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Abstract—The propagation of the polarized coherent radiation of a He–Ne laser in a rotating insulator is
experimentally studied. The reversible transient process of the rotation of the polarization plane and varia
tions in the degree of ellipticity, depolarization, and deflection of the laser beam with a relaxation time of τ =
102–103 s are observed at an insulator rotation frequency of f = 2–250 Hz.
DOI: 10.1134/S106378421504012X

INTRODUCTION
The propagation of a linearly polarized plane
monochromatic electromagnetic wave through a
rotating isotropic insulator with refractive index n is
accompanied by the rotation of the polarization plane.
The polarization rotation angle must be proportional
to the time of the wave passage through the medium
t = nl/c and the Fresnel drag coefficient α = 1 – 1/n2.
This effect can be used for the study of the rota
tional motion of medium that transmits radiation. In
addition, the analysis of the propagation of the elec
tromagnetic radiation in a rotating insulator will make
it possible to solve the problem of lasing in media with
relatively low thermal conductivities. From the practi
cal point of view, a variation in the polarization state in
an optically transparent disk allows the control of laser
radiation. Such a technology can be used to control
the coherent radiation of any laser, since optically
transparent media are available for different (from UV
to farIR) spectral ranges.
The rotation of the polarization plane of a mono
chromatic electromagnetic wave that is incident along
the normal on a rotating homogeneous isotropic insu
lator has been predicted in [1]. The rotation of optical
medium must lead to the polarization rotation of the
radiation having passed through the rotating disk or
cylinder by the angle that linearly depends on rotation
frequency f and optical path in the medium L = nl. In
the experimental measurement of this effect in [2], the
laser radiation was incident almost along the normal
on the plane surface of a cylindrical rod with a length
of 100 mm and a diameter of 20 mm. Such an effect
has not been studied at different angles of incidence.
The calculations yield relatively small angles of
polarization rotation of coherent radiation (several
microradians), which accounts for the complexity of
the experimental study and limitations on the practical
applications of this classical electrodynamic effect of

moving media. The analysis is performed under the
assumption that the optically transparent cylinder is
homogeneous and isotropic in the course of rotation.
Such an assumption is valid with a certain accuracy,
since the rotationinduced anisotropy of optical prop
erties can be observed at relatively high rotation rates.
The resulting stresses lead to the birefringence and
variations in the polarization state. We may assume
that the polarization rotation of an electromagnetic
wave is proportional to the square of the angular veloc
ity of the insulator. However, the experiments of [3]
yield a nonlinear dependence of the rotation angle of
polarization plane on the rotation frequency of insula
tor. In this work, we study time and frequencydepen
dences of the polarization rotation angle, ellipticity,
degree of polarization, and angular characteristics of
radiation propagating through a rotating insulator that
exhibits isotropy and optical transparency at rest.
EXPERIMENTAL SETUP
In the experiments, the radiation of the LGN 302
laser passes through a rotating optical disk (OD) that
is made of the TF3 glass with a refractive index of n =
1.71233 at a laser wavelength of λ = 0.63 μm (Fig. 1).
The radiation is incident on the plane surface of the
disk at an angle of incidence of ϑ = 60°. The OD
diameter is 2R0 = 62 mm (Fig. 1), and the thickness is
d = 10 mm. Reflecting metal coatings with radius R1
on the plane OD surfaces provide an increase in the
optical path. The number of rereflections at the plane
mirrors deposited on the OD surfaces is N = 6 (for
simplicity, Fig. 1 shows only four reflections). The
total optical path of the beam that propagates from
point A to point B at N = 6 is L = (N + 1)nl = 139 mm.
It is seen that the OD represents a planeparallel plate
in the transmission configuration.
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Fig. 1. The optical scheme of the disk under study. The
beam is refracted at point A, reflected from the mirrors
with radius R1 on the plane OD surfaces, and leaves the
disk at point B. Wave vector k of the transmitted electro
magnetic wave is collinear to wave vector k0 of the incident
wave.

Figure 1 shows the top view. The horizontal plane
in which the beams are rereflected at plane mirrors on
the disk is located at a distance of 20.5 mm above the
rotation axis. The geometrical optical path corre
sponds to the maximum beam dragging (i.e., the angle
of incidence and the path length are such that the
maximum Fizeau effect and deviations from the Snell
law are reached). The problems of the optimal propa
gation of the beams in OD that provides the maximum
effect of the optics of moving media on the propaga
tion of the coherent electromagnetic radiation in the
rotating OD have been studied in [4].
Figure 2 presents the experimental scheme. We use
laser L (LGN 302 laser) that generates radiation with
a power of 0.7 mW in each of two linearly polarized
orthogonal components. Polarizer P1 makes it possi
ble to choose the horizontal or vertical linearly polar
ized component with the singlefrequency regime in
each polarization. Laser wavelengths in vacuum λ1 =
0.6329910 μm and λ2 = 0.6329918 μm correspond to
the high and lowfrequency components, respec
tively. The radiation passes through optical system OS1
that contains a pinhole and is divided by beamsplitter
BS into two beams that propagate in the ring scheme
along opposite directions. The beams reflected from
mirrors M1 and M2 pass through optical disk OD and
beamsplitter BS. The beams that leave the ring scheme
pass through polarizer P2 and optical system OS2

Fig. 2. Optical scheme of the setup. The beams propagate
through optical disk OD in opposite directions. Polarizer
P2 is used to determine the polarization rotation angles.
The λ/4 retardation plate makes it possible to determine
the ellipticity of the radiation having passed through
the OD.

(negative lens) and arrive at photodetector PD. The
λ/4 retardation plate is placed in front of polarizer P2
and used to determine the ellipticity of the radiation
having passed through OD.
The polarization of the laser radiation having
passed through OD is independently determined using
the Glan–Taylor prism and a film polarizer. The OD is
rotated by a threephase induction motor that is con
trolled by the Delta Electronics VFDEL digital fre
quency converter. The output radiation is detected
using a fast photodiode with a bandpass preamplifier.
The signal of the photodetector is processed using a
14bit ADC.
The ring optical scheme with the rotating optically
transparent disk is used to study the optical effects in
moving media. Such an experimental configuration
makes it possible to study both the polarization char
acteristics of the radiation having passed through the
rotating insulator and the Fizeau effect the measure
ments of which employ the interference signal.
The effects of longitudinal and transverse dragging
of a plane monochromatic electromagnetic wave in a
moving insulator have been studied in earlier experi
ments with a disk interferometer with allowance for
violations of the Snell law at the tangential discontinu
ity of the velocity [4]. The tangential discontinuity of
the velocity emerges at the interface of the optically
transparent medium (disk or cylinder) that rotates
around the symmetry axis. The above experimental
scheme makes it possible to separately study the
amplitude and phase characteristics of the two beams
having passed through the disk in opposite directions.
In this work, we study the polarization of the laser
radiation and demonstrate the similarity of the char
acteristics depending on the rotation frequency for a
single laser beam having passed through the rotating
disk and the interference of two beams having passed
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through the disk in opposite directions. The effect of
polarization on the interference signal is needed for
the analysis of the Fizeau effect and the remaining
effects of optics of moving media.

Signal amplitude at PD, mV
50

DEPENDENCE OF THE SIGNAL AMPLITUDE
ON THE OD ROTATION FREQUENCY

30

In the experiments, we measure the amplitudes of
the PD signals and rotation angle of polarization plane
Δϕ(fi) at different rotation frequencies fi of the OD.
First, we choose the polarization of the incident beam
using polarizer P1. In the steadystate regime of the
laser, we determine the polarization of radiation hav
ing passed through the OD at rest and fix the rotation
angle of polarizer P2 that provides the minimum out
put signal. In this case, the PD signal is no greater than
the noise level at any angular position of the OD. This
result is possible if the OD does not have internal
stresses, which may lead to depolarization of radia
tion. Thus, the radiation having passed through the
OD at rest is linearly polarized and the signal related to
the OD rotation is absent. Then, we measure the first
value of the signal amplitude at different rotation fre
quencies fi at this position of the second polarizer.
The OD reaches the predetermined rotation fre
quency with a delay of 60 s relative to the moment at
which the gyromotor is switched on. When the rota
tion is started, the polarization is rotated and we obtain
the PD signal that corresponds to the radiation having
passed through polarizer P2. In the experiments, we
measure the amplitude at the maximum of the time
signal. The signal is recorded at a sampling rate of
100 kHz that is sufficient for the detailed observation
and control of the shape of the time signal. Note that
the rotation induced signal may depend on the
stresses in the disk material but this problem needs to
be further investigated.
To determine rotation angle Δϕi of the polarization
plane for rotating OD, we rotate polarizer P2 to mini
mize the transmitted intensity. In this case, the radia
tion is not linearly polarized. Then, we compare the
measured pairs of signal amplitudes corresponding to
the initial position of the polarizer and the polarizer
rotation to the minimum signal. The measurements
are performed in the frequency interval f = 100–
220 Hz with a step of 10 Hz.
Figure 3 shows the measured amplitudes of the PD
signals for the initial vertical polarization of the laser
radiation. The polarizer rotation leads to a decrease in
the signal from 50 to 25 mV at a rotation frequency of
f = 220 Hz.
The OD reaches the predetermined rotation fre
quency with a delay of 75 s, so that the time interval
between the measurements at different frequencies is
100 s. Thus, the experimental results can not be used
to characterize the transient processes of variations in
the polarization state at fixed frequency fi, since the

20

TECHNICAL PHYSICS

Vol. 60

No. 4

2015

577

1
2
3

40

10
0
100

120

140

160

180
200
220
Rotation frequency, Hz

Fig. 3. Plots of the PD signal amplitude vs. OD rotation
frequency for the spectral component of the vertical polar
ization for (1) the initial position of the polarizer and
(2) the polarizer position that corresponds to the mini
mum signal and (3) the difference of the two curves.

characteristic times of such processes are significantly
longer.
The results show that an increase in the OD rota
tion frequency leads to an increase in the amplitude of
the PD signal. The data also show that rotation of the
second polarizer does not allow a decrease in the signal
to the noise level upon the steadystate rotation of the
OD. The experimental results indicate the presence of
rotationinduced birefringence in the OD, so that the
initially linearly polarized radiation is transformed
into the elliptically polarized radiation. This assump
tion is proven by measurements that are performed in
accordance with the GOST R5000692 standard in the
presence and absence of the λ/4 retardation plate (the
plate is placed in front of polarizer P2).
Figure 4 shows the calculated ellipticity angles ε
that are obtained using the experimental data and the
smoothed curve ε(f).
The ellipticity is measured as the ratio of minor axis b
of the polarization ellipse to major axis a:
I min
1 – p.
e = b = 
 = 
a
1+p
I max
Here, p is the degree of polarization and Imax and Imin
are the minimum and maximum intensities, respec
tively, that are measured at different angular positions
of the polarizer.
At a time delay of 15–30 min relative to the begin
ning of the rotation, the measurements in the absence
of the λ/4 plate yield ellipticities e = 0.25, 0.36, 0.23,
and 0.15 for frequencies f = 5, 30, 80, and 200 Hz,
respectively. The corresponding ellipticity angles are
ε = tan–1e = 14.3°, 19.9°, 12.7°, and 8.4°. In the pres
ence of the λ/4 retardation plate, the ratio of the semi
axes can be decreased. For example, the ellipticity
decreases to e = 0.2 (ε = 11.3°) for the initially hori
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Fig. 4. Plots of ellipticity angle ε vs. rotation frequency f.
The curve contains a nonlinear fragment in the frequency
interval 0–100 Hz.

zontal linear polarization and an OD rotation fre
quency of f = 30 Hz. The nonzero ellipticity indicates
that the birefringence in the rotating disk is supple
mented with the depolarization. The degree of polar
ization is estimated to be p = 0.9 at a frequency of f =
30 Hz. For the OD at rest, the ellipticity is e = 0 and
the degree of polarization is p = 1. Curve 2 in Fig. 3 is
close to a straight line, so that a combination of ellip
ticity and depolarization linearly depends on the
angular velocity. Multiple measurements at different
days yield a relatively high reproducibility of the
dependence of the PDsignal amplitude on rotation
frequency f.
EVOLUTION OF THE POLARIZATION
OF RADIATION HAVING PASSED THROUGH
THE ROTATING INSULATOR
The preliminary experimental results show a slow
drift of the rotation angle of the polarization plane in
time at a rate that depends on disk rotation frequency f.
Such an effect was studied at frequencies of up to
250 Hz. In the experiments, the time dependence of
the polarization rotation was separately measured for
two beams for vertical and horizontal spectral compo
nents of the laser.
Prior to the measurements, one beam is tuned in
such a way that the maximum signal intensity (bright
part of the spot) is delivered to the PD aperture. Then,
the polarizer is rotated to minimize the transmitted
signal. Such a position of the polarizer is used as the
initial position.
For the steadystate rotation of the disk, we start
from the measurement of the signal amplitude at the
maximum of the time dependence of the PD voltage at
the initial position of polarizer P2. In such measure
ments, we provide the maximum intensity on the PD
aperture. Then, the signal amplitude is measured after
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Fig. 5. Plots of the maximum PD voltage amplitude vs.
time at a rotation frequency of 50 Hz for the horizontal
spectral component: (1) signal amplitude for the initial
position of the polarizer and (2) signal amplitude after the
polarization rotation to the signal minimum.

the rotation of the polarizer by the angle that is deter
mined by the polarization rotation of the beams (the
polarizer is rotated to minimize the signal). Then, the
prism is rotated to the initial position and the mea
surements are repeated with a time interval of 5 min.
Figure 5 shows the experimental results for a fre
quency of f = 50 Hz. The curve of the maximum PD
voltage amplitude versus time exhibits saturation
(curve 1). With a delay of 20 min relative to the begin
ning of the measurements, the signal amplitude at the
maximum of the time response appears to be greater
than 140 mV and, then, remains almost unchanged.
Curve 2 shows the dependence of the PD voltage
amplitude for the polarizer that is rotated to the signal
minimum. Note the nonmonotonic character of the
dependence.
Curve 1 characterizes the simultaneous effect of the
polarization rotation and variation in the degree of
ellipticity and depolarization. Curve 2 characterizes
the time dependence of ellipticity and depolarization.
Curve 2 shows that a variation in the degree of elliptic
ity with time exhibits an extremum at a time of about
13 min after the beginning of the measurements for the
given rotation frequency. Such nonmonotonic behav
ior is observed only at the frequencies f ≤ 60 Hz. At the
frequencies f > 60 Hz, the exponential growth of the
PD voltage is observed [3].
We also measured the polarization rotation angle
over an interval of 140 min. The experiments show that
at the frequency f = 50 Hz angle Δϕ reaches the satu
ration level at a time of 20 min and, then, remains
unchanged.
Figure 6 presents the time dependence of rotation
angle Δϕ of polarization plane at a rotation rate of f =
80 Hz. It is seen that polarization rotation angle
reaches a level of Δϕ = 61° at 10 min and, then,
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Fig. 6. Plot of rotation angle Δϕ of the polarization plane
versus time at a rotation frequency of 80 Hz. At moment
t = 20 min, the motor is switched off to stop the rotation.
The polarization recovery time is about 40 min.

remains unchanged up to the moment at which the
motor is switched off (20 min). Then, the polarization
returns to the initial state Δϕ = 0° and the recovery
time is 40 min. The process can be classified as a com
pletely reversible process.
Note that the unit containing the OD and the
threephase induction motor has dynamic stabiliza
tion, which accounts for a relatively low level of vibra
tions and acoustic noise (the working range of the
motor frequencies is up to 400 Hz). The processing of
signals that are recorded over 60 min at a constant
rotation frequency of f = 150 Hz makes it possible to
estimate the absolute error (confidence interval): Δf =
0.092 Hz. Such an error insignificantly affects the
measured results. In addition, the second part of the
curve in Fig. 6 is obtained for the switchedoff motor
after gradual stopping of rotation (the OD stopping
time is 85 s) when the OD is at rest. The effect of
mechanical processes (vibrations and elastic oscilla
tions in the disk and axis precession) is completely
absent. Figure 6 shows that the polarization recovery
time for the OD at rest is 40 min and the process seems
to be reversible. The supporting evidence was obtained
in multiple measurements using the on–off switching
of the disk rotation.
DEPENDENCE OF THE POLARIZATION
ROTATION ANGLE AND DEFLECTION
OF THE LASER BEAM ON THE OD ROTATION
FREQUENCY
In the experiments, we measure the intensity of one
beam at the PD plane for the vertical polarization of
the laser radiation versus the OD rotation frequencies.
In the measurements at a fixed rotation frequency, we
observe a transient process in the course of which the
PD signal amplitude exponentially increases. After the
saturation of the voltage amplitude, we rotate the
polarizer to minimize the signal voltage. Then, the
disk is stopped and the minimum amplitude gradually
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Fig. 7. Plot of the polarization rotation angle vs. time for
the rotation frequency interval f = 3–40 Hz (spectral com
ponent of the vertical polarization).

reaches the initial level. Then, the measurements are
performed at different frequency fi.
Figures 7 and 8 present the measured time depen
dences of the polarization rotation angle for the verti
cal initial polarization of the laser beams and two
intervals of the rotation frequency (f = 3–40 and 50–
200 Hz).
It is seen that the polarization rotation is stronger at
lower frequencies.
Figure 9 shows the measured polarization rotation
angles at frequencies of up to 250 Hz for the horizontal
component of the laser polarization and the smoothed
curve Δϕ(f). A similar curve is obtained for the vertical
component. The measurements are performed with
allowance for the transient process in the rotating OD.
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Fig. 8. Plot of the polarization rotation angle vs. time for
the rotation frequency interval f = 50–200 Hz (spectral
component of the vertical polarization).
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Fig. 9. Plot of polarization rotation angle Δϕ vs. rotation
frequency f for the horizontal spectral component of the
laser (experimental results and smoothed curve).

At relatively low rotation frequencies, the polariza
tion rotation angle reaches a level of 90°. The maxi
mum is observed at frequencies of 20–30 Hz. At rota
tion frequencies of 2–3 Hz, the polarization plane is
rotated by an angle of Δϕ ≈ 80°.
For the frequencies f > 100 Hz, the rotation angle
decreases to 10°–20° for both polarization compo
nents.
We also detect the deflection of the beams having
passed through the rotating OD. Figure 10 presents
the dependence of the deflection angle of the laser
beam on the rotation frequency for two spectral com
ponents. The displacement of the light spot on the
screen in the plane of observation is measured in the
experiments. For the optical scheme of the experi
mental setup with the OS2 optical system, a maximum
deflection angle of 0.7° corresponds to a displacement
of about 10 mm on the screen.
The angular displacement of the beams on the
screen in the detection plane leads to the downward
vertical shift regardless of the direction of the OD rota
tion.
Figures 9 and 10 show maxima at a frequency of
about 30 Hz. A significant difference lies in the fact
that the angular deflection of the beams vanishes at
frequencies of greater than 100 Hz. Note also that a
transient process with a time of 10–12 min needed for
reaching a steadystate level is also observed for the
angular displacement of the beam at each rotation fre
quency. When the OD is stopped, the beam returns to
the initial angular position and the corresponding
characteristic times are 5 and 10 min for frequencies of
10 and 30 Hz, respectively. The time of the transient
process is 3 min for frequencies of 70 and 100 Hz. The
transient time for the angular displacement of the
beam is not equal to the transient time of the polariza
tion rotation. This circumstance indicates different
physical processes that affect the characteristics

0.1
0

20

40

60

80

100
120
Frequency, Hz

Fig. 10. Plots of the deflection angle of the beam having
passed through the OD vs. rotation frequency f for (1) hor
izontal and (2) vertical polarizations.

of electromagnetic radiation propagating in the rotat
ing OD.
DISCUSSION
The polarization rotation and optical image in a
rotating insulator have been discussed in [5–7]. It has
been demonstrated that the angle of image and polar
ization rotation directly depend on the angular velocity.
The propagation of coherent electromagnetic radi
ation in a rotating insulator is accompanied by viola
tions of the Snell law and deviations from rectilinear
propagation [8, 9]. The deflection of beams that prop
agate in a rotating insulator in opposite directions can
be significant at nonrelativistic velocities of the
medium owing to the displacement of the point at
which the radiation leaves the rotating disk [10].
However, the above effects and the classical Fizeau
and Fermi effects follow from the solution to the Max
well equations and linearly depend on the velocity of
the medium in the first order. Conversely, the results of
this work yield the nonlinear dependence of the polar
ization on the velocity of the medium. The experi
mental data show that the effect in this work substan
tially differs from the Fermi effect. The TF3 glass (disk
material) exhibits conventional properties of the flint
glass, so that the stress and birefringence that result
from the industrial processing are negligibly low under
normal conditions.
The initially planepolarized radiation becomes
elliptically polarized due to passage through a photo
elastic medium with induced birefringence. Glass is
also classified as a photoelastic material with relatively
low optical sensitivity [11]. Below, we estimate the
birefringence.
The generation of birefringence in the material of a
rotating disk is in agreement with results of calcula
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tions at relatively high frequencies. Indeed, the phase
difference of the ordinary and extraordinary beams
having passed through the OD is given by
2πl
(1)
ϕ = B ( σ θ – σ r ),
λ
where σθ and σr are the tangential and radial stress
components, B is the optical stress ratio, l is the geo
metrical optical path in the disk, and λ is the radiation
wavelength.
For the model of a thin solid disk, the tangential
and radial stress components are represented as [12]
3+μ 2 2 2
(2)
σ r = ρω ( b – r ),
8
3 + μ 2 2 1 + 3μ 2 2
(3)
σ θ = ρω b –  ρω r ,
8
8
where b is the external radius of the disk, μ is the Pois
son coefficient, and ρ is the density of glass.
The dependence of the phase difference of the ordi
nary and extraordinary beams having passed through
the rotating OD on angular velocity ω is given by
2

2

πlBρω ( 1 – μ )r
ϕ ( ω ) = 
.
(4)
2λ
For an orderofmagnitude estimation of the bire
fringence in glass, we use the following OD parame
ters: l = 60 mm, r = 22 mm (impact parameter), B =
1.8 × 10–12 Pa–1, ρ = 4.46 × 103 Ugm–3, and μ = 0.221
(TF3 glass).
For an OD rotation frequency of f = 150 Hz, the
calculated ellipticity angle is ε = arctan|e| =
ϕ ( 150 Hz )
 = 11.43°. On the other hand, the experi
2
mental results show that the rotation of the λ/4 retar
dation plate may lead to a decrease in the ellipticity by
Δε = 0.2. Assuming that such a variation is due to the
compensation for birefringence, we obtain the mea
sured ellipticity angle ε = arctan|Δe| = 11.3°. For the
frequency interval 100–200 Hz, the ellipticity angle is
close to the measured polarization rotation angle and
exhibits a monotonic increase. In general, depen
dence ε(f) is similar to the experimental dependence
of the polarization rotation angle on the OD rotation
frequency (Fig. 9) in the entire frequency range. In
other words, the polarization rotation angle corre
lates with the ellipticity in the frequency interval f =
0–200 Hz.
A mechanical load may lead to elastic, highelas
ticity, and residual deformation in nonmetal materials.
As distinct from the elastic deformation, the high
elasticity deformation vanishes with a certain delay
after unloading. Time dependences in Figs. 5–8 can
be interpreted using such a deformation. The external
mechanical field that is caused by rotation leads to a
decrease in the potential barriers, and the molecules
that are involved in the thermal motion may exhibit
TECHNICAL PHYSICS
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flexibility that provides the generation and develop
ment of reversible highelasticity deformations.
Note that the relaxation time of glass properties
(τ = 102–103 s) is significantly greater than time τ =
10–12–10–14 s that is typical of dielectric materials
[13–15]. The results of Figs. 7 and 8 make it possible
to qualitatively estimate the time dependence of the
highelasticity deformation of glass. These results
show that the time dependence of the polarization
rotation angle can be represented as
ϕ ( f ) = ϕ0 ( f ) ⎛ 1 – e
⎝

t
– 
n ( f )⎞

⎠

,

(5)

where ϕ0(f) is the polarization rotation angle at fre
quency f at t
∞ and n(f) is the numerical coeffi
cient, which is n ≈ 10 (≈1) for f < 80 Hz (f > 100 Hz).
The beam deflection (Fig. 10) can be interpreted
using the generation of a gradient of refractive index
owing to the generation of stress in the material of
rotating disk. A variation in the refractive index along
the tangential direction can be estimated using expres
sion (3) as
2

2
2
Bρω
Δn θ = B σθ =  [ ( 3 + μ )b – ( 1 + 3μ )r ]. (6)
8
Substituting the parameters that characterize the glass
material, we obtain Δnθ = 9 × 10–7 for a frequency of
f = 100 Hz. Such a variation in the refractive index is
beyond the measurement accuracy of the experiments.
In addition, Fig. 10 shows the absence of deflection at
high frequencies.
In general, we conclude that the birefringence and
deformation at frequencies f > 100 Hz are in agree
ment with modern concepts of the behavior of loaded
amorphous objects. Nonlinear effects in the frequency
interval 0–100 Hz were tested using three ODs made
of the TF3 glass. The measurements yield the absence
of the dependence of the above effects on the laser
power for the coherent source of the experimental
setup. In particular, the measured polarization rota
tion for the rotating OD remains unchanged after
longterm blocking of the radiation. It is expedient to
study the polarization using a system in which the laser
radiation interacts with a rotating optically transpar
ent medium in different spectral ranges at higher radi
ation powers.

CONCLUSIONS
The experiments using the steadystate rotation of
the OD yield the evolution of polarization that
involves relatively long transient process of the polar
ization rotation and variations in the ellipticity and
degree of polarization. The transient time depends on
the OD rotation frequency and amounts to 15–20 min
for frequencies ranging from 0 to 200 Hz. The
observed processes are completely reversible.
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The time dependences and the reversible character
of elastic deformations seemingly point to highelas
ticity deformations in the material of the rotating disk.
In the entire interval of rotation frequencies f, the
dependence of ellipticity angle ε(f) is qualitatively sim
ilar to the experimental dependence of the polariza
tion rotation angle on the OD rotation frequency.
We have also detected the angular deflection of the
beams having passed through the rotating OD. Note
that the switching of the direction of the OD rotation
does not lead to significant variations in the polariza
tion rotation, ellipticity, degree of polarization, and
beam deflection at fixed rotation frequencies.
The results of this work could not have been
obtained in [2] in which the experiments employed a
cylinder with a relatively small diameter and the radi
ation was incident almost along the normal on the end
surface.
Finally, note the practical importance of the
observed dependence of the characteristics of laser
radiation on disk rotation velocity. Rotation angle Δϕ,
ellipticity e, and degree of polarization p depend on
the optical parameters of the moving medium. There
fore, the measurement of such parameters can be used
to additionally characterize the medium. For exam
ple, the rotationinduced signal can be used to study
the spatial spectrum of the distribution of inhomoge
neities in the disk material. The fact that opposite
polarization rotations are obtained for the beams that
pass through the rotating disk in opposite directions is
important for practical applications, since the effect
can be used for the control of laser radiation. It is of
interest to study the processes at various angles of inci
dence using several optical materials.
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