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Summary
The paper examines the orientation of the acoustic polarization vector of bulk plane ultrasonic waves propa-
gating along various directions relatively to the crystalline axes of tetragonal acousto-optic crystals. In partic-
ular, the strongly anisotropic tetragonal crystal tellurium dioxide (TeO2) is considered in details in the paper.
Theoretical analysis and numerical calculations confirm that in the tetragonal materials the transformation of a
quasi-longitudinal wave into a quasi-shear acoustic wave takes place if the elastic coefficient c66 exceeds c11. The
carried out theoretical analysis also determines the maximum angle at which this transformation of the ultrasonic
waves takes place in the tetragonal materials. Furthermore the angular range of the directions in the paratellurite
crystal in which quasi-longitudinal waves are transformed into quasi-shear waves is determined.

PACS no. 43.20.El, 43.20.Hg, 43.35.Sx, 43.58.Dj

1. Introduction

In recent years there has been a considerable growth of in-
terest in natural and artificial media demonstrating unique
physical properties [1, 2]. This includes a considerable
number of crystalline materials used in modern acousto-
optics. Acousto-optic crystals are strongly anisotropic and
are characterized by unusual optic and acoustic parame-
ters [3, 4]. For example, the angles between the phase and
group velocities of optic and especially acoustic waves in
the crystals can reach tens of degrees. Non-coincidence
of the velocities of the waves is most pronounced in such
acousto-optic materials as paratellurite (TeO2), calomel
(Hg2Cl2), tellurium (Te), etc. [1, 5, 6, 7, 8, 9, 10, 11].

It has been observed that the elastic anisotropy in crys-
tals is much higher than the optic anisotropy. As known,
the elastic anisotropy results in a strong dependence of the
phase velocity of acoustic waves on direction of their prop-
agation. For example, the waves propagate in the tetrago-
nal calomel crystal along the [110] axis with the low phase
velocity value V = 347 m/s, while the phase velocity along
the direction [100] is equal to V = 1305 m/s [9]. In the
crystals of mercury bromide (Hg2Br2) and mercury iodide
(Hg2I2), the velocities of the waves along the [110] axis
are even lower and correspondingly equal to V = 281 m/s
and V = 245 m/s. On the other hand, the phase veloci-
ties in these materials increase to V = 1240 m/s and V
= 1200 m/s if the waves propagate along the [100] axis.
Therefore, the ratio of the maximum and the minimum ve-
locities for one and the same acoustic mode in calomel is
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equal to r = 3.76, while in mercury bromide and mercury
iodide the coefficient of anisotropy equals to r = 4.41 and
r = 4.90, correspondingly [9]. Moreover, in the paratellu-
rite crystal, the ratio of the velocities is even larger than in
the mercury compounds: r = 4.95. The strong dependence
of the acoustic velocity on the direction of propagation in a
crystal results in a deviation of energy flow with respect to
the phase velocity vector. It is convenient to evaluate this
angular deviation by the so-called energy walk-off angle
ψ . As found, the maximal value of the walk-off angle in
TeO2 is equal to ψ = 74◦ if the slow shear acoustic wave
propagates in the (001) plane at the angle ϕ = 37◦ relative
to the [100] or [010] axes [12, 13, 14, 15, 16, 17, 18].

As mentioned, the optical anisotropy in the considered
acousto-optic materials is not so strong as compared to
the acoustic anisotropy. It is known that the phase veloc-
ity of optical waves depends on the value of the refrac-
tive index. In the crystals of calomel and mercury bromide,
the refractive indexes of the extraordinary polarized waves
vary with the direction of propagation only by a factor of
1.5. Due to this feature, the optical walk-off angles in the
acousto-optic crystals do not exceed ψ = 23◦. The max-
imum recorded optical walk-off angle was found in the
double-axis antimony sulfoiodide crystal (SbSI) [19]. This
angle in the material is equal to ψ = 25◦ but is still three
times narrower than the acoustic walk-off angle ψ = 74◦

in paratellurite. That is why, in this paper, we examine only
the acoustic anisotropy of the crystalline materials while
the optic anisotropy will be studied elsewhere.

It should be noted however that in the examined acous-
to-optic materials not only the ratio of the phase and group
velocities is anomalous. Directions of acoustic polariza-
tion may also be different from those observed in a ma-
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jority of acoustic crystals. Moreover, taking into account
only the magnitudes of the phase velocities in the mate-
rials, it is very difficult to predict directions and type of
the acoustic polarization in the crystals that demonstrate
strong elastic anisotropy. It is known that in isotropic me-
dia there exist two basic types of acoustic waves: the lon-
gitudinal waves with the polarization vector parallel to the
wave vector and the transverse waves (shear waves) with
the orthogonal direction of the acoustic polarization. In the
crystalline media as much as three acoustic waves may be
observed. These waves are a quasi-longitudinal or a lon-
gitudinal wave and two shear or quasi-shear waves. The
acoustic mode with the polarization close or parallel to
its wave vector is the quasi-longitudinal or the longitudi-
nal wave, while the polarization of the shear or the quasi-
shear waves is orthogonal or close to orthogonal relative
to the acoustic wave vector. All these waves vary from
each other by their magnitude of the phase velocity. One
of the waves is the fast acoustic mode and the two other
waves are the modes propagating with slower velocities.
The acoustic polarizations of these waves are mutually or-
thogonal [12, 13]. It is also known that in the majority of
crystalline materials, the fastest elastic mode is usually a
longitudinal or a quasi-longitudinal wave. A direction of
the acoustic polarization vector in these waves coincides
with a direction of the phase velocity vector or slightly de-
viates from it. If a slow acoustic mode is concerned, the
acoustic polarization vector is usually orthogonal or close
to orthogonal with respect to the direction of the phase ve-
locity vector.

It was also found that there are acousto-optic crystals
demonstrating totally different behavior [11, 12, 13]. The
direction of polarization for the fastest acoustic wave in
these crystals may be orthogonal to the phase velocity vec-
tor. Therefore the wave may be defined as a pure shear
acoustic wave. At the same time, the elastic displacement
in the slower mode may be directed parallel to the acoustic
wave vector. It means that this mode should be defined as
a longitudinal wave. On the other hand, the acoustic waves
demonstrate an ordinary behavior in a wide range of direc-
tions in the crystal. Consequently, a change in the direc-
tion of propagation for one and the same acoustic mode
may lead to a transformation of the acoustic wave polar-
ization so that a longitudinal mode becomes a shear wave.
It should be mentioned however that this phenomenon is
unusual and may be observed only in a very limited num-
ber of crystals.

The transformation was found in crystalline materi-
als possessing a specific ratio between elastic coefficients
[12, 13]. The acousto-optic crystal tellurium dioxide be-
longs to this rare family of anisotropic crystalline materi-
als demonstrating the extraordinary relation between the
coefficients. This acousto-optic material is very well stud-
ied. Magnitudes of the acoustic velocities in three basic
planes of the paratellurite crystal and also of some other
tetragonal acousto-optic media may be found in the liter-
ature [6, 7, 8, 9, 10, 14, 15, 16, 17, 18, 20]. Moreover,
in reference [7], inhomogeneous and homogeneous quasi-

shear elastic waves in a paratellurite crystal were exam-
ined not only in the basic planes but also arbitrary direc-
tions of acoustic propagation. A three-dimensional acous-
tic slowness surface may be found in reference [7]. Vectors
of acoustic polarization corresponding to the plane bulk
quasi-shear mode are also schematically shown in refer-
ence [7]. However, a careful analysis of the elastic modes
propagating in arbitrary planes of the paratellurite crystal
was not performed in the cited papers. Therefore, the goal
of this paper is to investigate the polarization character-
istics of all bulk plane acoustic waves propagating in the
strongly anisotropic paratellurite crystal.

2. Theoretical analysis. Basic parameters of
elastic waves in tetragonal crystals

In order to examine unusual cases of acoustic propagation
in the crystals, at the beginning we consider basic param-
eters of elastic waves such as a magnitude of acoustic ve-
locity and a direction of polarization vector. These param-
eters in the general case of unlimited anisotropic medium
may be found from the solution of the Green-Christoffel
equation [12, 13],

Γilpl = ρV 2pi, (1)

where Γil = cijklnjnk are the components of the Green-
Christoffel tensor, pi are the components of the polariza-
tion vector, ρ is the density of the material, V is the phase
velocity of the wave, cijkl are the elastic coefficients of the
crystal, nj and nk are the components of the unit vector de-
scribing the acoustic propagation [12, 13]. In the general
case, a direction of the acoustic wave propagation is given
by two angles evaluated in a spherical coordinate system:
ϕ and θ, where ϕ is the azimuth angle with respect to the
X-axis of a material and θ is the polar angle evaluated rel-
atively to the Z-axis. The wave front is then described by
its normal vector n with: n1 = cosϕ sin θ, n2 = sinϕ sin θ
and n3 = cos θ. Solving the Green-Christoffel equation
(1) we find eigenvalues λ = ρV 2 giving magnitudes of
phase velocities of acoustic waves propagating along arbi-
trary directions [12, 13]. We can also find eigenvectors of
acoustic polarization pi describing particles displacement
in a crystal.

The examined crystal of paratellurite represents the
tetragonal symmetry group 422. It is known that the acous-
tic properties of the tetragonal materials belonging to the
crystalline classes 42m, 422, 4mm and 4/mmm are defined
by six elastic constants cijkl. Mapping indexes in Voigt no-
tation results in constants c11, c12, c13, c33, c44 and c66. The
components of the Green-Christoffel tensor in the tetrago-
nal crystals [12, 13] are then equal to����������������

Γ11 = c11n
2
1 + c66n

2
2 + c44n

2
3,

Γ12 =
�
c12 + c66

�
n1n2 = Γ21,

Γ13 = c44n1n3 = Γ31,

Γ22 = c66n
2
1 + c11n

2
2 + c44n

2
3,

Γ23 =
�
c13 + c44

�
n2n3 = Γ32,

Γ33 = c44
�
n2

1 + n2
2

�
+ c33n

2
3.

(2)
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It is shown [6, 7, 8, 9, 10, 11, 12, 13] that the tetragonal
crystals demonstrate the strongest anisotropy in the XOY
plane; in this particular case of the acoustic propagation,
the Green-Christoffel equation is rather simple so that the
problem may be solved analytically. In the XOY plane the
phase velocities are determined by the following expres-
sions [12, 13]

V 2
1,2 =

c11 + c66 ±
	

(c11 − c66)2 cos2 2ϕ + (c12 + c66)2 sin2 2ϕ
2ρ

,

V 2
3 = c44/ρ. (3)

Then the two acoustic waves V1,2(ϕ) posess polarization
vectors directed orthogonal to the Z-axis. Their different
from zero projections on the X- and Y-axes may be repre-
sented by the expressions [12, 13]��

p = Γ12�
Γ2

12+(Γ11−ρV 2
1,2)

2
,

q =
ρV 2

1,2−Γ11�
Γ2

12+(Γ11−ρV 2
1,2)

2
,

(4)

where Γ11 = c11 cos2 ϕ + c66 sin2 ϕ and Γ12 = (c12 +
c66) cosϕ sinϕ. A third acoustic mode with the velocity V3

is not dependent of the angle ϕ and is polarized along the
Z-axis. We used equation (4) to determine the components
p and q of the polarization vector in the XOY plane in the
tetragonal crystals. Based on the values of the vector com-
ponents, we determined the direction of the displacement
relative to the X-axis as tan β = q/p. Finally, the angle be-
tween the displacement, i.e., the acoustic polarization and
the acoustic wave vector is calculated by means of the for-
mula γ = β − ϕ, where ϕ is the angle between the phase
velocities and the X-axis.

It is known that one of the three existing acoustic modes
is referred to a quasi-longitudinal wave if its polarization
angle belongs to the interval 0 < γ < 45◦. The angu-
lar range 45◦ < γ < 90◦ corresponds to a quasi-shear
wave. This means that at γ = 45◦, a transformation of
one type of elastic wave to another takes place. We de-
fine the direction of the waves transformation by the cor-
responding angle of propagation ϕ∗. It means if the angle
ϕ is continuously varying from ϕ = 0 to ϕ = 45◦ then
at ϕ = ϕ∗ the angle of polarization is equal to γ = 45◦.
Therefore the quasi-longitudinal wave is transformed into
the quasi-shear wave. Moreover both slow and fast acous-
tic modes demonstrate similar effects of the polarization
change [11, 12, 13, 18, 21].

We revealed a dependence of the angle ϕ∗ on the mag-
nitudes of the elastic coefficients. Analysis of the compo-
nents of the Green-Christoffel tensor equation (2) enables
the derivation of an expression for ϕ∗. We found that the
angle of the wave type transformation at γ = 45◦ in the
tetragonal crystals in XOY-plane is

ϕ∗ =
1
2

arctan

�
c66/c11 − 1

c12/c11 + c66/c11
. (5)
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Figure 1. Dependences of the acoustic propagation angle ϕ∗ in
the XOY-plane of paratellurite on the ratio of the elastic constants
c66/c11.

Applying equation (5) we plot the dependence of the
transformation angle ϕ∗ versus the ratio of the elastic
coefficients c66/c11 for different values of the parame-
ter c12/c11. It should be noted that the ratio c12/c11 does
not exceed unity. The dependence equation (5) is pre-
sented in Figure 1. The elastic coefficient c12 in the ma-
jority of crystalline materials is positive. However, in the
tetragonal potassium dihydrogen phosphate (KDP) crys-
tal, the elastic coefficient is negative [19]. That is why, in
the analysis, we considered the ratio c12/c11 in the range
−1 < c12/c11 < 1. In order to reveal the dependence
of the transformation angle ϕ∗ on the coefficients ratio
c66/c11, we calculated the angle ϕ∗ at six values of the
elastic constants ratio: c12/c11 = −0.92, c12/c11 = −0.5,
c12/c11 = −0.07 as well as c12/c11 = 0.07, c12/c11 = 0.5
and c12/c11 = 0.92. These values were chosen because the
ratio 0.92 characterizes the crystal of paratellurite, the ratio
−0.07 describes the KDP crystal and the four other values
were considered to cover range −1 < c12/c11 < 1 in the
most complete way. As it is seen in equation (5), the trans-
formation of the waves exists only in the case c66/c11 > 1.
Since the ratio c12/c11 is limited by 1, the angle ϕ∗ ver-
sus the ratio c66/c11 is included in a narrow range of mag-
nitudes. This is confirmed by data presented in Figure 1.
Therefore it may be stated that the transformation angle
ϕ∗ in the XOY-plane of the tetragonal crystals does not
exceed the magnitude ϕ∗ = π/8. It should also be noted
that the discussed anomaly in the acoustic polarization oc-
curs very seldom.

To the best of our knowledge the examined polarization
effect is typical only for paratellurite [10]. As for mate-
rials of other crystalline classes, the unusual polarization
phenomenon exists only in the cubic crystals TmSe [22]
and in the trigonal tellurium crystal Te [11]. To prove this
we applied the analysis to materials other than tetragonal
acousto-optic paratellurite. It was mentioned earlier that
in the crystals of Hg2Cl2, Hg2Br2 and Hg2I2, the veloc-
ity of the slow shear acoustic wave propagating along the
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Figure 2. Cross section of the slowness surfaces for the paratellurite crystal in the planes rotated around the X-axis by the angle Ω. The
case Ω = 0 illustrates the XOZ-plane, the plane XOY is described by Ω = 90◦. The angle ϕ∗ indicates the direction of the wave type
transformation.

[110] direction is even lower than that in paratellurite. As
for the parameters of elastic anisotropy, they are also large
and very close to the record magnitude r = 4.95 in the tel-
lurium dioxide. However, there are no principal changes
of the type of the waves in the considered mercury com-
pounds. Absence of a strong change in the direction of the
acoustic polarization vector is explained by the ordinary,
i.e., c66/c11 < 1 relation between the magnitudes of the
elastic coefficients. A review of available data presented
in the literature indicates that the value of the elastic con-
stant c11 exceeds the magnitude of c66 in the majority of
tetragonal materials [9]. Therefore, unlike the paratellu-
rite crystal, in the mercury halides the pure longitudinal
wave along the [100] axes possesses a higher phase veloc-
ity value than the corresponding pure shear wave.

3. Velocity and polarization of elastic waves
in a paratellurite crystal

Here we quantitatively determine the phase velocities and
the directions of acoustic polarization specifically for the
tellurium dioxide crystal. The characteristics of the elastic
waves in the XOY-plane of this crystal were estimated us-
ing equations (3)–(4) with the density ρ = 6000 kg/m3

and the values of the elastic coefficients c11 = 5.612 ·
1010 N/m2, c12 = 5.155 · 1010 N/m2 and c66 = 6.614 ·
1010 N/m2 [23]. Based on magnitudes of other elastic co-
efficients c13 = 2.2 · 1010 N/m2, c33 = 10.6 · 1010 N/m2

and c44 = 2.66 · 1010 N/m2 we numerically solved equa-
tion (1) and obtained the phase velocities along all direc-
tions in the crystal in arbitrary oriented planes. A family
of cross sections of the acoustic slowness (1/V ) surfaces
is shown in Figure 2. Calculations have been carried out
for various rotation angles Ω. The angle Ω characterizes

rotation of the cross section around the X-axis. It is mea-
sured in the YOZ-plane with respect to the Z-axis. The
case Ω = 90◦ evaluated between the Z- and Y-axes cor-
responds to the cross section made by XOY-plane (Fig-
ure 2j), while the case Ω = 0 describes the cross section
by XOZ-plane (Figure 2a). The dash-dotted line in the fig-
ure represents the slowest acoustic mode, the solid line de-
scribes the fast acoustic mode, and the dotted line shows
the mode with the intermediate velocity value. Note that
the data summarized in Figure 2a and Figure 2j are in a
good agreement with the results presented in the literature
[7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18]. As for data in
the Figures 2b–2h, they are new and these cross sections
have not been analyzed in details.

The carried out calculations prove that the velocity of
the slow acoustic mode along the directions [110] and
[11̄0], i.e. at the angles ϕ = ±45◦ and Ω = 90◦, demon-
strates the lowest acoustic velocity V1 = 616 m/s. Along
the X and Y axes, i.e., at the angles ϕ = 0◦ and ϕ = 90◦

(Ω = 90◦), the acoustic velocity is equal to V1 = 3050 m/s.
As seen in Figure 2j, the slowness curves demonstrate a
strong dependence of the acoustic velocities on the direc-
tion of the acoustic propagation. The magnitudes of the
velocities V1 at the angles ϕ = 0◦ and ϕ = ±45◦ differ by
a factor of 4.95, as mentioned in the beginning of the pa-
per. It should be noted that the slowness curves shown in
Figure 2 may be useful in the design of new acousto-optic
and acousto-electronic devices [10, 16, 24, 25, 26].

We also determined the directions of the acoustic po-
larization vectors by means of calculation of the Green-
Christoffel equation (1). Data in Figure 3 present the cal-
culated dependences of the polarization angle γ versus the
direction of the acoustic wave propagation for different an-
gles Ω. The angle γ in the figures is measured between the
polarization vector and a normal n directed orthogonal to
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Figure 3. A family of curves illustrating the dependence of the acoustic polarization angle on direction of propagation in the planes
rotated around the X-axis by the angle Ω. The solid line corresponds to the fastest acoustic mode, the dot-dashed line shows the slowest
mode and the dashed line illustrates the mode with the intermediate velocity. The figure shows the angle ϕ∗ at which the transformation
of the wave type takes place.

the acoustic wave front. Similar to that in Figure 2, the an-
gle determines rotation of the propagation plane about the
X-axis. The solid curve shows the polarization behavior
for the fast acoustic mode, the dash-dotted line presents
the slowest mode and the dotted graph describes the mode
with the medium phase velocity value.

4. Transformation of wave type in paratel-
lurite crystal

As mentioned in section 3, the acoustic slowness curves
(1/V ) in XOY plane of paratellurite are shown in Fig-
ure 2j while the curves in Figure 3j present the depen-
dence of the polarization angle γ on the angle ϕ of the
acoustic propagation. The results of the calculations con-
firm that the acoustic polarization vectors in the XOY-
plane of paratellurite change their direction of orientation
in a very peculiar manner. Data in Figure 3j prove that
the transformation of the quasi-shear acoustic wave into
the quasi-longitudinal wave takes place at the propaga-
tion angle ϕ∗ = 8.1◦. It means that in the case of the
fast acoustic mode, the following effect is observed in the
crystal along the X-axis at ϕ = 0◦. Therefore the wave
is principally shear because γ = 90◦. In the range of the
propagation angles 0 < ϕ < 8.1◦, the mode becomes a
quasi-shear wave with 45◦ < |γ| < 90◦. Then in the range
of the propagation angles 8.1◦ < ϕ < 45◦, the quasi-
shear wave is transformed into the quasi-longitudinal wave
(0◦ < |γ| < 45◦). Finally, along the direction [110], i.e., at
the angle of acoustic wave propagation ϕ = 45◦, the wave
is a pure longitudinal mode with |γ| = 0. So the calcula-
tions show that the transformation angle ϕ∗ correspond-

ing to the polarization angle γ = 45◦ in the XOY-plane
(Ω = 90◦) of paratellurite is equal to ϕ∗ = 8.1◦.

It means that the fast acoustic mode behaves, in a con-
siderable range of directions, as if it were the shear or the
quasi-shear acoustic wave. On the other hand, according
to expectations, this fast elastic mode behaves along other
directions like the longitudinal or the quasi- longitudinal
wave. It means that principally different polarization an-
gles γ, i.e., γ > 45◦ and γ < 45◦ correspond to various
propagation directions in the case of one and the same
acoustic mode.

The acoustic slowness curves and the acoustic polar-
izations were additionally examined in the XOZ-plane of
paratellurite. Data summarized in Figure 2a and Figure 3a
prove that there also exists an effect of the change in the
type of acoustic wave for two elastic modes. The third
acoustic mode illustrated in the figure by the dot-dashed
line is characterized by the polarization directed orthog-
onal to the acoustic wave vector or very close to it. We
found that there were no changes of the type of this wave
with direction of its propagation. The calculation showed
that the effect of the wave transformation for the two
other acoustic modes in the XOZ-plane (dashed and solid
lines in Figure 3) occurs along the direction of the angle
ϕ∗ = 19.6◦.

These peculiarities have in general been mentioned in
the literature [11, 12, 13, 18, 21, 22]. However, the effect
was considered in the planes XOY and XOZ of paratel-
lurite, mainly along the X axis. A detailed analysis of the
phenomenon along other directions has not been carried
out. Therefore, it was necessary to examine general cases
of the wave type transformation. Calculation of the prop-
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Figure 4. The propagation angle ϕ∗ versus the rotation angle Ω
in the planes around the X-axis.

Figure 5. Range of directions at which the transformation of the
acoustic wave type takes place in the paratellurite crystal.

agation angles ϕ∗ for different values Ω at which the di-
rection of the acoustic polarization corresponds to γ = 45◦

was also the goal of the present investigation. For this pur-
pose, we examined all directions of the acoustic propaga-
tion in the paratellurite crystal. A set of cross sections of
acoustic slowness surface was carefully considered. Out of
the symmetry planes, the family of curves in Figures 3b–
3i shows orientation of the polarization vector. The curves
were obtained by the rotation of a plane over X-axis by the
angle Ω. It is seen in the graphs that at arbitrary cuts of the
slowness surfaces, the unusual transformation of the wave
type takes place in the crystal. This conclusion is con-
firmed by the fact that each graph in Figure 3 includes the
angle ϕ∗ corresponding to the transformation of the elas-
tic wave type. For example, Figure 3b (Ω = 10◦) demon-
strates that the angle of polarization transformation for the
fast acoustic wave is equal to ϕ∗ = 18.6◦. At the same

time, the rotation angle Ω = 20◦ corresponds to the trans-
formation angle ϕ∗ = 16.1◦. The angle Ω = 30◦ is de-
scribed by the value ϕ∗ = 13.5◦. Further increasing of the
rotation angle Ω keeps the tendency of ϕ∗ angle diminu-
tion. For example, at the magnitude Ω = 60◦, the angle of
the transformation is equal to ϕ∗ = 9.1◦. Using the results
of calculations we plotted the curve in a polar system of
coordinates ϕ∗(Ω) (Figure 4), where the angle Ω indicates
the direction, while the angle ϕ∗ represents a radial vec-
tor. Therefore the graph ϕ∗(Ω) plotted in Figure 4 in polar
coordinate system illustrates the spatial distribution of the
angles ϕ∗ at which the effect of the wave type change may
be observed in tellurium dioxide. This dependence proves
that there are extended regions in space in which the un-
usual effect may be observed. In order to clearly represent
this phenomenon, we also plotted a corresponding three-
dimensional picture shown in Figure 5. The figure reveals
the areas in which the shear acoustic waves propagate
with a higher phase velocity than the longitudinal acous-
tic waves. Using the presented data, it was straightforward
to find, in paratellurite, all the directions characterized by
the effect of the wave transformation. It should be empha-
sized that the examined phenomenon must be taken into
consideration during the design of new acousto-optic de-
vices such as modulators, deflectors and filters [24, 25, 26]
based on off-axis cuts of the tetragonal crystals.

5. Conclusion

We examined basic parameters of acoustic waves propa-
gating in the tetragonal crystals. We revealed the influ-
ence of the magnitudes of the elastic coefficients in the
materials on the characteristics of the acoustic modes. It
is proved that if the elastic constant c66 is larger than the
constant c11 in the tetragonal crystals, a transformation of
the quasi-longitudinal acoustic waves into the quasi-shear
waves and vice versa appears. We found that this effect of
the wave transformation may take place in a considerably
wide range of propagation directions. We derived an an-
alytical expression for the magnitude of the propagation
angle corresponding to the transformation of the acoustic
polarization in XOY-plane of the tetragonal materials. We
predicted that the maximum possible transformation an-
gle in this plane of a tetragonal crystal is limited by the
value ϕ∗ = π/8, while in the paratellurite crystal this an-
gle is equal to ϕ∗ = 8.1◦. All other directions character-
ized by the change of acoustic wave type were also found
in paratellurite. The revealed regular trend helps to pre-
dict behavior of elastic waves in the crystalline media or
even to stimulate growth and development of new materi-
als with proposed elastic properties.

Finally, it should be noted that the majority of acousto-
optic devices based on the paratellurite crystal such as
deflectors and tunable acousto-optic filters, use the slow
shear acoustic mode propagating along off-axis directions
in the crystal. As shown here, these elastic modes can
change their type with variation of their direction of prop-
agation. It means that the results of this research are useful
for the design of devices based on off-axis propagation of
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acoustic waves. For example, in order to launch a slow
acoustic mode in paratellurite along a direction close to
the X-axis, one should use a piezoelectric transducer for
the generation of the longitudinal waves; and not the shear
waves as for all other tetragonal crystals.
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