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where the light’s phase exhibits a 2π spiral pattern around the beam’s central axis during coherent transmis-
sion, a common occurrence in wave propagation [8].

The so-called vortex beam is a beam with a continuous spiral phase. In other words, the wavefront of the 
beam is neither flat nor spherical, but vortex-like with singularity. The vortex beam has a propagating property 
of cylindrical symmetry. In the center of this beam is observed a dark spot, exhibiting zero light intensity and 
maintaining this level of intensity throughout the propagation process. The phase wavefront of the vortex beam 
is distributed in a spiral shape, so the wave vector has an azimuth term, and it rotates around the vortex center. 
And precisely because of this rotation, the light wave carries orbital angular momentum.

In 1992, L. Allen and his colleagues [9] showed that a Laguerre – Gaussian beam can have a spiral phase 
structure, which has a significant orbital angular momentum per photon. In the center of this spiral phase there 
is a singularity, since the phase here is indeterminate, and the field amplitude also disappears so that a «black 
center beam» is formed at the center of the light wave. This revealed new understanding of the relationship 
between macroscopic optics and quantum effects. The complex amplitude of a singular light beam propagating 
along the axis z, can be written in the following form:
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where r x y� �2 2
, x, y are Decart coordinates of a point in the cross section of a singular beam of radius r0 
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x  is an azimuthal angle; l is a topolo

gical charge. Computer modelling of the optical vortex propagation profile is shown in fig. 1, b.

Interference methods are widely used to determine the topological charge of an optical vortex. They involve 
the observation of special interference patterns when an optical vortex interferes with other waves. For exam-
ple, when an optical vortex and a plane wave interfere, a characteristic fork is observed in the interference pat-
tern (fig. 2, a). The light field intensity distribution of the interference pattern of an optical vortex and a plane 
wave can be described by the following formula:
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Various methods can be used to produce optical vortices. One of them involves the use of in-cavity mold 
selection, where the Laguerre – Gaussian beam, a common example of a phase vortex beam, is generated in 
a cylindrically symmetric stable resonator. This is achieved by combining an associated Laguerre polynomial 
with a Gaussian distribution, and by fine-tuning the resonator’s components, such as the cavity mirrors, to pro
duce the desired Laguerre – Gaussian output.

Another innovative approach is the development of digital lasers, which represent a departure from con-
ventional lasers that typically produce a single mode [10]. To access different modes in traditional setups, 
adjustments to the resonator’s parameters are necessary. However, digital lasers, which have emerged in recent 
years, enable the generation of any desired laser mode, including vortex beams, without the need for structu
ral modifications to the resonant cavity. This is accomplished through computer control, where varying electrical 
inputs dictate the laser’s output, allowing for the creation of optical vortices.

Fig. 1. Photo of the vortex beam (a)  
and the result of numerical modelling of the singular beam profile (b)


