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The Fresnel transform is a diffraction integral used in optics to calculate the
propagation of a wave field in the paraxial domain. It is possible to express the
Fresnel transform in Cartesian or cylindrical coordinates. Often the choice of

coordinate system depends on the optical problem being examined.

In this

proceeding we examine the often overlooked problem of representing an optical
field discretely using cylindrical coordinates.

1 Introduction

The Fresnel transform (the Fresnel diffraction inte-
gral) is often used in the optics, to calculate the
propagation of wave in the near field. Many numer-
ical methods are used to do this transform, like
direct method, spectral method etc. In this pro-
ceeding we contrast the discrete numerical imple-
mentation of the Fresnel transform in two different
coordinate and analyze the replica properties of
the two solutions.
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Fig.1. Schematic representation of the diffractic;ﬁ”geom-
etry
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Using Fresnel transform we can calculate the light
propagation from one plane (x’, y’) to another (x,
y), as shown in Fig. 1. We have the Fresnel trans-
form in Cartesian coordinate with,
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Which 1 is the wave length, and z is the distance
between the two planes, k is the wave number.
Due in part to the rectangular coordinate systems
associated with CCD arrays, the Cartesian system
is widely used to represent a digital signal. Howev-
er in other spherical aperture case, like a lens sys-
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tem, the cylindrical coordinate is more suitable to
be chosen. The Fresnel transform in cylindrical
coordinate is written as [1],
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Usually these integrals have no analytical solu-
tions, and they need to be solved numerically.
Here we use discrete implementation to rewrite
these equations with,
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The sampling type in Eq. (3) is Ax'=2a/N ,
Ay'=2a/M , and in Eq. (4) is AR=a/N ,
AB=27/M, N and M are the number of sam-
plings. With Eq. (3) or (4) we have discrete imple-
mentation of the Fresnel transform in two coordi-
nate.

3 Simulation

In this section, we calculate the propagation of a
converging wave with the focus f. So we have the
input plane in Cartesian coordinate,
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or in cylindrical coordinate,
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Substituting Eqg. (5) into Eq. (3) and Eg. (6) into Eq.
(4) with N=50, M=50. We get the results as shown
in Fig. 3 and Fig. 4. For both results, we have infi-
nite replicas beside the original solution, however
the replicas are significant different in the two cas-
es. In the Cartesian coordinate, we have the nu-
merical solution An [2],
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We see that replicas are separated by Az/Ax in x
axis, and Az /Ay iny axis. The replicas are identi-

cal as the original one (located at x=0, y=0).

In the cylindrical coordinate, the numerical solution
is written as [3],
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which ** is the convolution operation. In this case,
the replicas are distributed circinally, around the
original one, they located at r=nAz/AR, n=1, 2,

3... These replicas are not as same as the original
one, and there power are twice the original one,
because + and — order replicas overlap themselves
at the same location

Fig.2. Intensity distribution at the focus plane using the
Fresnel transform in Cartesian coordinate.

Fig.3. Intensity distribution at the focus plane using the
Fresnel transform in Cartesian coordinate.

4 Conclusion

Here we present two different kinds of discrete
numerical methods to calculate the Fresnel diffrac-
tion integral, in Cartesian coordinate and in cylin-
drical coordinate. Both methods give the replicas
at the output plane. However the replicas are sig-
nificant different, every order of replicas in Carte-
sian coordinate is just like the origin, but in the
cylindrical coordinate system, the replicas with the
same order locate at the same place and are built
circinally. In practice it must be ensure that enough
sampling to be taken to separate the replicas and
get the accurate results
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