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ABSTRACT   

The rise of singular optics is usually associated with the seminal paper by J. F. Nye and M. V. Berry [Proc. R. Soc. Lond. 
A, 336, 165-189 (1974)]. Intense development of this area of modern photonics has started since the early eighties of the 
XX century due to invention of the interfrence technique for detection and diagnostics of phase singularities, such as 
optical vortices in complex speckle-structured light fields. The next powerful incentive for formation of singular optics 
into separate area of the science on light was connectected with discovering of very practical technique for creation of 
singular optical beams of various kinds on the base of computer-generated holograms. In the eghties and ninetieth of the 
XX century, singular optics evolved, almost entirely, under the approximation of complete coherency of light field. Only 
at the threshold of the XXI century, it has been comprehended that the singular-optics approaches can be fruitfully 
expanded onto partially spatially coherent, partially polarized and polychromatic light fields supporting singularities of 
new kinds, that has been resulted in establishing of correlation singular optics. Here we show that correlation singular 
optics has much deeper roots, ascending to "pre-singular" and even pre-laser epoch and associated with the concept of 
partial coherence and polarization. It is remarcable that correlation singular optics in its present interpretation has 
forestalled the standard coherent singular optics. This paper is timed to the sixtieth anniversary of the most profound 
precursor of moderrn correlation singular optics [J. Opt. Soc. Am., 47, 895-902 (1957)]. 
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1. INTRODUCTION 
 
It is generally and justly accepted1-5 to take its rise of the modern scope of an inquiry referred to as Singular Optics in the 
seminal paper6. In the cited paper, the fundamental forming role of specific elements of EM field (in radio-frequency 
domain) associated with amplitude zeroes and undetermined phase has been revealed, and substantial kinematic analogy 
with dislocations in solids has been introduced. Avalanch-like coming-to-be just the singular optics was caused by two 
important interconnected factors. The first of them is the implementation of interference technique for detection and 
diagnostics (determination of the key parameters) of amplitude zeroes, such as screw dislocations of a wave front, into 
complex (speckle) light fields7, in part, in connection with developing the optical phase conjugation by means of 
dynamic holography and adaptive optics techniques, as well as 3D holography of speckle fields bearing avast of wave 
front dislocations8,9. The second of them is the substantiation of practical method for "reconstruction" of optical beams 
with dislocations (both screw and edge) of a wave front from computer-generated holograms10,11. 
 
For the space of two decades7,1, singular optics was developed exclusively within the framework of the strictly coherent 
approximation, being sometimes referred to as coherent singular optics12-17. The central subjects of the investigation was 
in this stage amplitude zeroes of scalar light fiels (ones with arbitrary but spatially homogeneous state of polarization)1 
and polarization singularities in vector light fields (with spatially inhomogeneously but locally completely polarized 
ones)18 referred to as pseudo-depolarized19,20 or globally unpolarized21 fields. Established at this stage sign principles of 
coherent singular optics (both scalar22,23 and vector24) have became the Ariadne's thread for the following investigations 
of phase singularities in partially coherent (in space and time) and polychromatic light fields (cf. the classification of 
optical singularities in Refs 25, 26). In accordance with the mentioned sign principles, subsequent phase singularities of 
any kind possess altering characteristics (topological charge, handedness etc.) and, as a consequence, form a singular  
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sceleton of complex light fields, so that knowing the loci and signs of vortices, one can predict, at least in qualitative 
manner, behavior of the field parameters at all other regions, that provides significant (by several orders of magnitude27) 
reduction of the information content undergone encoding in the singular-optics parameters of a signal beam transmitted 
through optical telecommunication channel. 
 
The present stage of progress of singular optics, started just at the beginning of the new Millenium, would-be 
retrospectively predicted, being connected with the generalization of the singular-optics concept on partially coherent 
(both in space and in time) light fields. This fruitful approach presumes recognizing well-known (but “slipping“ in this 
context) or anew constructing complex parameters of light field, which just due to their complexity may possess their 
own specific phase singularities. There is the basic methodology of correlation singular optics as the singular optics of 
partially coherent, partially polarized and polychromating light fields12,25 being one of the applications of the unified the-
ory of coherence and polarization of random electromagnetic beams28-30.  
 
  

2. CHALLENGE OF THE CORRELATION PHASE SINGULARITIES 
  

Observation of the singular structures at light fields (before establishing the coherent singular optics concept and even 
before invention of lasers) was connected with fundamental theoretical and experimental investigations in the field of 
partial coherence of optical fields. So, the authors31,32 have developed the important consequence of the Van-Cittert – 
Zernike theorem concerning the analogy between diffraction of completely coherent, monochromatic light field at speci-
fied aperture, and origin of the spatial coherence and propagation of the spatial coherence function of a field from quasi-
monochromatic, spatially incoherent (δ-correlated) source with the same form and size as ones of the mentioned aper-
ture. These results are generally known, see in part29,33. Nevertheless, to our best knowledge, the cornerstone aspect of 
them as the important precursor of singular optics has not been discussed up to now. 
 
The coherency function obeys the wave equation, so that coherence propagates in a free space like a wave, and the spa-
tial coherency function at specified distance from quasi-monochromatic, spatially incoherent source is described (within 
the paraxial approximation) by the same integral, viz. Fourier, transform as a coherent diffraction field from an associat-
ed aperture. As so, the structure of the spatial coherency function must have the same peculiarities (≡ singularities, here) 
as the diffraction field from an associated aperture. In part, if an aperture (source) is circle-shaped, than the correspond-
ing distribution of the normalized amplitude (the coherency coefficient that is the modulo of the complex degree of 
coherence) is described by the Bessel function29. At roots of the Bessel function, modulo of the complex coefficient of 
coherency, ( )121212 exp βijj = , viz. the factor of coherency,  
 

12j  ( ( )22111212 JJJj = , 
 

*
lkkl EEJ =  is the mutual intensity (the spatial coherence function) of the oscillations of electrical field at points 

2,1, =lk  at the specified cross-section of a field, 2112 ϕϕβ −=  is the phase difference of oscillations at the probing 

points of the tested field, being the phase of the complex degree of coherence29,31-33, and ...  denotes the time averag-

ing), vanishes, so that 12β , by passing a root, changes its sign on opposite one, i.e. undergoes step-like changes by π , 
see Fig. 1. In terms of singular optics1-4,34, it directly corresponds to the phase singularity, but for the complex coeffi-
cient of coherency of partially coherent field, rather than for the complex amplitude of completely coherent field. 
Moreover, as modulo of the complex coefficient of coherency equals the visibility of an interference pattern from dis-
turbances of equal amplitudes in two probing points specified at cross-section of the analyzed field29,31, then one can 
visualize the phase singularity of the complex coefficient of coherency by observing (i) zero visibility of interference 
fringe for corresponding distances between the probing points, and (ii) a half-period shift in interference fringes that ac-
companies crossing the root of the Bessel function, i.e. changing distance between probing points. Just this consequence 
of the Van-Cittert – Zernike theorem has been experimentally verified in the paper31. The conclusion (i) is proved by the 
graphs of the contrast of interference fringes obtained using the Young’s interference arrangement: by crossings the 
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visibility zeroes, just the phase singularities of the spatial coherency function, bright central interference fringe is 
changed by dark one and vise versa. The conclusion (ii) has been substantiated in paper32, being directly and 
unambiguously proved in the arrangement of the Michelson’s stellar interferometer providing, in contrast to the initial 
Young’s interference scheme, constant period of interference fringes for changeble distance between the probing points 
at the field cross-section.  
 

 
      Figure 131 (see also Fig. 10.7 in Ref. 29). Two-beam interferece with partially coherent light. The degree of coherence as a  
      function of the separation d  of the two illuminated apertures in the diffractometer (see specifications in Ref. 31).  
    
As so, performing the measurements for various orientations of the Michelson’s stellar interferometer and determining 
the corresponding distances between the probing points when visibility vanishes, one reconstructs the edge dislocation of 
the (complex) spatial coherency degree. For that, for arbitrary shaped extended quasi-monochromatic, spatially 
incoherent source one reconstructs the closed curvilinear edge dislocation (while the spatial correlation length is in 
inverse proportion to the angular size of a source for the each specified orientation of an interferometer29), which is 
reduced to the circle edge dislocation for a circular source. 
 
It is remarkable, in these early observations one can notice some intimate but nevertheless general peculiarity of a 
singular structure that have been quite comprehended only at the modern singular optics epoch25,26,35 that is illustrated in 
Fig. 2. Let us discuss the mentioned peculiarity in more details. Any singularity, including optical one, is a certain local 
structure with a point or linear core with undetermined (singular) magnitude of some parameter for the threshold 
magnitude of other (control) parameter changing smoothly26,35. To say, in scalar coherent singular optics the field 
amplitude is the control parameter, while a phase is the singular parameter undergone π -magnitude jump at crossing 
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zero amplitude. In general, the sets of such parameters are different for the beams of various kinds. However, all kinds of 
singularities are characterized by one common peculiarity, which is the criterial sign of the presence of singularity of the 
complex parameter of interest. This peculiarity consists in conical local structure of the control parameter in the nearest 
vicinity of the singularity core. The mentioned peculiarity enables, in part, to determine localization of phase 
singularities as well as differentiate them with local minima (may be deep, but not absolute) and saddle points of a field, 
what cannot be provided be direct measuring intensity distribution. For that, one can see in graphs of the paper31 (cf. Fig. 
1) the mentioned conical structure in the vicinity of the phase singularity of the coherency coefficient, viz. zero 
magnitude of modulo of the complex degree of coherency.  
 
 

 
      Fig. 235-37. Conical vicinity of optical singularities for the modulo of complex amplitude of a harmonic signal (a), for the Laguerre- 
      Gaussian mode LG01 with the central optical vortex (b), for the modulo of the complex degree of coherence of scalar  
      (homogeneously polarized) combined beam (c) (in notations35), and for the complex degree of polarization35-37 (d).  
      At left branches of the fragments I and (d) dashed and solid curves coincide. 
 
Thus, emerging the theory of partial coherency has became one of the most important and direct precursors of 
subsequent formation of the singular optics concept. Note, the analogy between diffraction and propagating 
coherence31,32 based on revealing theoretically and experimentally the edge dislocation of the spatial coherence function 
(though in other terms) is pronounced argument in favor of conceptual interconnectivity of the classical theory of partial 
coherence and polarization, and the modern concept of singular optics.  
 
Note that similar approach (the Young’s interference experiment and its modifications) has been later applied39 (under 
coherent approximation) for proving physical reality of the Young-Rubinowitz edge diffraction wave, which also 
contains the edge dislocation (phase singularity) at the light-shadow boundary (see Fig. 3), as well for detection and 
diagnostics of screw and edge dislocations of the spatial coherency function at partially coherent Laguerre-Gaussian34,38 
and Hermite-Gaussian37 combined beams. 
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      Fig. 339. The Ganci’s demonstration of physical reality of the edge diffraction wave. The upper fragment: a screen with two 
      pinholes illuminated by undisturbed laser beam; one observes the central intensity maximum. The bottom fragment: an  
      opaque half-phase screen is placed between the  primary source and an opaque screen with two pinholes; one observes the 
      central intensity zero, as it follows from the prerediction40 (also in pre-singular optics paradigm) on the phase structure of  
      the edge diffraction wave. 
 
Note, the Ganci’s demonstration experiment39 has been performed following the prediction by Banerjee40 that was 
concerned to opposite phases of the wings of the edge diffraction wave propagating from an opaque screen rim into the 
directly illuminated region and into geometrical shadow one (≡ the presence of the edge phase dislocation, in modern 
terminology), as it follows in its turn from the Rubinowicz’s representation of the Kirchhoff’s diffraction integral41 
finally  confirmed  validity of the Th. Young’s model of diffrction phenomena (one more jubelee of singular optics 
manifestation within classical wave optics!), cf. Refs. 29,42. 
 

3. CONCLUSIONS 
 
Pronounced and influencial progress ternd of singular optics consists in expension/generalization of its approaches on the 
area of partially spatially coherent, partially polarized and polychromatic light fields, what was not typical for the initial 
stage of developing singular optics. Retrospective review of this field of modern photonics leads to quite obvious 
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conclusion on precictability and even logical inevitability of this trend. It is of especial surprise that the correlation 
singular optics (as the wave singular optics of partially coherent, partially polarized light fields) has emerged much 
earlier than the traditional now coherent singular optics, viz. just sixty years before writing this paper31,32! This is the 
main (tutorial) finding of our consideration.  
 
In this work, we have discussed one of the important precursors of modern singular optics taking account the Wolf’s 
concept of the theory of partial coherency and partial polarization as the optics of observable quantities. Really, phase 
singularities of the spatial correlation functions are visualized and interpreted directry from bending or half-period shift 
on interference fringes, depending of the kind of singularity. It is remarkable that in the case of interest, the spatial 
correlation singularities occur even in the abcence of common singularities (wave-front dislocations) in any component 
of an analyzed beam, as in modern investigations of the combined singular beams36-38, being in this sense of more 
general, generic18 nature. 
 
The newest results in singular optics of partially coherent light fields have been comprehensively accounted in Refs. 4, 5. 
Note, these references are in any case, inavoidably incomplete due to rapid development of this field of investigations. 
What is we would emphasize, the roots of modern (correlation) singular optics lie in the fundamental concepts of 
classical optics (interference, diffraction, coherence, polarization) and based on ground experimental results obtained 
before establishing singular optics as the separate branch of investigations. It is the edifying example that terminology 
and phraseology can change in the course of time, while physical phenomena leave unchanged though not always such 
associations are simple recognized. The future of Optics is in its past. 
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