2026

EXTREME VALUES OF PHOTOELASTIC EFFECTS IN BTAS AND
BTGS CRYSTALS

N. DEMYANYSHYN 1, B. MYTSYK 1, O. LISHCHUK 2, P. SOLOMENCHUK 2,
A. ANDRUSHCHAK 2

1 Karpenko Physico-Mechanical Institute, 5 Naukova Str., 79601, Lviv, Ukraine
2 Lviv Polytechnic National University, 12 Bandery Str., 79046, Lviv, Ukraine

Received: 05.05.2026

Abstract. Indicative surfaces (ISs) of the spatial distribution of piezo-optic and elasto-optic effects (POE and
ELOE) in BasTaAl3Si2014 (BTAS) and BasTaGasSi2014 (BTGS) langasite-type crystals were constructed based on
piezo-optic mm and elasto-optic pin coefficient matrices obtained from first-principles calculations. We
presented relations for the ISs of longitudinal and transverse POE and ELOE, as well as relations for the ELOE
induced by shear strains. It is shown that the POE and ELOE properties of BTAS and BTGS crystals are
essentially anisotropic, while the largest values of the transverse ELOE of BTAS and BTGS crystals (0.213 and
0.209, respectively) do not coincide with the directions of the crystallophysical axes of these crystals.
According to these ELOE values, these crystals exceed other langasite-group crystals, La3GasSiO14 (LGS) and
CasTaGasSi2014 (CTGS), by a factor of 2-3. For all the above crystals, ELOE surfaces induced by shear strains
have been constructed. The maximum values of these surfaces (0.108-0.131) are nearly two times lower than
the maxima of the transverse ELOE in BTAS and BTGS crystals, but the acousto-optic efficiency can be
relatively high due to the low acoustic-wave velocities caused by shear strains.
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1.Introduction
With advances in computer technology, it has become possible to predict the physical

properties of materials using first-principles calculations [1-4]. There are many works, for
example [5-8], on the successful application of this approach to studying and predicting
material properties. Since photoelastic interferometric studies are complex and labor-intensive
[9, 10], first-principles predictions should be used as an effective tool for the preliminary
evaluation of materials suitable for application in photoelastic and acousto-optic light-
modulation devices.

Optically uniaxial crystals of the langasite group possess a unique combination of different
physical properties. For example, they are characterized by low acoustic-wave attenuation
(several times lower than in quartz [11]), temperature stability of physical characteristics, in
particular elastic characteristics [12], a high optical-damage threshold [13, 14], as well as large
piezoelectric effect and electromechanical coupling coefficient [15]. Langasite LazGasSiO14
(LGS) is the best-known gallosilicate. However, the efforts of researchers aimed at improving
material quality and optimizing growth technology have led to the creation of a group of
compounds (about 100 crystals [16, 17], the list of which is constantly expanding) that are
structurally close to langasite. Such crystals are already widely used in the manufacture of
pressure and detonation sensors, substrates for thermally stable cuts for acoustoelectronic
filters based on surface and bulk acoustic waves, Q-switches, and temperature-stable broad-
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band monolithic filters used in mobile communication systems (see, for example, [18-21]).
However, the photoelastic properties (piezo- and elasto-optic effects) of LGS-group crystals
have been experimentally studied only for a few representatives, LGS and CTGS [22-24].

Since crystalline materials possess substantially anisotropic photoelastic properties, it
is important not only to determine the magnitudes of the piezo- or elasto-optic coefficients
(POCs or ELOCs) of such materials but also to study the spatial distribution of photoelastic
effects in them in order to evaluate the efficiency of their application, for example, in optical-
radiation modulators. For such an analysis, methods for optimizing piezo-, elasto-, and
acousto-optic interaction in crystalline materials are widely used [25-32].

In this work, the spatial anisotropy of photoelastic effects in BazTaAl3Si;014 (BTAS) and
BasTaGasSiz014 (BTGS) crystals, belonging to the langasite group [8, 33], is analyzed based
on POCs and ELOCs calculated using a quantum-mechanical method. The obtained results
are compared with the results for other crystals of this group: La3GasSiO14 (LGS) and
CazTaGaszSiz014 [CTGS) [25]

2.Characteristics of the objects of study

Crystals of the langasite group belong to symmetry class 32 (space group P321) [16, 17].
Despite the small number (eight) of independent components of the matrices of piezo-optic
and elasto-optic effects (POE and ELOE), these matrices for LGS and CTGS crystals have been
filled by interferometric and polarization-optical methods relatively recently [22-24]. Since
experimental methods are labor-intensive, the photoelastic properties of some langasite-
group crystals (CTGS, CNGS, and BTGS) have been calculated by a quantum-mechanical
method [31, 34]. The calculated POC values, for example, for CTGS, are in good agreement
with the experimentally determined coefficients [31]. In particular, the deviations from the
arithmetic mean values between the calculated and experimental POCs do not exceed +15%
for w13 and 31 and 5% for the coefficients 733, 741, ™14, and ms4.

In this work, the calculation of the POCs, ELOCs, and elastic stiffness and compliance
coefficients was performed for BTAS crystals in order to study the influence on the
photoelastic properties of replacing the expensive gallium (Ga) element in the crystal
structure with the cheaper aluminum (Al) element. The calculation was carried out using the
Crystall7 program, following the approach used in [31, 34]. These works substantiate the
use of the PBEO hybrid functional, as well as other parameters employed in the calculations
of the POC mj» and ELOC pi. The specified hybrid functional also provides good agreement
between the calculated and experimental values of i, and pi in tetragonal CaWO, [35] and
PbMo0O, [36] crystals. The methodology for calculating piezo- and elasto-optic coefficients in
crystals is described in detail in [35, 37]. The BTAS lattice parameters indicated in [8, 38]
were used for the calculation: a = 8.456 i c = 5.121 A.

The results of calculating all independent POCs m;» and ELOCs pi of BTAS crystals are
given in Table 1. For comparison, this table also includes the POCs and ELOCs of BTGS, LGS,
and CTGS crystals. In addition, Table 1 presents the calculated values of the elastic stiffness
Cmi and elastic compliance Sin, coefficients for BTAS crystals, which can be used to verify the
consistency of the piezo-optic and elasto-optic coefficients on the basis of the well-known
tensor relations mim=pixSkm and pix = mWimCmx [39, 40].

As shown in the table, the largest POC values for BTAS crystals were smaller than the
corresponding POC values for BTGS crystals. BTGS crystals have two large principal POCs,
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Table 1. Elastic Cnx and Skm, piezo-optic i, and elasto-optic pix coefficients of LGS and CTGS
crystals (experimental data) and BTGS and BTAS crystals (calculated by a quantum-
mechanical method).

105;:'{;1112 C11 C12 C13 (31 C33 Cia Cu Caa
BTAS 175.3 74.6 84.8 84.8 197.9 -7.1 -7.1 72.3
Skmp
. S S12 S13 S31 833 S14 Sa1 Sa4
10712 m“/N
BTAS 7.86 2.21 2.42 2.42 7.13 0.99 0.99 14.03
Tlm, Br T11 T12 T13 T31 33 T 14 T 41 TT 44
LGS [22] ~0.17 | 0.10 0.30 0.70 ~1.25 0.32 0.33 0.35
+0.06 +0.07 +0.07 +0.19 +0.08 +0.15 +0.12 +0.16
CTGS [24] -0.19 0.22 0.53 1.40 -1.20 0.72 0.32 -0.81
+0.06 +0.09 +0.12 +0.19 +0.09 +0.11 +0.11 +0.40
BTGS [34] -0.18 0.65 0.78 1.31 -1.48 0.26 0.11 -0.46
BTAS 0.06 0.57 0.75 1.14 -1.09 0.25 0.18 -0.21
Dik p11 p12 p13 p31 D33 D14 pa1 D44
LGS [24] 0.014* 0.027 0.071 0.078 -0.181 0.013 0.033 0.028
+0.016 +0.017 +0.021 +0.047 +0.049 +0.009 +0.027 +0.009
CTGS [24] 0.008* 0.044 0.096 0.165 -0.088 0.029 0.029 -0.033
+0.010 +0.013 +0.022 +0.031 +0.031 +0.005 +0.015 +0.017
BTGS [34] 0.080 0.162 0.189 0.185 -0.067 0.023 0.013 -0.032
BTAS 0.115 0.170 0.202 0.193 —-0.022 0.022 0.019 -0.019

*The values of the p11 coefficient for LGS and CTGS are smaller than the errors of their determination.

m31 and 733, and the coefficient 33 = -1.48 Br is the largest among the POCs presented in
Table 1. Other large POCs m13 of BTAS and BTGS crystals, exceed the corresponding POCs of
LGS and CTGS crystals by approximately ~ 1.5-2.5.

Regarding the ELOCs, BTAS crystals exhibit the largest values (p31 = 0.202 and p33 = 0.193).
That is, the replacement of the Ga3* gallium cation in the BTGS structure by the Al3* aluminum
cation results in an improvement of the elasto-optic properties of the BTAS structure. In addition,
the largest ELOCs p13 and p31 of BTAS and BTGS crystals exceed the largest ELOC p33 of langasite,
while the ELOC p1; of BTAS and BTGS is 4-5 times larger than in LGS and CTGS crystals. There-
fore, it is expedient to construct surfaces of the spatial distribution of POE and ELOE and to find
the maximum values of these effects and their directions relative to the crystallophysical axes.

3.Analytical relations for indicative surfaces of POE and ELOE
For a study of the anisotropy of POE and ELOE, a geometrical representation of higher-rank tensors,

namely indicative surfaces (ISs), is used [25, 30]. Mathematically, the IS formula corresponds to the
law of transformation of tensor components when passing from one coordinate system to another.
For the IS of POE (a fourth-rank tensor), this expression is presented as

ikl = AimQAjnQkp o Tmnpo- (1)

Let's mention that, when constructing ISs on the basis of (1), the nonzero POCs 7o

corresponding to the POE matrix of a crystal of a particular symmetry class are taken into

account, and the corresponding direction cosines aim, jn, @iy, a1 of the radius vector R
describing the IS are written in the spherical coordinate system 6, ¢ as [25, 30]:
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ar1=sinfcose, ar=sinfsing, o;3=coso. (2)
From Egs. (1) and (2), taking into account the nonzero components of the POC matrix
for crystals belonging to the point group of symmetry 32, one obtains the known expression
[25] for the IS whose radius vector describes the POE 7;, in arbitrary directions i of light
polarization under the action of uniaxial pressure in any specified direction m:
7 =711 51026, cos2(e,, —@;) + m1,5in26,, sin2(¢p,, —¢;)+ 130520,
+0.571,5in 26, sin(¢,, + 2¢;)]sin2 6; + (73, sin2 0, + 35 cosZ 6, )cos2 6, (3)
445020, sin(2¢,, — ¢;) +0.5744 5in20,, cos(@,, —@;)]sin20;.
where 7 — are POCs expressed in two-index (matrix) notation [39, 40]; 6, @, Om, @m are the
spherical coordinates for the directions of polarization of the light wave i and action of
uniaxial pressure m, respectively.
For the longitudinal POE, when vectors i and m coincide (i | m) and, accordingly,
0= 0n=6, ¢ = om = @;, the IS formula is following:
7%(0,9) =7y = w11 5In* 0 + 330054 O + (713 + 731 +2744)sin% O cos20
+(714 + 2741 )5in3 6 cosOsin 3. )
For the transverse POE (ilm), two construction variants are possible: 1) the spherical
coordinates specifying the directions of vectors i and m are related by 6,=90° @, = @; + 90°,
2) 6:=90°, @i = P+ 90°. As a result, one obtains the IS of light polarization 7:',-(’,3 (constructed
by the radius vector that coincides with the polarization direction of the electromagnetic
wave i) and the IS of mechanical stress n’i(,;”] (constructed by the radius vector that coincides
with the direction m of uniaxial pressure), respectively:

i ; : .
7:',-(,3 =14, Sin2 0, + 75, c0s2 6; — 2m4, sinb; cos; sin3g;, (5)

7:’,-(,’””] =1,8In20,, + 773€0820,, — 71, 5in6,, cosO,,sin3p,,. (6)

The analog of Eq. (3) for the ELOE is the expression [25]

Py = [p115in2 6, cos2(@y, — ;) + py,Sin2 ) sin2(¢, — ¢;) + p;3€0s2 0,
+P145in 20, sin(@;, +¢;)]sin26; +(p3, sin2 6, + p35cos2 6, )cos2H; (7)
Hpaq SN2 0, sin(2¢, + ;) + pas sin 26, cos(py, — ¢;)]sin26;,
where the index k denotes the direction of strain in the crystal, and pi. are the elasto-optic
coefficients.

Based on (7), it is easy to write analogs of expressions (4)-(6), which describe the
longitudinal (i I k) and two transverse (iLKk) ELOEs; they are not presented here because of
their similarity to the indicated piezo-optic analogs.

Let’s also use the expression for the IS of the ELOE under the action of shear strains in
planes that include the X3 axis [25]:

D = D'(0:,0;,6,,0,)=0.5(p;, €0S2 @}, + p;,SIn2 @, — py3)sin26;cos? ¢, sin 20,
+0.5(p, cos2 @, + pysin2 @, — p;3)sin 6, sin2 @; sin 260,
+0.5(p3; — p33)c0s20;sin 260, + p, 4 sin2 6, cos 26, sin (¢, + 2¢;) (8)
+0.5p, 5in 26, sin 20, sin(2¢;, + ¢;) + pa4 Sin26; cos26, cos(o; —¢;)
+0.25(p; | — p12)sinZ 0, sin2¢; sin 20, sin 2¢p,.
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and, based on this expression, write formulas for two particular cases:
1) The formula for the ELOE IS for shear strains in the X1X3 plane under the conditions
Ok =0°, ¢ =0°:
i = P'(6:,9;,0°,0°) = p;45in2 0, sin2¢; + p,,sin20,cosg;; (9)
2) The formula for the ELOE IS for shear strains in the X1X3 plane under the conditions
6= 45°, o= 0°:
Dy = P'(6,,9;,45°,0°)=0.5(p,;sin2 @, + p;, cos2¢,)sin2 @, —0.5p,;sin2 6,

10
+0.5(p3; — p33)c0s26; +0.5p,, sin 26, sing,. (10)

4.Results and discussion
Examples of ISs and their sections by the XXz plane for the longitudinal and transverse POE

and ELOE of BTAS and BTGS crystals, constructed on the basis of Egs. (4)-(6) and the values
of POCs m;» and ELOCs pi, taken from Table 1, are presented in Fig. 1. Tables 2 and 3 give the
largest values of POE and ELOE of these crystals and the corresponding geometries of piezo-
and elasto-optic interaction.

The ISs of longitudinal POE do not require special analysis, since Fig. 1a shows that the
maximum POE values in BTAS and BTGS crystals lie on the X3 axis: they correspond to the
condition 6; = 8, = 0°. For example, by substituting this condition into Egs. (3) and (7), we
can verify that the maximum of the longitudinal POE corresponds to the coefficient ms3s. It is
seen that, for the crystals indicated in Table 2, all maximum values of the IS 7}; (are equal to POC
733) are negative in sign, and prevail by value (-1.48 Br) z;; for BTGS.

The maximum values of the transverse POE in these crystals and the directions corresponding
to these values were determined on the basis of Egs.(5) and (6) by the method of partial
derivatives. Let us determine, for example, the maximum value of the transverse POE in crystals for
the case presented in Fig. 1b, and the spherical coordinates of the direction in which it is observed.
Based on the surface Eq. (5), let’s express its section by the X>X3 plane. For this purpose, in (5) let's
substitute the condition ¢; = 90°, which corresponds to such a section:

7:',-(’,3 =/, Sin20; + 75, c0s2 0; + 2144 Sin6; cos0; . (11)

From the analysis of the partial derivative dx}, /06; , which describes the maximum of
the POE 7,,,. in Eq.(11), one obtains an expression for determining the angle 6, which
characterizes the straight line on which the indicated maximum lies:

-2
0. =Larctg—"4 1+ kr , k=0, 1. (12)
2 12~ 731

For BTAS and BTGS crystals, the angle 6 is 13° + 180° and 9° + 180° respectively (see also
Fig. 1b). The maximum POE n'l!) for the indicated values of angle 6; are observed in the section
specified by the already mentioned condition ¢; = 90°, a Takox ¢; = 210°, 330° (for these values of
angle o, Eq.(5) is identical to Eq.(11)). It is clear that the indicated angles are related to one
another by a rotation of 120°, which corresponds to the third-order symmetry axis Lz || X3(Z). By
substituting the values of the above angles 0; into Eq. (11), one obtains the maximum values of the

transverse POE: 7;0) =1.19 Br for the BTAS crystal and 7/\) = 1.33 Br for BTGS. These POE values

m

are somewhat smaller than for the CTGS crystal and substantially larger than for LGS (see Table 2).
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For the other transverse POE 7:},(,1'”] (the surface is constructed by the radius vector R || m),
the maximum values turned out to be much smaller (0.81 and 0.86 Br for BTAS and BTGS
crystals, respectively). However, the indicated POE values significantly exceed the maxima of the
transverse POE n’i(,’,’f] in CTGS and LGS crystals (see the last row of Table 2).
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10 [0 10 [ X,
1.0

T
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AT T T 7T oF
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\

P g
e,

X3 0.19
0.10
24°
010 o/ 0.10 /X,
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0.15

(b) (c)

(d)
Fig. 1. Examples of ISs of POE and ELOE and their sections by the X2X3 plane for BTAS (top) and BTGS (bottom)

crystals: (a) longitudinal POE 7; (In Br); (b) transverse POE 7/\) (in Br); (c) longitudinal ELOE pj;; (d)
transverse ELOE plf,((i) .
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Table 2. Maximum values 7}, of ISs of the longitudinal zj; and transverse 7z, z/l™) PQE,
and their angular parameters in BTAS, BTGS, CTGS, and LGS crystals.
BTAS BTGS CTGS [25] LGS [25]
IS | Zhax | Oom, | @iemy | Timax | O, | @0, | Tmax | Omy | Gioms | Tmax | O | @iom),
Br deg | deg Br deg | deg Br deg deg Br deg | deg
' -1.0
Tl 5 0 0 |-148| 0 0 |-120| o0 0 |-125| 0 0
. 90, 90, 90, 90,
7[15,[7’1) 1.19 13 210, | 1.33 9 210, | 1.48 14 210, 0.85 24 | 210,
330 330 330 330
90, 90, 90, 90,
ﬂ;’[nm) 0.81 27 210, 086 | 32 210, | 0.77 33 210, 0.38 29 210,
330 330 330 330

Note: in the Oim) and Piim) columns, the indices i or m refer to the radius R || i, which describes the IS of light

polarization (the upper index at the n’i(,',,j ), or the radius vector R || m, which describes the IS of mechanical

stress (the upper index at the n’i(,:':] ); in the case of IS 7;; index iis equal to index m.

By analogy with the POE, the maximum values of the ELOE ISs and the corresponding
values of angles 6 and ¢ (see Table 3). Examples of ELOE surfaces for BTAS and BTGS
crystals are presented in Fig. 1c,d.

Table 3. Maximum values p},, of ISs of the longitudinal pj; and transverse p/), pi¥)
ELOE, and their angular parameters in BTAS, BTGS, CTGS, and LGS crystals.

BTAS BTGS CTGS [25] LGS [25
IS | Pmax | 0w, | @i, | Pmax | Ot | 0w, | Pmax | O, | @i, | Pmax | Oiw, | @io,
deg | deg deg | deg deg | deg deg | deg
90, 90,
p; | 04151 62 | 210, |0.111 | —64 | 210, ‘058 0o | o ‘0'118 0o | o
330 330
] 90, 90, 017 90, 90,
plf]((l) 0.204| 30 210, | 0.191| 24 210, '2 13 210, [ 0.094 | 26 210,
330 330 330 330
. 90, 90, 0.10 90, 90,
p;](( ) 0.213 | 27 210, {0.209| 33 210, '9 24 210, | 0.075 15 210,
330 330 330 330

Note: in the i and @i columns, the indices i or k refer to the radius vector R || i, which describes the IS of

light polarization (the upper index at the plf,((i) ), or the radius vector R || k, which describes the IS of strain

(the upper index at the p;,((k) ); inthe case of IS pj; index i is equal to index k.

It follows from Table 3 that, in contrast to the POE, the maximum values of both the
longitudinal ELOE pj;, and the two transverse ELOEs plf,((i) and pg,((k) of BTAS crystals exceed

the corresponding maxima of BTGS crystals. In addition, the maxima of both transverse
ELOEs of BTAS and BTGS crystals substantially exceed the corresponding maxima of CTGS

and LGS (for example, for the maxima of the surface pg,((k), this advantage is very large, by a
factor of 2-3). Only for the maximum of the longitudinal ELOE ( p;; = —0.181), the LGS crystal has

a significant advantage over the other crystals studied.
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Let’s characterize below the ISs of the ELOE under the action of shear strains. These
surfaces are described by Eq. (10) and shown in Fig. 2. This figure also presents examples of
sections of the ELOE surfaces in BTAS, BTGS, CTGS, and LGS crystals, on which the maximum
ELOE p;j, and the corresponding directions (angles 8), along which they are observed, are

indicated. These characteristics were found analytically. Namely, the section of surface (10) by
the X>X3 plane corresponds to the condition ¢; = 90°, substituting it into (10), one obtains:
pir = p'(6,,90°,45°,0°)

. . (13)
=0.5[(p5 — p13)sin26; +(p3q — p33)c0os2 0, + p,,sin26,].
CTGS LGS
¢X3 ¢X3

0.1

0.13 0.1

0.05

(I
il
ity 0.1;

0.051

0.14

0.11

. 0.04
0}24&0 0.04 Og-gé i,?; %_04o_§4>\)(2 01'1?:/ o 0_5@2‘5‘}2
X310.108 X;10.128 X510.121
/ 0.1
0.05 l2r
0.04 X,
0.04,-0 0.04
0.05
0.1
0.1

Fig. 2. Examples of ELOE p;; surfaces (under the action of shear strains) with large effect values and
sections of these surfaces by the X2X3 plane in the studied crystals.

From the analysis of the partial derivative 6p;k/69i=0, one obtains an expression for
determining the angle 0;:

-2
0, = larctg P41 tkr, k=0, 1. (14)
2 P12 = P13~ P31t P33

By substituting the corresponding ELOC values pj (Table 1) into (14), one determines the
angles 6, for the indicated crystals. Based on these angles 0; and expression (13), one obtains
the values of the ELOE p;, maxima under the action of shear strains.

From Fig. 2, itis seen that the ELOE p;; surfaces induced by shear strains in BTAS, BTGS,

CTGS, and LGS crystals demonstrate substantial anisotropy of the effect, while the maximum
ELOE values are observed in directions that do not coincide with the crystallophysical axes.
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The angle 6; of the largest ELOE value is small for all crystals, 2.7-6.0°. The maximum values
of the surfaces pj, are comparable for BTGS, CTGS, and LGS crystals (~0.13), whereas the

maximum of the surface for BTAS is substantially smaller (0.108).

It should be emphasized that the ELOE maxima for BTAS and BTGS crystals (0.108 and
0.126, respectively, see Fig. 2) are almost twice as small as in the cases of the transverse
ELOE (Table 3). However, these ELOE values under shear strain can have a positive effect on
the estimation of the acousto-optic figure of merit M». This is because transverse acoustic
waves (AWs), which induce shear strains, generally have substantially lower acoustic
velocities (v) than longitudinal AWs [11, 41]. Accordingly, the M> values will be larger, since
itis known [42, 43] that M, ~ 1/v3.

5.Conclusions
The photoelastic properties of BaszTaAl3Si;014 (BTAS) Ta BaszTaGasSi2014 (BTGS) crystals

have been studied, based on the calculated components of the POC and ELOC matrices and the
indicative surfaces (ISs) of POE and ELOE constructed on their basis. The calculation was
performed by a quantum-mechanical method using the Crystall7 program. For the
construction and analysis of ISs of other langasite-group crystals, LazGasSiO14+ (LGS) Ta
CasTaGasSiz014 (CTGS) POCs and ELOCs were used, that are determined experimentally by
interferometric and polarization-optical methods in [22-24].

Based on the IS analysis, the maximum POE and ELOE values and the directions along
which these maxima lie were found. Some features of the obtained results are listed below.

1. The maxima of the longitudinal POE 7}; for all the studied crystals lie on the X3 axis
and, accordingly, their values are equal to the POC m33. The signs of the surface 7z;; maxima
are negative, and BTGS exceeds the other crystals in magnitude (-1.48 Br). The maxima of
the transverse POE of light polarization 7:',-(’,3 are also large (for example, 1.48 Br for CTGS)
and lie along directions that form angles of 9-24° with the X3 axis. All maxima of the
transverse POE of mechanical stress 7:',-(’,3 are considerably smaller, especially for the LGS

crystal (0.38 Br).
2. All POE maxima of BTGS crystals exceed the corresponding POE values of BTAS
crystals in magnitude. In contrast, BTAS crystals exceed BTGS in the magnitudes of the

maxima of both the longitudinal ELOE pj;, and the two transverse ELOEs p\), p/tK), reaching

the large value of pg,((k) = 0.213. In addition, the maxima of the transverse ELOEs of BTAS and
BTGS crystals substantially exceed the corresponding maxima of CTGS and LGS (for example, for
the maxima of the pg,((k) this advantage is very large, by a factor of 2-3). Only for the maximum
of the longitudinal ELOE ( p;; = —0.181) the LGS crystal has a significant advantage over the other
crystals studied.

3. The ELOE surfaces pj, induced by shear strains in BTAS, BTGS, CTGS, and LGS
crystals demonstrate substantial anisotropy of the effect, while the maximum ELOE values
are observed in directions that do not coincide with the crystallophysical axes. For example,
the deviation of such directions from the X3 axis for the indicated crystals is 2.7-6.0°. The
maximum values of the ELOE surfaces p;;, of BTAS and BTGS crystals (0.108 and 0.126,

respectively) are almost twice as small as in the cases of transverse ELOE. However, the
indicated ELOE values can have a positive effect on the estimation of the acousto-optic figure
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of merit M. This is because transverse acoustic waves (AWs), which induce shear strains,
generally have substantially lower velocities, v, than longitudinal AWs. Accordingly, the M,
values will be larger, since it is known that M, ~ 1/v3. For comparable M, values, BTAS
crystals will have an advantage due to their lower cost, resulting from replacing the
expensive element Ga with the cheaper element Al
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AHomayisa. BkasieHi noeepxHi (BII) npocmopogozo po3nodiny n'e3oonmu4HHO20 ma
npyscHoonmuyHozo epekmie (IIOE ma IIpOE) y kpucmasaax muny aaHeacumy Baz;TaAl3Si;014
(BTAS) ma BasTaGasSiz014 (BTGS) 6yau no6ydogaHi Ha 0CHO8I Mampuyb n'€300NMUYHUX Thim
ma npy#CHOONMU4HUX pin KoediyieHmis, ompumMaHux i3 po3paxyHkie 3 nepwiux npuHyunise. Mu
npedcmasuau cniggioHoweHHs1 0451 BIl no3doexcHbo2o ma nonepeunozo [I0OE ma IIpOE, a
makoxc cniggidHoweHHss dasa I[IpOE, iHdykoeaHozo degopmayiamu 3cysy. [lokazaHo, wo
eaacmueocmi IIOE ma IIpOE kpucmanie BTAS ma BTGS € cymmesgo aHizomponHumu, a
Hali6inbwi 3HayeHHss nonepeyHozo I[IpOE kpucmasnie BTAS ma BTGS (0,213 ma 0,209
8i0n0gidH0) He 30i2atombCsl 3 HANPAMKAMU KpUucmaao@izuuHux ocell yux kpucmadis. 32idHo i3
ekazaHumu 3HauyeHHsmu IIpOE yi kKpucmasau nepegsaxcaroms [HWi Kpucmaau 2zpynu
aaHeacumy, LazGasSiO14 (LGS) ma CazTaGaszSi:014 (CTGS), y 2-3 pasu. [asa ecix
8UUje3a3HA4YeHUX Kpucmasnie 6ysau no6ydosaHi nosepxHi IIpOE, iHdykoeaHi 3cysHUMU
degpopmayiamu. MakcumaabHi 3HaueHHs1 yux noeepxoHs (0,108-0,131) npakmuuHo e08iui
nocmynaiomuecsi  Makcumymam nonepeuHozo IIpOE kpucmasnie BTAS ma BTGS, axae
akycmoonmuyHa egekmusHicmb Modxce 6ymu B8i0HOCHO BUCOKOW 3A80S1KU HU3bKUM
WeudKocmsm aKyCmu4Hux XeuU/ab, siki 3yMo8.1eHi 3cysHUMU dedpopmayisimu.

Kawuosi caoea: gomonpysxcricms, K8AHMOB0-MeXAHIYHUL PO3PAXYHOK, Kpucmaau apynu
JlaH2acumy, 8Ka3I6HI NO8EpXHI
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