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                        OBSERVATION OF FUNDAMENTAL VARIABLES OF OPTICAL
TECHNIQUES IN THE NANOMETRIC RANGE
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Dipartimento di Ingegneria Meccanica e Gestionale
Politecnico di Bari
Bari, 70126 - Italy
ABSTRACT
Through the analysis of an image of a 6 mm sphere recorded using evanescent illumination and a conventional optical
microscope, speckle patterns, photoelastic fringes moiré fringes and holographic patterns have been detected in the
nanometric range. In this paper the formation of the photoelastic fringes and the moiré patterns will be analyzed. Due to
limitation of paper length the discussion of the speckle patterns and the holographic patterns is not included. Fundamental
equations are derived to explain the formation of the photoelastic and moiré patterns. Utilizing FFT procedures is possible to
recover from the image spatial frequencies up to 29.5 nm. This implies a resolution of the order of 1/21 of the wavelength of
light well beyond the 0.5 limit postulate by Rayleigh in the 19th century. This result confirms a conjecture of Toraldo di Francia,
originator of the concept of optical super resolution and of actual procedures to achieve it. Toraldo di Francia in the late 40’s
and early 50’s postulated the idea that through evanescent fields optical resolution could be increased almost continuously if
enough energy is available to form an image.
Introduction
The research in super resolution following the main direction pointed out by Toraldo di Francia in 1952 and later
experimentally continued by his collaborators, led us to investigate the formation of images by a small spherical lens in series
with a conventional microscope. Following the principle of reverse interference postulated by Toraldo di Francia and using
numerical procedures mostly based on Fourier image analysis, image components have been separated in different regions of
the frequency spectrum of the wavefronts imaged by the microscope. Among other components the image contains a system
of multiple interference fringes that are independent from the presence of the particle, since these fringes can be seen in
regions that are away from the particle cross-section. These fringes are originated in the regions of the optical path before the
light enters the sphere. From a very extensive literature existing in this subject it is possible to conclude that these fringes are
a consequence of the birefringence induced by residual stresses present in the optical path of the light. The formation of the
fringes is a complex phenomenon that by itself requires a full paper. In what follows we will provide a brief description of the
experiment to give the reader an understanding of the process of formation of the fringes.
The Experiment
The experiment analyzed in this paper has been done with the methodology described in [1], and similar approaches have
been applied in the literature with some variations of the optical set up to visualize the diffraction patterns of spherical particles.
Figure 1 shows the schematic representation of the optical set up utilized to observe the diffraction pattern of a polystyrene
particle of 6 µm nominal diameter. The particle is immersed in a saline solution with an index of refraction of 1.36 while the
particle itself has an index of refraction 1.57.
Figure 1.Schematic representation of the set up to image a particle of 6 µm diameter using evanescent illumination
and a conventional microscope attached to a CCD camera to record the image.
A helium-neon (HeNe) laser was utilized as the light source with nominal wavelength 0.6328 µm. The particle was illuminated
via an evanescent field. For that purpose a prism is used to give the laser beam the critical angle for total reflection. The
polarization of the beam is indicated in Fig. 1. The image of the diffraction is focused by a microscope with NA=0.95 and
registered with a CCD attached to the microscope. The CCD is a square pixel camera with 1600 x 1152 pixels. The analysis of
the image was performed with the Holo Moiré Strain Analyzer software (HoloStrain™) [16]. Details of the experiment that are
pertinent to the current study are presented in the following sections.
Analysis of The Process of Illumination
The phenomenon of evanescent illumination has been known for a very long time, and has been used to measure residual
stresses in glass surfaces since the early sixties, [2-5]. In [6-9] early experiments to prove the existence of optical evanescent
waves are discussed. The theoretical existence of evanescent waves seems to have been proven in [10]. References [11-12]
are of particular interest to the present work since in these references it is presented a thorough qualitative experimental study
on the conditions of observation and on some of the striking properties of evanescent waves. In [11] it is shown that optical
energy can be propagated between coplanar prisms standing in a homogenous medium, air. The experiments were repeated
with the prisms supported on a piece of annealed glass introducing oil in the contact faces of the prisms and the supporting
plate. In other experiments the supporting prism was replaced by water and the obtained results were similar. In [12] the
experiments were repeated introducing a thin film that acted as a wave guide. The transportation of energy from prism to prism
took place with an increasing amount of energy transmitted when compared to the previous case of prisms supported by a
homogeneous plate. The same effect was observed if the film was removed but the glass surfaces showed a gradient in the
index of refraction in the neighborhood of the external surface. It was verified that the transported energy increased with
increasing gradients of the index of refraction. It was observed that the effect depended on the amount of birefringence of the
glass. It was verified that waves could transport images. The phenomenon could be characterized by three fundamental facts:
1) the spectral line observed at the exit prism with a telescope depends on the index of refraction of the entering prism
corresponding to wavelength λ (critical angle θ);
2) the azimuthal direction of the propagated waves is the same as that of the plane waves that exited them;
3) the rays belonging to a given wavelength enter the exit prism at the critical angle corresponding to the index of refraction of
the exit prism (critical angle θ2).
Another interesting property is that the plate supporting the sending and receiving prisms need not to be the same. The waves
can traverse an air gap, even at long distances without appreciable deterioration. That is, there is an end-firing capability
similar to that of radar antennae. Quantitative measurements show that the whole phenomenon is controlled by the angle of
incidence of the beam to minus a second of arc, identical to the critical angle of total internal reflection.
We will consider the formation of fringes that to seem to be independent of the presence of the spherical particle and most
likely are multiple interference fringes produced by the interaction of the outer layers of the prism and the microscope slide
glass. In [5] there is thorough discussion on the multiple interference fringes arising from light incident at the limit angle at an
interface where there are high gradients of the index of refraction caused by residual stresses in the glass. The region of high
gradient behaves as a diffraction grating that generates a number of wavefronts that emerge at different angles, Fig. 2, and
that enter the microscope glass slide. The glass slide acts as a wave guide and has the role of a passive Fabry-Perot
resonator. From the resonator emerge plane wave fronts that enter the saline solution and propagate along the saline medium.
Figure 2. Model of the interface of the prism and the microscope slide as a diffraction grating causing the impinging beam to
split into different diffraction orders.
The spectrum of the image of the particle, Fig. 3, obtained by using the FFT provides the harmonics of the different fringes
contained in the image and therefore it is possible to retrieve from the spectrum the desired harmonics. Figure 4 shows the
plot of sinθr for the different orders of a fringe spectrum captured in the FFT of the image, by applying an equation introduced
by Toraldo di Francia. ( [9], Chapter III, Section 47). Since values of sin θr are grater that one, then θr is a complex number,
with a real and an imaginary part. This implies a generalization of the trigonometric function to complex values of the
argument. This approach is a generalization of the solutions of the Maxwell equations to complex variables. This
generalization is limited to 2D, in 3D a dyadic approach or a tensorial approach is needed. In our present experiment there are
very many different wavefronts entering the interface, the equation has been applied to a given pitch and to the spectrum
frequencies observed by the microscope. These fringes are the fringes that are generated by the diffraction effect caused by
the residual stresses in the prism, fringes that are indicated in green in Fig.2. These fringes are the object of the study
presented in this paper. Figure 5 shows the actual fringes as seen in the image by using numerical filtering that enhances the
image of the fringes. Figure 6 and Fig. 7 are cross-sections of the observed fringes. One can see a clear moiré fringe effect,
superposition of harmonic components of close frequencies.
Figure 3. FFT of sphere in central region
Figure 5. System of fringes in the image enhanced
by filtering procedures. Central position of the image
showing the first dark fringe
Figure 4. Plot of the sine θr versus fringe order for the plane
wavefronts generated by the evanescent waves.
Figure 6. Cross section of the fringes of Fig. 5 showing moiré effect
(modulation of the amplitude of two very close spatial frequencies)
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Figure 7. Intensity distribution in the central part of the pattern in Fig. 6
Determination of the Fundamental Frequencies of the Observed Fringes
Pitch (nm)
The fringe pitch of these families can be obtained with high accuracy from the analysis of the diffraction patterns of the image.
Figure 8 shows the plot of the fringe pitches of two close frequency fringes. The different frequencies are plotted vs. the fringe
order. Fitting the curves with a function one obtains hyperbolic functions that define the fundamental frequency of the fringe
pattern, A frequency analysis of the observed images reveals that there is everywhere in the image two spatial frequencies
that can be separated and have average values 2.238 µm and 3.356 µm, respectively. To these frequencies is related a third
frequency, 1.118 µm that appears in the image; this last frequency is the difference of the other two. This fact gives the
fundamental clue to the understanding of the formation of fringes that are related to the birefringence of the glass.
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Figure 8. Plot of the successive harmonic grating pitches as a function of the diffraction order.
Analysis of the Birefringence
The distribution of residual stresses on a block of crystal generated during the cooling process is as shown in Fig.9. There is
compression in the outer surface and tension in the central part, a polynomial of the fourth degree gives a good to the
experimental values. Glass is a negative crystal; this means that the ordinary wavefront has the largest index of refraction. In
the case of the stress distribution shown in Fig. 9, near the boundary, the stress perpendicular to the boundary is close to zero
and the equivalent crystal is shown in Fig. 10. Figure 11 shows the coordinate system used in our analysis, the principal
stresses are as indicated. The incident beam is polarized as shown in Fig.1, (p-polarization), that is the polarization vector is
contained in the plane of incidence, which at the same time the plane of the algebraically smallest stress (the highest
negative), while the highest stress (the smallest negative) is in the perpendicular direction. Figure 12 shows one of the two
symmetrical orders that produce the observed fringes as it emerges from the slide/saline solution interface.
optical axis
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Figure 9. Residual stress distribution in glass plates
generated by the cooling process.
Figure 10. Equivalent birefringent crystal at the points of
the surface of the prism (glass is a negative crystal, the
ordinary beam has the highest index of refraction).
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Figure 11. Representation of the stress state at a
point of the prism surface
Figure 12. Beam diagram of the optical path of wave fronts
generated by the evanescent waves in the prism surface
The interface between glass slide and prism is filled with an index matching fluid. At the interface between the prism and the
glass slide, from the equation of the critical angle one can obtain,
np =
ng
(1)
sin φ p
Where the subscript p indicates the p-polarization, np is the index of refraction corresponding to the p-polarization, ng is the
index of refraction of the slide glass that is assumed to have negligible birefringence.
We can write, Fig. 12
sin α p = cos φ p = 1 − sin 2 φ p =
1
np
n 2p − n g2
(2)
Applying the Snell’s law, that is valid under the experimental conditions, at the interface of the glass slide and the prism, the
evanescent field generates in the slide a propagating field such that the equivalent angle of incidence is sin αp
n p sin α p = n g sin γ p
(3)
From the previous equations we obtain,
sin γ p =
np
ng
cos φ p
(4)
Now at the interface of the glass slide and the saline solution applying again the Snell law
n g sin γ p = n s sin β p
(5)
Taking into consideration (5),
sin β p =
The argument of the plane wave front is then
np
ns
cos φ p
(6)
E( x , z) = A exp
→
Where:
∧
∧
→
→
⎡ → →⎤
⎢i . ⎥
⎦⎥
⎣⎢
kr
(7)
→
k = ng (k x i + k z k ) , r = x i + z k , then
E( x , z) = Ae
i[ n g ( k x x + k z z )]
(8)
The interference fringes are formed by the two symmetrical wavefronts with respect to the normal in Fig, 12,
→
measured value of the observed fringes along the x-axis;
→
projection in the x-direction of
pp
is the fringe spacing along the wave front;
→
and
p pz
p px = p pm is the
→
→
p px
is the
p p ; p pz is the projection in the z-direction of p p . For the first diffraction order,
sin β p =
The values of
p pm
λ
p pm
(9)
→
p p through the following equations,
can be by related to
p px = p m cos β p = p pm
(10)
p pz = p pm tg β p
(11)
Then the argument of the exponential (8) becomes
θp =
This argument can be reduced to the form:
2π
2π
x+
z
p ex
p ez
(12)
θ p = k ( a p1 x + c p1 z)
with the notation,
a p1 =
c p1 =
Similar equations can be derived for the index of refraction
polarization orthogonal to the plane of incidence.
(13)
λ
p pm
(14)
λ
p pm tgφ p
n⊥ using p⊥
(15)
, where the subscript
⊥
indicates the state of
Equations for the Evanescent Waves
We need to consider now the equations of the plane wave solution of the scalar form of the Maxwell equations. Toraldo di
Francia has derived a general solution [9] for the scalar form of the Maxwell equations. We are reproducing here his argument.
As mentioned before if this solution has a meaning in 3-D is difficult to say, since the light velocity field is a third order tensor.
Of course a 2-D version can be utilized. In 3-D dimensions assuming that the direction cosines of the wavefronts are complex
quantities of the form,
cos α = a 1 + ia 2
cos β = b1 + ib 2
cos γ = c1 + i c 2
(16)
(17)
(18)
Where the quantities a1,b1,c1, a2,b2,c2, are all real numbers. Assuming a plane wavefront such that the results are independent
of the y-variable, replacing the above direction cosines in the equation of the plane front we obtain,
E e (x , z ) = Ae
Recalling the property of the direction cosines,
− k ⎛⎜ a 2e x + c2 z ⎞⎟
e ⎠
⎝
e
(
ik a1e x + c1e z
)
(19)
cos 2 α + cos 2 γ = 1 , one gets
a12e + c12e = 1 + a22e + c22e
(20)
a1e a2 e + c1ec2 e = 0
(21)
and,
The solution (real part) shows decreasing amplitude with depth which means that the field cannot propagate as ordinary
waves do, in the direction perpendicular to the surface. However, experiments show that they can propagate in their own
plane, even if there is a change of medium of propagation. Furthermore the planes of constant phase corresponding to the
imaginary component are orthogonal to the planes of constant amplitude as shown by Eq. (21). If we consider, Fig.12 the
φ p⊕ above the value of φ p
np
a 1e =
sin φ ⊕p
ng
2π n p
i
=
n 2p sin 2 φ ⊕p − n g2
λ ng
interface between the prism and the glass slide, for an angle
c 2e
If we now select
(22)
(23)
φ p⊕ > φ p
a 1e =
c1e =
np
ng
np
ng
sin φ p
(24)
cos φ p
(25)
The coefficients of the planes of constant phase are real, their imaginary part is zero, the coefficients of the planes of constant
amplitude are imaginary, and the real part is zero, The equation of the evanescent front moving along the boundary is,
E e (x, z ) = Ae
⎛ np
⎞
cos φ p z ⎟
−k ⎜
⎜ ng
⎟
⎝
⎠
e
⎛ np
ik ⎜
sin φ p x
⎜ ng
⎝
⎞
⎟
⎟
⎠
(26)
An equation similar to (26) can be found for the index of refraction n⊥ . We have vertical planes of constant phase and
horizontal planes of constant amplitude. Considering Eq. (9), Eqs. (14) and (15) become, respectively,
a p1 = sin β p =
c p1 = cos β p =
np
ns
np
ns
sin φ p
(27)
cos φ p
(28)
The relationship between the evanescent wave coefficients and the real wave coefficients is,
ra = rc =
ns
ng
(29)
We observe then fringes that are produced by two evanescent waves that propagate in opposite directions in the interface of
the prism and the glass. The evanescent waves produce real waves that correspond to the diffracted waves of the field
incident in the interface, Fig.12.
Formation of the Images of the Interference Fringes
We have obtained the equations that correspond to two families of fringes that are formed by waves that go through the
thickness of the glass slide. These lines are then lines that give the difference of optical paths of the two wavefronts. The
formation of the fringes presents a similitude with the formation of fringes of equal path in Photoelasticity. In [13] these lines
have been given the name of isodromics (lines of equal changes of optical path). These lines become visible in holographic
interferometry when a lens hologram of a photoelastically transparent loaded specimen is recorded. In [13] the complete
analysis of the phenomenon is presented. For plane polarization the obtained patterns consist in the superposition of four
families of lines whose relative intensities depend on the type of polarization of the illuminating beam. One family corresponds
to the isoclinic lines, the other three families of lines are: a) the lines of absolute variation of the optical path δ and δ2 and the
lines of relative retardation δ3, called isochromatics in Photoelasticity. These lines are related trough the equation,
δ 3 = δ1 − δ 2 
(30)
The isodromics are observed only when a double exposure is applied, that is when a superposition of the loaded and
unloaded conditions is recorded. The isochromatics are always present and in [13] is shown that when the loaded condition is
the only one recorded, the holographic recording is equivalent to the recording in an ordinary polariscope with the reference
beam acting as the analyzer. In [13] it is also shown that the isochromatics are the moiré pattern produced by the lines of
absolute retardation. In the case of a loaded specimen the optical path changes occur inside the specimen. In our case we
have only one exposure and the fringes are produced by the change of optical path that takes place inside the microscope
slide. All the same, the fringes contain information concerning np and n⊥ which are the quantities of interest. In the
holographic set up used in [13] the laser beam was split in two symmetric beams, one beam was perpendicular to the
specimen; the other beam was utilized as reference beam. The observation direction was along the bisector of the two beams,
the direction of the sensitivity vector. The fringes were formed by the zero order and the plus minus first orders corresponding
to the extraordinary beams. This condition is similar to the one existing in the present system, the zero order is the ordinary
beam generated inside the slide acting as a Fabry-Perot interferometer, and the other two orders are the symmetric orders
corresponding to the extraordinary beams produced by the evanescent waves. One can utilize the relationship between the
retardations and the principal stresses of the bi-dimensional field σ and σ2 [14]
δ1 = Atσ1 + Btσ 2
δ 2 = Btσ1 + Atσ 2
(31)
(32)
Where A and B are constants that depend of the material of the specimen and of the utilized wave length, and t is the
thickness of the specimen. According to the Maxwell-Neumann relationships, the three indices of refraction are related
through.
n p − n o = Aσ1 + Bσ 2
(33)
n ⊥ − n o = Bσ1 + Aσ 2
(34)
By adding the previous equations,
(σ1 + σ 2 )(A + B) =
δ1 + δ 2
t
(35)
By subtracting Eqs. (31) and (32), we get the classical Wertheim equation of Photoelasticity,
(σ1 − σ 2 ) =
δ1− δ 2
δ − δ2
(A − B) = 1
C
t
t
(36)
From the mathematical point of view Eqs. (31),(32) and (36) are not independent, since (36) is a lineal combination of the
previous two, they can be considered as a system of three equations with two unknowns. In [14] Favre obtained a solution of
this system by using the method of the minimum squares in which all the errors of the measurements of the different constants
involved are taken into consideration. Using the same approach and with the values of δ and δ2 determined in the way shown
before, measuring the photoelastic constants and the thickness of the microscope slide, it is possible to obtain the indices of
refraction. Alternatively if the index of refraction of the microscope slide is known, one has a redundant system to find out the
indices of the two other beams. Furthermore we have the relationships between the different wavefronts that form the
interference fringes. Through Eqs. (3-4), (6) and (9), knowing the index of refraction of the glass and the index of refraction of
the saline solution, we can get all the different quantities involved. Of course, these quantities must be in agreement with the
results of Eqs. (31) to (36). One can create a redundant system and optimize the quantities involved using a selected
optimization criterion.
Results
Table I and Table II show some of the numerical values of interest. The pitches of the gratings have been obtained from the
FFT of the image from plots of the pitch vs. diffraction order similar to that shown in Fig 8. From the pitches using (10) is
possible to get the angles shown in table I. The first column of Table II is obtained as mentioned before from the average of
the values of graph similar to that of Fig.8. The values of np and n⊥ can be obtained from Eqs. (1-6) and (9) from the values of
δ1, δ2 and ng that are measured quantities. The values of the thickness t=1015 µm computed from the pitches of the fringes
and from the optical path from the value of γp, agree within 1.5% with the nominal value of t=1000 µm, and have a standard
deviation of ±6 microns. The value of the index of refraction of the saline solution was computed using an equation that gives
the index of refraction of the solution on the basis of the amount of sodium chloride added per ml of the solution. The value of
the index no was computed from Eqs. (33-34) using the computed values of np, n⊥, and the stresses computed with Eqs. (3536). We do not have the values of the photoelastic constants for the wavelength of the laser, we have used values taken from
[15] as a first approximation. The obtained residual obtained stresses are low; plate glass can have residual stresses 10 times
the measured values. The error on the stresses due to approximate values of the photoelastic constants can be estimated
within 10 %. The value of the shear stress divided by the constant C, gives a value of the thickness t that is 10 % in error with
respect to the average of 1015 µm obtained experimentally. The signs of the stresses come correctly, they are compressive
with the highest negative value σ2 along the x-axis corresponding to the p-polarization plane and the smallest negative value σ
along the y-axis corresponding to the s-polarization plane. Generally the values of σ1 and σ2 are equal for glass plate, in this
case, a glass prism there is a small difference.
Table I
βp
φp
10.86o
84.64o
β⊥
φ⊥
16.42o
75.40o
Table II
δ1
δ2 1
δ3 1
1
3.356±0.060 (µm)
2.238±0.0019 (µm)
1.118±0.0025 (µm)
2
np
n⊥ 2
t 3
1.5267
1.5256
1015 ± 6 (µm)
no 4
ng 5
ns 6
1.5310 ± 0.0006
1.5234
1.36
A7
B7
C7
-0.565.10-11m2/N
-3.160.10-11m2/N
2.571.10-11m2/N
σ1
σ2
τ
-147 MPa
-155 MPa
4.35 MPa
1- Calculated values from FFT; 2-Obtained from Eq. (6) applied to np and n⊥; 3-nominal 1000 µm (manufacturer), from: δ1,δ2, δ3,γπ
4-from Eqs. (35-36); 5-provided by manufacturer, 6-Computed from concentration of the saline solution, 7-From literature [15]
Conclusions
Following the principle of reverse interference we have, through filtering, separated different regions of the frequency spectrum
of the wavefronts imaged by the microscope when capturing the image of a 6 µm sphere. Among many other components, a
systems of multiple interference fringes is observed, these fringes are independent from the presence of the spherical particle
in the image and are originated in the regions of the optical path before the light enters the sphere. These fringes are a
consequence of the induced birefringence by residual stresses introduced in the surface of the prism during the fabrication
process. The actual theoretical problem is of formidable complexity. We have to find the eigen modes of vibration of the
electromagnetic field inside the microscope slide behaving as a Fabry-Perot interferometer. The boundary conditions are quite
complex. The field in the microscopic slide is fed by plane wavefronts produced in the surface of the of the prism by
evanescent waves that in turn are solutions of the eigen modes of the vibrations of the electromagnetic field on the surface of
the prism. The electromagnetic field is a third order tensor hence the solution has similitude with the solution of the surface
elastic waves in an anisotropic medium. In the other boundary, another set of evanescent waves is produced in the interface
with the saline solution. The experiment shows that among many other wavefronts, plane wavefronts are entering the
microscope slide. These wavefronts are similar to those produced by a diffraction grating when illuminated by a plane wave
front parallel to the surface, These wavefronts carry information that reflects the state of stresses on the surface of the prism,
they enter the saline solution where are captured by the microscope and imaged in the sensor of the CCD. In the region where
the particle is present the wavefronts are distorted following the laws of refraction. However they seem not to be following the
ordinary laws of diffraction since they enter the sensor at frequencies that according the laws of diffraction, the aperture of the
microscope should have filtered out. The plane wave fronts frequencies have been obtained by a procedure that has similitude
to high resolution FT spectroscopy. The calibration of the original image gives a spatial resolution of 28 nm, hence it is
possible to detect harmonics of fractions of the wavelength of light, (0.6328)/(1.36)*(28)=16 for the 28 nm. The pitches of the
harmonics shown in Fig.8 have a minimum value of 29 nm. According to the Rayleigh criterion the maximum detectable should
be (.6328)/(1.36)*2=232 nm. This means that the resolution has been increased by almost a ten fold. It is evident that this
phenomenon can not be explained within the framework of classical optics. Like some other optical phenomena that has been
recently discovered in optics one needs to quantum theory for an explanation. The whole secret seems to lay on the presence
of polarized photons and an evanescent field. That is, for each photon of the incident light, the evanescent field as a
consequence of the birefringence generates three photons. One photon belongs to the ordinary beam, travels in the case of
glass with the smallest speed; two other photons are generated with orthogonal polarizations. One photon continues with the
same polarization of the incident beam, but with slightest larger speed than that ordinary beam photon, the remaining photon
is the fastest photon and has an orthogonal polarization with respect to the two other photons. Every time that one photon
generates other photons one can consider the quantum phenomenon of entanglement. That is we have a group of photons
that travel in space as an entity with some features in common. This property is utilized in quantum lithography to produce
interference fringes beyond the Rayleigh limit. Actually to have a better grasp of what occurs one has to abandon the classical
point of view of wave propagation originated by Newton and his idea of photons as small elastic balls. When a photon
impinges in a transparent medium surface, it is absorbed by the electronic layers of the medium, it setups waves in the
electromagnetic medium and as a consequence at the other face finally another photon is emitted. There is a memory effect
because the emitted photon carries the information contained in the original photon. In our case we have three photons
coming out as a consequence of one photon impinging on the medium these three photons carry the information contained in
the original photon. Since these photons are coherent are capable of interfering but in doing so they behave as they have a
wavelengths that are a fraction of the wave length of the impinging light. In quantum lithography it is assumed that the
equivalent wave length is λ/2Ν, where N is the number of entangled photons. In the present experiment the wavelength is
modified also by the successive integers corresponding to the diffraction orders that are if we consider λ/2 as the highest
interference observable with ordinary light beams, the higher diffraction orders detected are integer fractions of that quantity.
The equation of diffraction for a two dimensional grating when an evanescent field is present seems to be valid to λ/2N. The
possibility of observing the higher orders depends on the energy available and on the detector capability. This result seems to
have foreseen by Toraldo di Francia [9], he postulated that the resolution of optical system could be increased almost
continuously beyond current limits, if one has the necessary energy to achieve this results. He also pointed out the reason for
this assumption, the existence of evanescent fields that changed the trajectories of certain group of photons.
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