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Parallel Component of Optical Vortex
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The electric field and the magnetic field of an electromagnetic plane wave which is usually introduced
in lectures on Electromagnetics are both perpendicular to the propagation direction. This fact tends to
lead students to a realization that electromagnetic wave is a transverse wave without parallel component
to the propagation direction. On the other hand, it is known that a certain optical vortex has a parallel
component to the propagation direction. This paper shows that the electromagnetic vortex can have a
parallel component as a simple solution of Maxwell equations. It also shows that the parallel component
has a capability to propagate electromagnetic energy by having the 90 degree phase difference between
the electric field and the magnetic field in spite that its Poynting vector has zero value. Furthermore this
parallel component is able to have topological charges. These examples for Laguerre-Gaussian beams are
shown by numerical simulations.
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Fig. 1 Illustration of electromagnetic field of parallel compo-
nent and perpendicular component to the propagation direc-
tion of linearly polarized optical vortex.
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Fig. 2 Perpendicular component and parallel component of
electric field on xy plane at z = 120 of LG beam with its topo-
logical charge being +1 for the case of right circularly polar-
ized wave or left circularly polarized wave. (a): amplitude
distribution and (b): phase distribution of perpendicular
component (x component). (c): amplitude distribution and
(d): phase distribution of parallel component (z component)
of right circularly polarized wave. (e): amplitude distribution
and (f): phase distribution of parallel component (z compo-
nent) of left circularly polarized wave.
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Fig. 3 Normalized electric field and magnetic field of parallel
component (z component) on z-axis (propagation direction)
of LG beam with its topological charge being +1 for the case of
right circularly polarized wave. Considering the time step and
the cell difference between electric field and magnetic field on
this FDTD numerical simulation, the phase difference between
electric field and magnetic field is 90 degree.
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