a propagator

the plans are represented using arrays of two dimensions as well. U1, function of the continuous
variables x and y, becomes a function of the discrete variables m and n

U1(x, y) → U1(m∆x, n∆y) (6.24)

Where ∆x and ∆y are respectively the sample intervals in the x and y direction. The sampled
space, finite, is composed of M × N samples. Usually, M and N are supposed even, m and n
are defined in the intervals

m ∈ [−M
2
,−M

2
+ 1, ..,

M

2
− 1] (6.25)

n ∈ [−N
2
,−N

2
+ 1, ..,

N

2
− 1] (6.26)

The physical area, spanned by the sampled space, has the following dimensions

Lx = M∆x (6.27)
Ly = N∆y (6.28)

These distances are the side lengths of the planes. They have to be higher than the support of
the signal; the area where the signal takes significant values. The support in the x direction is
noted Dx and the support in the y direction is Dy. The conditions are written as following

Dx < Lx (6.29)
Dy < Ly (6.30)

Those parameters and constraints are illustrated in the context of the photon sieves in FIG.6.5.
The support of the signal in the photon sieve plane is the photon sieve itself. Indeed, the signal
used to represent the photon sieve is a binary signal. It takes the value of 1 in the holes of the
photon sieve and 0 everywhere else. The support, or in other words, the area where the signal
takes significant values is then the photon sieve.
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Figure 6.5: Discretization in the photon sieve plane.

To preserve the feature of U1(x, y), the sample intervals have to be small enough. Usually,
the spectral content of a signal is not bandlimited. In this case, the Shannon-Nyquist Sampling
Theorem gives the maximum spatial frequencies which are well represented by samples of the
size ∆x and ∆y. The values of Nyquist frequencies are

fNX =
1

2∆x

(6.31)

fNY =
1

2∆y

(6.32)

6.2.2 DFT and FFT

DFT stands for Discrete Fourier Transform, which is the discretization of the Fourier trans-
form. The Fourier transform of the signal U1 is given by

UF
1 (fx, fy) =

∫∫ ∞
−∞

U1(x, y)exp
[
−j2π(fxx+ fyy)

]
dxdy (6.33)

In the sampled space, the function for U1 becomes the discrete function UD
1

U1(m∆x, n∆y) → UD
1 (m,n) (6.34)
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The integrals of Eq.6.33, are approximated by a Riemann sum. With the sample intervals in
Eq.6.26, it yields to

∫∫ ∞
−∞

...dxdy =

N
2
−1∑

n=−N
2

M
2
−1∑

m=−M
2

...∆x∆y (6.35)

As for the spatial domain, the frequency domain has to be discretized. The convention to
discretize the frequency domain is to keep the same number of samples than for the spatial
domain. Therefore, there are M samples for fx and N samples for fy. The Nyquist frequencies
are taken as the limits of the sampled frequency domain. It gives

fx → p

M∆x

(6.36)

fy → q

N∆y

(6.37)

With p and q included in similar intervals than m and n

p ∈ [−M
2
,−M

2
+ 1, ..,

M

2
− 1] (6.38)

q ∈ [−N
2
,−N

2
+ 1, ..,

N

2
− 1] (6.39)

Concerning the frequency sample intervals, they take the values

∆fx =
1

M∆x
=

1

Lx
(6.40)

∆fy =
1

N∆y
=

1

Ly
(6.41)

With the discretization notation of the spatial domain and of the frequency domain, the expo-
nential term of the Fourier transform is given by

exp
[
−j2π(fxx+ fyy)

]
→ exp

[
−j2π

(pm
M

+
qn

N

)]
(6.42)

And the DFT is given by
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UFD
1 =

N
2
−1∑

n=−N
2

−M
2
−1∑

m=M
2

UD
1 exp

[
−j2π

(pm
M

+
qn

N

)]
(6.43)

With UFD
1 the DFT of UD

1 . The term ∆x∆y is removed in Eq.6.43. Actually, this scaling term
is taken into account in the inverse DFT, which is given by the expression

UD
1 =

1

MN

N
2
−1∑

n=−N
2

M
2
−1∑

m=−M
2

UFD
1 exp

[
+j2π

(pm
M

+
qn

N

)]
(6.44)

Indeed, the prefactor 1
MN

is equal to

1

MN
= ∆x∆y∆fx∆fy (6.45)

It exists a powerful algorithm to compute efficiently the DFT called the Fast Fourier Transform
(FFT). This one is implemented in Matlab with the function fft2 for the direct transform and
ifft2 for the inverse transform. To correctly use the FFT functions with Matlab, a shift of the
arrays (representing the signals) has to be proceeded thanks to the function fftshift.

In the propagator, as the photon sieve is symmetrically circular, similar sampling are used for
the two dimensions

M = N (6.46)
∆x = ∆y (6.47)
Lx = Ly = L (6.48)

6.2.3 Impact of the DFT

An aliasing phenomenon, called the periodic extension, appears when the Discrete Fourier
Transform is performed. This effect is presented in FIG.6.7 which shows the DFT of the sam-
pled squared signal of the FIG.6.6. The analytical Fourier transform (TF) of this squared signal,
which is the sinc function, is also represented (sinc(x) = sin(πx)

(πx)
).
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Figure 6.6: Squared
signal.
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Figure 6.7: Comparison between the results of
the DFT and the FT.

One can see that the curve obtained with the DFT is slightly different in comparison with the
analytically one. Actually, the DFT of a given function will give the Fourier transform as if
the signal was periodically expended.

To illustrate this statement, the periodic extension of the squared signal is represented in tilled
dots in FIG.6.8.
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Figure 6.8: Periodic extension of the squared signal.

In FIG.6.9, the Fourier transform of the extended signal is also represented in tilled dots. One
can see that this curve corresponds perfectly with the results obtained with the DFT.
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Figure 6.9: Periodic extension of the response (M=20).

The FIG.6.9 shows that this effect mainly impacts the extremities of the response signal. The
periodic extension effect, introduced by the DFT, can be reduced by an increase of the number
of samples.

Indeed, the total span of the squared signal, L, is equal to 20mm (FIG.6.6). In the case relative
to the FIG.6.9, the number of samples, M, is taken equal to 20. Therefore, the sampled interval
is

∆x =
L

M
=

20

20
= 1 [mm] (6.49)

As said previously, the values of the extremities in the frequency domain are equal to the
Nyquist frequency. In that case, the Nyquist frequency is equal to

fNyquist =
1

2∆x
= 0.5 [cyc/mm] (6.50)

The discretized frequency domain is defined from -fNyquist to fNyquist. The total span in the
frequency domain is then 2xfNyquist.

The FIG.6.9 shows that the total span in the frequency domain is actually equal to the distance
between the periodic repetitions. Therefore, when the number of samples is increased, keeping
the same value of L, the value of ∆x is decreased. The distances between the periodic repe-
titions are then increased, as the Nyquist frequency is increased, and the effect of the periodic
extension is attenuated.

This analyze is represented in FIG.6.10 which shows the case where 40 samples are used in-
stead of 20. The effect of the periodic extension is well attenuated.
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Figure 6.10: Periodic extension of the response (M=40).

The FIG.6.11 represents the periodic effect obtained during a simulation of the propagator with
a badly sampled discretization.
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Figure 6.11: Periodic effect obtained during a simulation.

6.3 Propagator
As said in the beginning of this Chapter, the propagator uses a monochromatic representation
of light. The wavefront is assumed planar and perpendicular to the z direction. The wavefront
arrives then in parallel with the photon sieve. The amplitude of the entry signal representing
this wavefront is taken unitary. Indeed, the value of the amplitude has only a scaling impact on
the intensity. The intensity is also called the irradiance. This term is kept in the following.

The mathematical representation of such a wavefront is

U(r, t) = 1ej(zr−ωt+φ) (6.51)
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With r, the position vector and z, the unitary vector in the z-direction.

The photon sieve is represented by a binary transmittance function. The value of 1 is taken for
the transparent zones and a value of 0 is taken for the opaque zones.

6.3.1 Running

The Matlab files implemented for the propagator are gathered in the appendix A.

It has been decided to make an interface for the propagator in order to accelerate the simula-
tions and to keep a clear visualization of the parameters of the simulations.

To launch the propagator, the file Photon_Sieve_Propagator.m is run. Two types of simulations
can be performed. A single simulation, or an "optimization" simulation. This last one performs
many propagations, by changing only one parameter of the simulation. The goal is to analyze
the impact of this parameter on the behavior of the photon sieve.

To recall, a photon sieve is based on the pattern of a Fresnel zone plate. The pattern of a
Fresnel zone plate is an alternation of transparent and opaque concentric rings of precise size
called zones. Therefore, the diameter of a photon sieve can be expressed by a number of zones
and vice versa.

• Single simulation

In first, the user has to choose between the photon sieve and the circle. The circle shape has
been implemented because it is a degenerated photon sieve and allowed the verification of the
good behavior of the propagator.

Then, some parameters of the simulation have to be entered:

• About the photon sieve: the focal distance, the density and the diameter/number of zones.

• About the light: the wavelength.

The user has to enter a last parameter, relative to the accuracy of the simulation and then to its
speed. The value of this parameter is kept in the variable Speed. This variable will be discussed
lately in the report.

Finally, the results can be displayed as shown in FIG.6.12.
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Figure 6.12: Display single results.

• Optimization simulation

In this case, the user has to choose the parameter he wants to analyze the impact (FIG.6.13).

Then, similarly than for the single case, the other parameters have to be entered. Regarding the
analyzed parameter, a lower value and a higher value have to be chosen. After that, the number
of samples between these two extreme values is chosen.

Figure 6.13: Choice of the parameter to analyze.

The results can be displayed as one can see in FIG.6.14.

Figure 6.14: Display optimization results.

6.3.2 Files and hierarchy

The utilities of the files are slightly described here after.

• Photon_Sieve_Propagator.m

This is the main file of the propagator, it has to be run to launch the simulation.
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• Propagation.m, Fraunhofer.m and Fressel_TF.m

Fraunhofer.m contains a function used to make a propagation with Fraunhofer approximation.
To recall, the formula of the Fraunhofer approximation is

U2(x, y) =
ejkz

jλz
exp

[
j
k

2z
(x2 + y2)

] ∫∫
Σ

U1(ζ, η)exp

[
−j 2π

λz
(xζ + yη)

]
dζdη (6.52)

Which is a Fourier transform of the entry signal, U1.

Fresnel_TF.m makes the propagation with the Fresnel approximation. The formula of the Fres-
nel approximation is

U2(x, y) = F−1
{
F {U1(x, y)}H(fx, fy)

}
(6.53)

With the Transfer function

H(fx, fy) = ejkzexp
[
−jπλz(f 2

x + f 2
y)
]

(6.54)

The Propagation.m is used to make the decision between the two approximations with respect
to the Fresnel number.

• Single.m and Optimization.m

These files are used to link the functions in the single simulation case for one and in the opti-
mization simulation case for the other.

• Display_Results_*.m

Displays the result according to the choice of the user.

• Photon_Sieve_Generator.m, Circle_Generator.m and Holes_Generator.m

Photon_Sieve_Generator.m generates the signal in the photon sieve plane, U1. It also computes
some features about photon sieve (number of zones, number of holes, size of the holes,..). The
shape of the photon sieve is built with the holes generated by Holes_Generator.m.

Circle_Generator.m generates the entry signal in the circle case.
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• Encircled_Energy.m

To compute the energy contained in a circle of radius r, the irradiance has to be integrated on
the whole surface of the circle.

However, given the circular symmetry of the photon sieve, the encircled energy is computed
thanks to the profile of the irradiance. Indeed, the increment of energy between two samples
in the irradiance profile (hatched area in FIG.6.15) is given by∫ 2π

0

∫ x2

x1

(
(I2 − I1)

(x2 − x1)
(r − x1) + I1)rdrdθ (6.55)

With x1 and x2, the coordinate in the x-axis of the two samples.

This circular integration gives the energy contained in the ring delimited by the two samples.

Encircled_Energy.m performs this integration sample by sample on the whole profile.

Figure 6.15: Computation of the encircled energy thanks to the irradiance profile.

Time_Estimation.m and Diameter_Zones_Max.m

These files are used to make an estimation of the simulation time and to display the size limits
to avoid an overflow of memory.

Hierarchy of the files

The hierarchy of the files are illustrated on the organizational chart in FIG.6.16.
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Figure 6.16: Hierarchy of the files. Photon_Sieve_Propagator.m is the file to run to launch of
the simulation. At first, the user has to decide between the single simulation and the

optimization simulation. Then the parameters of the simulation have to be entered. Finally, the
requested results can be displayed. Once the analysis is done, the user can start a new

simulation.

6.4 Limitations
6.4.1 Hypothesis

It is important to be critical when looking at the results as they are based on approximate for-
mulas. However, as it will be seen, the propagator gives good results and the trends can be
analyzed.

The monochromatic model used does not take into account the coherence effects. Indeed,
remembering the formulae of the coherence time

τc =
1

∆ν
(6.56)

In the case of a monochromatic wave, the bandwidth is ∆ν = 0, and the coherence time is then
infinite.
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6.4.2 Computer resources

• Sampling.

The sampling is defined with respect to the smallest holes of the photon sieve to simulate. As
said previously, the user can choose the accuracy/speed of the propagation. Its response is
recorded in the variable Speed which can take the values 1, 2 or 3.

In the case where Speed is equal to 1, the sample interval (∆x) is such that the diameters of the
holes are equal to 1 sample interval. Then, when the value of Speed is 2, the diameters corre-
spond to 7 sample intervals. Finally, when Speed is equal to 3, the diameters are represented
with 11 sample intervals.

The FIG.6.17(a), 6.17(b) and 6.17(c) show respectively the pixelization of the smallest holes of
the photon sieve for Speed=1, Speed=2 and Speed=3.

(a) Speed=1. (b) Speed=2.

(c) Speed=3.

Figure 6.17: Pixelization of the smallest holes with respect to Speed.

During the analyze of the results, it has been shown that the results obtained for Speed=1 and
Speed=2 are quite similar and precise in comparison with the ones of Speed=3.
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So, the best compromise between accuracy and time is Speed=2. However, it can be interesting
to use Speed=3 and have a smallest size of the sample interval. For instance, when the value
of the first minimum of the irradiance profile is sought, the closest value of the sampling is
selected for that minimum. Therefore, the selected value is a multiple of the sample interval
and is then more precise with a smaller sampling.

• Dimensions

Generating a photon sieve is very costly in memory. Indeed, it can reach billions of holes and
then requires large arrays. The command Memory in Matlab displays information about the
maximum size of the arrays to avoid an overflow of the memory (FIG.6.18).

Figure 6.18: Memory command.

One can see that the maximum memory available for arrays is linked to the Physical Memory
(RAM) of the computer. Approximately one quarter can be allowed to an array.

The TABLE 6.1 lists the maximum number of zones that the simulated photon sieves can reach
without overflowing the memory. These numbers of zones depend on the value of the RAM
and of Speed.

Speed=1 Speed=2 Speed=3
RAM=4Gb 2500 240 110

RAM=16Gb 5600 580 220
RAM=64Gb 11000 1150 450

Table 6.1: Maximum numbers of zones possible for a simulated photon sieve with respect to
the RAM and Speed

In FIG.6.19(a), 6.19(b) and 6.19(c) the maximum diameters of the photons sieves reached with-
out overflowing the memory are illustrated.

To make the conversion between the maximum numbers of zones and the maximum diameters,
the following formula, presented in Chapter 3, is used

dn = 2

√
nλ(f +

nλ

4
) (6.57)
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With dn the diameter of the nth zone and λ taken equal to 550.
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Figure 6.19: Maximum diameter possible for the simulated photon sieves with respect to the
focal distance. (λ=550nm)

• Time

The use of high sized arrays has a significant cost of time. The command Profiler allows an
analysis of the time consumed by the propagator. Most of the time is spent to perform the Fast
Fourier Transform(FFT).

The FFT is an algorithm of quadratic complexity. It can be written as

TimeFFT (M)→ O(M2) (6.58)

With M, the size of the squared array.
Quadratic regressions of the simulation time are represented in FIG. 6.20(a) and 6.20(b) which
are respectively the estimation for a home computer and for a professional computer as can be
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found in the CSL.
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Figure 6.20: Time estimation

The time difference is great. For an array of size 104x 104, the simulation done with the home
computer lasts close to 3 minutes while for the professional computer, the simulation is done
in 15 seconds.

6.5 Verifications
To verify that the propagator is well implemented, trials for which the results are known from
the reality have been performed. They are presented in this section.

6.5.1 Circle

• Variation of the observation plan

The diffraction pattern observed with a circular aperture depends on the distance of the obser-
vation plane. When it is close to the aperture, the diffraction effects are not pronounced and the
pattern in the observation plane is close to the normal shadow of the circle. On the contrary,
when the observation plane is far, the effect of diffraction are present and the pattern is getting
close to the Airy pattern.

The trials have been proceeded with a circular aperture of 1mm of diameter and a wavelength
of 550nm. The FIG.6.21 shows the irradiance patterns in the observation plane which distance
takes the values: 0.05m, 0.1m, 0.5m, 1m and 5m (the distance of the observation plane, z, is
indicated above the figures). FIG.6.22 shows the irradiance profiles for observation planes at
similar distances.
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Figure 6.21: Pattern of irradiance obtained
with a circular aperture and different positions

of the observation plane.
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Figure 6.22: Profile of irradiance obtained
with a circular aperture and different positions

of the observation plane.

As expected, the pattern at 0.05m is close to the normal shadow of the circular aperture, and
the one at 5m is close to the Airy pattern. The transition between these two states is clearly
visible on the figures relative to the irradiance profile.

• Encircled energy

To verify the good implementation of the file Encircled_Energy.m, used to compute the encir-
cled energy; a trial is performed with a circular aperture and a far observation plane.
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Indeed, in the case where the observation plane is sufficiently far, the pattern of irradiance is
close to the Airy pattern. Furthermore, the analytical expression of the encircled energy of the
Airy disk is known and represented in FIG.6.23

The diameter of the simulated circle is equal to 0.001m and the distance of the observation
plane is equal to 10m. The encircled energy computed is represented in FIG.6.24. One can see
that the analytical curve and the one obtained with the propagator are perfectly similar.

Figure 6.23: Theoretical encircled energy of the Airy disk. [4]
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Figure 6.24: Encircled energy obtained with the propagator.

6.5.2 Photon sieve

• Variation of the density

Photon sieves with different densities have been generated to verify that the shapes are visually
correct. The definition of the density is the filling percentage of a zone by the holes and is given
by

Density =
Diameter of the holes

Diameter of the holes + Interstice between holes
(6.59)
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The FIG.6.25(a), 6.25(b) and 6.25(c) display respectively a photon sieve of 50 zones with a
density equal to 20%, 50% and 90%.
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density of 20%.
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Figure 6.25: Generated photon sieves with different densities.

The Figures show well shaped photon sieves.

• Variation of the observation plane

The parameter used to analyze the quality of the focus of an optical system is the radius of the
first peak of irradiance in the observation plane. When the system is ideal and then, diffracted-
limited, the radius of the first peak of irradiance is given by

r1stpeak = 1.22
zλ

D
(6.60)

University of Liege -73-



Master thesis 6. Development of a propagator

With z, the distance of the observation plane; D, the diameter of the optical system and λ, the
wavelength ot the light.

This is actually the radius of the Airy disk obtained with similar parameters.

The shape of a photon sieve depends on the focal distance. Therefore, to reach the best focus,
the observation plane has to be positioned at a distance equal to the focal distance.

When the observation plane is placed slightly closer or slightly further than the focal distance
the quality of the focus decreases. The FIG.6.26 illustrates well this statement. One can see
that a slight change of the position of the observation plane, with respect to the focal distance,
increases greatly the radius of the first peak of irradiance. The propagator describes correctly
the behavior of focalisation of the photon sieve.
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Figure 6.26: Radius of the first peak of irradiance when the distance of the observation plane
varies.
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7 Analyze and sizing of the photon sieves

7.1 Reminders of the specifications
This Chapter is dedicated to the analyze and sizing of the photon sieve thanks to the propaga-
tor. To recall, the target of the interferometer is to study the exoplanets. Therefore, it has been
decided to make the analysis in the visible light, between 400nm and 700nm.

To begin, a global analysis of the pattern of the photon sieve is done. Among the parameters
of the pattern, the size of the holes, which has to respect the limit of the manufacturing, is
analyzed.

Then, the photon sieve is studied in order to be injected in an optical fiber. The PSF is used
to this end. Indeed, the diameter of the first peak of irradiance has to fit with the core of the
optical fiber whose measure is between 5 and 10 microns. This will give a criteria for the size
of the photon sieve.

Regarding the energy and its distribution in the observation plane, the surface ratio, which is
the ratio between the open surface and the whole surface of the photon sieve, and the encircled
energy are used.

Some simulations have also been performed in order to characterize the chromatic dispersion
of the photon sieve. Finally, some alternative patterns for the photon sieve are tested in order to
increase its performances.

During this Chapter, the parameters of the simulated photon sieves and the distance with the
observation plan are indicated in the titles of the figures. When it is not specified, the value
of the density is fixed at 90%, which is a realistic percentage. Note that higher density could
weaken the photon sieve.

7.2 Analysis and sizing in visible
7.2.1 Pattern parameters

The FIG.7.1 shows the evolution of different parameters for a photon sieve with a wavelength
of 550nm and a focal distance of 1 meter.

The FIG.7.1(a) illustrates the variation of the diameter with respect to the number of zones.
The number of zones varies between 100 and 1000. One can see that 1000 zones are only cor-
responding to a diameter of 50 mm, which is quite small with respect to our goals. However,
simulations can not be performed with higher number of zones without exceeding the limita-
tions of the computers. In this Chapter, it has been decided to work with the zones instead of
the diameter which is more convenient.

Even if the simulations corresponds to diameters of small sizes, the tendencies of the photon
sieve can be extrapolated for higher diameters.
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FIG.7.1(b) represents the number of holes with respect to the number of zones. The number of
holes quadratically increases with the zones, the million of holes is achieved with 400 zones. It
can then be easily imaginable to reach the billion of holes with a photon sieve with a diameter of
several decimeters. Regarding their sizes, the diameter of the smallest holes are represented in
FIG.7.1(c). For a photon sieve with 1000 zones, the smallest holes are close to 10 microns. The
trends show a continuous an substantial decrease. The size of the smallest holes is an important
point to consider knowing that the manufacturability limits are close to 1 micron nowadays. [8]
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(c) Diameter of the smallest holes. With 1000 zones,
the diameter is almost equal to 10 microns.

Figure 7.1: Pattern parameters for a photon sieve with a focal length of 1m and λ=550nm.

7.2.2 Resolution in observation plan

• PSF

As said previously, in order to work with optical fiber, it is necessary that the main peak of the
PSF fits with the core of the fiber which diameter is between 5 and 10 micron.
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As a reminder, the PSF is the image in the observation plane of a point source. The propagator
simulates light as a plane wavefront, which is related to a far point object, such as a star. The
FIG.7.2 shows a typical PSF obtained with a photon sieve. It has been simulated with a photon
sieve of 100 zones, a focal distance of 1m and a wavelength of 550nm.

The FIG.7.2(a) shows the 2D representation of the PSF in the observation plan; the 3D repre-
sentation is standing in FIG.7.2(b) and the FIG.7.2(c) is a profile representation in the observa-
tion plane with y = 0.

The 2D representation and the profile representation are similar to the ones of the Airy disk
seen in Chapter 3. This is characteristic of a diffracted-limited system.
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(b) 3D representation in the observation plane.
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Figure 7.2: PSF obtained with a photon sieve with a focal length of 1m, 100 zones and
λ=550nm.

• Focal distance

The radius of the first peak of the PSF (first value of the radius where the PSF is equal to 0)
is the parameter to analyze in order to use optical fiber. This radius has to correspond to a
diameter between 5 and 10 micron.

To study the impact of the focal distance on the radius of the first peak of the PSF, some
simulations have been performed with photon sieves of focal length from 0.5m to 10m and a
wavelength equal to 550nm. The simulations also study the impact of the increase of the num-
ber of zones on the focus. To this end, the number of zones varies between 50 to 300. The
FIG.7.3(a)-(e) show the results obtained.

The red curve represents the radius of the Airy disk relative to similar parameters (diameter,
wavelength and focal distance). The blue circles are the results obtained with the simulated
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photon sives. One can see that those circles, are really close to the red curve. With every focal
distances, at 50 zones, there is a small difference with the Airy radius. However, at 300 zones,
this difference is almost nonexistent and the circles are located on the red curve.

These observations mean that the photon sieve reaches rapidly the performances of a diffracted-
limited system.

One can also note that, for a constant number of zones, a smaller radius is achieved with a
smaller focal distance. The focal distance has to be taken into account for our purposes.
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Figure 7.3: Radius of the first peak of the PSF with different focal lengths and number of
zones.

•Wavelength

A similar analysis has been done with the wavelength. The results are shown in FIG.7.4.
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To cover the whole visible spectrum, the simulations are performed with wavelengths of 400nn,
550nm and 700nm. The dotted lines represent the corresponding Airy radius. The results are
presented in FIG.7.3(a) and (b). The same conclusions than for the focal distance analysis can
be drawn. The radius obtained with the simulated photon sieves are close to the theoretical Airy
radius, which is characteristic of a diffracted-limited optical system.

One can also note that when the wavelength decreases, while the number of zones is kept con-
stant, the radius of the first peak decreases.
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Figure 7.4: Radius of the first peak of the PSF with different wavelengths and number of
zones. The dotted lines correspond to the theoretical Airy radius.

7.2.3 Radiometry purposes

This section is concerning the analysis of the energy transmitted through the photon sieve and
its distribution in the observation plane.

• Surface ratio

At first, the surface ratio is analyzed. The bigger it is, the higher the flux of light through the
photon sieve will be. This ratio is supposed to be slightly inferior to 0.5 Indeed, the holes fulfill
partially one zone out of two.

The FIG.7.5(a) shows the variation of the surface ratio for different values of the density while
the number of zones is increased. One can see that the number of zones does not impact as
much the surface ratio. However, the surface ratio is related to the filling density and is approx-
imately equal to 0.355 for a density of 90%.

In FIG.7.5(b), the surface ratio is shown for photon sieves from 400nm to 700nm with a density
of 90%. The surface ratios are slightly varying but the values stay close to 0.355. This obser-
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vation means that it is not influenced by the wavelength.
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Figure 7.5: Surface ratio of the photon sieve.

• Encircled energy

To recall, the encircled energy is computed thanks to a circular integration performed on the
profile of irradiance. This integration is made by a function in Encircled_Energy.m.

The encircled energy of a photon sieve of 100 zones with a wavelength of 550nm and a focal
length of 1m is illustrated in FIG.7.6.

The jump due to the focus is clearly visible. However, oddities about the curve have to be
noticed. Indeed, the percentage does not tend asymptotically to the value of 100%. The curve
even exceeds 100%, which is impossible knowing the principle of conservation of energy.
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Figure 7.6: Encircled energy of a photon sieve.

This is actually a consequence of the periodic extension introduced by the DFT and explained
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in Chapter 4. To verify this statement, simulations have been made with the value of Speed
equal to 2 and equal to 3; and therefore, with different values of the sample interval, ∆x. The
results are shown in textscFig.7.7 for Speed=2 and in FIG.7.8 for Speed=3.

The zooms in the upper parts (FIG.7.7(b) and FIG.7.8(b)) of the encircled energy show that the
excess decreases while the value of ∆x decreases. Contrariwise, the zooms in the lower parts
(FIG.7.7(c) and FIG.7.8(c)) show that the values close to the center are unchanged when ∆x
decreases. These observations are in agreement with the periodic extension artifact which has
a significant impact on the value of the extremities only. As the extremities are corresponding
to the value of the biggest radius, the impact is consequent for the encircled energy.

Figure 7.7: Encircled energy (Speed=2).
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Figure 7.8: Encircled energy (Speed=3).

The curve of the encircled energy is then reliable for small radius and becomes unreliable for
high radius with respect to the focal center.

• Energy contained in the first peak

The energy contained in the first peak is an important parameter; it must be as high as possi-
ble. The FIG.7.9 shows its value with different numbers of zones and different wavelengths
(400nm, 550nm and 700nm).

The curves slightly oscillate but the three of them keep a value approximately equal to 14.7%.
These curves are obtained with a photon sieve of focal distance equal to 1m. Some simulations,
using different focal length, have shown similar results.
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Figure 7.9: Energy contains in the first peak for a photon sieve.

7.2.4 Bandwidth

Some simulations have been performed to visualize the chromatic dispersion. The photon sieve
studied contains 100 zones, a wavelength of 550nm and a focal distance of 1m.

The focusing is analyzed with light of 500nm, 540nm, 550nm, 560nm and 600nm. The irradi-
ance in the observation plane are respectively standing in FIG.7.10(a), FIG.7.10(b), FIG.7.10(c),
FIG.7.10(d) and FIG.7.10(e).

The patterns for 540nm and 560nm are similar and show a dispersed focal spot. The irradiance
pattern obtained with the wavelength of 500nm and 600nm are also similar. In these cases,
the focusing is almost nonexistent. Similar conclusions are made for their profiles, which are
represented in the FIG.7.11.
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Figure 7.10: Observation of the chromatic dispersion in the observation plane for a photon
sieve made with a wavelength of 550nm.
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(d) λ = 560nm.
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Figure 7.11: Observation of the chromatic dispersion with the profile of intensity for a photon
sieve made with a wavelength of 550nm.

The FIG.7.12 shows the normalized radius of the spot obtained with respect to the wavelength.
For wavelengths equal to 520nm and 580nm, the radius is already 10 times higher than for the
spot at 550nm. This finding shows that the photon sieve is subject to a high chromatic disper-
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sion.
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Figure 7.12: Radius of the first peak with respect to λ (photon sieve with a wavelength of
550nm).

7.2.5 Alternative patterns

The pattern of a photon sieve is made by filling the zones of a Fresnel zone plate with holes.
Some different patterns have been tested in order to improve the performances of the photon
sieve.

•Multilayer holes pattern

At first, the multilayer holes pattern have been tested. This pattern is shown in FIG.7.13. In-
stead of filling the zone with an unique layer of holes, the zones are filled with two or more
layers of smaller holes.

Figure 7.13: Multilayer holes pattern (Layer=2).

The Matlab file used to implement this pattern is Photon_Sieve_Generator_ML.m and can be
found in Appendix B. The correct implementation is shown in FIG.7.14 and FIG.7.15 which
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are photon sieves obtained for respectively 2 and 5 layers.
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Figure 7.14: Photon sieve with 2 layers.
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Figure 7.15: Photon sieve with 5 layers.

The comparison between photon sieves with different numbers of layers has been performed
with photon sieves of wavelength equal to 550nm, focal length equal to 1m and 100 zones. The
density, defined similarly than for the classic photon sieve, takes the value of 80% in TAB.7.1,
the value of 90% in TAB.7.2 and the value of 95% in TAB.7.3.
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Number of Layers Radius first peak Surface ratio Peak intensity Holes size
[-] [micron] [-] [%] [micron]
1 47.27 0.317 14.00 37.36
2 47.27 0.277 10.83 16.25
5 47.27 0.257 11.18 6.03

Table 7.1: Variation of the number of layers (density=80%).

Number of Layers Radius first peak Surface ratio Peak intensity Holes size
[-] [micron] [-] [%] [micron]
1 47.27 0.355 14.34 37.36
2 47.27 0.346 11.49 18.15
5 47.27 0.340 10.49 7.13

Table 7.2: Variation of the number of layers (density=90%).

Number of Layers Radius first peak Surface ratio Peak intensity Holes size
[-] [micron] [-] [%] [micron]
1 47.27 0.374 14.54 37.36
2 47.27 0.383 11.79 19.09
5 52.84 0.388 9.62 7.73

Table 7.3: Variation of the number of layers (density=95%).

The tables show that an increase of the number of layers is actually not interesting. The surface
ratio is only slightly increased with a density of 95%. Furthermore, even if the radius of the first
peak is unchanged, the percentage of energy contained in the first peak is decreased. Regarding
the manufacturing aspect, the reduction of the size of the smallest holes is important enough to
cause troubles.

• Variation of the holes diameter

According to the literature (articles [8] & [9]), an increase of the diameter of the holes could
increase the performances of the photon sieves. It could seem paradoxical because when the
diameter is increased, the holes are exceeding the constructive zone. The explanation stands in
higher order of diffraction than demonstrated in the presentation of the operational process of
the Fresnel zone plates in Chapter 3.

The FIG.7.16 shows the evolution of different parameters with respect to the ratio d
w

with d, the
diameter of the holes and w, the width of the corresponding zone. For the classic photon sieves,
this ratio is equal to 1 obviously. The analysis is made for values of d

w
between 0.9 and 1.6.

The FIG.7.16(b) shows that the radius of the first peak is not impacted when the value of the
ratio varies. The main positive effect is the increase of the surface ratio while the ratio d

w
is
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increased. (FIG.7.16(a)). The negative effect is the decrease of the energy contained in the first
peak which decreases when the ratio d

w
is increased (FIG.7.16(c)).

The FIG.7.16(d) shows the normalized energy contained in the first peak by taking into account
the increase of the surface ratio and the decrease of the percentage in the peak. One can see
that it is increased up to d

w
=1.4; then, the energy undergoes a high drop.
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(c) Percentage in the first peak with respect to d
w . It

decreases while d
w increases. It is then a negative

impact.
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(d) Normalized power in the first peak with respect
to d

w . It takes into account the increase of the
surface ratio and the decrease of the energy in the

first peak. The best result is obtained while d
w=1.4.

Figure 7.16: Impact introduces by the variation of the holes diameter ( d
w

) .

The variation of the size of the smallest holes is represented in FIG.7.17. Increasing the ratio
d
w

, is interesting to broaden the limits due to the manufacturing process.
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Figure 7.17: Diameter of the smallest holes with respect to d
w

.

7.2.6 Discussion

Finally, the sizing and performances of the photon sieves in order to work with optical fiber
have been collected in three tables related to the wavelengths: TAB.7.4 for 500nm, TAB.7.5 for
550nm and TAB.7.6 for 700nm.

The results have been computed with a ratio of the holes diameter of 1.4 as seen in the last
section. The two values of the diameter correspond to the minimum sizes required in order
to be correctly injected in an optical fiber with a core diameter from 10 micron to 5 micron.
Regarding the values of the surface ratio, the peak intensity and the holes size; the values are
kept pretty constant in every cases.

The minimum size of the holes, concerning the case of an optical fiber of 5micron, is approx-
imately equal to 3mm, which respects the manufacturing conditions. An interesting fact to
note about their constant values, is that the spatial resolution is clearly linked to the size of the
smallest holes.

The angular resolution has been computed with respect to the Rayleigh criterion.

λ=400nm
f Diameter Surface ratio Peak intensity ∆θ Holes size f/#

[m] [m] [-] [%] [arcsec] [micron] [-]
0.5 [0.048-0.097] ≈ [0.47-0.5] ≈ [11-12] [2.06-1.03] [5.74-2.88] [10.41-5.20]
1 [0.097-0.195] ≈ [0.47-0.5] ≈ [11-12] [1.03-0.51] [5.74-2.88] [10.30-5.15]
2 [0.195-0.39] ≈ [0.47-0.5] ≈ [11-12] [0.51-0.25] [5.74-2.88] [10.25-5.12]
5 [0.488-0.976] ≈ [0.47-0.5] ≈ [11-12] [0.20-0.10] [5.74-2.88] [10.24-5.12]

10 [0.976-1.952] ≈ [0.47-0.5] ≈ [11-12] [0.10-0.05] [5.74-2.88] [10.24-5.12]

Table 7.4: Results for λ=400nm

University of Liege -92-



Master thesis 7. Analyze and sizing of the photon sieves

λ=550nm
f Diameter Surface ratio Peak intensity ∆θ Holes size f/#

[m] [m] [-] [%] [arcsec] [micron] [-]
0.5 [0.067-0.134] ≈ [0.47− 0.5] ≈ [11− 12] [2.06-1.03] [5.75-2.89] [7.46-3.73]
1 [0.134-0.268] ≈ [0.47− 0.5] ≈ [11− 12] [1.03-0.51] [5.75-2.89] [7.46-3.73]
2 [0.268-0.536] ≈ [0.47− 0.5] ≈ [11− 12] [0.51-0.25] [5.75-2.89] [7.46-3.73]
5 [0.671-1.342] ≈ [0.47− 0.5] ≈ [11− 12] [0.20-0.10] [5.75-2.89] [7.45-3.73]

10 [1.342-2.684] ≈ [0.47− 0.5] ≈ [11− 12] [0.10-0.05] [5.75-2.89] [7.45-3.73]

Table 7.5: Results for λ=550nm

λ=700nm
f Diameter Surface ratio Peak intensity ∆θ Holes size f/#

[m] [m] [-] [%] [arcsec] [micron] [-]
0.5 [0.085-0.17] ≈ [0.47− 0.5] ≈ [11− 12] [2.06-1.03] [5.75-2.91] [5.88-2.94]
1 [0.17-0.341] ≈ [0.47− 0.5] ≈ [11− 12] [1.03-0.51] [5.75-2.91] [5.88-2.94]
2 [0.341-0.683] ≈ [0.47− 0.5] ≈ [11− 12] [0.51-0.25] [5.75-2.91] [5.88-2.94]
5 [0.854-1.708] ≈ [0.47− 0.5] ≈ [11− 12] [0.20-0.10] [5.75-2.91] [5.87-2.94]

10 [1.708-3.416] ≈ [0.47− 0.5] ≈ [11− 12] [0.103-0.051] [5.758-2.91] [5.87-2.93]

Table 7.6: Results for λ=700nm

In Chapter 4, it has been shown that the beam of light has to be into the acceptance cone of
the optical fiber to be injected into it. For an optical system, the criteria applied to respect that
condition is related to the f-number (f/#). In the case of optical fiber with a core made of silica;
the condition to respect is a f/# higher than 1.9 when the cladding is made of polymer and a f/#
higher than 2.3 when the cladding is made of silica. The tables show that the f/# of the different
photon sieve systems respect the two conditions.[10]

Those results are quite general. Indeed, the focal distance is taken between 0.5 to 10m. It
is hard to imagine two folded photon sieves, with a focal distance of 10m, in a 6U CubeSat.
However, a focal distance between 0.5 to 2m seems suitable for the CubeSat.
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8 Conclusion and perspectives
In this work the photon sieves have been studied in order to be implemented in a deployable
6U CubeSat which finality is the research of exoplanets thanks to the nulling interferometry.

To perform the preliminary analysis; a propagator, specific to the photon sieves has been im-
plemented in the Matlab environment. Indeed, since the photon sieves are diffractive lens, their
behavior can not be studied thanks to the classical software of optical design (Code V, ASAP,
Zemax,..) which use the principles of geometrical optics. Therefore, the propagator, based on
the Fourier optics, has been used to analyze the photon sieves.

Optical fiber, suitable for the space environment, has been chosen to perform interferometry
with the CubeSat. The most important requirement for the photon sieves was then to respect
the conditions of a good injection in an optical fiber.

The analysis of the photon sieves has shown encouraging results. Indeed, the photon sieves of-
fer a wide range of sizes suitable with the optical fiber and then allow to perform inteferometry
with the 6U deployable CubeSat using optical fiber.

To go further in this preliminary analysis, some other aspects could be studied. To begin, it
would be interesting to study the folding limits of the photon sieves into the CubeSat. Indeed,
the analysis in this work has been made without knowing the folding limits. The analysis is
therefore more general.

Afterwards, the secondary optics should be studied. This one could be designed with a filter in
order to work with a smaller range of wavelengths. During this work, a device used to correct
the chromatic dispersion has been presented. This device could be implemented in the sec-
ondary optics and therefore could offer a wider range of wavelengths suitable with the use of a
photon sieve. The choice between these two kind of designs has to be made with respect to the
requirements which would be stated.

Finally, the design and study of the whole interferometer, with the photon sieve telescopes and
the deployable 6U CubeSat, could be performed in order to analyze its performances.

University of Liege -94-



Master thesis A. Matlab files of the propagator

Appendices
A Matlab files of the propagator

1.1 Photon_Sieve_Propagator.m

1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % Main f i l e
4

5 c l c
6 c l e a r a l l
7 c l o s e a l l
8

9

10 d i s p ( [ ’−−−−−Photon S i e v e p r o p a g a t o r based on F r a u n h o f e r / F r e s n e l d i f f r a c t i o n −−−−−’ ] ) ;
11 d i s p ( [ ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−[2017−2018]−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’ ] ) ;
12

13 %% Loop i n c a s e o f m u l t i−s i m u l a t i o n s
14 n e w _ s i m u l a t i o n =1;
15 w h i l e n e w _ s i m u l a t i o n ==1 %Loop t o made m u l t i−s i m u l a t i o n i f n e c e s s a r y
16 c l e a r v a r s R e s u l t s _ P S R e s u l t s _ C
17 %% Ask t h e u s e r t h e k ind of s i m u l a t i o n
18 i =1 ;
19 w h i l e i ==1 %Loop i n c a s e o f a bad e n t r y
20

21 S i m u l a t i o n = i n p u t ( ’ \ n E n t e r : S i n g l e s i m u l a t i o n ( 1 ) − O p t i m i z a t i o n ( 2 ) \ n \ n ’ ) ;
22

23 i f S i m u l a t i o n ==1 %C o n d i t i o n t o l e a v e t h e loop
24 d i s p ( [ ’ ’ ] ) ;
25 i =0 ;
26 e l s e i f S i m u l a t i o n ==2
27 d i s p ( [ ’ ’ ] ) ;
28 i =0 ;
29 e l s e
30 d i s p ( [ ’ ’ ] ) ;
31 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
32 d i s p ( [ ’ ’ ] ) ;
33 end
34 end
35

36 %% R e d i r e c t i o n depend ing of t h e c h o i c e o f s i m u l a t i o n
37

38 i f S i m u l a t i o n ==1 %S i n g l e s i m u l a t i o n
39 S i n g l e _ S i m u l a t i o n
40 e l s e i f S i m u l a t i o n ==2 %O p t i m i z a t i o n
41 O p t i m i z a t i o n _ S i m u l a t i o n
42 end
43

44 %% Dispay of t h e r e s u l t s
45 % Ask t h e u s e r f o r t h e need of d i s p l a y
46 i =1 ;
47 w h i l e i ==1 %" While " i n c a s e o f wrong e n t r y
48 d i s p ( [ ’−−−−−Would you l i k e t o d i s p l a y t h e r e s u l t s?−−−−−’ ] ) ;
49 d i s p l a y _ r e s u l t s = i n p u t ( ’ \ n E n t e r : Yes ( 1 ) − No ( 2 ) \ n \ n ’ ) ;
50 d i s p ( [ ’ ’ ] ) ;
51

52 i f d i s p l a y _ r e s u l t s ==1 %" I f " used t o l e a v e t h e w h i l e
53 i =0 ;
54

55 e l s e i f d i s p l a y _ r e s u l t s ==2
56 i =0 ;
57 e l s e
58 d i s p ( [ ’ ’ ] ) ;
59 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
60 d i s p ( [ ’ ’ ] ) ;
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61 end %End of t h e " i f " w i th d i s p l a y _ r e s u l t s
62 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f a d i s p l a y
63

64 w h i l e d i s p l a y _ r e s u l t s ==1 %" While " used i n c a s e o f m u l t i−d i s p l a y
65 i f S i m u l a t i o n ==1 && PS_VS_Circ le ==1 %" I f used t o know i f i t ’ s t h e s i n g l e o r t h e

o p t i m i z a t i o n s i m u l a t i o n and i f i t ’ s t h e PS or t h e C
66 D i s p l a y _ R e s u l t s _ S i n g l e _ P S
67 e l s e i f S i m u l a t i o n ==1 && PS_VS_Circ le ==2
68 D i s p l a y _ R e s u l t s _ S i n g l e _ C
69 e l s e i f S i m u l a t i o n ==2 && PS_VS_Circ le ==1
70 D i s p l a y _ R e s u l t s _ O p t i m i z a t i o n _ P S
71 e l s e i f S i m u l a t i o n ==2 && PS_VS_Circ le ==2
72 D i s p l a y _ R e s u l t s _ O p t i m i z a t i o n _ C
73 end
74

75 % Ask t h e u s e r f o r t h e need of an o t h e r d i s p l a y
76 i =1 ;
77 w h i l e i ==1 %While i n c a s e o f wrong e n t r y
78 d i s p ( [ ’−−−−−Would you l i k e t o d i s p l a y an o t h e r r e s u l t ?−−−−−’ ] ) ;
79 n e w _ d i s p l a y = i n p u t ( ’ \ n E n t e r : Yes ( 1 ) − No ( 2 ) \ n \ n ’ ) ;
80 d i s p ( [ ’ ’ ] ) ;
81

82 i f n e w _ d i s p l a y ==1 %" I f " used t o l e a v e t h e w h i l e
83 i =0 ;
84 d i s p l a y _ r e s u l t s =1 ;
85

86 e l s e i f n e w _ d i s p l a y ==2
87 i =0 ;
88 d i s p l a y _ r e s u l t s =0 ;
89 e l s e
90 d i s p ( [ ’ ’ ] ) ;
91 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
92 d i s p ( [ ’ ’ ] ) ;
93 end %End of t h e " i f " w i th n e w _ d i s p l a y
94 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f a new d i s p l a y
95 end %End of t h e w h i l e r e l a t i v e t o t h e d i s p l a y o f a r e s u l t
96

97 %% Ask t h e need of an new s i m u l a t i o n
98

99 i =1 ;
100 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
101 d i s p ( [ ’−−−−−Would you l i k e t o make an o t h e r s i m u l a t i o n?−−−−−’ ] ) ;
102 n e w _ s i m u l a t i o n = i n p u t ( ’ \ n E n t e r : Yes ( 1 ) − No ( 2 ) \ n \ n ’ ) ;
103 d i s p ( [ ’ ’ ] ) ;
104

105 i f n e w _ s i m u l a t i o n ==1 %" I f " used t o l e a v e t h e w h i l e
106 i =0 ;
107 e l s e i f n e w _ s i m u l a t i o n ==2
108 i =0 ;
109 e l s e
110 d i s p ( [ ’ ’ ] ) ;
111 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
112 d i s p ( [ ’ ’ ] ) ;
113 end %End of t h e " i f " w i th n e w _ s i m u l a t i o n
114 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f a new s i m u l a t i o n
115

116 end
117 c l e a r v a r s −e x c e p t R e s u l t s _ P S R e s u l t s _ C
118 d i s p ( [ ’−−−−−End of t h e p r o p a g a t o r−−−−−’ ] ) ;

1.2 Propagation.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o made t h e c h o i c e o f t h e a p p r o x i m a t i o n
4 % Then t h e p r o p a g a t i o n
5

6 f u n c t i o n [ S i g n a l _ O b s e r v a t i o n , L2 ,M]= P r o p a g a t i o n ( S i g n a l , L1 , lambda , z , Fresne l_Number )
7
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8

9 i f Fresnel_Number <0 .2 %Choice o f t h e a p p r o x i m a t i o n wi th r e s p e c t t o FresnelNumb
10

11 [ S i g n a l _ O b s e r v a t i o n , L2 ,M]= F r a u n h o f e r ( S i g n a l , L1 , lambda , z ) ;
12

13 e l s e
14

15 [ S i g n a l _ O b s e r v a t i o n , L2 ,M]= F r e s n e l _ T F ( S i g n a l , L1 , lambda , z ) ;
16

17 end
18

19

20 end

1.3 Fraunhofer.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o pe r fo rm t h e F r a u n h o f e r a p p r o x i m a t i o n
4

5 f u n c t i o n [ S i g n a l _ O b s e r v a t i o n , L2 ,M]= f r a u n h o f e r ( S i g n a l , L1 , lambda , z )
6

7 [M,N]= s i z e ( S i g n a l ) ;
8 dx1=L1 /M;
9 k=2* p i / lambda ;

10 L2=lambda * z / dx1 ;
11 dx2=lambda * z / L1 ;
12 x2=−L2 / 2 : dx2 : L2/2−dx2 ;
13 [ X2 , Y2]= meshgr id ( x2 , x2 ) ;
14 c = 1 / ( j * lambda * z ) * exp ( j *k / ( 2 * z ) * (X2.^2+Y2 . ^ 2 ) ) ;
15 S i g n a l _ O b s e r v a t i o n =c . * i f f t s h i f t ( f f t 2 ( f f t s h i f t ( S i g n a l ) ) ) *dx1 ^ 2 ;
16 end

1.4 Fresnel_TF.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o pe r fo rm t h e F r e s n e l _ T F a p p r o x i m a t i o n
4 % TF= T r a n s f e r F u n c t i o n
5

6

7 f u n c t i o n [ S i g n a l _ O b s e r v a t i o n , L2 ,M]= F r e s n e l _ T F ( S i g n a l , L1 , lambda , z )
8 [M,N]= s i z e ( S i g n a l ) ;
9 dx1=L1 /M;

10 k=2* p i / lambda ;
11

12

13 fx =−1/(2* dx1 ) : 1 / L1 : 1 / ( 2 * dx1 )−1/L1 ;
14 [FX , FY]= meshgr id ( fx , fx ) ;
15 H=exp(−1 i * p i * lambda * z *(FX.^2+FY . ^ 2 ) ) ;
16 H= f f t s h i f t (H) ;
17 U1= f f t 2 ( f f t s h i f t ( S i g n a l ) ) ;
18 U2=H. * U1 ;
19 S i g n a l _ O b s e r v a t i o n = i f f t s h i f t ( i f f t 2 ( U2 ) ) ;
20 L2=L1 ;
21 end

1.5 Single_Simulation.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % S c r i p t used f o r s i n g l e s i m u l a t i o n
4

5 d i s p ( [ ’−−−−−−−−−−−−−−−−−Monochromatique s i n g l e s i m u l a t i o n o f t h e Photon Sieve−−−−−−−−−−−−−−−−−
’ ] ) ;

6 d i s p ( [ ’ ’ ] ) ;
7 i =1 ;
8 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
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9 d i s p ( [ ’−−−−−Would you l i k e t o g e n e r a t e Photon S i e v e / C i r c l e ( Photon S i e v e d e g e n e r a t e d )?−−−−−’ ] ) ;
10 PS_VS_Circ le= i n p u t ( ’ \ n E n t e r : Photon S i e v e ( 1 ) − C i r c l e ( 2 ) \ n \ n ’ ) ;
11 d i s p ( [ ’ ’ ] ) ;
12

13 i f PS_VS_Circ le ==1 %" I f " used t o l e a v e t h e w h i l e
14 i =0 ;
15 e l s e i f PS_VS_Circ le ==2
16 i =0 ;
17 e l s e
18 d i s p ( [ ’ ’ ] ) ;
19 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
20 d i s p ( [ ’ ’ ] ) ;
21 end %End of t h e " i f " w i th PS_VS_Circ le
22 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f t h e " k ind " o f Photon S i e v e
23

24 %% Ask t h e u s e r t h e a c c u r a c y of t h e p r o p a g a t i o n
25 i =1 ;
26 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
27 d i s p ( [ ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−Speed / a c c u r a c y of t h e s i m u l a t i o n

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’ ] ) ;
28 Speed= i n p u t ( ’ \ n E n t e r : Weak a c c u r a c y / F a s t ( 1 ) − Normal a c c u r a c y / Normal speed ( 2 ) − S t r o n g

a c c u r a c y / Slow ( 3 ) \ n \ n ’ ) ;
29 d i s p ( [ ’ ’ ] ) ;
30

31 i f Speed ==1 %" I f " used t o l e a v e t h e w h i l e
32 i =0 ;
33 e l s e i f Speed ==2
34 i =0 ;
35 e l s e i f Speed ==3
36 i =0 ;
37 e l s e
38 d i s p ( [ ’ ’ ] ) ;
39 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
40 d i s p ( [ ’ ’ ] ) ;
41 end %End of t h e " i f " w i th PS_VS_Circ le
42 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f t h e " k ind " o f Photon S i e v e
43

44 %% User choose Photon S i e v e c a s e
45 i f PS_VS_Circ le ==1
46

47 % Ask u s e r t h e f o c a l d i s t a n c e o f t h e Photon S i e v e
48 R e s u l t s _ P S . f = i n p u t ( ’ \ n E n t e r : F o c a l d i s t a n c e o f t h e Photon S i e v e [m] \ n \ n ’ ) ;
49

50 % Ask u s e r t h e w a v e l e n g h t
51 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
52 R e s u l t s _ P S . Lambda=Lambda*10^−9;
53

54

55 % Ask u s e r t h e d e n s i t y o f t h e pho ton S i e v e
56 R e s u l t s _ P S . D e n s i t y = i n p u t ( ’ \ n E n t e r : D e n s i t y o f t h e Photon S i e v e [%] \ n \ n ’ ) ;
57

58 % Ask u s e r t h e d i s t a n c e t o t h e o b s e r v a t i o n p l a n
59 R e s u l t s _ P S . z= R e s u l t s _ P S . f ;
60

61 % Ask u s e r t h e d i a m e t e r / nb zones o f t h e Photon S i e v e
62 i =1 ;
63 [ Zones_Max , Diameter_Max ]= Diameter_Zones_Max ( R e s u l t s _ P S . Lambda , R e s u l t s _ P S . f , Speed ) ;
64 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
65 DiameterVSZones= i n p u t ( ’ \ n E n t e r : Diamete r ( 1 ) − Number o f zones ( 2 ) \ n ’ ) ;
66 d i s p ( [ ’ ’ ] ) ;
67

68 i f DiameterVSZones ==1 %" I f " used t o l e a v e t h e w h i l e
69 i =0 ;
70 Minimum=2* s q r t (3* R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +3* R e s u l t s _ P S . Lambda / 4 ) ) ;
71 D i a m e t e r _ D i s p l a y =[ ’ E n t e r : Diamete r o f t h e Photon S i e v e [m] ( a t l e a s t ’ , num2s t r ( Minimum ) , ’ m

and a t max ’ , num2s t r ( Diameter_Max ) , ’ m) ’ ] ;
72 d i s p ( [ ’ ’ ] ) ;
73 d i s p ( D i a m e t e r _ D i s p l a y ) ;
74 d i s p ( [ ’ ’ ] ) ;
75 R e s u l t s _ P S . Diamete r = i n p u t ( ’ ’ ) ;
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76 e l s e i f DiameterVSZones ==2
77 i =0 ;
78 Minimum=2* s q r t (3* R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +3* R e s u l t s _ P S . Lambda / 4 ) ) ;
79 Zones_Di sp l ay =[ ’ E n t e r : Number o f zones o f t h e Photon S i e v e [−] ( a t max ’ , num2s t r ( Zones_Max ) , ’

zones ) ’ ] ;
80 d i s p ( [ ’ ’ ] ) ;
81 d i s p ( Zones_Di sp l ay ) ;
82 d i s p ( [ ’ ’ ] ) ;
83 Zones= i n p u t ( ’ ’ ) ;
84 R e s u l t s _ P S . Diamete r =2* s q r t ( ( Zones ) * R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +( Zones ) * R e s u l t s _ P S . Lambda

/ 4 ) ) ;
85 e l s e
86 d i s p ( [ ’ ’ ] ) ;
87 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
88 d i s p ( [ ’ ’ ] ) ;
89 end %End of t h e " i f " w i th DiameterVSZones
90 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f d i a m e t e r o r zones
91

92 % D i s p l a y t h e t ime e s t i m a t i o n
93

94 T i m e _ E s t i m a t i o n ;
95

96 % G e n e r a t e t h e Photon S i e v e
97 t i c
98 [ R e s u l t s _ P S . S m a l l e s t _ H o l e s , R e s u l t s _ P S . Counter_Zones , R e s u l t s _ P S . Numb_Total_Holes , R e s u l t s _ P S .

S u r f a c e _ R a t i o , R e s u l t s _ P S . S i g n a l , R e s u l t s _ P S . L1 , R e s u l t s _ P S . x , R e s u l t s _ P S . y ]=
P h o t o n _ S i e v e _ G e n e r a t o r ( R e s u l t s _ P S . Diameter , R e s u l t s _ P S . f , R e s u l t s _ P S . Dens i ty , R e s u l t s _ P S .
Lambda , Speed , 1 ) ;

99

100 R e s u l t s _ P S . I1 = abs ( R e s u l t s _ P S . S i g n a l . ^ 2 ) ;
101

102

103 %Compute t h e S i g n a l i n t h e o b s e r v a t i o n p l a n
104 R e s u l t s _ P S . Fresne l_Number =( R e s u l t s _ P S . Diamete r / 2 ) ^ 2 / R e s u l t s _ P S . Lambda / R e s u l t s _ P S . z ;
105 [ R e s u l t s _ P S . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ P S . L2 , R e s u l t s _ P S .M]= P r o p a g a t i o n ( R e s u l t s _ P S . S i g n a l ,

R e s u l t s _ P S . L1 , R e s u l t s _ P S . Lambda , R e s u l t s _ P S . z , R e s u l t s _ P S . Fresne l_Number ) ;
106

107

108 % Compute p a r a m e t e r s o f t h e o b s e r v a t i o n p l a n
109 dx2= R e s u l t s _ P S . L2 / R e s u l t s _ P S .M;
110 R e s u l t s _ P S . x2=−R e s u l t s _ P S . L2 / 2 : dx2 : R e s u l t s _ P S . L2/2−dx2 ;
111 R e s u l t s _ P S . y2= R e s u l t s _ P S . x2 ;
112 R e s u l t s _ P S . I2 = abs ( R e s u l t s _ P S . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
113

114 %Compute t o t a l e i r r a d i a n c e bo th p l a n s
115 R e s u l t s _ P S . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ P S . I1 , R e s u l t s _ P S . L1 , R e s u l t s _ P S .M) ;
116 [ R e s u l t s _ P S . E n c i r c l e _ P ow e r , R e s u l t s _ P S . F i r s t _ D i s k _ P o w e r , R e s u l t s _ P S . Tota l_Power2 , R e s u l t s _ P S .

R a d i u s _ F i r s t _ D i s k ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ P S . I2 , R e s u l t s _ P S . L2 , R e s u l t s _ P S .M, R e s u l t s _ P S . x2
, R e s u l t s _ P S . To ta l_Power1 ) ;

117 t o c
118 %% User choose c i r c l e c a s e
119 e l s e
120 % Ask u s e r t h e d i a m e t e r o f t h e C i r c l e
121

122 R e s u l t s _ C . Diamete r = i n p u t ( ’ \ n E n t e r : Diamete r o f t h e C i r c l e [m] \ n \ n ’ ) ;
123

124 % Ask u s e r t h e w a v e l e n g h t
125 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
126 R e s u l t s _ C . Lambda=Lambda*10^−9;
127

128 % Ask u s e r t h e d i s t a n c e wi th t h e o b s e r v a t i o n p l a n
129 R e s u l t s _ C . z= i n p u t ( ’ \ n E n t e r : D i s t a n c e wi th t h e o b s e r v a t i o n p l a n [m] \ n \ n ’ ) ;
130

131 % G e n e r a t e t h e C i r c l e
132

133 [ R e s u l t s _ C . S i g n a l , R e s u l t s _ C . L1 , R e s u l t s _ C . x , R e s u l t s _ C . y ]= C i r c l e _ G e n e r a t o r ( R e s u l t s _ C . Diameter ,
Speed ) ;

134 R e s u l t s _ C . I1 = abs ( R e s u l t s _ C . S i g n a l ) . ^ 2 ;
135 % T h e o r e t i c a l r ayon of Ai ry
136
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137 R e s u l t s _ C . R a d i u s _ T h e o r e t i c a l _ A i r y =1.22* R e s u l t s _ C . Lambda* R e s u l t s _ C . z / R e s u l t s _ C . Diamete r ;
138

139 % G e n e r a t e t h e s i g n a l i n t h e o b s e r v a t i o n p l a n
140

141 R e s u l t s _ C . Fresne l_Number =( R e s u l t s _ C . Diamete r / 2 ) ^ 2 / R e s u l t s _ C . Lambda / R e s u l t s _ C . z ;
142 [ R e s u l t s _ C . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ C . L2 , R e s u l t s _ C .M]= P r o p a g a t i o n ( R e s u l t s _ C . S i g n a l , R e s u l t s _ C

. L1 , R e s u l t s _ C . Lambda , R e s u l t s _ C . z , R e s u l t s _ C . Fresne l_Number ) ;
143

144 %Values o f t h e o b s e r v a t i o n p l a n
145 R e s u l t s _ C . dx2= R e s u l t s _ C . L2 / R e s u l t s _ C .M;
146 R e s u l t s _ C . x2=−R e s u l t s _ C . L2 / 2 : R e s u l t s _ C . dx2 : R e s u l t s _ C . L2/2−R e s u l t s _ C . dx2 ;
147 R e s u l t s _ C . y2= R e s u l t s _ C . x2 ;
148 R e s u l t s _ C . I2 = abs ( R e s u l t s _ C . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
149

150 %I r r a d i a n c e s and i n f o r m a t i o n a b o u t Ai ry c i r c l e
151

152 R e s u l t s _ C . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ C . I1 , R e s u l t s _ C . L1 , R e s u l t s _ C .M) ;
153 [ R e s u l t s _ C . E n c i r c l e _ P ow e r , R e s u l t s _ C . F i r s t _ D i s k _ P o w e r , R e s u l t s _ C . Tota l_Power2 , R e s u l t s _ C .

Rad ius_Ai ry ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ C . I2 , R e s u l t s _ C . L2 , R e s u l t s _ C .M, R e s u l t s _ C . x2 , R e s u l t s _ C
. To ta l_Power1 ) ;

154 R e s u l t s _ C . E r r o r _ A i r y = abs ( R e s u l t s _ C . R a d i u s _ T h e o r e t i c a l _ A i r y−R e s u l t s _ C . Rad ius_Ai ry ) / R e s u l t s _ C .
R a d i u s _ T h e o r e t i c a l _ A i r y *100 ;

155

156 end

1.6 Optimization_Simulation.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % S c r i p t used f o r o p t i m i z a t i o n s i m u l a t i o n
4

5

6 d i s p ( [ ’−−−−−−−−−−−−−−−−−Monochromatique o p t i m i z a t i o n o f t h e Photon Sieve−−−−−−−−−−−−−−−−−’ ] ) ;
7 d i s p ( [ ’ ’ ] ) ;
8 i =1 ;
9 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y

10 d i s p ( [ ’−−−−−Would you l i k e t o g e n e r a t e Photon S i e v e / C i r c l e ( Photon S i e v e d e g e n e r a t e d )?−−−−−’ ] ) ;
11 PS_VS_Circ le= i n p u t ( ’ \ n E n t e r : Photon S i e v e ( 1 ) − C i r c l e ( 2 ) \ n \ n ’ ) ;
12 d i s p ( [ ’ ’ ] ) ;
13

14 i f PS_VS_Circ le ==1 %" I f " used t o l e a v e t h e w h i l e
15 i =0 ;
16 e l s e i f PS_VS_Circ le ==2
17 i =0 ;
18 e l s e
19 d i s p ( [ ’ ’ ] ) ;
20 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
21 d i s p ( [ ’ ’ ] ) ;
22 end %End of t h e " i f " w i th PS_VS_Circ le
23 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f t h e " k ind " o f Photon S i e v e
24

25 %% Ask t h e u s e r t h e a c c u r a c y of t h e p r o p a g a t i o n
26 i =1 ;
27 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
28 d i s p ( [ ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−Speed / a c c u r a c y of t h e s i m u l a t i o n

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’ ] ) ;
29 Speed= i n p u t ( ’ \ n E n t e r : Weak a c c u r a c y / F a s t ( 1 ) − Normal a c c u r a c y / Normal speed ( 2 ) − S t r o n g

a c c u r a c y / Slow ( 3 ) \ n \ n ’ ) ;
30 d i s p ( [ ’ ’ ] ) ;
31

32 i f Speed ==1 %" I f " used t o l e a v e t h e w h i l e
33 i =0 ;
34 e l s e i f Speed ==2
35 i =0 ;
36 e l s e i f Speed ==3
37 i =0 ;
38 e l s e
39 d i s p ( [ ’ ’ ] ) ;
40 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
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41 d i s p ( [ ’ ’ ] ) ;
42 end %End of t h e " i f " w i th PS_VS_Circ le
43 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f t h e " k ind " o f Photon S i e v e
44

45 %% User choose Photon S i e v e c a s e
46 i f PS_VS_Circ le ==1
47 i =1 ;
48 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
49 d i s p ( [ ’−−−−−−−−−−−−−−−−Which p a r a m e t e r do you want t o o p t i m i z e−−−−−−−−−−−−−−−−’ ] ) ; d i s p ( [ ’ ’ ] ) ;
50 d i s p ( [ ’ E n t e r : Diamete r / Zones ( 1 ) − D i s t a n c e o f t h e o b s e r v a t i o n p l a n ( 2 ) − D e n s i t y ( 3 ) ’ ] ) ;
51 O p t i m i z a t i o n _ P a r a m e t e r = i n p u t ( ’ \ n Wavelength ( 4 ) − F o c a l d i s t a n c e ( 5 ) \ n \ n ’ ) ;
52 d i s p ( [ ’ ’ ] ) ;
53

54 i f O p t i m i z a t i o n _ P a r a m e t e r ==1 %" I f " used t o l e a v e t h e w h i l e
55 i =0 ;
56 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==2
57 i =0 ;
58 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==3
59 i =0 ;
60 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==4
61 i =0 ;
62 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==5
63 i =0 ;
64 e l s e
65 d i s p ( [ ’ ’ ] ) ;
66 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
67 d i s p ( [ ’ ’ ] ) ;
68 end %End of t h e " i f " w i th O p t i m i z a t i o n _ P a r a m e t e r
69 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f t h e p a r a m e t e r t o o p t i m i z e
70

71 i f O p t i m i z a t i o n _ P a r a m e t e r ==1 %Diamete r c a s e
72 f = i n p u t ( ’ \ n E n t e r : F o c a l d i s t a n c e o f t h e Photon S i e v e [m] \ n \ n ’ ) ;
73 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
74 Lambda=Lambda*10^−9;
75 D e n s i t y = i n p u t ( ’ \ n E n t e r : D e n s i t y o f t h e Photon S i e v e [%] \ n \ n ’ ) ;
76 % Ask u s e r t h e d i a m e t e r / nb zones o f t h e Photon S i e v e
77 i =1 ;
78 [ Zones_Max , Diameter_Max ]= Diameter_Zones_Max ( Lambda , f , Speed ) ;
79 Minimum=2* s q r t (3* Lambda *( f +3*Lambda / 4 ) ) ;
80 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
81 DiameterVSZones= i n p u t ( ’ \ n E n t e r : Diamete r ( 1 ) − Number o f zones ( 2 ) \ n ’ ) ;
82 d i s p ( [ ’ ’ ] ) ;
83

84 i f DiameterVSZones ==1 %" I f " used t o l e a v e t h e w h i l e
85 i =0 ;
86 X=[ ’ E n t e r : Lower d i a m e t e r [m] ( a t l e a s t ’ , num2s t r ( Minimum ) , ’ m and a t max ’ , num2s t r (

Diameter_Max ) , ’ m) ’ ] ;
87 d i s p ( [ ’ ’ ] ) ;
88 d i s p (X) ;
89 d i s p ( [ ’ ’ ] ) ;
90 Diameter_Lower= i n p u t ( ’ ’ ) ;
91 Diam e te r_Hig he r = i n p u t ( ’ \ n E n t e r : Higher d i a m e t e r [m] \ n \ n ’ ) ;
92 e l s e i f DiameterVSZones ==2
93 i =0 ;
94 X=[ ’ E n t e r : Lower number o f zones [−]( a t max ’ , num2s t r ( Zones_Max ) , ’ zones ) ’ ] ;
95 d i s p ( [ ’ ’ ] ) ;
96 d i s p (X) ;
97 d i s p ( [ ’ ’ ] ) ;
98 Zones_Lower= i n p u t ( ’ ’ ) ;
99 Diameter_Lower =2* s q r t ( ( Zones_Lower ) *Lambda *( f +( Zones_Lower ) *Lambda / 4 ) ) ;

100 Zones_Higher = i n p u t ( ’ \ n E n t e r : Higher number o f zones [−] \ n \ n ’ ) ;
101 Diam e te r_Hig he r =2* s q r t ( ( Zones_Higher ) *Lambda *( f +( Zones_Higher ) *Lambda / 4 ) ) ;
102 e l s e
103 d i s p ( [ ’ ’ ] ) ;
104 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
105 d i s p ( [ ’ ’ ] ) ;
106 end %End of t h e " i f " w i th DiameterVSZones
107 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f d i a m e t e r o r zones
108

109 z= f ;
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110 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f samples \ n \ n ’ ) ;
111 T i m e _ E s t i m a t i o n ;
112 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
113 R e s u l t s _ P S ( i ) . f = f ;
114 R e s u l t s _ P S ( i ) . Lambda=Lambda ;
115 R e s u l t s _ P S ( i ) . z=z ;
116 R e s u l t s _ P S ( i ) . D e n s i t y = D e n s i t y ;
117 i f DiameterVSZones ==2
118 R e s u l t s _ P S ( i ) . Zones= f l o o r ( Zones_Lower +( Zones_Higher−Zones_Lower ) * ( i −1) / (

Number_Echan t i l l ons −1) ) ;
119 R e s u l t s _ P S ( i ) . D iame te r =2* s q r t ( ( R e s u l t s _ P S ( i ) . Zones ) *Lambda *( f +( R e s u l t s _ P S ( i ) .

Zones ) *Lambda / 4 ) ) ;
120 e l s e
121 R e s u l t s _ P S ( i ) . D iame te r =Diameter_Lower +( Diamete r_Higher−Diameter_Lower ) * ( i −1) / (

Number_Echan t i l l ons −1) ;
122 end
123 [ R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s , R e s u l t s _ P S ( i ) . Counter_Zones , R e s u l t s _ P S ( i ) .

Numb_Total_Holes , R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o , R e s u l t s _ P S ( i ) . S i g n a l , R e s u l t s _ P S ( i )
. L1 , R e s u l t s _ P S ( i ) . x , R e s u l t s _ P S ( i ) . y ]= P h o t o n _ S i e v e _ G e n e r a t o r ( R e s u l t s _ P S ( i ) .
Diameter , R e s u l t s _ P S ( i ) . f , R e s u l t s _ P S ( i ) . Dens i ty , R e s u l t s _ P S ( i ) . Lambda , Speed , 0 ) ;

124 R e s u l t s _ P S ( i ) . I 1 = abs ( R e s u l t s _ P S ( i ) . S i g n a l . ^ 2 ) ;
125 R e s u l t s _ P S ( i ) . Fresne l_Number =( R e s u l t s _ P S ( i ) . D iame te r / 2 ) ^ 2 / R e s u l t s _ P S ( i ) . Lambda / R e s u l t s _ P S ( i ) . z

;
126 [ R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ P S ( i ) . L2 , R e s u l t s _ P S ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ P S ( i ) .

S i g n a l , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) . Lambda , R e s u l t s _ P S ( i ) . z , R e s u l t s _ P S ( i ) . Fresne l_Number )
;

127 dx2= R e s u l t s _ P S ( i ) . L2 / R e s u l t s _ P S ( i ) .M;
128 R e s u l t s _ P S ( i ) . x2=−R e s u l t s _ P S ( i ) . L2 / 2 : dx2 : R e s u l t s _ P S ( i ) . L2/2−dx2 ;
129 R e s u l t s _ P S ( i ) . y2= R e s u l t s _ P S ( i ) . x2 ;
130 R e s u l t s _ P S ( i ) . I 2 = abs ( R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
131 R e s u l t s _ P S ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ P S ( i ) . I1 , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) .M)

;
132 [ R e s u l t s _ P S ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ P S ( i ) . Tota l_Power2 ,

R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ P S ( i ) . I2 , R e s u l t s _ P S ( i ) . L2 ,
R e s u l t s _ P S ( i ) .M, R e s u l t s _ P S ( i ) . x2 , R e s u l t s _ P S ( i ) . To ta l_Power1 ) ;

133 end
134

135

136 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==2 %D i s t a n c e t o t h e o b s e r v a t i o n p l a n c a s e
137 f = i n p u t ( ’ \ n E n t e r : F o c a l d i s t a n c e o f t h e Photon S i e v e [m] \ n \ n ’ ) ;
138 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
139 Lambda=Lambda*10^−9;
140

141 D e n s i t y = i n p u t ( ’ \ n E n t e r : D e n s i t y o f t h e Photon S i e v e [%] \ n \ n ’ ) ;
142 % Ask u s e r t h e d i a m e t e r / nb zones o f t h e Photon S i e v e
143 i =1 ;
144 Minimum=2* s q r t (3* Lambda *( f +3*Lambda / 4 ) ) ;
145 [ Zones_Max , Diameter_Max ]= Diameter_Zones_Max ( Lambda , f , Speed ) ;
146 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
147 DiameterVSZones= i n p u t ( ’ \ n E n t e r : Diamete r ( 1 ) − Number o f zones ( 2 ) \ n ’ ) ;
148 d i s p ( [ ’ ’ ] ) ;
149

150 i f DiameterVSZones ==1 %" I f " used t o l e a v e t h e w h i l e
151 i =0 ;
152 D i a m e t e r _ D i s p l a y =[ ’ E n t e r : Diamete r o f t h e Photon S i e v e [m] ( a t l e a s t ’ , num2s t r ( Minimum ) , ’ m

and a t max ’ , num2s t r ( Diameter_Max ) , ’ m) ’ ] ;
153 d i s p ( [ ’ ’ ] ) ;
154 d i s p ( D i a m e t e r _ D i s p l a y ) ;
155 d i s p ( [ ’ ’ ] ) ;
156 Diamete r = i n p u t ( ’ ’ ) ;
157 e l s e i f DiameterVSZones ==2
158 i =0 ;
159 Zones_Di sp l ay =[ ’ E n t e r : Number o f zones o f t h e Photon S i e v e [−]( a t max ’ , num2s t r ( Zones_Max ) , ’

zones ) ’ ] ;
160 d i s p ( [ ’ ’ ] ) ;
161 d i s p ( Zones_Di sp l ay ) ;
162 d i s p ( [ ’ ’ ] ) ;
163 Zones= i n p u t ( ’ ’ ) ;
164 Diamete r =2* s q r t ( ( Zones ) *Lambda *( f +( Zones ) *Lambda / 4 ) ) ;
165 e l s e
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166 d i s p ( [ ’ ’ ] ) ;
167 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
168 d i s p ( [ ’ ’ ] ) ;
169 end %End of t h e " i f " w i th DiameterVSZones
170 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f d i a m e t e r o r zones
171

172 Lower_z= i n p u t ( ’ \ n E n t e r : Lower d i s t a n c e t o t h e o b s e r v a t i o n p l a n [m] \ n \ n ’ ) ;
173 Higher_z = i n p u t ( ’ \ n E n t e r : Higher d i s t a n c e t o t h e o b s e r v a t i o n p l a n [m] \ n \ n ’ ) ;
174 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f e c h a n t i l l o n s \ n \ n ’ ) ;
175 T i m e _ E s t i m a t i o n ;
176 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
177 R e s u l t s _ P S ( i ) . f = f ;
178 R e s u l t s _ P S ( i ) . Lambda=Lambda ;
179 R e s u l t s _ P S ( i ) . z=Lower_z +( Higher_z−Lower_z ) * ( i −1) / ( Number_Echan t i l l ons −1) ;
180 R e s u l t s _ P S ( i ) . D e n s i t y = D e n s i t y ;
181 R e s u l t s _ P S ( i ) . D iame te r = Diamete r ;
182 [ R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s , R e s u l t s _ P S ( i ) . Counter_Zones , R e s u l t s _ P S ( i ) .

Numb_Total_Holes , R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o , R e s u l t s _ P S ( i ) . S i g n a l , R e s u l t s _ P S ( i )
. L1 , R e s u l t s _ P S ( i ) . x , R e s u l t s _ P S ( i ) . y ]= P h o t o n _ S i e v e _ G e n e r a t o r ( R e s u l t s _ P S ( i ) .
Diameter , R e s u l t s _ P S ( i ) . f , R e s u l t s _ P S ( i ) . Dens i ty , R e s u l t s _ P S ( i ) . Lambda , Speed , 0 ) ;

183 R e s u l t s _ P S ( i ) . I 1 = abs ( R e s u l t s _ P S ( i ) . S i g n a l . ^ 2 ) ;
184 R e s u l t s _ P S ( i ) . Fresne l_Number =( R e s u l t s _ P S ( i ) . D iamete r / 2 ) ^ 2 / R e s u l t s _ P S ( i ) . Lambda / R e s u l t s _ P S ( i ) . z

;
185 [ R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ P S ( i ) . L2 , R e s u l t s _ P S ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ P S ( i ) .

S i g n a l , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) . Lambda , R e s u l t s _ P S ( i ) . z , R e s u l t s _ P S ( i ) . Fresne l_Number )
;

186 dx2= R e s u l t s _ P S ( i ) . L2 / R e s u l t s _ P S ( i ) .M;
187 R e s u l t s _ P S ( i ) . x2=−R e s u l t s _ P S ( i ) . L2 / 2 : dx2 : R e s u l t s _ P S ( i ) . L2/2−dx2 ;
188 R e s u l t s _ P S ( i ) . y2= R e s u l t s _ P S ( i ) . x2 ;
189 R e s u l t s _ P S ( i ) . I 2 = abs ( R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
190 R e s u l t s _ P S ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ P S ( i ) . I1 , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) .M)

;
191 [ R e s u l t s _ P S ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ P S ( i ) . Tota l_Power2 ,

R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ P S ( i ) . I2 , R e s u l t s _ P S ( i ) . L2 ,
R e s u l t s _ P S ( i ) .M, R e s u l t s _ P S ( i ) . x2 , R e s u l t s _ P S ( i ) . To ta l_Power1 ) ;

192 end
193

194 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==3 %D e n s i t y c a s e
195 f = i n p u t ( ’ \ n E n t e r : F o c a l d i s t a n c e o f t h e Photon S i e v e [m] \ n \ n ’ ) ;
196 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
197 Lambda=Lambda*10^−9;
198 % Ask u s e r t h e d i a m e t e r / nb zones o f t h e Photon S i e v e
199 i =1 ;
200 Minimum=2* s q r t (3* Lambda *( f +3*Lambda / 4 ) ) ;
201 [ Zones_Max , Diameter_Max ]= Diameter_Zones_Max ( Lambda , f , Speed ) ;
202 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
203 DiameterVSZones= i n p u t ( ’ \ n E n t e r : Diamete r ( 1 ) − Number o f zones ( 2 ) \ n ’ ) ;
204 d i s p ( [ ’ ’ ] ) ;
205

206 i f DiameterVSZones ==1 %" I f " used t o l e a v e t h e w h i l e
207 i =0 ;
208 D i a m e t e r _ D i s p l a y =[ ’ E n t e r : Diamete r o f t h e Photon S i e v e [m] ( a t l e a s t ’ , num2s t r ( Minimum ) , ’ m

and a t max ’ , num2s t r ( Diameter_Max ) , ’ m) ’ ] ;
209 d i s p ( [ ’ ’ ] ) ;
210 d i s p ( D i a m e t e r _ D i s p l a y ) ;
211 d i s p ( [ ’ ’ ] ) ;
212 Diamete r = i n p u t ( ’ ’ ) ;
213 e l s e i f DiameterVSZones ==2
214 i =0 ;
215 Zones_Di sp l ay =[ ’ E n t e r : Number o f zones o f t h e Photon S i e v e [−]( a t max ’ , num2s t r ( Zones_Max ) , ’

zones ) ’ ] ;
216 d i s p ( [ ’ ’ ] ) ;
217 d i s p ( Zones_Di sp l ay ) ;
218 d i s p ( [ ’ ’ ] ) ;
219 Zones= i n p u t ( ’ ’ ) ;
220 Diamete r =2* s q r t ( ( Zones ) *Lambda *( f +( Zones ) *Lambda / 4 ) ) ;
221 e l s e
222 d i s p ( [ ’ ’ ] ) ;
223 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
224 d i s p ( [ ’ ’ ] ) ;
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225 end %End of t h e " i f " w i th DiameterVSZones
226 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f d i a m e t e r o r zones
227 Lower_Dens i ty = i n p u t ( ’ \ n E n t e r : Lower d e n s i t y o f t h e Photon S i e v e [%] \ n \ n ’ ) ;
228 H i g h e r _ D e n s i t y = i n p u t ( ’ \ n E n t e r : Higher d e n s i t y o f t h e Photon S i e v e [%] \ n \ n ’ ) ;
229 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f samples \ n \ n ’ ) ;
230 T i m e _ E s t i m a t i o n ;
231 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
232 R e s u l t s _ P S ( i ) . f = f ;
233 R e s u l t s _ P S ( i ) . Lambda=Lambda ;
234 R e s u l t s _ P S ( i ) . z= f ;
235 R e s u l t s _ P S ( i ) . D e n s i t y = Lower_Dens i ty +( H ig h e r_ D e ns i t y−Lower_Dens i ty ) * ( i −1) / (

Number_Echan t i l l ons −1) ;
236 R e s u l t s _ P S ( i ) . D iame te r = Diamete r ;
237 [ R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s , R e s u l t s _ P S ( i ) . Counter_Zones , R e s u l t s _ P S ( i ) .

Numb_Total_Holes , R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o , R e s u l t s _ P S ( i ) . S i g n a l , R e s u l t s _ P S ( i )
. L1 , R e s u l t s _ P S ( i ) . x , R e s u l t s _ P S ( i ) . y ]= P h o t o n _ S i e v e _ G e n e r a t o r ( R e s u l t s _ P S ( i ) .
Diameter , R e s u l t s _ P S ( i ) . f , R e s u l t s _ P S ( i ) . Dens i ty , R e s u l t s _ P S ( i ) . Lambda , Speed , 0 ) ;

238 R e s u l t s _ P S ( i ) . I 1 = abs ( R e s u l t s _ P S ( i ) . S i g n a l . ^ 2 ) ;
239 R e s u l t s _ P S ( i ) . Fresne l_Number =( R e s u l t s _ P S ( i ) . D iamete r / 2 ) ^ 2 / R e s u l t s _ P S ( i ) . Lambda / R e s u l t s _ P S ( i ) . z

;
240 [ R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ P S ( i ) . L2 , R e s u l t s _ P S ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ P S ( i ) .

S i g n a l , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) . Lambda , R e s u l t s _ P S ( i ) . z , R e s u l t s _ P S ( i ) . Fresne l_Number )
;

241 dx2= R e s u l t s _ P S ( i ) . L2 / R e s u l t s _ P S ( i ) .M;
242 R e s u l t s _ P S ( i ) . x2=−R e s u l t s _ P S ( i ) . L2 / 2 : dx2 : R e s u l t s _ P S ( i ) . L2/2−dx2 ;
243 R e s u l t s _ P S ( i ) . y2= R e s u l t s _ P S ( i ) . x2 ;
244 R e s u l t s _ P S ( i ) . I 2 = abs ( R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
245 R e s u l t s _ P S ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ P S ( i ) . I1 , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) .M)

;
246 [ R e s u l t s _ P S ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ P S ( i ) . Tota l_Power2 ,

R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ P S ( i ) . I2 , R e s u l t s _ P S ( i ) . L2 ,
R e s u l t s _ P S ( i ) .M, R e s u l t s _ P S ( i ) . x2 , R e s u l t s _ P S ( i ) . To ta l_Power1 ) ;

247 end
248

249 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==4 %Wavelength c a s e
250 f = i n p u t ( ’ \ n E n t e r : F o c a l d i s t a n c e o f t h e Photon S i e v e [m] \ n \ n ’ ) ;
251 Lower_Lambda= i n p u t ( ’ \ n E n t e r : Lower w a v e l e n g t h [nm] \ n \ n ’ ) ;
252 Lower_Lambda=Lower_Lambda *10^−9;
253 Higher_Lambda= i n p u t ( ’ \ n E n t e r : Higher w a v e l e n g t h [nm] \ n \ n ’ ) ;
254 Higher_Lambda=Higher_Lambda *10^−9;
255

256 % Ask u s e r t h e d i a m e t e r / nb zones o f t h e Photon S i e v e
257 i =1 ;
258 Minimum=2* s q r t (3* Higher_Lambda *( f +3* Higher_Lambda / 4 ) ) ;
259 [ Zones_Max , Diameter_Max ]= Diameter_Zones_Max ( Lower_Lambda , f , Speed ) ;
260 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
261 DiameterVSZones= i n p u t ( ’ \ n E n t e r : Diamete r ( 1 ) − Number o f zones ( 2 ) \ n ’ ) ;
262 d i s p ( [ ’ ’ ] ) ;
263

264 i f DiameterVSZones ==1 %" I f " used t o l e a v e t h e w h i l e
265 i =0 ;
266 D i a m e t e r _ D i s p l a y =[ ’ E n t e r : Diamete r o f t h e Photon S i e v e [m] ( a t l e a s t ’ , num2s t r ( Minimum ) , ’ m

and a t max ’ , num2s t r ( Diameter_Max ) , ’ m) ’ ] ;
267 d i s p ( [ ’ ’ ] ) ;
268 d i s p ( D i a m e t e r _ D i s p l a y ) ;
269 d i s p ( [ ’ ’ ] ) ;
270 Diamete r = i n p u t ( ’ ’ ) ;
271 e l s e i f DiameterVSZones ==2
272 i =0 ;
273 Zones_Di sp l ay =[ ’ E n t e r : Number o f zones o f t h e Photon S i e v e [−]( a t max ’ , num2s t r ( Zones_Max ) , ’

zones ) ’ ] ;
274 d i s p ( [ ’ ’ ] ) ;
275 d i s p ( Zones_Di sp l ay ) ;
276 d i s p ( [ ’ ’ ] ) ;
277 Zones= i n p u t ( ’ ’ ) ;
278 e l s e
279 d i s p ( [ ’ ’ ] ) ;
280 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
281 d i s p ( [ ’ ’ ] ) ;
282 end %End of t h e " i f " w i th DiameterVSZones

University of Liege -104-



Master thesis A. Matlab files of the propagator

283 end
284

285 D e n s i t y = i n p u t ( ’ \ n E n t e r : D e n s i t y o f t h e Photon S i e v e [%] \ n \ n ’ ) ;
286 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f samples \ n \ n ’ ) ;
287 T i m e _ E s t i m a t i o n ;
288 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
289 R e s u l t s _ P S ( i ) . f = f ;
290 R e s u l t s _ P S ( i ) . Lambda=Lower_Lambda +( Higher_Lambda−Lower_Lambda ) * ( i −1) / (

Number_Echan t i l l ons −1) ;
291 R e s u l t s _ P S ( i ) . z= f ;
292 R e s u l t s _ P S ( i ) . D e n s i t y = D e n s i t y ;
293 i f DiameterVSZones ==1
294 R e s u l t s _ P S ( i ) . D iame te r = Diamete r ;
295 e l s e
296 R e s u l t s _ P S ( i ) . D iame te r =2* s q r t ( ( Zones ) * R e s u l t s _ P S ( i ) . Lambda *( f +( Zones ) *

R e s u l t s _ P S ( i ) . Lambda / 4 ) ) ;
297 end
298

299 [ R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s , R e s u l t s _ P S ( i ) . Counter_Zones , R e s u l t s _ P S ( i ) .
Numb_Total_Holes , R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o , R e s u l t s _ P S ( i ) . S i g n a l , R e s u l t s _ P S ( i )
. L1 , R e s u l t s _ P S ( i ) . x , R e s u l t s _ P S ( i ) . y ]= P h o t o n _ S i e v e _ G e n e r a t o r ( R e s u l t s _ P S ( i ) .
Diameter , R e s u l t s _ P S ( i ) . f , R e s u l t s _ P S ( i ) . Dens i ty , R e s u l t s _ P S ( i ) . Lambda , Speed , 0 ) ;

300 R e s u l t s _ P S ( i ) . I 1 = abs ( R e s u l t s _ P S ( i ) . S i g n a l . ^ 2 ) ;
301 R e s u l t s _ P S ( i ) . Fresne l_Number =( R e s u l t s _ P S ( i ) . D iamete r / 2 ) ^ 2 / R e s u l t s _ P S ( i ) . Lambda / R e s u l t s _ P S ( i ) . z

;
302 [ R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ P S ( i ) . L2 , R e s u l t s _ P S ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ P S ( i ) .

S i g n a l , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) . Lambda , R e s u l t s _ P S ( i ) . z , R e s u l t s _ P S ( i ) . Fresne l_Number )
;

303 dx2= R e s u l t s _ P S ( i ) . L2 / R e s u l t s _ P S ( i ) .M;
304 R e s u l t s _ P S ( i ) . x2=−R e s u l t s _ P S ( i ) . L2 / 2 : dx2 : R e s u l t s _ P S ( i ) . L2/2−dx2 ;
305 R e s u l t s _ P S ( i ) . y2= R e s u l t s _ P S ( i ) . x2 ;
306 R e s u l t s _ P S ( i ) . I 2 = abs ( R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
307 R e s u l t s _ P S ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ P S ( i ) . I1 , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) .M)

;
308 [ R e s u l t s _ P S ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ P S ( i ) . Tota l_Power2 ,

R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ P S ( i ) . I2 , R e s u l t s _ P S ( i ) . L2 ,
R e s u l t s _ P S ( i ) .M, R e s u l t s _ P S ( i ) . x2 , R e s u l t s _ P S ( i ) . To ta l_Power1 ) ;

309 end
310

311

312 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==5 %F o c a l d i s t a n c e c a s e
313 Lower_f= i n p u t ( ’ \ n E n t e r : Lower f o c a l d i s t a n c e o f t h e Photon S i e v e [m] \ n \ n

’ ) ;
314 H i g h e r _ f = i n p u t ( ’ \ n E n t e r : Higher f o c a l d i s t a n c e o f t h e Photon S i e v e [m] \ n \ n ’ ) ;
315 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
316 Lambda=Lambda*10^−9;
317 % Ask u s e r t h e d i a m e t e r / nb zones o f t h e Photon S i e v e
318 i =1 ;
319 Minimum=2* s q r t (3* Lambda *( H i g h e r _ f +3*Lambda / 4 ) ) ;
320 [ Zones_Max , Diameter_Max ]= Diameter_Zones_Max ( Lambda , Lower_f , Speed ) ;
321 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
322 DiameterVSZones= i n p u t ( ’ \ n E n t e r : Diamete r ( 1 ) − Number o f zones ( 2 ) \ n ’ ) ;
323 d i s p ( [ ’ ’ ] ) ;
324

325 i f DiameterVSZones ==1 %" I f " used t o l e a v e t h e w h i l e
326 i =0 ;
327 D i a m e t e r _ D i s p l a y =[ ’ E n t e r : Diamete r o f t h e Photon S i e v e [m] ( a t l e a s t ’ , num2s t r ( Minimum ) , ’ m

and a t max ’ , num2s t r ( Diameter_Max ) , ’ m) ’ ] ;
328 d i s p ( [ ’ ’ ] ) ;
329 d i s p ( D i a m e t e r _ D i s p l a y ) ;
330 d i s p ( [ ’ ’ ] ) ;
331 Diamete r = i n p u t ( ’ ’ ) ;
332 e l s e i f DiameterVSZones ==2
333 i =0 ;
334 Zones_Di sp l ay =[ ’ E n t e r : Number o f zones o f t h e Photon S i e v e [−]( a t max ’ , num2s t r ( Zones_Max ) , ’

zones ) ’ ] ;
335 d i s p ( [ ’ ’ ] ) ;
336 d i s p ( Zones_Di sp l ay ) ;
337 d i s p ( [ ’ ’ ] ) ;
338 Zones= i n p u t ( ’ ’ ) ;
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339 e l s e
340 d i s p ( [ ’ ’ ] ) ;
341 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
342 d i s p ( [ ’ ’ ] ) ;
343 end %End of t h e " i f " w i th DiameterVSZones
344 end
345

346 D e n s i t y = i n p u t ( ’ \ n E n t e r : D e n s i t y o f t h e Photon S i e v e [%] \ n \ n ’ ) ;
347 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f samples \ n \ n ’ ) ;
348 T i m e _ E s t i m a t i o n ;
349 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
350 R e s u l t s _ P S ( i ) . f =Lower_f +( Higher_ f−Lower_f ) * ( i −1) / ( Number_Echan t i l l ons −1) ;
351 R e s u l t s _ P S ( i ) . Lambda=Lambda ;
352 R e s u l t s _ P S ( i ) . z= R e s u l t s _ P S ( i ) . f ;
353 R e s u l t s _ P S ( i ) . D e n s i t y = D e n s i t y ;
354 i f DiameterVSZones ==1
355 R e s u l t s _ P S ( i ) . D iame te r = Diamete r ;
356 e l s e
357 R e s u l t s _ P S ( i ) . D iame te r =2* s q r t ( ( Zones ) * R e s u l t s _ P S ( i ) . Lambda *( R e s u l t s _ P S ( i ) . f +(

Zones ) * R e s u l t s _ P S ( i ) . Lambda / 4 ) ) ;
358 end
359 [ R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s , R e s u l t s _ P S ( i ) . Counter_Zones , R e s u l t s _ P S ( i ) .

Numb_Total_Holes , R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o , R e s u l t s _ P S ( i ) . S i g n a l , R e s u l t s _ P S ( i )
. L1 , R e s u l t s _ P S ( i ) . x , R e s u l t s _ P S ( i ) . y ]= P h o t o n _ S i e v e _ G e n e r a t o r ( R e s u l t s _ P S ( i ) .
Diameter , R e s u l t s _ P S ( i ) . f , R e s u l t s _ P S ( i ) . Dens i ty , R e s u l t s _ P S ( i ) . Lambda , Speed , 0 ) ;

360 R e s u l t s _ P S ( i ) . I 1 = abs ( R e s u l t s _ P S ( i ) . S i g n a l . ^ 2 ) ;
361 R e s u l t s _ P S ( i ) . Fresne l_Number =( R e s u l t s _ P S ( i ) . D iame te r / 2 ) ^ 2 / R e s u l t s _ P S ( i ) . Lambda / R e s u l t s _ P S ( i ) . z

;
362 [ R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ P S ( i ) . L2 , R e s u l t s _ P S ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ P S ( i ) .

S i g n a l , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) . Lambda , R e s u l t s _ P S ( i ) . z , R e s u l t s _ P S ( i ) . Fresne l_Number )
;

363 dx2= R e s u l t s _ P S ( i ) . L2 / R e s u l t s _ P S ( i ) .M;
364 R e s u l t s _ P S ( i ) . x2=−R e s u l t s _ P S ( i ) . L2 / 2 : dx2 : R e s u l t s _ P S ( i ) . L2/2−dx2 ;
365 R e s u l t s _ P S ( i ) . y2= R e s u l t s _ P S ( i ) . x2 ;
366 R e s u l t s _ P S ( i ) . I 2 = abs ( R e s u l t s _ P S ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
367 R e s u l t s _ P S ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ P S ( i ) . I1 , R e s u l t s _ P S ( i ) . L1 , R e s u l t s _ P S ( i ) .M)

;
368 [ R e s u l t s _ P S ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ P S ( i ) . Tota l_Power2 ,

R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ P S ( i ) . I2 , R e s u l t s _ P S ( i ) . L2 ,
R e s u l t s _ P S ( i ) .M, R e s u l t s _ P S ( i ) . x2 , R e s u l t s _ P S ( i ) . To ta l_Power1 ) ;

369 end
370

371 end
372

373

374

375 %% User choose c i r c l e c a s e
376 e l s e
377 i =1 ;
378 w h i l e i ==1 %While i n c a s e o f a wrong e n t r y
379 d i s p ( [ ’−−−−−Which p a r a m e t e r do you want t o o p t i m i z e−−−−−’ ] ) ;
380 O p t i m i z a t i o n _ P a r a m e t e r = i n p u t ( ’ \ n E n t e r : Diamete r ( 1 ) − D i s t a n c e o f t h e o b s e r v a t i o n p l a n ( 2 ) −

Wavelength ( 3 ) \ n \ n ’ ) ;
381 d i s p ( [ ’ ’ ] ) ;
382

383 i f O p t i m i z a t i o n _ P a r a m e t e r ==1 %" I f " used t o l e a v e t h e w h i l e
384 i =0 ;
385 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==2
386 i =0 ;
387 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==3
388

389 i =0 ;
390 e l s e
391 d i s p ( [ ’ ’ ] ) ;
392 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
393 d i s p ( [ ’ ’ ] ) ;
394 end %End of t h e " i f " w i th O p t i m i z a t i o n _ P a r a m e t e r
395 end %End of t h e w h i l e r e l a t i v e t o t h e ask o f t h e p a r a m e t e r t o o p t i m i z e
396

397 i f O p t i m i z a t i o n _ P a r a m e t e r ==1 %Diamete r c a s e
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398 Diameter_Lower= i n p u t ( ’ \ n E n t e r : Lower d i a m e t e r o f t h e C i r c l e [m] \ n \ n ’ ) ;
399 Diam e te r_Hig he r = i n p u t ( ’ \ n E n t e r : Higher d i a m e t e r o f t h e C i r c l e [m] \ n \ n ’ ) ;
400 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
401 Lambda=Lambda*10^−9;
402 z= i n p u t ( ’ \ n E n t e r : D i s t a n c e wi th t h e o b s e r v a t i o n p l a n [m] \ n \ n ’ ) ;
403 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f samples \ n \ n ’ ) ;
404 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
405 R e s u l t s _ C ( i ) . z=z ;
406 R e s u l t s _ C ( i ) . Lambda=Lambda ;
407 R e s u l t s _ C ( i ) . D iame te r =Diameter_Lower +( Diamete r_Higher−Diameter_Lower ) * ( i −1) / (

Number_Echan t i l l ons −1) ;
408 [ R e s u l t s _ C ( i ) . S i g n a l , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) . x , R e s u l t s _ C ( i ) . y ]= C i r c l e _ G e n e r a t o r (

R e s u l t s _ C ( i ) . Diameter , Speed ) ;
409 R e s u l t s _ C ( i ) . I1 = abs ( R e s u l t s _ C ( i ) . S i g n a l ) . ^ 2 ;
410 R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y =1.22* R e s u l t s _ C ( i ) . Lambda* R e s u l t s _ C ( i ) . z / R e s u l t s _ C ( i ) .

D iamete r ;
411 R e s u l t s _ C ( i ) . Fresne l_Number =( R e s u l t s _ C ( i ) . D iame te r / 2 ) ^ 2 / R e s u l t s _ C ( i ) . Lambda / R e s u l t s _ C ( i ) . z ;
412 [ R e s u l t s _ C ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ C ( i ) . L2 , R e s u l t s _ C ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ C ( i ) .

S i g n a l , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) . Lambda , R e s u l t s _ C ( i ) . z , R e s u l t s _ C ( i ) . Fresne l_Number ) ;
413 R e s u l t s _ C ( i ) . dx2= R e s u l t s _ C ( i ) . L2 / R e s u l t s _ C ( i ) .M;
414 R e s u l t s _ C ( i ) . x2=−R e s u l t s _ C ( i ) . L2 / 2 : R e s u l t s _ C ( i ) . dx2 : R e s u l t s _ C ( i ) . L2/2−R e s u l t s _ C ( i ) . dx2 ;
415 R e s u l t s _ C ( i ) . y2= R e s u l t s _ C ( i ) . x2 ;
416 R e s u l t s _ C ( i ) . I2 = abs ( R e s u l t s _ C ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
417 R e s u l t s _ C ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ C ( i ) . I1 , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) .M) ;
418 [ R e s u l t s _ C ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ C ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ C ( i ) . Tota l_Power2 , R e s u l t s _ C

( i ) . Rad ius_Ai ry ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ C ( i ) . I2 , R e s u l t s _ C ( i ) . L2 , R e s u l t s _ C ( i ) .M, R e s u l t s _ C
( i ) . x2 , R e s u l t s _ C ( i ) . To ta l_Power1 ) ;

419 R e s u l t s _ C ( i ) . E r r o r _ A i r y = abs ( R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y−R e s u l t s _ C ( i ) . Rad ius_Ai ry ) /
R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y *100 ;

420 end
421

422 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==2 %D i s t a n c e t o t h e o b s e r v a t i o n p l a n c a s e
423

424 Diamete r = i n p u t ( ’ \ n E n t e r : Diamete r o f t h e C i r c l e [m] \ n \ n ’ ) ;
425 Lambda= i n p u t ( ’ \ n E n t e r : Wavelength [nm] \ n \ n ’ ) ;
426 Lambda=Lambda*10^−9;
427 z_Lower= i n p u t ( ’ \ n E n t e r : Lower d i s t a n c e wi th t h e o b s e r v a t i o n p l a n [m] \ n \ n ’ ) ;
428 z_Highe r = i n p u t ( ’ \ n E n t e r : Higher d i s t a n c e wi th t h e o b s e r v a t i o n p l a n [m] \ n \ n ’ ) ;
429 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f samples \ n \ n ’ ) ;
430 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
431 R e s u l t s _ C ( i ) . z=z_Lower +( z_Higher−z_Lower ) * ( i −1) / ( Number_Echan t i l l ons −1) ;
432 R e s u l t s _ C ( i ) . Lambda=Lambda ;
433 R e s u l t s _ C ( i ) . D iame te r = Diamete r ;
434 [ R e s u l t s _ C ( i ) . S i g n a l , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) . x , R e s u l t s _ C ( i ) . y ]= C i r c l e _ G e n e r a t o r (

R e s u l t s _ C ( i ) . Diameter , Speed ) ;
435 R e s u l t s _ C ( i ) . I1 = abs ( R e s u l t s _ C ( i ) . S i g n a l ) . ^ 2 ;
436 R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y =1.22* R e s u l t s _ C ( i ) . Lambda* R e s u l t s _ C ( i ) . z / R e s u l t s _ C ( i ) .

D iamete r ;
437 R e s u l t s _ C ( i ) . Fresne l_Number =( R e s u l t s _ C ( i ) . D iame te r / 2 ) ^ 2 / R e s u l t s _ C ( i ) . Lambda / R e s u l t s _ C ( i ) . z ;
438 [ R e s u l t s _ C ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ C ( i ) . L2 , R e s u l t s _ C ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ C ( i ) .

S i g n a l , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) . Lambda , R e s u l t s _ C ( i ) . z , R e s u l t s _ C ( i ) . Fresne l_Number ) ;
439 R e s u l t s _ C ( i ) . dx2= R e s u l t s _ C ( i ) . L2 / R e s u l t s _ C ( i ) .M;
440 R e s u l t s _ C ( i ) . x2=−R e s u l t s _ C ( i ) . L2 / 2 : R e s u l t s _ C ( i ) . dx2 : R e s u l t s _ C ( i ) . L2/2−R e s u l t s _ C ( i ) . dx2 ;
441 R e s u l t s _ C ( i ) . y2= R e s u l t s _ C ( i ) . x2 ;
442 R e s u l t s _ C ( i ) . I2 = abs ( R e s u l t s _ C ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
443 R e s u l t s _ C ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ C ( i ) . I1 , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) .M) ;
444 [ R e s u l t s _ C ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ C ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ C ( i ) . Tota l_Power2 , R e s u l t s _ C

( i ) . Rad ius_Ai ry ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ C ( i ) . I2 , R e s u l t s _ C ( i ) . L2 , R e s u l t s _ C ( i ) .M, R e s u l t s _ C
( i ) . x2 , R e s u l t s _ C ( i ) . To ta l_Power1 ) ;

445 R e s u l t s _ C ( i ) . E r r o r _ A i r y = abs ( R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y−R e s u l t s _ C ( i ) . Rad ius_Ai ry ) /
R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y *100 ;

446 end
447

448 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==3 %Wavelength c a s e
449 Diamete r = i n p u t ( ’ \ n E n t e r : Diamete r o f t h e C i r c l e [m] \ n \ n ’ ) ;
450 Lambda_Lower= i n p u t ( ’ \ n E n t e r : Lower w a v e l e n g t h [nm] \ n \ n ’ ) ;
451 Lambda_Lower=Lambda_Lower *10^−9;
452 Lambda_Higher= i n p u t ( ’ \ n E n t e r : Higher w a v e l e n g t h [nm] \ n \ n ’ ) ;
453 Lambda_Higher=Lambda_Higher *10^−9;
454 z= i n p u t ( ’ \ n E n t e r : D i s t a n c e wi th t h e o b s e r v a t i o n p l a n [m] \ n \ n ’ ) ;
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455 N u m b e r _ E c h a n t i l l o n s = i n p u t ( ’ \ n E n t e r : Number o f samples \ n \ n ’ ) ;
456 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
457 R e s u l t s _ C ( i ) . z=z ;
458 R e s u l t s _ C ( i ) . Lambda=Lambda_Lower +( Lambda_Higher−Lambda_Lower ) * ( i −1) / ( Number_Echan t i l l ons

−1) ;
459 R e s u l t s _ C ( i ) . D iame te r = Diamete r ;
460 [ R e s u l t s _ C ( i ) . S i g n a l , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) . x , R e s u l t s _ C ( i ) . y ]= C i r c l e _ G e n e r a t o r (

R e s u l t s _ C ( i ) . Diameter , Speed ) ;
461 R e s u l t s _ C ( i ) . I1 = abs ( R e s u l t s _ C ( i ) . S i g n a l ) . ^ 2 ;
462 R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y =1.22* R e s u l t s _ C ( i ) . Lambda* R e s u l t s _ C ( i ) . z / R e s u l t s _ C ( i ) .

D iamete r ;
463 R e s u l t s _ C ( i ) . Fresne l_Number =( R e s u l t s _ C ( i ) . D iame te r / 2 ) ^ 2 / R e s u l t s _ C ( i ) . Lambda / R e s u l t s _ C ( i ) . z ;
464 [ R e s u l t s _ C ( i ) . S i g n a l _ O b s e r v a t i o n , R e s u l t s _ C ( i ) . L2 , R e s u l t s _ C ( i ) .M]= P r o p a g a t i o n ( R e s u l t s _ C ( i ) .

S i g n a l , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) . Lambda , R e s u l t s _ C ( i ) . z , R e s u l t s _ C ( i ) . Fresne l_Number ) ;
465 R e s u l t s _ C ( i ) . dx2= R e s u l t s _ C ( i ) . L2 / R e s u l t s _ C ( i ) .M;
466 R e s u l t s _ C ( i ) . x2=−R e s u l t s _ C ( i ) . L2 / 2 : R e s u l t s _ C ( i ) . dx2 : R e s u l t s _ C ( i ) . L2/2−R e s u l t s _ C ( i ) . dx2 ;
467 R e s u l t s _ C ( i ) . y2= R e s u l t s _ C ( i ) . x2 ;
468 R e s u l t s _ C ( i ) . I2 = abs ( R e s u l t s _ C ( i ) . S i g n a l _ O b s e r v a t i o n ) . ^ 2 ;
469 R e s u l t s _ C ( i ) . To ta l_Power1 = I r r a d i a n c e _ P o w e r ( R e s u l t s _ C ( i ) . I1 , R e s u l t s _ C ( i ) . L1 , R e s u l t s _ C ( i ) .M) ;
470 [ R e s u l t s _ C ( i ) . E n c i r c l e _ P ow e r , R e s u l t s _ C ( i ) . F i r s t _ D i s k _ P o w e r , R e s u l t s _ C ( i ) . Tota l_Power2 , R e s u l t s _ C

( i ) . Rad ius_Ai ry ]= E n c i r c l e d _ E n e r g y ( R e s u l t s _ C ( i ) . I2 , R e s u l t s _ C ( i ) . L2 , R e s u l t s _ C ( i ) .M, R e s u l t s _ C
( i ) . x2 , R e s u l t s _ C ( i ) . To ta l_Power1 ) ;

471 R e s u l t s _ C ( i ) . E r r o r _ A i r y = abs ( R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y−R e s u l t s _ C ( i ) . Rad ius_Ai ry ) /
R e s u l t s _ C ( i ) . R a d i u s _ T h e o r e t i c a l _ A i r y *100 ;

472 end
473

474

475 end
476

477

478 end

1.7 Display_Results_Optimization_C.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % S c r i p t used f o r d i s p l a y t h e r e s u l t s o f t h e C i r c l e ( O p t i m i z a t i o n c a s e )
4

5 i =1 ;
6 w h i l e i ==1
7 d i s p ( [ ’ ’ ] ) ;
8 d i s p ( [ ’ ’ ] ) ;
9 d i s p ( [ ’ E n t e r : E r r o r wi th t h e a r r a y r a d i u s ( 1 ) − T o t a l power ( 2 ) − E n c i r c l e d power ( 3 ) ’ ] ) ;

10 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (2D) ( 4 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n (2D) ( 5 ) ’ ] ) ;
11 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (3D) ( 6 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n (3D) ( 7 ) ’ ] ) ;
12 d i s p ( [ ’ P r o f i l e i r r a n d i a n c e i n o b s e r v a t i o n p l a n ( 8 ) ’ ] ) ;
13 d i s p ( [ ’ ’ ] ) ;
14 D i s p l a y = i n p u t ( ’ \ n ’ ) ;
15

16 i f O p t i m i z a t i o n _ P a r a m e t e r ==1
17

18 i f D i s p l a y ==1
19 i =0 ;
20 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
21 x ( i ) = R e s u l t s _ C ( i ) . D iamete r ;
22 y ( i ) = R e s u l t s _ C ( i ) . E r r o r _ A i r y ;
23 end
24 f i g u r e
25 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
26 y l a b e l ( ’ E r r o r i n Airy r a d i u s [%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
27 x l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
28 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Lambda *10^9) , ’nm ’ ] , ’

I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
29 e l s e i f D i s p l a y ==2
30 i =0 ;
31 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
32 x ( i ) = R e s u l t s _ C ( i ) . D iamete r ;
33 y ( i ) = R e s u l t s _ C ( i ) . To ta l_Power1 ;
34 end
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35 f i g u r e
36 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
37 y l a b e l ( ’ T o t a l Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
38 x l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
39 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Lambda *10^9) , ’nm ’ ] , ’

I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
40 e l s e i f D i s p l a y ==3
41 i =0 ;
42 d i s p ( [ ’ ’ ] ) ;
43 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ C (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
44 d i s p ( [ ’ ’ ] ) ;
45 Diamete r = i n p u t ( ’ \ n ’ ) ;
46 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
47 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
48 j = f l o o r ( j ) ;
49 e l s e
50 j = c e i l ( j ) ;
51 end
52 d i s p ( [ ’ ’ ] ) ;
53 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
54 d i s p ( [ ’ ’ ] ) ;
55 d i s p ( [ ’ ’ ] ) ;
56 d i s p ( [ ’ P u r c e n t a g e o f t h e t o t a l power i n t h e " f i r s t d i s k " : ’ , num2s t r ( R e s u l t s _ C ( j ) .

F i r s t _ D i s k _ P o w e r *100) , ’ [%] ’ ] ) ;
57 d i s p ( [ ’ ’ ] ) ;
58 f i g u r e
59 p l o t ( R e s u l t s _ C ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ C ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’ Co lo r ’

, ’ b ’ ) ;
60 y l a b e l ( ’ E n c i r c l e power [%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
61 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
62 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
63

64 e l s e i f D i s p l a y ==4
65 i =0 ;
66 d i s p ( [ ’ ’ ] ) ;
67 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ C (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
68 d i s p ( [ ’ ’ ] ) ;
69 Diamete r = i n p u t ( ’ \ n ’ ) ;
70 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
71 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
72 j = f l o o r ( j ) ;
73 e l s e
74 j = c e i l ( j ) ;
75 end
76 d i s p ( [ ’ ’ ] ) ;
77 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
78 d i s p ( [ ’ ’ ] ) ;
79 imagesc ( R e s u l t s _ C ( j ) . x , R e s u l t s _ C ( j ) . y , n t h r o o t ( R e s u l t s _ C ( j ) . I1 , 3 ) ) ;
80 a x i s s q u a r e ; a x i s xy ;
81 co lormap ( ’ g ray ’ ) ;
82 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
83 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C ( j ) .

D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
84 e l s e i f D i s p l a y ==5
85 i =0 ;
86 d i s p ( [ ’ ’ ] ) ;
87 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ C (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
88 d i s p ( [ ’ ’ ] ) ;
89 Diamete r = i n p u t ( ’ \ n ’ ) ;
90 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
91 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
92 j = f l o o r ( j ) ;
93 e l s e
94 j = c e i l ( j ) ;
95 end
96 d i s p ( [ ’ ’ ] ) ;
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97 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
98 d i s p ( [ ’ ’ ] ) ;
99 imagesc ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . y2 , n t h r o o t ( R e s u l t s _ C ( j ) . I2 , 3 ) ) ;

100 a x i s s q u a r e ; a x i s xy ;
101 co lormap ( ’ g ray ’ ) ;
102 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
103 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
104 e l s e i f D i s p l a y ==6
105 i =0 ;
106 d i s p ( [ ’ ’ ] ) ;
107 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ C (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
108 d i s p ( [ ’ ’ ] ) ;
109 Diamete r = i n p u t ( ’ \ n ’ ) ;
110 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
111 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
112 j = f l o o r ( j ) ;
113 e l s e
114 j = c e i l ( j ) ;
115 end
116 d i s p ( [ ’ ’ ] ) ;
117 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
118 d i s p ( [ ’ ’ ] ) ;
119 s u r f ( R e s u l t s _ C ( j ) . x , R e s u l t s _ C ( j ) . y , n t h r o o t ( R e s u l t s _ C ( j ) . I1 , 3 ) ) ;
120 c a m l i g h t l e f t ;
121 l i g h t i n g phong
122 s h a d i n g i n t e r p
123 y l a b e l ( ’ y (m) ’ ) ;
124 x l a b e l ( ’ x (m) ’ ) ;
125 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C ( j ) .

D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
126 e l s e i f D i s p l a y ==7
127 i =0 ;
128 d i s p ( [ ’ ’ ] ) ;
129 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ C (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
130 d i s p ( [ ’ ’ ] ) ;
131 Diamete r = i n p u t ( ’ \ n ’ ) ;
132 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
133 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
134 j = f l o o r ( j ) ;
135 e l s e
136 j = c e i l ( j ) ;
137 end
138 d i s p ( [ ’ ’ ] ) ;
139 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
140 d i s p ( [ ’ ’ ] ) ;
141 s u r f ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . y2 , n t h r o o t ( R e s u l t s _ C ( j ) . I2 , 3 ) ) ;
142 c a m l i g h t l e f t ;
143 l i g h t i n g phong
144 s h a d i n g i n t e r p
145 y l a b e l ( ’ y (m) ’ ) ;
146 x l a b e l ( ’ x (m) ’ ) ;
147 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
148 e l s e i f D i s p l a y ==8
149 i =0 ;
150 d i s p ( [ ’ ’ ] ) ;
151 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ C (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
152 d i s p ( [ ’ ’ ] ) ;
153 Diamete r = i n p u t ( ’ \ n ’ ) ;
154 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
155 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
156 j = f l o o r ( j ) ;
157 e l s e
158 j = c e i l ( j ) ;
159 end
160 d i s p ( [ ’ ’ ] ) ;
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161 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
162 d i s p ( [ ’ ’ ] ) ;
163 f i g u r e
164 p l o t ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . I2 ( R e s u l t s _ C ( j ) .M/ 2 + 1 , : ) ) ;
165 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
166 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
167 e l s e
168 d i s p ( [ ’ ’ ] ) ;
169 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
170 d i s p ( [ ’ ’ ] ) ;
171 end
172

173 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==2
174

175

176 i f D i s p l a y ==1
177 i =0 ;
178 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
179 x ( i ) = R e s u l t s _ C ( i ) . z ;
180 y ( i ) = R e s u l t s _ C ( i ) . E r r o r _ A i r y ;
181 end
182 f i g u r e
183 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
184 y l a b e l ( ’ E r r o r i n Airy r a d i u s [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
185 x l a b e l ( ’ D i s t a n c e t o t h e o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
186 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r )

, ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
187 e l s e i f D i s p l a y ==2
188 i =0 ;
189 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
190 x ( i ) = R e s u l t s _ C ( i ) . z ;
191 y ( i ) = R e s u l t s _ C ( i ) . To ta l_Power1 ;
192 end
193 f i g u r e
194 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
195 y l a b e l ( ’ T o t a l Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
196 x l a b e l ( ’ D i s t a n c e t o t h e o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
197 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r )

, ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
198

199 e l s e i f D i s p l a y ==3
200 i =0 ;
201 d i s p ( [ ’ ’ ] ) ;
202 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
203 d i s p ( [ ’ ’ ] ) ;
204 z= i n p u t ( ’ \ n ’ ) ;
205 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Lower_z ) +1;
206 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
207 j = f l o o r ( j ) ;
208 e l s e
209 j = c e i l ( j ) ;
210 end
211 d i s p ( [ ’ ’ ] ) ;
212 d i s p ( [ ’ C l o s e r d i s t a n c e t o t h e o b s e r v a t i o n p l a n from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C

( j ) . z ) , ’ [m] ] ’ ] ) ;
213 d i s p ( [ ’ ’ ] ) ;
214 d i s p ( [ ’ ’ ] ) ;
215 d i s p ( [ ’ P u r c e n t a g e o f t h e t o t a l power i n t h e " f i r s t d i s k " : ’ , num2s t r ( R e s u l t s _ C ( j ) .

F i r s t _ D i s k _ P o w e r *100) , ’ [%] ’ ] ) ;
216 d i s p ( [ ’ ’ ] ) ;
217 f i g u r e
218 p l o t ( R e s u l t s _ C ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ C ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’ Co lo r ’

, ’ b ’ ) ;
219 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
220 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
221 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
222
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223

224 e l s e i f D i s p l a y ==4
225 i =0 ;
226 d i s p ( [ ’ ’ ] ) ;
227 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
228 d i s p ( [ ’ ’ ] ) ;
229 z= i n p u t ( ’ \ n ’ ) ;
230 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Lower_z ) +1;
231 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
232 j = f l o o r ( j ) ;
233 e l s e
234 j = c e i l ( j ) ;
235 end
236 d i s p ( [ ’ ’ ] ) ;
237 d i s p ( [ ’ C l o s e r d i s t a n c e t o t h e o b s e r v a t i o n p l a n from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C

( j ) . z ) , ’ [m] ] ’ ] ) ;
238 d i s p ( [ ’ ’ ] ) ;
239 imagesc ( R e s u l t s _ C ( j ) . x , R e s u l t s _ C ( j ) . y , n t h r o o t ( R e s u l t s _ C ( j ) . I1 , 3 ) ) ;
240 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’

nm − D= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
241 a x i s s q u a r e ; a x i s xy ;
242 co lormap ( ’ g ray ’ ) ;
243 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
244 t i t l e ( [ ’ z=0m’ ] ) ;
245 e l s e i f D i s p l a y ==5
246 i =0 ;
247 d i s p ( [ ’ ’ ] ) ;
248 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
249 d i s p ( [ ’ ’ ] ) ;
250 z= i n p u t ( ’ \ n ’ ) ;
251 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Lower_z ) +1;
252 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
253 j = f l o o r ( j ) ;
254 e l s e
255 j = c e i l ( j ) ;
256 end
257 d i s p ( [ ’ ’ ] ) ;
258 d i s p ( [ ’ C l o s e r d i s t a n c e t o t h e o b s e r v a t i o n p l a n from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C

( j ) . z ) , ’ [m] ] ’ ] ) ;
259 d i s p ( [ ’ ’ ] ) ;
260 imagesc ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . y2 , n t h r o o t ( R e s u l t s _ C ( j ) . I2 , 3 ) ) ;
261 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’

nm − D= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
262 a x i s s q u a r e ; a x i s xy ;
263 co lormap ( ’ g ray ’ ) ;
264 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
265 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m [ O b s e r v a t i o n p l a n ] ’ ] , ’ F o n t S i z e ’ , 14) ;
266 e l s e i f D i s p l a y ==6
267 i =0 ;
268 d i s p ( [ ’ ’ ] ) ;
269 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
270 d i s p ( [ ’ ’ ] ) ;
271 z= i n p u t ( ’ \ n ’ ) ;
272 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Lower_z ) +1;
273 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
274 j = f l o o r ( j ) ;
275 e l s e
276 j = c e i l ( j ) ;
277 end
278 d i s p ( [ ’ ’ ] ) ;
279 d i s p ( [ ’ C l o s e r d i s t a n c e t o t h e o b s e r v a t i o n p l a n from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C

( j ) . z ) , ’ [m] ] ’ ] ) ;
280 d i s p ( [ ’ ’ ] ) ;
281 s u r f ( R e s u l t s _ C ( j ) . x , R e s u l t s _ C ( j ) . y , n t h r o o t ( R e s u l t s _ C ( j ) . I1 , 3 ) ) ;
282 c a m l i g h t l e f t ;
283 l i g h t i n g phong
284 s h a d i n g i n t e r p
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285 y l a b e l ( ’ y (m) ’ ) ;
286 x l a b e l ( ’ x (m) ’ ) ;
287 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C ( j ) .

D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
288 e l s e i f D i s p l a y ==7
289 i =0 ;
290 d i s p ( [ ’ ’ ] ) ;
291 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
292 d i s p ( [ ’ ’ ] ) ;
293 z= i n p u t ( ’ \ n ’ ) ;
294 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Lower_z ) +1;
295 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
296 j = f l o o r ( j ) ;
297 e l s e
298 j = c e i l ( j ) ;
299 end
300 d i s p ( [ ’ ’ ] ) ;
301 d i s p ( [ ’ C l o s e r d i s t a n c e t o t h e o b s e r v a t i o n p l a n from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C

( j ) . z ) , ’ [m] ] ’ ] ) ;
302 d i s p ( [ ’ ’ ] ) ;
303 s u r f ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . y2 , n t h r o o t ( R e s u l t s _ C ( j ) . I2 , 3 ) ) ;
304 c a m l i g h t l e f t ;
305 l i g h t i n g phong
306 s h a d i n g i n t e r p
307 y l a b e l ( ’ y (m) ’ ) ;
308 x l a b e l ( ’ x (m) ’ ) ;
309 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
310 e l s e i f D i s p l a y ==8
311 i =0 ;
312 d i s p ( [ ’ ’ ] ) ;
313 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
314 d i s p ( [ ’ ’ ] ) ;
315 z= i n p u t ( ’ \ n ’ ) ;
316 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Lower_z ) +1;
317 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
318 j = f l o o r ( j ) ;
319 e l s e
320 j = c e i l ( j ) ;
321 end
322 d i s p ( [ ’ ’ ] ) ;
323 d i s p ( [ ’ C l o s e r d i s t a n c e t o t h e o b s e r v a t i o n p l a n from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C

( j ) . z ) , ’ [m] ] ’ ] ) ;
324 d i s p ( [ ’ ’ ] ) ;
325 f i g u r e
326 p l o t ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . I2 ( R e s u l t s _ C ( j ) .M/ 2 + 1 , : ) ) ;
327 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
328 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
329 e l s e
330 d i s p ( [ ’ ’ ] ) ;
331 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
332 d i s p ( [ ’ ’ ] ) ;
333 end
334

335

336 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==3
337

338 i f D i s p l a y ==1
339 i =0 ;
340 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
341 x ( i ) = R e s u l t s _ C ( i ) . Lambda ;
342 y ( i ) = R e s u l t s _ C ( i ) . E r r o r _ A i r y ;
343 end
344 f i g u r e
345 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
346 y l a b e l ( ’ E r r o r i n Airy r a d i u s [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
347 x l a b e l ( ’ Lambda [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
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348 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’m − D= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’m’ ] , ’ I n t e r p r e t e r
’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

349 e l s e i f D i s p l a y ==2
350 i =0 ;
351 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
352 x ( i ) = R e s u l t s _ C ( i ) . Lambda ;
353 y ( i ) = R e s u l t s _ C ( i ) . To ta l_Power1 ;
354 end
355 f i g u r e
356 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
357 y l a b e l ( ’ T o t a l Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
358 x l a b e l ( ’ Lambda [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
359 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . z ) , ’m − D= ’ , num2s t r ( R e s u l t s _ C ( 1 ) . Diamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’

, ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
360

361 e l s e i f D i s p l a y ==3
362 i =0 ;
363 d i s p ( [ ’ ’ ] ) ;
364 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ C ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
365 d i s p ( [ ’ ’ ] ) ;
366 Lambda= i n p u t ( ’ \ n ’ ) ;
367 Lambda=Lambda / 1 0 ^ 9 ;
368 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
369 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
370 j = f l o o r ( j ) ;
371 e l s e
372 j = c e i l ( j ) ;
373 end
374 d i s p ( [ ’ ’ ] ) ;
375 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] )

;
376 d i s p ( [ ’ ’ ] ) ;
377 d i s p ( [ ’ ’ ] ) ;
378 d i s p ( [ ’ P u r c e n t a g e o f t h e t o t a l power i n t h e " f i r s t d i s k " : ’ , num2s t r ( R e s u l t s _ C ( j ) .

F i r s t _ D i s k _ P o w e r *100) , ’ [%] ’ ] ) ;
379 d i s p ( [ ’ ’ ] ) ;
380 f i g u r e
381 p l o t ( R e s u l t s _ C ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ C ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’ Co lo r ’

, ’ b ’ ) ;
382 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
383 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
384 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
385

386 e l s e i f D i s p l a y ==4
387 i =0 ;
388 d i s p ( [ ’ ’ ] ) ;
389 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ C ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
390 d i s p ( [ ’ ’ ] ) ;
391 Lambda= i n p u t ( ’ \ n ’ ) ;
392 Lambda=Lambda / 1 0 ^ 9 ;
393 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
394 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
395 j = f l o o r ( j ) ;
396 e l s e
397 j = c e i l ( j ) ;
398 end
399 d i s p ( [ ’ ’ ] ) ;
400 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] )

;
401 d i s p ( [ ’ ’ ] ) ;
402 imagesc ( R e s u l t s _ C ( j ) . x , R e s u l t s _ C ( j ) . y , n t h r o o t ( R e s u l t s _ C ( j ) . I1 , 3 ) ) ;
403 a x i s s q u a r e ; a x i s xy ;
404 co lormap ( ’ g ray ’ ) ;
405 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
406 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C ( j ) .

D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
407 e l s e i f D i s p l a y ==5
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408 i =0 ;
409 d i s p ( [ ’ ’ ] ) ;
410 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ C ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
411 d i s p ( [ ’ ’ ] ) ;
412 Lambda= i n p u t ( ’ \ n ’ ) ;
413 Lambda=Lambda / 1 0 ^ 9 ;
414 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
415 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
416 j = f l o o r ( j ) ;
417 e l s e
418 j = c e i l ( j ) ;
419 end
420 d i s p ( [ ’ ’ ] ) ;
421 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] )

;
422 d i s p ( [ ’ ’ ] ) ;
423 imagesc ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . y2 , n t h r o o t ( R e s u l t s _ C ( j ) . I2 , 3 ) ) ;
424 a x i s s q u a r e ; a x i s xy ;
425 co lormap ( ’ g ray ’ ) ;
426 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
427 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
428 e l s e i f D i s p l a y ==6
429 i =0 ;
430 d i s p ( [ ’ ’ ] ) ;
431 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ C ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r ( R e s u l t s _ C (

N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
432 d i s p ( [ ’ ’ ] ) ;
433 Lambda= i n p u t ( ’ \ n ’ ) ;
434 Lambda=Lambda / 1 0 ^ 9 ;
435 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
436 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
437 j = f l o o r ( j ) ;
438 e l s e
439 j = c e i l ( j ) ;
440 end
441 d i s p ( [ ’ ’ ] ) ;
442 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] )

;
443 d i s p ( [ ’ ’ ] ) ;
444 s u r f ( R e s u l t s _ C ( j ) . x , R e s u l t s _ C ( j ) . y , n t h r o o t ( R e s u l t s _ C ( j ) . I1 , 3 ) ) ;
445 c a m l i g h t l e f t ;
446 l i g h t i n g phong
447 s h a d i n g i n t e r p
448 y l a b e l ( ’ y (m) ’ ) ;
449 x l a b e l ( ’ x (m) ’ ) ;
450 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C ( j ) .

D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
451 e l s e i f D i s p l a y ==7
452 i =0 ;
453 d i s p ( [ ’ ’ ] ) ;
454 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ C ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
455 d i s p ( [ ’ ’ ] ) ;
456 Lambda= i n p u t ( ’ \ n ’ ) ;
457 Lambda=Lambda / 1 0 ^ 9 ;
458 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
459 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
460 j = f l o o r ( j ) ;
461 e l s e
462 j = c e i l ( j ) ;
463 end
464 d i s p ( [ ’ ’ ] ) ;
465 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] )

;
466 d i s p ( [ ’ ’ ] ) ;
467 s u r f ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . y2 , n t h r o o t ( R e s u l t s _ C ( j ) . I2 , 3 ) ) ;
468 c a m l i g h t l e f t ;
469 l i g h t i n g phong
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470 s h a d i n g i n t e r p
471 y l a b e l ( ’ y (m) ’ ) ;
472 x l a b e l ( ’ x (m) ’ ) ;
473 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
474 e l s e i f D i s p l a y ==8
475 i =0 ;
476 d i s p ( [ ’ ’ ] ) ;
477 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ C ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ C ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
478 d i s p ( [ ’ ’ ] ) ;
479 Lambda= i n p u t ( ’ \ n ’ ) ;
480 Lambda=Lambda / 1 0 ^ 9 ;
481 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
482 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
483 j = f l o o r ( j ) ;
484 e l s e
485 j = c e i l ( j ) ;
486 end
487 d i s p ( [ ’ ’ ] ) ;
488 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ C ( j ) . D iame te r ) , ’ [m] ] ’ ] )

;
489 d i s p ( [ ’ ’ ] ) ;
490 f i g u r e
491 p l o t ( R e s u l t s _ C ( j ) . x2 , R e s u l t s _ C ( j ) . I2 ( R e s u l t s _ C ( j ) .M/ 2 + 1 , : ) ) ;
492 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
493 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C ( j ) . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C ( j ) . D iamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
494 e l s e
495 d i s p ( [ ’ ’ ] ) ;
496 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
497 d i s p ( [ ’ ’ ] ) ;
498

499 end
500

501 end
502

503 end

1.8 Display_Results_Optimization_PS.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % S c r i p t used f o r d i s p l a y t h e r e s u l t s o f t h e Photon S i e v e ( O p t i m i z a t i o n c a s e )
4 i =1 ;
5 w h i l e i ==1
6 d i s p ( [ ’ ’ ] ) ;
7 d i s p ( [ ’ E n t e r : Number o f h o l e s ( 1 ) − Number o f zones ( 2 ) − T o t a l power ( 3 ) ’ ] ) ;
8 d i s p ( [ ’ P e r c e n t a g e o f t h e i r r a d i a n c e i n t h e f i s t peak ( 4 ) − S u r f a c e r a t i o ( 5 ) ’ ] ) ;
9 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (2D) ( 6 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n ( PSF−2D) ( 7 ) ’

] ) ;
10 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (3D) ( 8 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n ( PSF−3D) ( 9 ) ’

] ) ;
11 d i s p ( [ ’ P r o f i l e i r r a n d i a n c e i n o b s e r v a t i o n p l a n ( PSF−P r o f i l e ) ( 1 0 ) ’ ] ) ;
12 d i s p ( [ ’ E n c i r c l e d e ne rg y ( 1 1 ) − Radius o f t h e f i r s t peak ( 1 2 ) ’ ] ) ;
13 d i s p ( [ ’ Diamete r o f t h e s m a l l e s t h o l e s ( 1 3 ) ’ ] ) ;
14 d i s p ( [ ’ ’ ] ) ;
15 D i s p l a y = i n p u t ( ’ \ n ’ ) ;
16

17 i f O p t i m i z a t i o n _ P a r a m e t e r ==1 && DiameterVSZones ==2
18

19 i f D i s p l a y ==1
20 i =0 ;
21 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
22 x ( i ) = R e s u l t s _ P S ( i ) . Zones ;
23 y ( i ) = R e s u l t s _ P S ( i ) . Numb_Total_Holes ;
24 end
25 f i g u r e
26 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
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27 y l a b e l ( ’ Number o f h o l e s [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
28 x l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
29 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
30 e l s e i f D i s p l a y ==2
31 i =0 ;
32 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
33 x ( i ) = R e s u l t s _ P S ( i ) . Zones ;
34 y ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
35 end
36 f i g u r e
37 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
38 y l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
39 x l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
40 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
41 e l s e i f D i s p l a y ==3
42 i =0 ;
43 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
44 x ( i ) = R e s u l t s _ P S ( i ) . Zones ;
45 y ( i ) = R e s u l t s _ P S ( i ) . To ta l_Power1 ;
46 end
47 f i g u r e
48 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
49 y l a b e l ( ’ Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
50 x l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
51 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
52 e l s e i f D i s p l a y ==4
53 i =0 ;
54 i =0 ;
55 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
56 x ( i ) = R e s u l t s _ P S ( i ) . Zones ;
57 y ( i ) = R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r *100 ;
58 end
59 f i g u r e
60 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
61 y l a b e l ( ’ Power i n t h e f i r s t d i s k [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
62 x l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
63 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
64 e l s e i f D i s p l a y ==5
65 i =0 ;
66 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
67 x ( i ) = R e s u l t s _ P S ( i ) . Zones ;
68 y ( i ) = R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o ;
69 end
70 f i g u r e
71 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
72 y l a b e l ( ’ S u r f a c e r a t i o [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
73 x l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
74 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
75

76 e l s e i f D i s p l a y ==6
77 i =0 ;
78 d i s p ( [ ’ ’ ] ) ;
79 d i s p ( [ ’ Which number o f zones ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Zones ) , ’ [−]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . Zones ) , ’ [−]] ’ ] ) ;
80 d i s p ( [ ’ ’ ] ) ;
81 Zones= i n p u t ( ’ \ n ’ ) ;
82 j =( Zones−Zones_Lower ) * ( Number_Echan t i l l ons −1) / ( Zones_Higher−Zones_Lower ) +1;
83 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
84 j = f l o o r ( j ) ;
85 e l s e
86 j = c e i l ( j ) ;
87 end
88 d i s p ( [ ’ ’ ] ) ;
89 d i s p ( [ ’ C l o s e r number o f zones from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Zones ) , ’ [m] ]

’ ] ) ;
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90 d i s p ( [ ’ ’ ] ) ;
91

92 imagesc ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
93 a x i s s q u a r e ; a x i s xy ;
94 co lormap ( ’ g ray ’ ) ;
95 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
96 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

97 e l s e i f D i s p l a y ==7
98 i =0 ;
99 d i s p ( [ ’ ’ ] ) ;

100 d i s p ( [ ’ Which number o f zones ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Zones ) , ’ [−]− ’ , num2s t r ( R e s u l t s _ P S (
N u m b e r _ E c h a n t i l l o n s ) . Zones ) , ’ [−]] ’ ] ) ;

101 d i s p ( [ ’ ’ ] ) ;
102 Zones= i n p u t ( ’ \ n ’ ) ;
103 j =( Zones−Zones_Lower ) * ( Number_Echan t i l l ons −1) / ( Zones_Higher−Zones_Lower ) +1;
104 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
105 j = f l o o r ( j ) ;
106 e l s e
107 j = c e i l ( j ) ;
108 end
109 d i s p ( [ ’ ’ ] ) ;
110 d i s p ( [ ’ C l o s e r number o f zones from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Zones ) , ’ [m] ]

’ ] ) ;
111 d i s p ( [ ’ ’ ] ) ;
112 imagesc ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
113 a x i s s q u a r e ; a x i s xy ;
114 co lormap ( ’ g ray ’ ) ;
115 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
116 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

117 e l s e i f D i s p l a y ==8
118 i =0 ;
119 d i s p ( [ ’ ’ ] ) ;
120 d i s p ( [ ’ Which number o f zones ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Zones ) , ’ [−]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . Zones ) , ’ [−]] ’ ] ) ;
121 d i s p ( [ ’ ’ ] ) ;
122 Zones= i n p u t ( ’ \ n ’ ) ;
123 j =( Zones−Zones_Lower ) * ( Number_Echan t i l l ons −1) / ( Zones_Higher−Zones_Lower ) +1;
124 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
125 j = f l o o r ( j ) ;
126 e l s e
127 j = c e i l ( j ) ;
128 end
129 d i s p ( [ ’ ’ ] ) ;
130 d i s p ( [ ’ C l o s e r number o f zones from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Zones ) , ’ [m] ]

’ ] ) ;
131 d i s p ( [ ’ ’ ] ) ;
132 s u r f ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
133 c a m l i g h t l e f t ;
134 l i g h t i n g phong
135 s h a d i n g i n t e r p
136 y l a b e l ( ’ y (m) ’ ) ;
137 x l a b e l ( ’ x (m) ’ ) ;
138 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

139 e l s e i f D i s p l a y ==9
140 i =0 ;
141 d i s p ( [ ’ ’ ] ) ;
142 d i s p ( [ ’ Which number o f zones ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Zones ) , ’ [−]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . Zones ) , ’ [−]] ’ ] ) ;
143 d i s p ( [ ’ ’ ] ) ;
144 Zones= i n p u t ( ’ \ n ’ ) ;
145 j =( Zones−Zones_Lower ) * ( Number_Echan t i l l ons −1) / ( Zones_Higher−Zones_Lower ) +1;
146 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
147 j = f l o o r ( j ) ;
148 e l s e
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149 j = c e i l ( j ) ;
150 end
151 d i s p ( [ ’ ’ ] ) ;
152 d i s p ( [ ’ C l o s e r number o f zones from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Zones ) , ’ [m] ]

’ ] ) ;
153 d i s p ( [ ’ ’ ] ) ;
154 s u r f ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
155 c a m l i g h t l e f t ;
156 l i g h t i n g phong
157 s h a d i n g i n t e r p
158 y l a b e l ( ’ y (m) ’ ) ;
159 x l a b e l ( ’ x (m) ’ ) ;
160 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

161 e l s e i f D i s p l a y ==10
162 i =0 ;
163 d i s p ( [ ’ ’ ] ) ;
164 d i s p ( [ ’ Which number o f zones ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Zones ) , ’ [−]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . Zones ) , ’ [−]] ’ ] ) ;
165 d i s p ( [ ’ ’ ] ) ;
166 Zones= i n p u t ( ’ \ n ’ ) ;
167 j =( Zones−Zones_Lower ) * ( Number_Echan t i l l ons −1) / ( Zones_Higher−Zones_Lower ) +1;
168 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
169 j = f l o o r ( j ) ;
170 e l s e
171 j = c e i l ( j ) ;
172 end
173 d i s p ( [ ’ ’ ] ) ;
174 d i s p ( [ ’ C l o s e r number o f zones from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Zones ) , ’ [m] ]

’ ] ) ;
175 d i s p ( [ ’ ’ ] ) ;
176 f i g u r e
177 p l o t ( R e s u l t s _ P S ( j ) . x2 ( 2 : end ) , R e s u l t s _ P S ( j ) . I2 ( R e s u l t s _ P S ( j ) .M/ 2 , 1 : ( end−1) ) / R e s u l t s _ P S (

j ) . To ta l_Power1 ) ;
178 x l a b e l ( ’ x (m) ’ , ’ l a t e x ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ , ’ l a t e x ’ ) ;
179 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

180 e l s e i f D i s p l a y ==11
181 i =0 ;
182 d i s p ( [ ’ ’ ] ) ;
183 d i s p ( [ ’ Which number o f zones ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Zones ) , ’ [−]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . Zones ) , ’ [−]] ’ ] ) ;
184 d i s p ( [ ’ ’ ] ) ;
185 Zones= i n p u t ( ’ \ n ’ ) ;
186 j =( Zones−Zones_Lower ) * ( Number_Echan t i l l ons −1) / ( Zones_Higher−Zones_Lower ) +1;
187 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
188 j = f l o o r ( j ) ;
189 e l s e
190 j = c e i l ( j ) ;
191 end
192 d i s p ( [ ’ ’ ] ) ;
193 d i s p ( [ ’ C l o s e r number o f zones from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Zones ) , ’ [m] ]

’ ] ) ;
194 d i s p ( [ ’ ’ ] ) ;
195 f i g u r e
196 p l o t ( R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’

Co lo r ’ , ’ b ’ ) ;
197 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
198 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
199 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

200 e l s e i f D i s p l a y ==12
201 i =0 ;
202 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
203 x ( i ) = R e s u l t s _ P S ( i ) . Zones ;
204 y ( i ) = R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k *10^6 ;
205 Airy_Rad ius ( i ) =1 .22* R e s u l t s _ P S ( i ) . Lambda* R e s u l t s _ P S ( i ) . z / R e s u l t s _ P S ( i ) . D iame te r
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*10^6 ;
206 end
207 f i g u r e
208 ho ld on
209 p l o t ( x , Ai ry_Radius , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ r ’ ) ;
210 l e g e n d ( { ’ Ai ry r a d i u s ’ } , ’ f o n t s i z e ’ , 1 1 ) ;
211 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
212 y l a b e l ( ’ Rad ius o f t h e f i r s t d i s k [ micron ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
213 x l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
214 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
215 ho ld o f f
216 e l s e i f D i s p l a y ==13
217 i =0 ;
218 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
219 x ( i ) = R e s u l t s _ P S ( i ) . Zones ;
220 y ( i ) = R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s *10^6 ;
221 end
222

223 f i g u r e
224 ho ld on
225 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
226 y l a b e l ( ’ Diamete r o f t h e s m a l l e s t h o l e s [ Microns ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
227 x l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
228 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
229 ho ld o f f
230 e l s e
231 d i s p ( [ ’ ’ ] ) ;
232 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
233 d i s p ( [ ’ ’ ] ) ;
234

235 end
236

237 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==1 && DiameterVSZones ==1
238

239 i f D i s p l a y ==1
240 i =0 ;
241 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
242 x ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
243 y ( i ) = R e s u l t s _ P S ( i ) . Numb_Total_Holes ;
244 end
245 f i g u r e
246 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
247 y l a b e l ( ’ Number o f h o l e s [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
248 x l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
249 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S (1 j ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
250

251 e l s e i f D i s p l a y ==2
252 i =0 ;
253 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
254 x ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
255 y ( i ) = R e s u l t s _ P S ( i ) . Coun te r_Zones ;
256 end
257 f i g u r e
258 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
259 y l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
260 x l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
261 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S (1 j ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
262 e l s e i f D i s p l a y ==3
263 i =0 ;
264 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
265 x ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
266 y ( i ) = R e s u l t s _ P S ( i ) . To ta l_Power1 ;
267 end
268 f i g u r e
269 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
270 y l a b e l ( ’ Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
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271 x l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
272 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S (1 j ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
273 e l s e i f D i s p l a y ==4
274 i =0 ;
275 i =0 ;
276 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
277 x ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
278 y ( i ) = R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r *100 ;
279 end
280 f i g u r e
281 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
282 y l a b e l ( ’ Power i n t h e f i r s t d i s k [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
283 x l a b e l ( ’ Diamete r o f t h e Photon S i e v e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
284 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S (1 j ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
285 e l s e i f D i s p l a y ==5
286 i =0 ;
287 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
288 x ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
289 y ( i ) = R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o ;
290 end
291 f i g u r e
292 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
293 y l a b e l ( ’ S u r f a c e r a t i o [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
294 x l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
295 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S (1 j ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
296

297 e l s e i f D i s p l a y ==6
298 i =0 ;
299 d i s p ( [ ’ ’ ] ) ;
300 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
301 d i s p ( [ ’ ’ ] ) ;
302 Diamete r = i n p u t ( ’ \ n ’ ) ;
303 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
304 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
305 j = f l o o r ( j ) ;
306 e l s e
307 j = c e i l ( j ) ;
308 end
309 d i s p ( [ ’ ’ ] ) ;
310 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
311 d i s p ( [ ’ ’ ] ) ;
312

313 imagesc ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
314 a x i s s q u a r e ; a x i s xy ;
315 co lormap ( ’ g ray ’ ) ;
316 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
317 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

318 e l s e i f D i s p l a y ==7
319 i =0 ;
320 d i s p ( [ ’ ’ ] ) ;
321 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
322 d i s p ( [ ’ ’ ] ) ;
323 Diamete r = i n p u t ( ’ \ n ’ ) ;
324 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
325 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
326 j = f l o o r ( j ) ;
327 e l s e
328 j = c e i l ( j ) ;
329 end
330 d i s p ( [ ’ ’ ] ) ;
331 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
332 d i s p ( [ ’ ’ ] ) ;
333 imagesc ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
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334 a x i s s q u a r e ; a x i s xy ;
335 co lormap ( ’ g ray ’ ) ;
336 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
337 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

338

339 e l s e i f D i s p l a y ==8
340 i =0 ;
341 d i s p ( [ ’ ’ ] ) ;
342 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
343 d i s p ( [ ’ ’ ] ) ;
344 Diamete r = i n p u t ( ’ \ n ’ ) ;
345 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
346 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
347 j = f l o o r ( j ) ;
348 e l s e
349 j = c e i l ( j ) ;
350 end
351 d i s p ( [ ’ ’ ] ) ;
352 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
353 d i s p ( [ ’ ’ ] ) ;
354 s u r f ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
355 c a m l i g h t l e f t ;
356 l i g h t i n g phong
357 s h a d i n g i n t e r p
358 y l a b e l ( ’ y (m) ’ ) ;
359 x l a b e l ( ’ x (m) ’ ) ;
360 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

361

362 e l s e i f D i s p l a y ==9
363 i =0 ;
364 d i s p ( [ ’ ’ ] ) ;
365 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
366 d i s p ( [ ’ ’ ] ) ;
367 Diamete r = i n p u t ( ’ \ n ’ ) ;
368 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
369 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
370 j = f l o o r ( j ) ;
371 e l s e
372 j = c e i l ( j ) ;
373 end
374 d i s p ( [ ’ ’ ] ) ;
375 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
376 d i s p ( [ ’ ’ ] ) ;
377 s u r f ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
378 c a m l i g h t l e f t ;
379 l i g h t i n g phong
380 s h a d i n g i n t e r p
381 y l a b e l ( ’ y (m) ’ ) ;
382 x l a b e l ( ’ x (m) ’ ) ;
383 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m [ O b s e r v a t i o n p l a n ] ’ ] , ’ F o n t S i z e ’ , 14) ;
384 e l s e i f D i s p l a y ==10
385 i =0 ;
386 d i s p ( [ ’ ’ ] ) ;
387 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
388 d i s p ( [ ’ ’ ] ) ;
389 Diamete r = i n p u t ( ’ \ n ’ ) ;
390 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
391 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
392 j = f l o o r ( j ) ;
393 e l s e
394 j = c e i l ( j ) ;
395 end
396 d i s p ( [ ’ ’ ] ) ;
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397 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
398 d i s p ( [ ’ ’ ] ) ;
399 f i g u r e
400 p l o t ( R e s u l t s _ P S ( j ) . x2 ( 2 : end ) , R e s u l t s _ P S ( j ) . I2 ( R e s u l t s _ P S ( j ) .M/ 2 , 1 : ( end−1) ) / R e s u l t s _ P S ( j

) . To ta l_Power1 ) ;
401 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
402 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

403

404

405 e l s e i f D i s p l a y ==11
406 i =0 ;
407 d i s p ( [ ’ ’ ] ) ;
408 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
409 d i s p ( [ ’ ’ ] ) ;
410 Diamete r = i n p u t ( ’ \ n ’ ) ;
411 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
412 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
413 j = f l o o r ( j ) ;
414 e l s e
415 j = c e i l ( j ) ;
416 end
417 d i s p ( [ ’ ’ ] ) ;
418 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
419 d i s p ( [ ’ ’ ] ) ;
420 f i g u r e
421 p l o t ( R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’

Co lo r ’ , ’ b ’ ) ;
422 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
423 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
424 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

425

426 e l s e i f D i s p l a y ==12
427 i =0 ;
428 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
429 x ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
430 y ( i ) = R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k *10^6 ;
431 Airy_Rad ius ( i ) =1 .22* R e s u l t s _ P S ( i ) . Lambda* R e s u l t s _ P S ( i ) . z / R e s u l t s _ P S ( i ) . D iame te r

*10^6 ;
432 end
433 f i g u r e
434 ho ld on
435 p l o t ( x , Ai ry_Radius , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ r ’ ) ;
436 l e g e n d ( { ’ Ai ry r a d i u s ’ } , ’ f o n t s i z e ’ , 1 1 ) ;
437 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
438 y l a b e l ( ’ Rad ius o f t h e f i r s t peak [ micron ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
439 x l a b e l ( ’ Diamete r o f t h e Photon S i e v e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
440 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
441

442 ho ld o f f
443 e l s e i f D i s p l a y ==13
444 i =0 ;
445 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
446 x ( i ) = R e s u l t s _ P S ( i ) . D iamete r ;
447 y ( i ) = R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s *10^6 ;
448 end
449 f i g u r e
450 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
451 y l a b e l ( ’ Diamete r o f t h e s m a l l e s t h o l e s [ Microns ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
452 x l a b e l ( ’ Diamete r [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
453 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
454

455

456 e l s e
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457 d i s p ( [ ’ ’ ] ) ;
458 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
459 d i s p ( [ ’ ’ ] ) ;
460

461 end
462

463 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==2
464

465 i f D i s p l a y ==1
466 i =0 ;
467 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
468 x ( i ) = R e s u l t s _ P S ( i ) . z ;
469 y ( i ) = R e s u l t s _ P S ( i ) . Numb_Total_Holes ;
470 end
471 f i g u r e
472 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
473 y l a b e l ( ’ Number o f h o l e s [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
474 x l a b e l ( ’ D i s t a n c e t o o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
475 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m −

’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
476 e l s e i f D i s p l a y ==2
477 i =0 ;
478 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
479 x ( i ) = R e s u l t s _ P S ( i ) . z ;
480 y ( i ) = R e s u l t s _ P S ( i ) . Coun te r_Zones ;
481 end
482 f i g u r e
483 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
484 y l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
485 x l a b e l ( ’ D i s t a n c e t o o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
486 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m −

’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
487 e l s e i f D i s p l a y ==3
488 i =0 ;
489 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
490 x ( i ) = R e s u l t s _ P S ( i ) . z ;
491 y ( i ) = R e s u l t s _ P S ( i ) . To ta l_Power1 ;
492 end
493 f i g u r e
494 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
495 y l a b e l ( ’ Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
496 x l a b e l ( ’ D i s t a n c e t o o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
497 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m −

’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
498 e l s e i f D i s p l a y ==4
499 i =0 ;
500 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
501 x ( i ) = R e s u l t s _ P S ( i ) . z ;
502 y ( i ) = R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r *100 ;
503 end
504 f i g u r e
505 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
506 y l a b e l ( ’ Power i n t h e f i r s t d i s k [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
507 x l a b e l ( ’ D i s t a n c e t o o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
508 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m −

’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
509 e l s e i f D i s p l a y ==5
510 i =0 ;
511 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
512 x ( i ) = R e s u l t s _ P S ( i ) . z ;
513 y ( i ) = R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o ;
514 end
515 f i g u r e
516 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
517 y l a b e l ( ’ S u r f a c e r a t i o [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
518 x l a b e l ( ’ D i s t a n c e t o o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
519 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m −

’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
520

521 e l s e i f D i s p l a y ==6
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522 i =0 ;
523 d i s p ( [ ’ ’ ] ) ;
524 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
525 d i s p ( [ ’ ’ ] ) ;
526 z= i n p u t ( ’ \ n ’ ) ;
527 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Higher_z−Lower_z ) +1;
528 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
529 j = f l o o r ( j ) ;
530 e l s e
531 j = c e i l ( j ) ;
532 end
533 d i s p ( [ ’ ’ ] ) ;
534 d i s p ( [ ’ C l o s e r d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’ [m] ] ’ ] ) ;
535 d i s p ( [ ’ ’ ] ) ;
536

537 imagesc ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
538 a x i s s q u a r e ; a x i s xy ;
539 co lormap ( ’ g ray ’ ) ;
540 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
541 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

542

543 e l s e i f D i s p l a y ==7
544 i =0 ;
545 d i s p ( [ ’ ’ ] ) ;
546 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
547 d i s p ( [ ’ ’ ] ) ;
548 z= i n p u t ( ’ \ n ’ ) ;
549 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Higher_z−Lower_z ) +1;
550 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
551 j = f l o o r ( j ) ;
552 e l s e
553 j = c e i l ( j ) ;
554 end
555 d i s p ( [ ’ ’ ] ) ;
556 d i s p ( [ ’ C l o s e r d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’ [m] ] ’ ] ) ;
557 d i s p ( [ ’ ’ ] ) ;
558 imagesc ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
559 a x i s s q u a r e ; a x i s xy ;
560 co lormap ( ’ g ray ’ ) ;
561 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
562 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

563 e l s e i f D i s p l a y ==8
564 i =0 ;
565 d i s p ( [ ’ ’ ] ) ;
566 d i s p ( [ ’ Which d i a m e t e r ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Diamete r ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D iame te r ) , ’ [m] ] ’ ] ) ;
567 d i s p ( [ ’ ’ ] ) ;
568 Diamete r = i n p u t ( ’ \ n ’ ) ;
569 j =( Diameter−Diameter_Lower ) * ( Number_Echan t i l l ons −1) / ( Diamete r_Higher−Diameter_Lower ) +1;
570 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
571 j = f l o o r ( j ) ;
572 e l s e
573 j = c e i l ( j ) ;
574 end
575 d i s p ( [ ’ ’ ] ) ;
576 d i s p ( [ ’ C l o s e r d i a m e t e r from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D iame te r ) , ’ [m] ] ’ ] ) ;
577 d i s p ( [ ’ ’ ] ) ;
578 s u r f ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
579 c a m l i g h t l e f t ;
580 l i g h t i n g phong
581 s h a d i n g i n t e r p
582 y l a b e l ( ’ y (m) ’ ) ;
583 x l a b e l ( ’ x (m) ’ ) ;
584 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .
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f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

585

586 e l s e i f D i s p l a y ==9
587 i =0 ;
588 d i s p ( [ ’ ’ ] ) ;
589 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’ [m]− ’ , num2s t r (

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [m] ] ’ ] ) ;
590 d i s p ( [ ’ ’ ] ) ;
591 z= i n p u t ( ’ \ n ’ ) ;
592 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Higher_z−Lower_z ) +1;
593 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
594 j = f l o o r ( j ) ;
595 e l s e
596 j = c e i l ( j ) ;
597 end
598 d i s p ( [ ’ ’ ] ) ;
599 d i s p ( [ ’ C l o s e r d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’ [m] ] ’ ] ) ;
600 d i s p ( [ ’ ’ ] ) ;
601 s u r f ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
602 c a m l i g h t l e f t ;
603 l i g h t i n g phong
604 s h a d i n g i n t e r p
605 y l a b e l ( ’ y (m) ’ ) ;
606 x l a b e l ( ’ x (m) ’ ) ;
607 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

608

609 e l s e i f D i s p l a y ==10
610 i =0 ;
611 d i s p ( [ ’ ’ ] ) ;
612 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’ [%]− ’ , num2s t r (

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [%]] ’ ] ) ;
613 d i s p ( [ ’ ’ ] ) ;
614 z= i n p u t ( ’ \ n ’ ) ;
615 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Higher_z−Lower_z ) +1;
616 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
617 j = f l o o r ( j ) ;
618 e l s e
619 j = c e i l ( j ) ;
620 end
621 d i s p ( [ ’ ’ ] ) ;
622 d i s p ( [ ’ C l o s e r d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’ [%]] ’ ] ) ;
623 d i s p ( [ ’ ’ ] ) ;
624 f i g u r e
625 p l o t ( R e s u l t s _ P S ( j ) . x2 ( 2 : end ) , R e s u l t s _ P S ( j ) . I2 ( R e s u l t s _ P S ( j ) .M/ 2 , 1 : ( end−1) ) / R e s u l t s _ P S ( j ) .

To ta l_Power1 ) ;
626 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
627 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

628

629 e l s e i f D i s p l a y ==11
630 i =0 ;
631 d i s p ( [ ’ ’ ] ) ;
632 d i s p ( [ ’ Which d i s t a n c e t o t h e o b s e r v a t i o n p l a n ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’ [%]− ’ , num2s t r (

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . z ) , ’ [%]] ’ ] ) ;
633 d i s p ( [ ’ ’ ] ) ;
634 z= i n p u t ( ’ \ n ’ ) ;
635 j =( z−Lower_z ) * ( Number_Echan t i l l ons −1) / ( Higher_z−Lower_z ) +1;
636 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
637 j = f l o o r ( j ) ;
638 e l s e
639 j = c e i l ( j ) ;
640 end
641 d i s p ( [ ’ ’ ] ) ;
642 d i s p ( [ ’ C l o s e r d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’ [%]] ’ ] ) ;
643 d i s p ( [ ’ ’ ] ) ;
644 f i g u r e
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645 p l o t ( R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’
Co lo r ’ , ’ b ’ ) ;

646 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
647 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
648 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

649

650 e l s e i f D i s p l a y ==12
651 i =0 ;
652 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
653 x ( i ) = R e s u l t s _ P S ( i ) . z ;
654 y ( i ) = R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k *10^6 ;
655 Airy_Rad ius ( i ) =1 .22* R e s u l t s _ P S ( i ) . Lambda* R e s u l t s _ P S ( i ) . z / R e s u l t s _ P S ( i ) . D iame te r

*10^6 ;
656 end
657 f i g u r e
658 ho ld on
659

660 p l o t ( x , Ai ry_Radius , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ r ’ ) ;
661 l e g e n d ( { ’ Ai ry r a d i u s ’ } , ’ f o n t s i z e ’ , 1 1 ) ;
662 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
663 y l a b e l ( ’ Rad ius o f t h e f i r s t peak [ micron ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
664 x l a b e l ( ’ D i s t a n c e t o o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
665 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m −

’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
666

667 ho ld o f f
668 e l s e i f D i s p l a y ==13
669 i =0 ;
670 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
671 x ( i ) = R e s u l t s _ P S ( i ) . z ;
672 y ( i ) = R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s *10^6 ;
673 end
674 f i g u r e
675 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
676 y l a b e l ( ’ Diamete r o f t h e s m a l l e s t h o l e s [ Microns ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
677 x l a b e l ( ’ D i s t a n c e t o t h e o b s e r v a t i o n p l a n [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
678 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m −

’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
679

680 e l s e
681 d i s p ( [ ’ ’ ] ) ;
682 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
683 d i s p ( [ ’ ’ ] ) ;
684

685 end
686

687 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==3
688 i f D i s p l a y ==1
689 i =0 ;
690 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
691 x ( i ) = R e s u l t s _ P S ( i ) . D e n s i t y ;
692 y ( i ) = R e s u l t s _ P S ( i ) . Numb_Total_Holes ;
693 end
694 f i g u r e
695 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
696 y l a b e l ( ’ Number o f h o l e s [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
697 x l a b e l ( ’ D e n s i t y [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
698 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

699

700 e l s e i f D i s p l a y ==2
701 i =0 ;
702 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
703 x ( i ) = R e s u l t s _ P S ( i ) . D e n s i t y ;
704 y ( i ) = R e s u l t s _ P S ( i ) . Coun te r_Zones ;
705 end
706 f i g u r e
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707 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
708 y l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
709 x l a b e l ( ’ D e n s i t y [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
710 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

711

712 e l s e i f D i s p l a y ==3
713 i =0 ;
714 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
715 x ( i ) = R e s u l t s _ P S ( i ) . D e n s i t y ;
716 y ( i ) = R e s u l t s _ P S ( i ) . To ta l_Power1 ;
717 end
718 f i g u r e
719 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
720 y l a b e l ( ’ Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
721 x l a b e l ( ’ D e n s i t y [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
722 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

723

724 e l s e i f D i s p l a y ==4
725 i =0 ;
726 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
727 x ( i ) = R e s u l t s _ P S ( i ) . D e n s i t y ;
728 y ( i ) = R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r *100 ;
729 end
730 f i g u r e
731 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
732 y l a b e l ( ’ Power i n t h e f i r s t d i s k [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
733 x l a b e l ( ’ D e n s i t y [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
734 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

735

736 e l s e i f D i s p l a y ==5
737 i =0 ;
738 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
739 x ( i ) = R e s u l t s _ P S ( i ) . D e n s i t y ;
740 y ( i ) = R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o ;
741 end
742 f i g u r e
743 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
744 y l a b e l ( ’ S u r f a c e r a t i o [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
745 x l a b e l ( ’ D e n s i t y [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
746 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

747

748

749 e l s e i f D i s p l a y ==6
750 i =0 ;
751 d i s p ( [ ’ ’ ] ) ;
752 d i s p ( [ ’ Which d e n s i t y ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . D e n s i t y ) , ’ [%]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
753 d i s p ( [ ’ ’ ] ) ;
754 D e n s i t y = i n p u t ( ’ \ n ’ ) ;
755 j =( Dens i ty−Lower_Dens i ty ) * ( Number_Echan t i l l ons −1) / ( H i gh e r _D e n s i t y−Lower_Dens i ty ) +1 ;
756 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
757 j = f l o o r ( j ) ;
758 e l s e
759 j = c e i l ( j ) ;
760 end
761 d i s p ( [ ’ ’ ] ) ;
762 d i s p ( [ ’ C l o s e r d e n s i t y from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
763 d i s p ( [ ’ ’ ] ) ;
764

765 imagesc ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
766 a x i s s q u a r e ; a x i s xy ;
767 co lormap ( ’ g ray ’ ) ;
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768 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
769 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

770

771 e l s e i f D i s p l a y ==7
772 i =0 ;
773 d i s p ( [ ’ ’ ] ) ;
774 d i s p ( [ ’ Which d e n s i t y ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . D e n s i t y ) , ’ [%]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
775 d i s p ( [ ’ ’ ] ) ;
776 D e n s i t y = i n p u t ( ’ \ n ’ ) ;
777 j =( Dens i ty−Lower_Dens i ty ) * ( Number_Echan t i l l ons −1) / ( H i gh e r _D e n s i t y−Lower_Dens i ty ) +1 ;
778 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
779 j = f l o o r ( j ) ;
780 e l s e
781 j = c e i l ( j ) ;
782 end
783 d i s p ( [ ’ ’ ] ) ;
784 d i s p ( [ ’ C l o s e r d e n s i t y from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
785 d i s p ( [ ’ ’ ] ) ;
786 imagesc ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
787 a x i s s q u a r e ; a x i s xy ;
788 co lormap ( ’ g ray ’ ) ;
789 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
790 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

791

792 e l s e i f D i s p l a y ==8
793 i =0 ;
794 i =0 ;
795 d i s p ( [ ’ ’ ] ) ;
796 d i s p ( [ ’ Which d e n s i t y ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . D e n s i t y ) , ’ [%]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
797 d i s p ( [ ’ ’ ] ) ;
798 D e n s i t y = i n p u t ( ’ \ n ’ ) ;
799 j =( Dens i ty−Lower_Dens i ty ) * ( Number_Echan t i l l ons −1) / ( H i gh e r _D e n s i t y−Lower_Dens i ty ) +1 ;
800 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
801 j = f l o o r ( j ) ;
802 e l s e
803 j = c e i l ( j ) ;
804 end
805 d i s p ( [ ’ ’ ] ) ;
806 d i s p ( [ ’ C l o s e r d e n s i t y from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
807 d i s p ( [ ’ ’ ] ) ;
808 s u r f ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
809 c a m l i g h t l e f t ;
810 l i g h t i n g phong
811 s h a d i n g i n t e r p
812 y l a b e l ( ’ y (m) ’ ) ;
813 x l a b e l ( ’ x (m) ’ ) ;
814 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

815

816 e l s e i f D i s p l a y ==9
817 i =0 ;
818 d i s p ( [ ’ ’ ] ) ;
819 d i s p ( [ ’ Which d e n s i t y ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . D e n s i t y ) , ’ [%]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
820 d i s p ( [ ’ ’ ] ) ;
821 D e n s i t y = i n p u t ( ’ \ n ’ ) ;
822 j =( Dens i ty−Lower_Dens i ty ) * ( Number_Echan t i l l ons −1) / ( H i gh e r _D e n s i t y−Lower_Dens i ty ) +1 ;
823 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
824 j = f l o o r ( j ) ;
825 e l s e
826 j = c e i l ( j ) ;
827 end
828 d i s p ( [ ’ ’ ] ) ;
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829 d i s p ( [ ’ C l o s e r d e n s i t y from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
830 d i s p ( [ ’ ’ ] ) ;
831 s u r f ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
832 c a m l i g h t l e f t ;
833 l i g h t i n g phong
834 s h a d i n g i n t e r p
835 y l a b e l ( ’ y (m) ’ ) ;
836 x l a b e l ( ’ x (m) ’ ) ;
837 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

838

839 e l s e i f D i s p l a y ==10
840 i =0 ;
841 d i s p ( [ ’ ’ ] ) ;
842 d i s p ( [ ’ Which d e n s i t y ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . D e n s i t y ) , ’ [%]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
843 d i s p ( [ ’ ’ ] ) ;
844 D e n s i t y = i n p u t ( ’ \ n ’ ) ;
845 j =( Dens i ty−Lower_Dens i ty ) * ( Number_Echan t i l l ons −1) / ( H i gh e r _D e n s i t y−Lower_Dens i ty ) +1 ;
846 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
847 j = f l o o r ( j ) ;
848 e l s e
849 j = c e i l ( j ) ;
850 end
851 d i s p ( [ ’ ’ ] ) ;
852 d i s p ( [ ’ C l o s e r d e n s i t y from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
853 d i s p ( [ ’ ’ ] ) ;
854 f i g u r e
855 p l o t ( R e s u l t s _ P S ( j ) . x2 ( 2 : end ) , R e s u l t s _ P S ( j ) . I2 ( R e s u l t s _ P S ( j ) .M/ 2 , 1 : ( end−1) ) / R e s u l t s _ P S ( j

) . To ta l_Power1 ) ;
856 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
857 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

858

859 e l s e i f D i s p l a y ==11
860 i =0 ;
861 d i s p ( [ ’ ’ ] ) ;
862 d i s p ( [ ’ Which d e n s i t y ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . D e n s i t y ) , ’ [%]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
863 d i s p ( [ ’ ’ ] ) ;
864 D e n s i t y = i n p u t ( ’ \ n ’ ) ;
865 j =( Dens i ty−Lower_Dens i ty ) * ( Number_Echan t i l l ons −1) / ( H i gh e r _D e n s i t y−Lower_Dens i ty ) +1 ;
866 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
867 j = f l o o r ( j ) ;
868 e l s e
869 j = c e i l ( j ) ;
870 end
871 d i s p ( [ ’ ’ ] ) ;
872 d i s p ( [ ’ C l o s e r d e n s i t y from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . D e n s i t y ) , ’ [%]] ’ ] ) ;
873 d i s p ( [ ’ ’ ] ) ;
874 f i g u r e
875 p l o t ( R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’

Co lo r ’ , ’ b ’ ) ;
876 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
877 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
878 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

879

880 e l s e i f D i s p l a y ==12
881 i =0 ;
882 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
883 x ( i ) = R e s u l t s _ P S ( i ) . D e n s i t y ;
884 y ( i ) = R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k *10^6 ;
885 Airy_Rad ius ( i ) =1 .22* R e s u l t s _ P S ( i ) . Lambda* R e s u l t s _ P S ( i ) . z / R e s u l t s _ P S ( i ) . D iame te r

*10^6 ;
886 end
887 f i g u r e
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888 ho ld on
889 p l o t ( x , Ai ry_Radius , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ r ’ ) ;
890 l e g e n d ( { ’ Ai ry r a d i u s ’ } , ’ f o n t s i z e ’ , 1 1 ) ;
891 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
892 y l a b e l ( ’ Rad ius o f t h e f i r s t d i s k [ micron ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
893 x l a b e l ( ’ D e n s i t y [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
894 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

895 ho ld o f f
896

897 e l s e i f D i s p l a y ==13
898 i =0 ;
899 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
900 x ( i ) = R e s u l t s _ P S ( i ) . D e n s i t y ;
901 y ( i ) = R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s *10^6 ;
902 end
903 f i g u r e
904 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
905 y l a b e l ( ’ Diamete r o f t h e s m a l l e s t h o l e s [ Microns ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
906 x l a b e l ( ’ D e n s i t y [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
907 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

908 e l s e
909 d i s p ( [ ’ ’ ] ) ;
910 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
911 d i s p ( [ ’ ’ ] ) ;
912

913 end
914

915 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==4
916 i f D i s p l a y ==1
917 i =0 ;
918 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
919 x ( i ) = R e s u l t s _ P S ( i ) . Lambda *10^9 ;
920 y ( i ) = R e s u l t s _ P S ( i ) . Numb_Total_Holes ;
921 end
922 f i g u r e
923 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
924 y l a b e l ( ’ Number o f h o l e s [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
925 x l a b e l ( ’ Lambda [nm] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
926 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r

( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
927

928 e l s e i f D i s p l a y ==2
929 i =0 ;
930 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
931 x ( i ) = R e s u l t s _ P S ( i ) . Lambda *10^9 ;
932 y ( i ) = R e s u l t s _ P S ( i ) . Coun te r_Zones ;
933 end
934 f i g u r e
935 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
936 y l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
937 x l a b e l ( ’ Lambda [nm] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
938 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r

( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
939

940 e l s e i f D i s p l a y ==3
941 i =0 ;
942 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
943 x ( i ) = R e s u l t s _ P S ( i ) . Lambda *10^9 ;
944 y ( i ) = R e s u l t s _ P S ( i ) . To ta l_Power1 ;
945 end
946 f i g u r e
947 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
948 y l a b e l ( ’ Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
949 x l a b e l ( ’ Lambda [nm] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
950 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r

( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
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951

952 e l s e i f D i s p l a y ==4
953 i =0 ;
954 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
955 x ( i ) = R e s u l t s _ P S ( i ) . Lambda *10^9 ;
956 y ( i ) = R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r *100 ;
957 end
958 f i g u r e
959 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
960 y l a b e l ( ’ Power i n t h e f i r s t d i s k [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
961 x l a b e l ( ’ Lambda [nm] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
962 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r

( R e s u l t s _ P S ( 1 ) . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
963 e l s e i f D i s p l a y ==5
964 i =0 ;
965 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
966 x ( i ) = R e s u l t s _ P S ( i ) . Lambda *10^9 ;
967 y ( i ) = R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o ;
968 end
969 f i g u r e
970 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
971 y l a b e l ( ’ S u r f a c e r a t i o [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
972 x l a b e l ( ’ Lambda [nm] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
973 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r

( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
974

975

976 e l s e i f D i s p l a y ==6
977 i =0 ;
978 d i s p ( [ ’ ’ ] ) ;
979 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ P S ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
980 d i s p ( [ ’ ’ ] ) ;
981 Lambda= i n p u t ( ’ \ n ’ ) ;
982 Lambda=Lambda / 1 0 ^ 9 ;
983 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
984 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
985 j = f l o o r ( j ) ;
986 e l s e
987 j = c e i l ( j ) ;
988 end
989 d i s p ( [ ’ ’ ] ) ;
990 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r (10^9* R e s u l t s _ P S ( j ) . Lambda ) , ’ [nm

] ] ’ ] ) ;
991 d i s p ( [ ’ ’ ] ) ;
992

993 imagesc ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
994 a x i s s q u a r e ; a x i s xy ;
995 co lormap ( ’ g ray ’ ) ;
996 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
997 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

998

999 e l s e i f D i s p l a y ==7
1000 i =0 ;
1001 d i s p ( [ ’ ’ ] ) ;
1002 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ P S ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
1003 d i s p ( [ ’ ’ ] ) ;
1004 Lambda= i n p u t ( ’ \ n ’ ) ;
1005 Lambda=Lambda / 1 0 ^ 9 ;
1006 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
1007 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1008 j = f l o o r ( j ) ;
1009 e l s e
1010 j = c e i l ( j ) ;
1011 end
1012 d i s p ( [ ’ ’ ] ) ;
1013 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r (10^9* R e s u l t s _ P S ( j ) . Lambda ) , ’ [nm
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] ] ’ ] ) ;
1014 d i s p ( [ ’ ’ ] ) ;
1015 imagesc ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
1016 a x i s s q u a r e ; a x i s xy ;
1017 co lormap ( ’ g ray ’ ) ;
1018 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
1019 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1020

1021 e l s e i f D i s p l a y ==8
1022 i =0 ;
1023 d i s p ( [ ’ ’ ] ) ;
1024 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ P S ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
1025 d i s p ( [ ’ ’ ] ) ;
1026 Lambda= i n p u t ( ’ \ n ’ ) ;
1027 Lambda=Lambda / 1 0 ^ 9 ;
1028 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
1029 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1030 j = f l o o r ( j ) ;
1031 e l s e
1032 j = c e i l ( j ) ;
1033 end
1034 d i s p ( [ ’ ’ ] ) ;
1035 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r (10^9* R e s u l t s _ P S ( j ) . Lambda ) , ’ [nm

] ] ’ ] ) ;
1036 d i s p ( [ ’ ’ ] ) ;
1037 s u r f ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
1038 c a m l i g h t l e f t ;
1039 l i g h t i n g phong
1040 s h a d i n g i n t e r p
1041 y l a b e l ( ’ y (m) ’ ) ;
1042 x l a b e l ( ’ x (m) ’ ) ;
1043 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

1044

1045 e l s e i f D i s p l a y ==9
1046 i =0 ;
1047 d i s p ( [ ’ ’ ] ) ;
1048 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ P S ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
1049 d i s p ( [ ’ ’ ] ) ;
1050 Lambda= i n p u t ( ’ \ n ’ ) ;
1051 Lambda=Lambda / 1 0 ^ 9 ;
1052 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
1053 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1054 j = f l o o r ( j ) ;
1055 e l s e
1056 j = c e i l ( j ) ;
1057 end
1058 d i s p ( [ ’ ’ ] ) ;
1059 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r (10^9* R e s u l t s _ P S ( j ) . Lambda ) , ’ [nm

] ] ’ ] ) ;
1060 d i s p ( [ ’ ’ ] ) ;
1061 s u r f ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
1062 c a m l i g h t l e f t ;
1063 l i g h t i n g phong
1064 s h a d i n g i n t e r p
1065 y l a b e l ( ’ y (m) ’ ) ;
1066 x l a b e l ( ’ x (m) ’ ) ;
1067 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1068

1069 e l s e i f D i s p l a y ==10
1070 i =0 ;
1071 d i s p ( [ ’ ’ ] ) ;
1072 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ P S ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*
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R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
1073 d i s p ( [ ’ ’ ] ) ;
1074 Lambda= i n p u t ( ’ \ n ’ ) ;
1075 Lambda=Lambda / 1 0 ^ 9 ;
1076 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
1077 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1078 j = f l o o r ( j ) ;
1079 e l s e
1080 j = c e i l ( j ) ;
1081 end
1082 d i s p ( [ ’ ’ ] ) ;
1083 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r (10^9* R e s u l t s _ P S ( j ) . Lambda ) , ’ [nm

] ] ’ ] ) ;
1084 d i s p ( [ ’ ’ ] ) ;
1085 f i g u r e
1086 p l o t ( R e s u l t s _ P S ( j ) . x2 ( 2 : end ) , R e s u l t s _ P S ( j ) . I2 ( R e s u l t s _ P S ( j ) .M/ 2 , 1 : ( end−1) ) / R e s u l t s _ P S ( j )

. To ta l_Power1 ) ;
1087 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
1088 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1089

1090 e l s e i f D i s p l a y ==11
1091 i =0 ;
1092 d i s p ( [ ’ ’ ] ) ;
1093 d i s p ( [ ’ Which w a v e l e n g t h ? [ ’ , num2s t r (10^9* R e s u l t s _ P S ( 1 ) . Lambda ) , ’ [nm]− ’ , num2s t r (10^9*

R e s u l t s _ P S ( N u m b e r _ E c h a n t i l l o n s ) . Lambda ) , ’ [nm ] ] ’ ] ) ;
1094 d i s p ( [ ’ ’ ] ) ;
1095 Lambda= i n p u t ( ’ \ n ’ ) ;
1096 Lambda=Lambda / 1 0 ^ 9 ;
1097 j =( Lambda−Lower_Lambda ) * ( Number_Echan t i l l ons −1) / ( Higher_Lambda−Lower_Lambda ) +1;
1098 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1099 j = f l o o r ( j ) ;
1100 e l s e
1101 j = c e i l ( j ) ;
1102 end
1103 d i s p ( [ ’ ’ ] ) ;
1104 d i s p ( [ ’ C l o s e r w a v e l e n g t h from t h e e c h a n t i l l o n s : [ ’ , num2s t r (10^9* R e s u l t s _ P S ( j ) . Lambda ) , ’ [nm

] ] ’ ] ) ;
1105 d i s p ( [ ’ ’ ] ) ;
1106 f i g u r e
1107 p l o t ( R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’

Co lo r ’ , ’ b ’ ) ;
1108 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1109 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1110 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1111

1112 e l s e i f D i s p l a y ==12
1113 i =0 ;
1114 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1115 x ( i ) = R e s u l t s _ P S ( i ) . Lambda *10^9 ;
1116 y ( i ) = R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k *10^6 ;
1117 Airy_Rad ius ( i ) =1 .22* R e s u l t s _ P S ( i ) . Lambda* R e s u l t s _ P S ( i ) . z / R e s u l t s _ P S ( i ) . D iamete r

*10^6 ;
1118 end
1119

1120 f i g u r e
1121 ho ld on
1122 p l o t ( x , Ai ry_Radius , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ r ’ ) ;
1123 l e g e n d ( { ’ Ai ry r a d i u s ’ } , ’ f o n t s i z e ’ , 1 1 ) ;
1124 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1125 y l a b e l ( ’ Rad ius o f t h e f i r s t d i s k [ micron ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1126 x l a b e l ( ’ Lambda [nm] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1127 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r

( R e s u l t s _ P S ( 1 ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1128

1129 ho ld o f f
1130 e l s e i f D i s p l a y ==13
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1131 i =0 ;
1132 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1133 x ( i ) = R e s u l t s _ P S ( i ) . Lambda *10^9 ;
1134 y ( i ) = R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s *10^6 ;
1135 end
1136 f i g u r e
1137 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1138 y l a b e l ( ’ Diamete r o f t h e s m a l l e s t h o l e s [ Microns ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1139 x l a b e l ( ’ Lambda [nm] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1140 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . z ) , ’m − f = ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r

( R e s u l t s _ P S ( 1 ) . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1141

1142

1143 e l s e
1144 d i s p ( [ ’ ’ ] ) ;
1145 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
1146 d i s p ( [ ’ ’ ] ) ;
1147 end
1148 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==5
1149 i f D i s p l a y ==1
1150 i =0 ;
1151 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1152 x ( i ) = R e s u l t s _ P S ( i ) . f ;
1153 y ( i ) = R e s u l t s _ P S ( i ) . Numb_Total_Holes ;
1154 end
1155 f i g u r e
1156 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1157 y l a b e l ( ’ Number o f h o l e s [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1158 x l a b e l ( ’ F o c a l d i s t a n c e [m] ’ , i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1159 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 )

. Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1160

1161 e l s e i f D i s p l a y ==2
1162 i =0 ;
1163 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1164 x ( i ) = R e s u l t s _ P S ( i ) . f ;
1165 y ( i ) = R e s u l t s _ P S ( i ) . Coun te r_Zones ;
1166 end
1167 f i g u r e
1168 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1169 y l a b e l ( ’ Number o f zones [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1170 x l a b e l ( ’ F o c a l d i s t a n c e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1171 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 )

. Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1172 e l s e i f D i s p l a y ==3
1173 i =0 ;
1174 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1175 x ( i ) = R e s u l t s _ P S ( i ) . f ;
1176 y ( i ) = R e s u l t s _ P S ( i ) . To ta l_Power1 ;
1177 end
1178 f i g u r e
1179 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1180 y l a b e l ( ’ Power [ Wat t s ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1181 x l a b e l ( ’ F o c a l d i s t a n c e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1182 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 )

. Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1183 e l s e i f D i s p l a y ==4
1184 i =0 ;
1185 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1186 x ( i ) = R e s u l t s _ P S ( i ) . f ;
1187 y ( i ) = R e s u l t s _ P S ( i ) . F i r s t _ D i s k _ P o w e r *100 ;
1188 end
1189 f i g u r e
1190 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1191 y l a b e l ( ’ Power i n t h e f i r s t d i s k [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1192 x l a b e l ( ’ F o c a l d i s t a n c e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1193 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 )

. Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1194 e l s e i f D i s p l a y ==5
1195 i =0 ;
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1196 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1197 x ( i ) = R e s u l t s _ P S ( i ) . f ;
1198 y ( i ) = R e s u l t s _ P S ( i ) . S u r f a c e _ R a t i o ;
1199 end
1200 f i g u r e
1201 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1202 y l a b e l ( ’ S u r f a c e r a t i o [−] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1203 x l a b e l ( ’ F o c a l d i s t a n c e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1204 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 )

. Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1205

1206 e l s e i f D i s p l a y ==6
1207 i =0 ;
1208 d i s p ( [ ’ ’ ] ) ;
1209 d i s p ( [ ’ Which f o c a l d i s t a n c e ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . f ) , ’ [m] ] ’ ] ) ;
1210 d i s p ( [ ’ ’ ] ) ;
1211 f = i n p u t ( ’ \ n ’ ) ;
1212 j =( f−Lower_f ) * ( Number_Echan t i l l ons −1) / ( Highe r_ f−Lower_f ) +1 ;
1213 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1214 j = f l o o r ( j ) ;
1215 e l s e
1216 j = c e i l ( j ) ;
1217 end
1218 d i s p ( [ ’ ’ ] ) ;
1219 d i s p ( [ ’ C l o s e r f o c a l d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’ [m] ] ’ ] ) ;
1220 d i s p ( [ ’ ’ ] ) ;
1221

1222 imagesc ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
1223 a x i s s q u a r e ; a x i s xy ;
1224 co lormap ( ’ g ray ’ ) ;
1225 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
1226 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

1227 e l s e i f D i s p l a y ==7
1228 i =0 ;
1229 d i s p ( [ ’ ’ ] ) ;
1230 d i s p ( [ ’ Which f o c a l d i s t a n c e ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . f ) , ’ [m] ] ’ ] ) ;
1231 d i s p ( [ ’ ’ ] ) ;
1232 f = i n p u t ( ’ \ n ’ ) ;
1233 j =( f−Lower_f ) * ( Number_Echan t i l l ons −1) / ( Highe r_ f−Lower_f ) +1 ;
1234 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1235 j = f l o o r ( j ) ;
1236 e l s e
1237 j = c e i l ( j ) ;
1238 end
1239 d i s p ( [ ’ ’ ] ) ;
1240 d i s p ( [ ’ C l o s e r f o c a l d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’ [m] ] ’ ] ) ;
1241 d i s p ( [ ’ ’ ] ) ;
1242 imagesc ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
1243 a x i s s q u a r e ; a x i s xy ;
1244 co lormap ( ’ g ray ’ ) ;
1245 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
1246 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1247

1248 e l s e i f D i s p l a y ==8
1249 i =0 ;
1250 d i s p ( [ ’ ’ ] ) ;
1251 d i s p ( [ ’ Which f o c a l d i s t a n c e ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . f ) , ’ [m] ] ’ ] ) ;
1252 d i s p ( [ ’ ’ ] ) ;
1253 f = i n p u t ( ’ \ n ’ ) ;
1254 j =( f−Lower_f ) * ( Number_Echan t i l l ons −1) / ( Highe r_ f−Lower_f ) +1 ;
1255 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1256 j = f l o o r ( j ) ;
1257 e l s e
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1258 j = c e i l ( j ) ;
1259 end
1260 d i s p ( [ ’ ’ ] ) ;
1261 d i s p ( [ ’ C l o s e r f o c a l d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’ [m] ] ’ ] ) ;
1262 d i s p ( [ ’ ’ ] ) ;
1263 s u r f ( R e s u l t s _ P S ( j ) . x , R e s u l t s _ P S ( j ) . y , n t h r o o t ( R e s u l t s _ P S ( j ) . I1 , 3 ) ) ;
1264 c a m l i g h t l e f t ;
1265 l i g h t i n g phong
1266 s h a d i n g i n t e r p
1267 y l a b e l ( ’ y (m) ’ ) ;
1268 x l a b e l ( ’ x (m) ’ ) ;
1269 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S ( j ) .

f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’
, 14) ;

1270

1271 e l s e i f D i s p l a y ==9
1272 i =0 ;
1273 d i s p ( [ ’ ’ ] ) ;
1274 d i s p ( [ ’ Which f o c a l d i s t a n c e ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . f ) , ’ [m] ] ’ ] ) ;
1275 d i s p ( [ ’ ’ ] ) ;
1276 f = i n p u t ( ’ \ n ’ ) ;
1277 j =( f−Lower_f ) * ( Number_Echan t i l l ons −1) / ( Highe r_ f−Lower_f ) +1 ;
1278 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1279 j = f l o o r ( j ) ;
1280 e l s e
1281 j = c e i l ( j ) ;
1282 end
1283 d i s p ( [ ’ ’ ] ) ;
1284 d i s p ( [ ’ C l o s e r f o c a l d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’ [m] ] ’ ] ) ;
1285 d i s p ( [ ’ ’ ] ) ;
1286 s u r f ( R e s u l t s _ P S ( j ) . x2 , R e s u l t s _ P S ( j ) . y2 , n t h r o o t ( R e s u l t s _ P S ( j ) . I2 , 3 ) ) ;
1287 c a m l i g h t l e f t ;
1288 l i g h t i n g phong
1289 s h a d i n g i n t e r p
1290 y l a b e l ( ’ y (m) ’ ) ;
1291 x l a b e l ( ’ x (m) ’ ) ;
1292 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1293

1294 e l s e i f D i s p l a y ==10
1295 i =0 ;
1296 d i s p ( [ ’ ’ ] ) ;
1297 d i s p ( [ ’ Which f o c a l d i s t a n c e ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . f ) , ’ [m] ] ’ ] ) ;
1298 d i s p ( [ ’ ’ ] ) ;
1299 f = i n p u t ( ’ \ n ’ ) ;
1300 j =( f−Lower_f ) * ( Number_Echan t i l l ons −1) / ( Highe r_ f−Lower_f ) +1 ;
1301 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1302 j = f l o o r ( j ) ;
1303 e l s e
1304 j = c e i l ( j ) ;
1305 end
1306 d i s p ( [ ’ ’ ] ) ;
1307 d i s p ( [ ’ C l o s e r f o c a l d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’ [m] ] ’ ] ) ;
1308 d i s p ( [ ’ ’ ] ) ;
1309 f i g u r e
1310 p l o t ( R e s u l t s _ P S ( j ) . x2 ( 2 : end ) , R e s u l t s _ P S ( j ) . I2 ( R e s u l t s _ P S ( j ) .M/ 2 , 1 : ( end−1) ) / R e s u l t s _ P S ( j ) .

To ta l_Power1 ) ;
1311 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ I r r a d i a n c e ’ ) ;
1312 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1313

1314 e l s e i f D i s p l a y ==11
1315 i =0 ;
1316 d i s p ( [ ’ ’ ] ) ;
1317 d i s p ( [ ’ Which f o c a l d i s t a n c e ? [ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . f ) , ’ [m]− ’ , num2s t r ( R e s u l t s _ P S (

N u m b e r _ E c h a n t i l l o n s ) . f ) , ’ [m] ] ’ ] ) ;
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1318 d i s p ( [ ’ ’ ] ) ;
1319 f = i n p u t ( ’ \ n ’ ) ;
1320 j =( f−Lower_f ) * ( Number_Echan t i l l ons −1) / ( Highe r_ f−Lower_f ) +1 ;
1321 i f abs ( c e i l ( j )− j ) > abs ( f l o o r ( j )− j )
1322 j = f l o o r ( j ) ;
1323 e l s e
1324 j = c e i l ( j ) ;
1325 end
1326 d i s p ( [ ’ ’ ] ) ;
1327 d i s p ( [ ’ C l o s e r f o c a l d i s t a n c e from t h e e c h a n t i l l o n s : [ ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’ [m] ] ’ ] ) ;
1328 d i s p ( [ ’ ’ ] ) ;
1329 f i g u r e
1330 p l o t ( R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ P S ( j ) . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’

Co lo r ’ , ’ b ’ ) ;
1331 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1332 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1333 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S ( j ) . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( j ) . Lambda *10^9) , ’nm −

f = ’ , num2s t r ( R e s u l t s _ P S ( j ) . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S ( j ) . Coun te r_Zones ) ] , ’
I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

1334 e l s e i f D i s p l a y ==12
1335 i =0 ;
1336 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1337 x ( i ) = R e s u l t s _ P S ( i ) . f ;
1338 y ( i ) = R e s u l t s _ P S ( i ) . R a d i u s _ F i r s t _ D i s k *10^6 ;
1339 Airy_Rad ius ( i ) =1 .22* R e s u l t s _ P S ( i ) . Lambda* R e s u l t s _ P S ( i ) . z / R e s u l t s _ P S ( i ) . D iame te r

*10^6 ;
1340 end
1341 f i g u r e
1342 ho ld on
1343 p l o t ( x , Ai ry_Radius , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ r ’ ) ;
1344 l e g e n d ( { ’ Ai ry r a d i u s ’ } , ’ f o n t s i z e ’ , 1 1 ) ;
1345 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1346 y l a b e l ( ’ Rad ius o f t h e f i r s t d i s k [ micron ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1347 x l a b e l ( ’ F o c a l d i s t a n c e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1348 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) ) .

Coun te r_Zones ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1349

1350 ho ld o f f
1351 e l s e i f D i s p l a y ==13
1352 i =0 ;
1353 f o r i =1 : N u m b e r _ E c h a n t i l l o n s
1354 x ( i ) = R e s u l t s _ P S ( i ) . f ;
1355 y ( i ) = R e s u l t s _ P S ( i ) . S m a l l e s t _ H o l e s *10^6 ;
1356 end
1357 p l o t ( x , y , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
1358 y l a b e l ( ’ Diamete r o f t h e s m a l l e s t h o l e s [ Microns ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1359 x l a b e l ( ’ F o c a l d i s t a n c e [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
1360 t i t l e ( [ ’ $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S ( 1 ) . Lambda *10^9) , ’nm − Zones= ’ , num2s t r ( R e s u l t s _ P S ( 1 ) ) .

Coun te r_Zones ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
1361 e l s e
1362 d i s p ( [ ’ ’ ] ) ;
1363 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
1364 d i s p ( [ ’ ’ ] ) ;
1365

1366 end
1367

1368 end
1369 end

1.9 Display_Results_Single_C.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % S c r i p t used f o r d i s p l a y t h e r e s u l t s o f t h e C i r c l e ( S i n g l e c a s e )
4 i =1 ;
5 w h i l e i ==1
6 d i s p ( [ ’ ’ ] ) ;
7 d i s p ( [ ’ E n t e r : E r r o r wi th t h e a r r a y r a d i u s ( 1 ) − T o t a l power ( 2 ) − E n c i r c l e d power ( 3 ) ’ ] ) ;
8 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (2D) ( 4 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n (2D) ( 5 ) ’ ] ) ;
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9 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (3D) ( 6 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n (3D) ( 7 ) ’ ] ) ;
10 d i s p ( [ ’ P r o f i l e i r r a n d i a n c e i n o b s e r v a t i o n p l a n ( 8 ) ’ ] ) ;
11 d i s p ( [ ’ ’ ] ) ;
12 D i s p l a y = i n p u t ( ’ \ n ’ ) ;
13

14 i f D i s p l a y ==1
15 i =0 ;
16 d i s p ( [ ’ ’ ] ) ;
17 d i s p ( [ num2s t r ( R e s u l t s _ C . E r r o r _ A i r y ) , ’ [%] ’ ] ) ;
18 d i s p ( [ ’ ’ ] ) ;
19 e l s e i f D i s p l a y ==2
20 i =0 ;
21 d i s p ( [ ’ ’ ] ) ;
22 d i s p ( [ num2s t r ( R e s u l t s _ C . To ta l_Power1 ) , ’ [ Wat t s ] ’ ] ) ;
23 d i s p ( [ ’ ’ ] ) ;
24 e l s e i f D i s p l a y ==3
25 i =0 ;
26 d i s p ( [ ’ ’ ] ) ;
27 d i s p ( [ ’ P u r c e n t a g e o f t h e t o t a l power i n t h e " f i r s t d i s k " : ’ , num2s t r ( R e s u l t s _ C . F i r s t _ D i s k _ P o w e r

*100) , ’ [%] ’ ] ) ;
28 d i s p ( [ ’ ’ ] ) ;
29 f i g u r e
30 p l o t ( R e s u l t s _ C . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ C . E n c i r c l e _ P o w e r ( 2 , : ) , ’ LineWidth ’ , 1 , ’ Co lo r ’ , ’ b ’ ) ;
31 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
32 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
33 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C . Lambda *10^9) , ’nm − D= ’ ,

num2s t r ( R e s u l t s _ C . Diamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
34

35 e l s e i f D i s p l a y ==4
36 i =0 ;
37 f i g u r e
38 imagesc ( R e s u l t s _ C . x , R e s u l t s _ C . y , n t h r o o t ( R e s u l t s _ C . I1 , 3 ) ) ;
39 a x i s s q u a r e ; a x i s xy ;
40 co lormap ( ’ g ray ’ ) ;
41 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
42 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C . Diamete r

) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
43 e l s e i f D i s p l a y ==5
44 i =0 ;
45 f i g u r e
46 imagesc ( R e s u l t s _ C . x2 , R e s u l t s _ C . y2 , n t h r o o t ( R e s u l t s _ C . I2 , 3 ) ) ;
47 a x i s s q u a r e ; a x i s xy ;
48 co lormap ( ’ g ray ’ ) ;
49 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
50 t i t l e ( [ ’ \ quad z= ’ , num2s t r ( R e s u l t s _ C . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C . Lambda *10^9) , ’nm − D

= ’ , num2s t r ( R e s u l t s _ C . Diamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
51 e l s e i f D i s p l a y ==6
52 i =0 ;
53 f i g u r e
54 s u r f ( R e s u l t s _ C . x , R e s u l t s _ C . y , n t h r o o t ( R e s u l t s _ C . I1 , 3 ) ) ;
55 c a m l i g h t l e f t ;
56 l i g h t i n g phong
57 s h a d i n g i n t e r p
58 y l a b e l ( ’ y (m) ’ ) ;
59 x l a b e l ( ’ x (m) ’ ) ;
60 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C . Lambda *10^9) , ’nm − D= ’ , num2s t r ( R e s u l t s _ C . Diamete r

) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
61 e l s e i f D i s p l a y ==7
62 i =0 ;
63 f i g u r e
64 s u r f ( R e s u l t s _ C . x2 , R e s u l t s _ C . y2 , n t h r o o t ( R e s u l t s _ C . I2 , 3 ) ) ;
65 c a m l i g h t l e f t ;
66 l i g h t i n g phong
67 s h a d i n g i n t e r p
68 y l a b e l ( ’ y (m) ’ ) ;
69 x l a b e l ( ’ x (m) ’ ) ;
70 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C . Lambda *10^9) , ’nm − D= ’ ,

num2s t r ( R e s u l t s _ C . Diamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
71 e l s e i f D i s p l a y ==8
72 i =0 ;
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73 f i g u r e
74 p l o t ( R e s u l t s _ C . x2 , R e s u l t s _ C . I2 ( R e s u l t s _ C .M/ 2 + 1 , : ) / R e s u l t s _ C . To ta l_Power2 ) ;
75 x l a b e l ( ’ x [m] ’ ) ; y l a b e l ( ’ Normal ized i r r a d i a n c e [ I ( x ) / I \ _ T o t a l ] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e

’ , 1 6 ’ ) ;
76 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ C . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ C . Lambda *10^9) , ’nm − D= ’ ,

num2s t r ( R e s u l t s _ C . Diamete r ) , ’m’ ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
77 e l s e
78 d i s p ( [ ’ ’ ] ) ;
79 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;
80 d i s p ( [ ’ ’ ] ) ;
81

82 end
83

84

85 end

1.10 Display_Results_Single_PS.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % S c r i p t used f o r d i s p l a y t h e r e s u l t s o f t h e Photon S i e v e ( S i n g l e c a s e )
4 i =1 ;
5 w h i l e i ==1
6 d i s p ( [ ’ ’ ] ) ;
7 d i s p ( [ ’ E n t e r : Number o f h o l e s ( 1 ) − Number o f zones ( 2 ) − T o t a l power ( 3 ) ’ ] ) ;
8 d i s p ( [ ’ E n c i r c l e d e ne rg y ( 4 ) − S u r f a c e r a t i o ( 5 ) − Radius o f t h e " f i r s t peak " ( 6 ) ’ ] ) ;
9 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (2D) ( 7 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n ( PSF−2D) ( 8 ) ’

] ) ;
10 d i s p ( [ ’ I r r a n d i a n c e i n e n t r y p l a n (3D) ( 9 ) − I r r a n d i a n c e i n o b s e r v a t i o n p l a n ( PSF−3D) ( 1 0 )

’ ] ) ;
11 d i s p ( [ ’ P r o f i l e i r r a n d i a n c e i n o b s e r v a t i o n p l a n ( PSF−P r o f i l e ) ( 1 1 ) ’ ] ) ;
12 d i s p ( [ ’ Diamete r o f t h e s m a l l e s t h o l e s ( 1 2 ) ’ ] ) ;
13 d i s p ( [ ’ ’ ] ) ;
14 D i s p l a y = i n p u t ( ’ \ n ’ ) ;
15

16 i f D i s p l a y ==1
17 i =0 ;
18 d i s p ( [ ’ ’ ] ) ;
19 d i s p ( [ num2s t r ( R e s u l t s _ P S . Numb_Total_Holes ) , ’ [ Holes ] ’ ] ) ;
20 d i s p ( [ ’ ’ ] ) ;
21 e l s e i f D i s p l a y ==2
22 i =0 ;
23 d i s p ( [ ’ ’ ] ) ;
24 d i s p ( [ num2s t r ( R e s u l t s _ P S . Counte r_Zones ) , ’ [ Zones ] ’ ] ) ;
25 d i s p ( [ ’ ’ ] ) ;
26 e l s e i f D i s p l a y ==3
27 i =0 ;
28 d i s p ( [ ’ ’ ] ) ;
29 d i s p ( [ num2s t r ( R e s u l t s _ P S . To ta l_Power1 ) , ’ [ Wat t s ] ’ ] ) ;
30 d i s p ( [ ’ ’ ] ) ;
31 e l s e i f D i s p l a y ==4
32 i =0 ;
33 i =0 ;
34 d i s p ( [ ’ ’ ] ) ;
35 d i s p ( [ ’ P e r c e n t a g e o f t h e t o t a l power i n t h e " f i r s t d i s k " : ’ , num2s t r ( R e s u l t s _ P S .

F i r s t _ D i s k _ P o w e r *100) , ’ [%] ’ ] ) ;
36 d i s p ( [ ’ ’ ] ) ;
37 f i g u r e
38 p l o t ( R e s u l t s _ P S . E n c i r c l e _ P o w e r ( 1 , : ) , R e s u l t s _ P S . E n c i r c l e _ P o w e r ( 2 , : ) *100 , ’ LineWidth ’ , 1 , ’ Co lo r ’

, ’ b ’ ) ;
39 y l a b e l ( ’ E n c i r c l e power [ \%] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
40 x l a b e l ( ’ Rad ius [m] ’ , ’ i n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 1 6 ) ;
41 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S . Lambda *10^9) , ’nm − f = ’ ,

num2s t r ( R e s u l t s _ P S . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’
l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

42 a x i s ( [ 0 0 .011 0 1 2 0 ] )
43 e l s e i f D i s p l a y ==5
44 i =0 ;
45 d i s p ( [ ’ ’ ] ) ;
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46 d i s p ( [ num2s t r ( R e s u l t s _ P S . S u r f a c e _ R a t i o ) , ’ [−] ’ ] ) ;
47 d i s p ( [ ’ ’ ] ) ;
48

49 e l s e i f D i s p l a y ==6
50 i =0 ;
51 d i s p ( [ ’ ’ ] ) ;
52 d i s p ( [ num2s t r ( R e s u l t s _ P S . R a d i u s _ F i r s t _ D i s k *10^6) , ’ [ micron ] ’ ] ) ;
53 d i s p ( [ ’ ’ ] ) ;
54 e l s e i f D i s p l a y ==7
55 i =0 ;
56 f i g u r e
57 imagesc ( R e s u l t s _ P S . x , R e s u l t s _ P S . y , n t h r o o t ( R e s u l t s _ P S . I1 , 3 ) ) ;
58 a x i s s q u a r e ; a x i s xy ;
59 co lormap ( ’ g ray ’ ) ;
60 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
61 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S . f ) , ’m

− ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
62 e l s e i f D i s p l a y ==8
63 i =0 ;
64 f i g u r e
65 imagesc ( R e s u l t s _ P S . x2 ( 2 : end ) , R e s u l t s _ P S . y2 ( 2 : end ) , n t h r o o t ( R e s u l t s _ P S . I2 ( 1 : ( end−1) , 1 : (

end−1) ) , 3 ) ) ;
66 a x i s s q u a r e ; a x i s xy ;
67 co lormap ( ’ g ray ’ ) ;
68 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ y (m) ’ ) ;
69 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S . Lambda *10^9) , ’nm − f = ’ ,

num2s t r ( R e s u l t s _ P S . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’
l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

70 e l s e i f D i s p l a y ==9
71 i =0 ;
72 f i g u r e
73 s u r f ( R e s u l t s _ P S . x , R e s u l t s _ P S . y , n t h r o o t ( R e s u l t s _ P S . I1 , 3 ) ) ;
74 c a m l i g h t l e f t ;
75 l i g h t i n g phong
76 s h a d i n g i n t e r p
77 y l a b e l ( ’ y (m) ’ ) ;
78 x l a b e l ( ’ x (m) ’ ) ;
79 t i t l e ( [ ’ z=0m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S . Lambda *10^9) , ’nm − f = ’ , num2s t r ( R e s u l t s _ P S . f ) , ’m

− ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ F o n t S i z e ’ , 14) ;
80 e l s e i f D i s p l a y ==10
81 i =0 ;
82 f i g u r e
83 s u r f ( R e s u l t s _ P S . x2 , R e s u l t s _ P S . y2 , n t h r o o t ( R e s u l t s _ P S . I2 , 3 ) ) ;
84

85 c a m l i g h t l e f t ;
86 l i g h t i n g phong
87 s h a d i n g i n t e r p
88 y l a b e l ( ’ y (m) ’ ) ;
89 x l a b e l ( ’ x (m) ’ ) ;
90 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S . Lambda *10^9) , ’nm − f = ’ ,

num2s t r ( R e s u l t s _ P S . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’
l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

91 e l s e i f D i s p l a y ==11
92 i =0 ;
93 f i g u r e
94 p l o t ( R e s u l t s _ P S . x2 ( 2 : end ) , R e s u l t s _ P S . I2 ( R e s u l t s _ P S .M/ 2 , 1 : ( end−1) ) / R e s u l t s _ P S .

To ta l_Power1 ) ;
95 x l a b e l ( ’ x (m) ’ ) ; y l a b e l ( ’ Normal ized i r r a d i a n c e [ I ( x ) / I _ T o t a l ] ’ , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ ) ;
96 t i t l e ( [ ’ z= ’ , num2s t r ( R e s u l t s _ P S . z ) , ’m − $ \ lambda=$ ’ , num2s t r ( R e s u l t s _ P S . Lambda *10^9) , ’nm − f = ’ ,

num2s t r ( R e s u l t s _ P S . f ) , ’m − ’ , ’ Zones= ’ , num2s t r ( R e s u l t s _ P S . Counte r_Zones ) ] , ’ I n t e r p r e t e r ’ , ’
l a t e x ’ , ’ F o n t S i z e ’ , 14) ;

97 e l s e i f D i s p l a y ==12
98 i =0 ;
99 d i s p ( [ ’ ’ ] ) ;

100 d i s p ( [ num2s t r ( R e s u l t s _ P S . S m a l l e s t _ H o l e s *10^6) , ’ [ Microns ] ’ ] ) ;
101 d i s p ( [ ’ ’ ] ) ;
102

103 e l s e
104 d i s p ( [ ’ ’ ] ) ;
105 d i s p ( [ ’ E r r o r i n t h e e n t r y ’ ] ) ;

University of Liege -141-



Master thesis A. Matlab files of the propagator

106 d i s p ( [ ’ ’ ] ) ;
107

108 end
109

110

111 end

1.11 Photon_Sieve_Generator.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o g e n e r a t e t h e Photon S i e v e and t h e p a r a m e t e r s a s s o c i a t e d
4

5 f u n c t i o n [ S m a l l e s t _ H o l e s , Counter_Zones , Numb_Total_Holes , S u r f a c e _ R a t i o , S i g n a l , L , x , y ]=
P h o t o n _ S i e v e _ G e n e r a t o r ( Diameter , f , Dens i ty , Lambda , Speed , S i n g l e )

6

7 %% Compute t h e number o f zones c o m p r i s e s i n t h a t d i a m e t e r
8 i =1 ;
9 Counte r_Zones =−1;

10 w h i l e i ==1 %" While " t o know t h e t h e number o f zones c o m p r i s e i n t h a t d i a m e t e r
11 Counte r_Zones = Counte r_Zones +2; %S o l e l y t h e e x t e r n b o r d e r s o f t h e p a s s i n g zones
12 r = s q r t ( Coun te r_Zones *Lambda *( f + Counte r_Zones *Lambda / 4 ) ) ; %Width o f t h e n t h zone
13 r _ b e f o r e = s q r t ( ( Counter_Zones −1)*Lambda *( f +( Counter_Zones −1)*Lambda / 4 ) ) ;
14 w=r−r _ b e f o r e ; %S i z e o f t h e n t h zone
15 t e s t = Diamete r /2−( r−w/2+w/ 2 ) ;%The r a d i u s o f t h e h o l e i s t a k e n i n t o a c c o u n t
16

17 i f t e s t <0 %" I f " used t o v e r i f y i f t h e r a d i u s o v e r i d e t h e d i a m e t e r o f t h e Photon S i e v e
18 i =0 ;
19 Counte r_Zones = Counter_Zones −2;
20 end
21 end
22 i f Counter_Zones <1 %In c a s e o f t o o s m a l l d i a m e t e r
23 d i s p ( [ ’ ’ ] ) ;
24 d i s p ( [ ’ ! ! ! ! ! ! ! E r r o r i n t h e e n t r y , d i a m e t e r t o o s m a l l f o r t h e Photon S i e v e ! ! ! ! ! ! ! ’ ] ) ;
25 d i s p ( [ ’ ’ ] ) ;
26 end
27 %% Compute t h e t o t a l number o f h o l e s and t h e s u r f a c e r a t i o
28 Numb_Total_Holes =0;
29 o p e n _ s u r f a c e =0;
30 f o r i = 1 : 2 : Coun te r_Zones
31 i f i ==1 %S p e c i a l c a s e f o r t h e c e n t r a l h o l e
32 r = s q r t ( i *Lambda *( f + i *Lambda / 4 ) ) ;
33 r _ b e f o r e = s q r t ( ( i −1)*Lambda *( f +( i −1)*Lambda / 4 ) ) ;
34 w=r−r _ b e f o r e ;
35 Numb_Total_Holes=Numb_Total_Holes +1;
36 o p e n _ s u r f a c e = o p e n _ s u r f a c e + p i * (w) ^ 2 ;
37 e l s e
38 r = s q r t ( i *Lambda *( f + i *Lambda / 4 ) ) ;
39 r _ b e f o r e = s q r t ( ( i −1)*Lambda *( f +( i −1)*Lambda / 4 ) ) ;
40 w=( r−r _ b e f o r e ) ;
41

42 add= f l o o r ( ( 2 * p i * ( r−w/ 2 ) ) / ( 1 *w) * D e n s i t y / 1 0 0 ) ; %t i m e s 1 . 5 3 ?
43 Numb_Total_Holes=Numb_Total_Holes+add ;
44 o p e n _ s u r f a c e = o p e n _ s u r f a c e +add * p i * ( (w/ 2 ) ) ^ 2 ; %V e r i f y t h e o p t i m i z a t i o n o f t h e s i z e o f t h e

h o l e
45 end
46 end
47 S u r f a c e _ R a t i o = o p e n _ s u r f a c e / ( p i * ( Diamete r / 2 ) ^2 ) ;
48

49 %% G e n e r a t i o n o f t h e e n t r y s i g n a l ( The Photon S i e v e )
50 %S i z e o f t h e a r r a y
51 L= Diamete r * ( 1 . 1 + 0 . 2 * 2 * ( Speed−1) ) ;
52

53 %Diamete r o f t h e s m a l l e s t h o l e s
54 r = s q r t ( Coun te r_Zones *Lambda *( f + Counte r_Zones *Lambda / 4 ) ) ;
55 r _ b e f o r e = s q r t ( ( Counter_Zones −1)*Lambda *( f +( Counter_Zones −1)*Lambda / 4 ) ) ;
56 w=r−r _ b e f o r e ;
57 S m a l l e s t _ H o l e s =w;
58 % S i z i n g t h e minimum p i x e l w i th r e s p e c t t o t h e s m a l l e s t h o l e
59 dx_max=w/ ( 1 + 5 * ( Speed−1) ) ;
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60 M_min=L / dx_max ;
61 M= c e i l ( M_min / 1 0 0 0 ) *1000 ;
62

63

64 dx=L /M;
65 x=−L / 2 : dx : L/2−dx ;
66 y=x ;
67 [X,Y]= meshgr id ( x , y ) ;
68 S i g n a l = z e r o s ( max ( s i z e ( x ) ) , max ( s i z e ( x ) ) ) ;
69

70 %D i s p l a y t h e number o f p i x e l s and i t s s i z e !
71 i f S i n g l e ==1
72 d i s p ( [ ’ ’ ] ) ;
73 d i s p ( [ ’ S i z e o f a p i x e l : ’ , num2s t r (10^6* dx ) , ’ x ’ , num2s t r (10^6* dx ) , ’ [ micron x micron ] ’ ] ) ;
74 d i s p ( [ ’ ’ ] ) ;
75 d i s p ( [ ’ Number o f p i x e l s : ’ , num2s t r (M) , ’ x ’ , num2s t r (M) ] ) ;
76 d i s p ( [ ’ ’ ] ) ;
77 end
78

79 %Computa t ion o f t h e s i g n a l
80 c o u n t e r _ h o l e s =0;
81 f o r i = 1 : 2 : ( Coun te r_Zones )
82 n= Counter_Zones−( i −1) ;
83 i f n==1 %S p e c i a l c a s e f o r t h e c e n t e r
84 r = s q r t ( Lambda *( f +Lambda / 4 ) ) ;
85 Signa l_Add = abs ( s q r t ( (X) . ^ 2 + (Y) . ^ 2 ) ) <=(1* r ) ;
86 S i g n a l = S i g n a l + Signa l_Add ;
87

88 e l s e %E x t e r n a l c a s e s
89 r = s q r t ( n*Lambda *( f +n*Lambda / 4 ) ) ;
90 r _ b e f o r e = s q r t ( ( n−1)*Lambda *( f +( n−1)*Lambda / 4 ) ) ;
91 w=( r−r _ b e f o r e ) ;
92 numb_holes= f l o o r ( ( 2 * p i * ( r−w/ 2 ) ) /w* D e n s i t y / 1 0 0 ) ;
93

94 %C o o r d i n a t e a n g l e s o f t h e nodes
95 a n g l e s = 1 : 1 : numb_holes ;
96 a n g l e s = a n g l e s / numb_holes *2* p i ;
97 [ Holes , S i z e ]= H o l e s _ G e n e r a t o r ( dx ,w/ 2 ) ;
98

99 f o r i = 1 : 1 : numb_holes %Add a h o l e a t e v e r y p o i n t c e n t e r e d by t h e a n g l e
100 x _ c e n t e r = cos ( a n g l e s ( i ) ) * ( r−w/ 2 ) ;
101 y _ c e n t e r = s i n ( a n g l e s ( i ) ) * ( r−w/ 2 ) ;
102 i _ c e n t e r = f l o o r ( cos ( a n g l e s ( i ) ) * ( r−w/ 2 ) / dx ) ;
103 j _ c e n t e r = f l o o r ( s i n ( a n g l e s ( i ) ) * ( r−w/ 2 ) / dx ) ;
104 i _ b e g i n = c e i l (M/ 2 ) + i _ c e n t e r−f l o o r ( S i z e / 2 ) ;
105 i _ e n d = c e i l (M/ 2 ) + i _ c e n t e r + c e i l ( S i z e / 2 ) −1;
106 j _ b e g i n = c e i l (M/ 2 ) + j _ c e n t e r−f l o o r ( S i z e / 2 ) ;
107 j _ e n d = c e i l (M/ 2 ) + j _ c e n t e r + c e i l ( S i z e / 2 ) −1;
108 S i g n a l ( j _ b e g i n : j_end , i _ b e g i n : i _ e n d ) = S i g n a l ( j _ b e g i n : j_end , i _ b e g i n : i _ e n d ) + Holes ( : , : ) ;
109

110 end
111

112 end %End of t h e " i f " c o n d i t i o n
113 end %End of t h e g e n e r a t i o n loop
114

115 f o r i = 1 : 1 :M %In c a s e o f s u p e r p o s i t i o n o f t h e hole , p u t t h e v a l u e upper t h a n 2 t o 1
116 f o r j = 1 : 1 :M
117 i f S i g n a l ( j , i ) >1
118 S i g n a l ( j , i ) =1 ;
119 end
120 end
121 end %End of t h e c o r r e c t i o n
122

123 end %End of t h e f u n c t i o n

1.12 Circle_Generator.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o g e n e r a t e t h e C i r c l e
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4

5 f u n c t i o n [ S i g n a l , L , x , y ]= C i r c l e _ G e n e r a t o r ( Diameter , Speed )
6

7 M=3000* Speed ;
8 L= Diamete r *10 ;
9 dx=L /M;

10 x=−L / 2 : dx : L/2−dx ;
11 y=x ;
12 [X,Y]= meshgr id ( x , y ) ;
13 S i g n a l = abs ( s q r t ( (X) . ^2+Y. ^ 2 ) ) <=( Diamete r / 2 ) ;
14 end

1.13 Holes_Generator.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o g e n e r a t e t h e h o l e s n e c e s s a r y a t t h e Photon S i e v e
4 % c o n s t r u c t i o n
5

6 f u n c t i o n [ Holes , S i z e ]= H o l e s _ G e n e r a t o r ( dx , r )
7

8 L=dx *( c e i l (2* r / dx ) ) ;
9

10 x=−L / 2 : dx : L/2−dx ;
11 y=x ;
12 [X,Y]= meshgr id ( x , y ) ;
13 Holes = abs ( s q r t ( (X) . ^2+Y. ^ 2 ) ) <=( r ) ;
14 S i z e =max ( s i z e ( x ) ) ;
15

16 end

1.14 Irradiance_Power.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o compute t h e power o f t h e i r r a d i a n c e
4

5 f u n c t i o n [ To ta l_Power ]= I r r a d i a n c e _ P o w e r ( I , L ,M)
6

7 dx=L /M;
8 Tota l_Power =0;
9 f o r i = 1 : 1 :M

10 f o r j = 1 : 1 :M
11 Tota l_Power = Tota l_Power + I ( j , i ) *dx ^ 2 ;
12 end
13 end
14

15 end

1.15 Encircled_Energy.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o compute t h e e n c i r c l e e n e r gy and t h e e n e r gy c o n t a i n i n
4

5 f u n c t i o n [ E n c i r c l e_ P o w e r , F i r s t _ D i s k _ P o w e r , Tota l_Power , R a d i u s _ F i r s t _ D i s k ]= E n c i r c l e d _ E n e r g y ( I , L ,M
, x , Power )

6

7 Radius_min =0;
8 R a d i u s _ i n t e r =L / 4 ;
9 Radius_max=L / 2 ;

10

11 [X,Y]= meshgr id ( x , x ) ;
12 E n c i r c l e _ P o w e r = z e r o s ( 2 ,M/ 2 ) ;
13 power =0;
14 F i r s t _ C i r c l e _ R i g h t =1 ;
15 F i r s t _ C i r c l e _ L e f t =1 ;
16 R a d i u s _ F i r s t _ D i s k =0;
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17 I _ i n t e r = z e r o s ( 1 ,M) ;
18 I _ i n t e r ( 1 ) = I (M/ 2 , end ) ;
19 I _ i n t e r ( 2 : end ) = I (M/ 2 , 1 : ( end−1) ) ;
20 I (M/ 2 , : ) = I _ i n t e r ;
21 f o r i = 0 : 1 : (M/2−2)
22 f_2 =( I (M/ 2 ,M/2+1+ i +1)+ I (M/ 2 ,M/2+1− i −1) ) / 2 ;
23 f_1 =( I (M/ 2 ,M/2+1+ i ) + I (M/ 2 ,M/2+1− i ) ) / 2 ;
24 r_2 =X(M/ 2 + 1 ,M/2+1+ i +1) ;
25 r_1 =X(M/ 2 + 1 ,M/2+1+ i ) ;
26 S=( f_2−f_1 ) / ( r_2−r_1 ) ;
27 power=power +2* p i * ( ( f_1−r_1 *S ) * r_2 ^2/2−( f_1−r_1 *S ) * r_1 ^2 /2+ S* r_2 ^3/3−S* r_1 ^ 3 / 3 ) ;
28 E n c i r c l e _ P o w e r ( 1 , i +2)= r_2 ;
29 E n c i r c l e _ P o w e r ( 2 , i +2)=power ;
30

31 i f F i r s t _ C i r c l e _ R i g h t ==1 && I (M/ 2 ,M/2+1+ i +1)> I (M/ 2 ,M/2+1+ i ) && I (M/ 2 ,M/2+1+ i ) <( I (M/ 2 ,M
/2+1+1) / 1 0 0 )%Compute t h e en e r g y o f t h e " F i r s t d i s k "

32 F i r s t _ C i r c l e _ R i g h t =0 ;
33 F i r s t _ D i s k _ P o w e r _ R i g h t =power ;
34 R a d i u s _ F i r s t _ D i s k _ R i g h t =X(M/ 2 + 1 ,M/2+1+ i ) ;
35 end
36 i f F i r s t _ C i r c l e _ L e f t ==1 && I (M/ 2 ,M/2+1− i −1)> I (M/ 2 ,M/2+1− i ) && I (M/ 2 ,M/2+1− i ) <( I (M/ 2 ,M

/2+1+1) / 1 0 0 )%Compute t h e en e r g y o f t h e " F i r s t d i s k "
37 F i r s t _ C i r c l e _ L e f t =0 ;
38 F i r s t _ D i s k _ P o w e r _ L e f t =power ;
39 R a d i u s _ F i r s t _ D i s k _ L e f t =X(M/ 2 + 1 ,M/2+1− i ) ;
40 end
41

42 end
43 R a d i u s _ F i r s t _ D i s k =0;
44 i f F i r s t _ C i r c l e _ L e f t ==0 && F i r s t _ C i r c l e _ R i g h t ==0
45 R a d i u s _ F i r s t _ D i s k =(−R a d i u s _ F i r s t _ D i s k _ L e f t + R a d i u s _ F i r s t _ D i s k _ R i g h t ) / 2 ;
46 end
47 Tota l_Power = E n c i r c l e _ P o w e r ( 2 , end ) ;
48 F i r s t _ D i s k _ P o w e r =0;
49 i f F i r s t _ C i r c l e _ L e f t ==0 && F i r s t _ C i r c l e _ R i g h t ==0
50 F i r s t _ D i s k _ P o w e r =( F i r s t _ D i s k _ P o w e r _ R i g h t + F i r s t _ D i s k _ P o w e r _ L e f t ) / 2 / E n c i r c l e _ P o w e r ( 2 , end ) ;
51 end
52 E n c i r c l e _ P o w e r ( 2 , : ) = E n c i r c l e _ P o w e r ( 2 , : ) / Power ;
53

54

55

56 end

1.16 Time_Estimation.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % S c r i p t used t o e s t i m a t e t h e s i m u l a t i o n t ime
4

5 %C a p a c i t y o f t h e compute r : DELL−Home (4GB RAM)
6 % 8−b y t e s by c a s e o f a a r r a y
7 a = 2 . 5 3 6 4 ; %C o e f f i c i e n t s o f t h e r e g r e s s i o n
8 b =−10.6836;
9 c = 6 . 6 5 5 3 ;

10

11 %C a p a c i t y o f t h e compute r : CSL (64GB RAM)
12 % 8−b y t e s by c a s e o f a a r r a y
13 %a = 0 . 1 6 5 ; %C o e f f i c i e n t s o f t h e r e g r e s s i o n
14 %b =−0.2374;
15 %c = 0 . 4 4 9 4 ;
16

17

18 Time =0;
19 i f S i m u l a t i o n ==1
20 %Computa t ion o f M_Thousands
21 Counte r_Zones =−1;
22 t e s t =0 ;
23 w h i l e t e s t >=0 %" While " t o know t h e t h e number o f zones c o m p r i s e i n t h a t d i a m e t e r
24 Counte r_Zones = Counte r_Zones +2; %S o l e l y t h e e x t e r n b o r d e r s o f t h e p a s s i n g zones
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25 r = s q r t ( Coun te r_Zones * R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f + Counte r_Zones * R e s u l t s _ P S . Lambda / 4 ) ) ; %
Width o f t h e n t h zone

26 r _ b e f o r e = s q r t ( ( Counter_Zones −1)* R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +( Counter_Zones −1)*
R e s u l t s _ P S . Lambda / 4 ) ) ;

27 w=r−r _ b e f o r e ; %S i z e o f t h e n t h zone
28 t e s t = R e s u l t s _ P S . Diamete r /2−( r−w/2+w/ 2 ) ;%The r a d i u s o f t h e h o l e i s t a k e n i n t o a c c o u n t (−( r−w

/ 2 + 1 . 5 3 1 *w/ 2 i n c a s e o f h i g h e r r a d i u s h o l e s )
29 end
30 r = s q r t ( Coun te r_Zones * R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f + Counte r_Zones * R e s u l t s _ P S . Lambda / 4 ) ) ;
31 r _ b e f o r e = s q r t ( ( Counter_Zones −1)* R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +( Counter_Zones −1)*

R e s u l t s _ P S . Lambda / 4 ) ) ;
32 w=r−r _ b e f o r e ;
33 dx_max=w/ ( 1 + 5 * ( Speed−1) ) ;
34 L= R e s u l t s _ P S . Diamete r * ( 1 . 1 + 0 . 2 * 2 * ( Speed−1) ) ;
35 M_min= f l o o r ( L / dx_max ) ;
36 M_min=L / dx_max ;
37 M= c e i l ( M_min / 1 0 0 0 ) *1000 ;
38

39

40 Time=a *(M/ 1 0 0 0 ) ^2+b *(M/ 1 0 0 0 ) +c ;
41 Time= c e i l ( Time ) ;
42

43 e l s e
44 f o r i = 1 : 1 : N u m b e r _ E c h a n t i l l o n s
45 %Computa t ion o f M_Thousands
46 Counte r_Zones =−1;
47 t e s t =0 ;
48 i f O p t i m i z a t i o n _ P a r a m e t e r ==1 %I f depend ing o f t h e o p t i m i z a t i o n
49 R e s u l t s _ P S . f = f ;
50 R e s u l t s _ P S . Lambda=Lambda ;
51 i f DiameterVSZones ==2
52 R e s u l t s _ P S . Zones= f l o o r ( Zones_Lower +( Zones_Higher−Zones_Lower ) * ( i −1) / (

Number_Echan t i l l ons −1) ) ;
53 R e s u l t s _ P S . Diamete r =2* s q r t ( ( R e s u l t s _ P S . Zones ) *Lambda *( f +( R e s u l t s _ P S . Zones ) *

Lambda / 4 ) ) ;
54 e l s e
55 R e s u l t s _ P S . Diamete r =Diameter_Lower +( Diamete r_Higher−Diameter_Lower ) * ( i −1) / (

Number_Echan t i l l ons −1) ;
56 end
57

58 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==2
59 R e s u l t s _ P S . f = f ;
60 R e s u l t s _ P S . Lambda=Lambda ;
61 R e s u l t s _ P S . Diamete r = Diamete r ;
62

63 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==3
64 R e s u l t s _ P S . f = f ;
65 R e s u l t s _ P S . Lambda=Lambda ;
66 R e s u l t s _ P S . Diamete r = Diamete r ;
67 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==4
68 R e s u l t s _ P S . f = f ;
69 R e s u l t s _ P S . Lambda=Lower_Lambda +( Higher_Lambda−Lower_Lambda ) * ( i −1) / (

Number_Echan t i l l ons −1) ;
70 i f DiameterVSZones ==1
71 R e s u l t s _ P S . Diamete r = Diamete r ;
72 e l s e
73 R e s u l t s _ P S . Diamete r =2* s q r t ( ( Zones ) * R e s u l t s _ P S . Lambda *( f +( Zones ) * R e s u l t s _ P S .

Lambda / 4 ) ) ;
74 end
75 e l s e i f O p t i m i z a t i o n _ P a r a m e t e r ==5
76 R e s u l t s _ P S . f =Lower_f +( Higher_ f−Lower_f ) * ( i −1) / ( Number_Echan t i l l ons −1) ;
77 R e s u l t s _ P S . Lambda=Lambda ;
78 i f DiameterVSZones ==1
79 R e s u l t s _ P S . Diamete r = Diamete r ;
80 e l s e
81 R e s u l t s _ P S . Diamete r =2* s q r t ( ( Zones ) * R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +( Zones ) *

R e s u l t s _ P S . Lambda / 4 ) ) ;
82 end
83 end
84
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85 w h i l e t e s t >=0 %" While " t o know t h e t h e number o f zones c o m p r i s e i n t h a t d i a m e t e r
86 Counte r_Zones = Counte r_Zones +2; %S o l e l y t h e e x t e r n b o r d e r s o f t h e p a s s i n g zones
87 r = s q r t ( Coun te r_Zones * R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f + Counte r_Zones * R e s u l t s _ P S . Lambda / 4 ) ) ; %

Width o f t h e n t h zone
88 r _ b e f o r e = s q r t ( ( Counter_Zones −1)* R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +( Counter_Zones −1)*

R e s u l t s _ P S . Lambda / 4 ) ) ;
89 w=r−r _ b e f o r e ; %S i z e o f t h e n t h zone
90 t e s t = R e s u l t s _ P S . Diamete r /2−( r−w/2+w/ 2 ) ;%The r a d i u s o f t h e h o l e i s t a k e n i n t o a c c o u n t (−( r−w

/ 2 + 1 . 5 3 1 *w/ 2 i n c a s e o f h i g h e r r a d i u s h o l e s )
91 end
92 r = s q r t ( Coun te r_Zones * R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f + Counte r_Zones * R e s u l t s _ P S . Lambda / 4 ) ) ;
93 r _ b e f o r e = s q r t ( ( Counter_Zones −1)* R e s u l t s _ P S . Lambda *( R e s u l t s _ P S . f +( Counter_Zones −1)*

R e s u l t s _ P S . Lambda / 4 ) ) ;
94 w=r−r _ b e f o r e ;
95 dx_max=w/ ( 1 + 5 * ( Speed−1) ) ;
96 L= R e s u l t s _ P S . Diamete r * ( 1 . 1 + 0 . 2 * 2 * ( Speed−1) ) ;
97 M_min= f l o o r ( L / dx_max ) ;
98 M_min=L / dx_max ;
99 M= c e i l ( M_min / 1 0 0 0 ) *1000 ;

100 M_Thousands=M/ 1 0 0 0 ;
101

102 Time=Time+a *(M/ 1 0 0 0 ) ^2+b *(M/ 1 0 0 0 ) +c ;
103

104 end
105

106

107 end
108

109 Time= c e i l ( Time ) ;
110 i f Time <3600 && Time >60
111 Time= c e i l ( Time / 6 0 ) ;
112 X=[ ’ Time e s t i m a t i o n o f t h e s i m u l a t i o n : ’ , num2s t r ( Time ) , ’ m i n u t e s ’ ] ;
113 e l s e i f Time >3600
114 Time=Time / 3 6 0 0 ;
115 X=[ ’ Time e s t i m a t i o n o f t h e s i m u l a t i o n : ’ , num2s t r ( Time ) , ’ h o u r s ’ ] ;
116 e l s e
117 X=[ ’ Time e s t i m a t i o n o f t h e s i m u l a t i o n : ’ , num2s t r ( Time ) , ’ s e c o n d s ’ ] ;
118 end
119 w a i t b a r ( 0 . 2 ,X)

1.17 Diameter_Zones_Max.m
1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o compute t h e d i a m e t e r maximum wi th r e s p e c t t o t h e RAM
4

5 f u n c t i o n [ Zones_Max , Diameter_Max ]= Diameter_Zones_Max ( Lambda , f , Speed )
6 %C a p a c i t y o f t h e compute r : DELL−Home (4GB RAM)
7 % 8−b y t e s by c a s e o f a a r r a y
8 RAM_Disponible = 0 . 8 * 1 0 ^ 9 ; %[ Bytes ]
9 M_Max= f l o o r ( s q r t ( RAM_Disponible / 8 ) ) ;

10

11 %C a p a c i t y o f t h e compute r : CSL(64GB RAM)
12 % 8−b y t e s by c a s e o f a a r r a y
13 %RAM_Disponible =15*10^9; %[ Bytes ]
14 %M_Max= f l o o r ( s q r t ( RAM_Disponible / 8 ) ) ;
15

16 Counte r_Zones =0;
17 M=0;
18 w h i l e M_Max>M %Loop u n t i l t h e number o f zones g e n e r a t e a M h i g h e r t h a n M_Max
19 Counte r_Zones = Counte r_Zones +1;
20 r = s q r t ( Coun te r_Zones *Lambda *( f + Counte r_Zones *Lambda / 4 ) ) ;
21 r _ b e f o r e = s q r t ( ( Counter_Zones −1)*Lambda *( f +( Counter_Zones −1)*Lambda / 4 ) ) ;
22 w=r−r _ b e f o r e ;
23 dx_max=w/ ( 1 + 5 * ( Speed−1) ) ;
24 L = ( 1 . 1 + 0 . 2 * 2 * ( Speed−1) ) *2* s q r t ( Coun te r_Zones *Lambda *( f + Counte r_Zones *Lambda / 4 ) ) ;
25 M_min= f l o o r ( L / dx_max ) ;
26 M= c e i l ( M_min / 1 0 0 0 ) *1000 ;
27

28 end
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29 Zones_Max= Counter_Zones −1;
30 Diameter_Max =2* s q r t ( Zones_Max*Lambda *( f +Zones_Max*Lambda / 4 ) ) ;
31

32 end

B Multilayer holes
2.1 Photon_Sieve_Generator_ML.m

1 %% Photon S i e v e based t e l e s c o p e f o r i n t e r f e r o m e t e r CubeSat
2 % Adr ien M e r c e n i e r 2017−2018
3 % F u n c t i o n used t o g e n e r a t e t h e Photon S i e v e wi th m u l t i l a y e r and t h e p a r a m e t e r s a s s o c i a t e d
4

5 f u n c t i o n [ S m a l l e s t _ H o l e s , Counter_Zones , Numb_Total_Holes , S u r f a c e _ R a t i o , S i g n a l , L , x , y ]=
Photon_Sieve_Genera to r_ML ( Diameter , f , Dens i ty , Lambda , Speed , S i n g l e )

6

7 Number_Layer =5;
8 %% Compute t h e number o f zones c o m p r i s e s i n t h a t d i a m e t e r
9 i =1 ;

10 Counte r_Zones =−1;
11 w h i l e i ==1 %" While " t o know t h e t h e number o f zones c o m p r i s e i n t h a t d i a m e t e r
12 Counte r_Zones = Counte r_Zones +2; %S o l e l y t h e e x t e r n b o r d e r s o f t h e p a s s i n g zones
13 r = s q r t ( Coun te r_Zones *Lambda *( f + Counte r_Zones *Lambda / 4 ) ) ; %Width o f t h e n t h zone
14 r _ b e f o r e = s q r t ( ( Counter_Zones −1)*Lambda *( f +( Counter_Zones −1)*Lambda / 4 ) ) ;
15 w=r−r _ b e f o r e ; %S i z e o f t h e n t h zone
16 t e s t = Diamete r /2−( r−w/2+w/ 2 ) ;%The r a d i u s o f t h e h o l e i s t a k e n i n t o a c c o u n t
17

18 i f t e s t <0 %" I f " used t o v e r i f y i f t h e r a d i u s o v e r i d e t h e d i a m e t e r o f t h e Photon S i e v e
19 i =0 ;
20 Counte r_Zones = Counter_Zones −2;
21 end
22 end
23 i f Counter_Zones <1 %In c a s e o f t o o s m a l l d i a m e t e r
24 d i s p ( [ ’ ’ ] ) ;
25 d i s p ( [ ’ ! ! ! ! ! ! ! E r r o r i n t h e e n t r y , d i a m e t e r t o o s m a l l f o r t h e Photon S i e v e ! ! ! ! ! ! ! ’ ] ) ;
26 d i s p ( [ ’ ’ ] ) ;
27 end
28 %% Compute t h e t o t a l number o f h o l e s and t h e s u r f a c e r a t i o
29 Numb_Total_Holes =0;
30 o p e n _ s u r f a c e =0;
31 f o r i = 1 : 2 : Coun te r_Zones
32 i f i ==1 %S p e c i a l c a s e f o r t h e c e n t r a l h o l e
33 r = s q r t ( i *Lambda *( f + i *Lambda / 4 ) ) ;
34 r _ b e f o r e = s q r t ( ( i −1)*Lambda *( f +( i −1)*Lambda / 4 ) ) ;
35 w=r−r _ b e f o r e ;
36 Numb_Total_Holes=Numb_Total_Holes +1;
37 o p e n _ s u r f a c e = o p e n _ s u r f a c e + p i * (w) ^ 2 ;
38 e l s e
39 r = s q r t ( i *Lambda *( f + i *Lambda / 4 ) ) ;
40 r _ b e f o r e = s q r t ( ( i −1)*Lambda *( f +( i −1)*Lambda / 4 ) ) ;
41 w=( r−r _ b e f o r e ) ;
42

43 Holes_Diame te r =w/ ( 1 + ( Number_Layer−1) / ( D e n s i t y / 1 0 0 ) *(2−D e n s i t y / 1 0 0 ) * s q r t ( 3 ) / 2 ) ;
44 add =0;
45 f o r j = 1 : 1 : Number_Layer
46 add=add+ f l o o r ( ( 2 * p i * ( r _ b e f o r e + Hole s_Diame te r / 2 + ( j −1) / 0 . 9 * 1 . 1 * s q r t ( 3 ) / 2 * Hole s_Diame te r ) ) / (

Ho le s_Diame te r / ( D e n s i t y / 1 0 0 ) ) ) ;
47 end
48 Numb_Total_Holes=Numb_Total_Holes+add ;
49 o p e n _ s u r f a c e = o p e n _ s u r f a c e +add * p i * ( ( Ho le s_Diame te r / 2 ) ) ^ 2 ; %V e r i f y t h e o p t i m i z a t i o n o f t h e

s i z e o f t h e h o l e
50 end
51 end
52 S u r f a c e _ R a t i o = o p e n _ s u r f a c e / ( p i * ( Diamete r / 2 ) ^2 ) ;
53

54 %% G e n e r a t i o n o f t h e e n t r y s i g n a l ( The Photon S i e v e )
55 %S i z e o f t h e a r r a y
56 L= Diamete r * ( 1 . 1 + 0 . 2 * 2 * ( Speed−1) ) ;

University of Liege -148-



Master thesis B. Multilayer holes

57

58 %Diamete r o f t h e s m a l l e s t h o l e s
59 r = s q r t ( Coun te r_Zones *Lambda *( f + Counte r_Zones *Lambda / 4 ) ) ;
60 r _ b e f o r e = s q r t ( ( Counter_Zones −1)*Lambda *( f +( Counter_Zones −1)*Lambda / 4 ) ) ;
61 w=r−r _ b e f o r e ;
62 S m a l l e s t _ H o l e s =w/ ( 1 + ( Number_Layer−1) / ( D e n s i t y / 1 0 0 ) *(2−D e n s i t y / 1 0 0 ) * s q r t ( 3 ) / 2 ) ;
63 % S i z i n g t h e minimum p i x e l w i th r e s p e c t t o t h e s m a l l e s t h o l e
64 dx_max=w/ ( 1 + 5 * ( Speed−1) ) ;
65 M_min=L / dx_max ;
66 M= c e i l ( M_min / 1 0 0 0 ) *1000 ;
67

68 dx=L /M;
69 x=−L / 2 : dx : L/2−dx ;
70 y=x ;
71 [X,Y]= meshgr id ( x , y ) ;
72 S i g n a l = z e r o s ( max ( s i z e ( x ) ) , max ( s i z e ( x ) ) ) ;
73

74 %D i s p l a y t h e number o f p i x e l s and i t s s i z e !
75 i f S i n g l e ==1
76 d i s p ( [ ’ ’ ] ) ;
77 d i s p ( [ ’ S i z e o f a p i x e l : ’ , num2s t r (10^6* dx ) , ’ x ’ , num2s t r (10^6* dx ) , ’ [ micron x micron ] ’ ] ) ;
78 d i s p ( [ ’ ’ ] ) ;
79 d i s p ( [ ’ Number o f p i x e l s : ’ , num2s t r (M) , ’ x ’ , num2s t r (M) ] ) ;
80 d i s p ( [ ’ ’ ] ) ;
81 end
82

83 %Computa t ion o f t h e s i g n a l
84 c o u n t e r _ h o l e s =0;
85 f o r i = 1 : 2 : ( Coun te r_Zones )
86 n= Counter_Zones−( i −1) ;
87 i f n==1 %S p e c i a l c a s e f o r t h e c e n t e r
88 r = s q r t ( Lambda *( f +Lambda / 4 ) ) ;
89 Signa l_Add = abs ( s q r t ( (X) . ^ 2 + (Y) . ^ 2 ) ) <=(1* r ) ;
90 S i g n a l = S i g n a l + Signa l_Add ;
91

92 e l s e %E x t e r n a l c a s e s
93 r = s q r t ( n*Lambda *( f +n*Lambda / 4 ) ) ;
94 r _ b e f o r e = s q r t ( ( n−1)*Lambda *( f +( n−1)*Lambda / 4 ) ) ;
95 w=( r−r _ b e f o r e ) ;
96 Holes_Diame te r =w/ ( 1 + ( Number_Layer−1) / ( D e n s i t y / 1 0 0 ) *(2−D e n s i t y / 1 0 0 ) * s q r t ( 3 ) / 2 ) ;
97

98 f o r Layer = 1 : 1 : Number_Layer
99 numb_holes= f l o o r ( ( 2 * p i * ( r _ b e f o r e + Hole s_Diame te r / 2 + ( Layer−1) / 0 . 9 * 1 . 1 * s q r t ( 3 ) / 2 *

Hole s_Diame te r ) ) / ( Ho le s_Diame te r / ( D e n s i t y / 1 0 0 ) ) ) ;
100 i f ( Layer /2−( f l o o r ( Layer / 2 ) ) ) ==0 %Angles depend of t h e l a y e r ( d i f f e r e n t f o r odd or

even l a y e r )
101 %C o o r d i n a t e a n g l e s o f t h e nodes
102 a n g l e s = 1 : 1 : numb_holes ;
103 a n g l e s = a n g l e s / numb_holes *2* p i ;
104 e l s e
105 a n g l e s = 1 . 5 : 1 : ( numb_holes + 0 . 5 ) ;
106 a n g l e s = a n g l e s / numb_holes *2* p i ;
107

108 end
109

110 [ Holes , S i z e ]= H o l e s _ G e n e r a t o r ( dx , Ho le s_Diame te r / 2 ) ;
111 Radius =( r _ b e f o r e + Hole s_Diame te r / 2 + ( Layer−1) / 0 . 9 * 1 . 1 * s q r t ( 3 ) / 2 * Hole s_Diame te r ) ;
112

113 f o r i = 1 : 1 : numb_holes %Add a h o l e a t e v e r y p o i n t c e n t e r e d by t h e a n g l e
114 x _ c e n t e r = cos ( a n g l e s ( i ) ) * ( Rad ius ) ;
115 y _ c e n t e r = s i n ( a n g l e s ( i ) ) * ( Rad ius ) ;
116 i _ c e n t e r = f l o o r ( cos ( a n g l e s ( i ) ) * ( Rad ius ) / dx ) ;
117 j _ c e n t e r = f l o o r ( s i n ( a n g l e s ( i ) ) * ( Rad ius ) / dx ) ;
118 i _ b e g i n = c e i l (M/ 2 ) + i _ c e n t e r−f l o o r ( S i z e / 2 ) ;
119 i _ e n d = c e i l (M/ 2 ) + i _ c e n t e r + c e i l ( S i z e / 2 ) −1;
120 j _ b e g i n = c e i l (M/ 2 ) + j _ c e n t e r−f l o o r ( S i z e / 2 ) ;
121 j _ e n d = c e i l (M/ 2 ) + j _ c e n t e r + c e i l ( S i z e / 2 ) −1;
122 S i g n a l ( j _ b e g i n : j_end , i _ b e g i n : i _ e n d ) = S i g n a l ( j _ b e g i n : j_end , i _ b e g i n : i _ e n d ) + Holes ( : , : ) ;
123 end
124
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125 end
126 end %End of t h e " i f " c o n d i t i o n
127 end %End of t h e g e n e r a t i o n loop
128

129 f o r i = 1 : 1 :M %In c a s e o f s u p e r p o s i t i o n o f t h e hole , p u t t h e v a l u e upper t h a n 2 t o 1
130 f o r j = 1 : 1 :M
131 i f S i g n a l ( j , i ) >1
132 S i g n a l ( j , i ) =1 ;
133 end
134 end
135 end %End of t h e c o r r e c t i o n
136

137 end %End of t h e f u n c t i o n
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