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Summary

New types of sources with special coherence characteristics are presented. They exhibit radial
or circular coherence properties. Among them the so-called pseudo-Schell model sources are
also described. The propagated fields, the designed set-ups and the experimental synthesis
procedures of the fields are analyzed in this communication.

Introduction

The research for physically realizable partially coherent sources (PCS) and their synthesis is
a subject of very high interest in recent years among the Optics research community (see
[1, 2, 3, 4] and references therein). In order to model PCS the Schell-model has been cru-
cial in coherence theory, but the advances in the different branches of knowledgement require
new models to be provided.
In this communication we present different scalar sources with special coherence behaviours.
The proposed sources fulfill the non-negativeness condition, and therefore represents physi-
cally realizable sources. For each source model the propagated field in paraxial approximation
has been calculated. Different set ups have been designed and implemented to synthesize the
sources. In order to test the coherence characteristics a Young interferometer or a special mask
have been used.

Sources with radial coherence

This source is characterized by a cross spectral density (CSD) function given by [1]

W0(r1, r2) = f ∗(r1)f(r2) g(θ1 − θ2), (1)

where r1 = (r1, θ1) and r2 = (r2, θ2) are two position vectors across the source plane and f(r)
is a wel-behaved function. The coherence characteristics are given by the function g(α) that
has to be a periodic function of α with period 2π. These types of sources present the following
main characteristics:
i) The modulus of the degree of spectral coherence only depends on the difference (θ1 − θ2).
ii) The CSD of the propagated field maintains the dependence on the difference (θ1 − θ2) in the
case of only two modes in the expansion of g(α) are considered.
iii) When f(r) is a Laguerre-Gaussian mode the CSD is shape invariant.
iv) A simple technique has been used to experimentally synthesize these sources. It is based on
using a home-made amplitude hologram. As the procedure does not consist in time integration
on different coherent fields we can call it “real time” synthesis process. To test the coherence
properties a Young interferometer is employed.



Sources with circular coherence

We have named sources with circular coherence to sources whose CSD only depends on the
difference of the squared modulus of the position vectors, namely[2, 3]

W0(r1, r2) = f ∗(r1)f(r2) g

(
r22 − r21
δ2

)
, (2)

where r is the modulus of the position vector at the source plane and f is any complex-valued
function. The parameter δ is a positive quantity with length dimensions. The principal charac-
teristics of these sources are:
i) The degree of spectral coherence only depends on the modulus r1 and r2 and its modulus only
depends on the difference (r22 − r21).
ii) The CSD of the propagated field remains depending only on the modulus r1 and r2.
iii) Different sources can be synthesized at will by only changing the function g in Eq. (2).
iv) A new technique, based on a generalized form of the van Cittert Zernike theorem with axial
sources, is proposed to experimentally generate these type of sources. An experiment where a
source with circular coherence is generated by time averaging is presented. To check the coher-
ence properties in addition to the Young interferometer we use a mask consisting on an array of
pinholes.

Pseudo-Schell model sources

A special case of sources with radial coherence are those we have named pseudo Schell model
sources because their similarity with the Schell-model sources. In this case the CSD function is
given by

W0(r1, r2) = f ∗(r1)f(r2) g [b (r2 − r1)] . (3)
A particular case of this kind of sources with vortex phase has already presented [4].

i) The behaviour depends on the particular election for g. For example, if we take g =
J1[(k a (r2 − r1)]/[k a (r2 − r1)] the source is completely coherent for any pair of points on
a ring and is partially coherent for points belonging to concentric circles with different radii.
ii) The degree of coherence as a function of (r2−r1) presents a central lobe where the coherence
is high and secondary lobes that are lower and lower.

Conclusions

New partially coherent sources with special coherence characteristics are proposed and studied
in detail. For all of them the main characteristics are analyzed. Such sources are experimentally
synthesized and their coherence properties are checked by different methods, Young interfer-
ometers or mask of pinholes. A very good agreement between theory and experiment in all
cases is achieved.
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