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Abstract. Basing on interference experiments, we have proved that both torsion of
crystals around their three-fold symmetry axis and application of conically shaped
electric field to crystals lead to the appearance of singly charged vortex beam. A spi-
ral-like interference pattern has been observed in the conditions of torsion of
LiNDbO; crystals and application of conically shaped electric field to Bi;;GeOy crys-
tals.
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In our recent works [1, 2] we have shown that torsion of crystals produces a singly charged vortex
when a circularly polarized optical wave propagates along the torsion axis. This phenomenon can
be observed in optically uniaxial crystals belonging to triginal system or in cubic crystals under
torsion around three-fold symmetry axis [2]. We have also demonstrated [3—5] that the same singly
charged vortex appears when a conically shaped electric field is applied to the crystals along their
three-fold or six-fold inverse symmetry axes. The appearance of a doughnut mode in the both
cases has been experimentally proved by detecting specific spatial distribution of optical indicatrix
orientation around the vortex core (or the axis of twisting). Namely, the optical indicatrix is rotated
by the angle £, =¢@/2 whenever the tracing angle changes by ¢ . However, the commonly ac-

cepted proof for a helical mode is observation of spiral- or fork-like patterns in cases of its inter-
ference with spherical or plane waves, respectively. In the present work we will show that the spi-
ral interference patterns do appear in the mentioned experiments, provided that the vortex-bearing
mode is induced by torsion in LiNbO; crystals or by electric field in Bi;;GeO, crystals.

A sample of LiNbO; (the point symmetry group 3m) used in our experiments was prepared in
the shape of octahedral prism, with its lateral faces parallel to Z axis and the basis parallel to XY
plane. The sample had the size of 13 mm along the optic axis Z and the thickness of 6 mm between
the lateral faces. The YZ plane was accepted to be parallel to one of the symmetry mirror planes. A
light of He-Ne laser (the wavelength of A =632.8nm) propagated along the Z axis. Torsion
torques M, were applied to one of the base faces of the crystalline prism, while the opposite base
face was kept fixed.

Cubic crystals of Bij;GeO, represent a well-known electrooptic material, with the Pockels
coefficient r,, =3.5 pm/V and the refractive index n =2.55 for the wavelength 1 =632.8 nm [6].

The material possesses a notable optical activity effect (the specific optical rotation is equal to
0=20 deg/mm [6]). Besides, the above crystal is photorefractive and so can be used in optical
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storage devices (see, e.g., [7]). We prepared a crystalline plate perpendicular to the direction
<111>, with the thickness of 6 mm. A conically shaped electric field was applied along <111>
direction and the light beam also propagated in this direction. The electric field was created using a
wire-like electrode placed on the input face of a sample and a circle-shaped transparent electrode
with the radius of 8 mm, placed on the output face. The essential experimental details have been
described elsewhere [4, 5].

Our interferometric experimental setup is shown in Fig. 1. We have used a Mach-Zehnder in-
terferometer (see Fig. 1), in which the probing beam propagates through a right-handed circular
polarizer 4 and a Z-cut of lithium niobate 6 (or a <111> cut of Bi;;GeQy), to which a torque mo-
ment (or a conically shaped electric field) is applied. The right-handed component of the incident
light has been filtered with the aid of a left-handed circular polarizer 7. Then only a vortex-bearing
beam is left behind the left-handed circular polarizer. A spherical wave propagates in the reference
arm of our interferometer. The interference patterns have been detected with a CCD camera 10. As
one can see from Fig. 2a, the interference patterns obtained for the case of zero twisting moment
have a shape of almost circular closed curves. At the same time, the ring-like patterns are trans-
formed into a single coil spiral when the moment M;=0.098 Nx m is applied (see Fig. 2b). The
same behaviour is observed under application of conically shaped electric field to Bi;;GeO, crys-
tals (see Fig. 3) These facts mean that both the torsion- and electrically-induced vortices reveal the

same unit topological charge.
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Fig. 1. Experimental set-up for studying the interference of helical and spherical waves: 1 — He-Ne laser, 2 —
coherence scrambler, 3 — beam expander, 4 — right-handed circular polarizer, 5 — beam-splitting cubes, 6 — Z-
cut of lithium niobate crystal (or <111> cut of Bi;;GeOy crystal), 7 — left-handed circular polarizer, 8 — mirrors,
9 — objective lens, 10 — CCD camera. The arrows indicate spherical and helical wave fronts in different arms of
interferometer.
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Fig. 2. Patterns observed due to interference of a spherical wave with a helical wave bearing optical vortex: (a)
no torsion moment applied, and (b) the torsion moment Mz = 0.098 N X m is applied to LiNbO; crystals.
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Fig. 3. Patterns observed due to interference of a spherical wave with a helical wave bearing optical vortex: (a)
np conical electric field applied, (b) the conical electric field E<111>= 6.0 kV is applied to Bi;2GeOy crystals.

Hence, the results of our optical experiments described above prove, finally and unambigu-
ously, the fact that both the torsion of crystals around the three-fold symmetry axis and the appli-
cation of conically shaped electric field induce the singly charged vortex.
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Anomayin. Buxopucmogyrouu inmeppepenyitinuil excnepumerm, Mu OCmamoyro 008eiu, ujo Kpy-
YeHHSI KPUCTATII8 HABKOIO OCI CUMempii mpemvbo20 nopsaoKy ma NPuKiaoeHHs: KOHIYHO20 eleKm-
PUYHO20 NOJISL NPUBOOSIMb 00 NOSIBU NPOMEHSL, SKULL MICMUMb ONMUYHUL 6UXOP 3 OOUHUYHUM 3apsi-
oom. Cnipanvhy inmepghepenyiiiny KapmuHy CROCmepieanu K pe3yibmam CKpyuy8anhs Kpucma-
nig LINbOj i npukiadants KOHIYHO20 eleKmpuiHoeo nos 00 kpucmanie Bij;GeOy.
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