| ISSUE 1
=2 21100000008

(e T ZC

D 2027

ENERGY-EFFICIENCY COMPARISON OF ELECTRIC- AND MAGNETIC-
FIELD ENHANCEMENT OF ACOUSTO-OPTIC DIFFRACTION IN
PBM0O, CRYSTALS

0. MYS, M. KOSTYRKO, I. SKAB, R. VLOKH*

0.G. Vlokh Institute of Physical Optics of the Ivan Franko National University of Lviv,
23 Dragomanov Str., 79005, Lviv, Ukraine
*Corresponding author: vlokh@ifo.lviv.ua

Received: 12.09.2026

Abstract. This work considers the influence of electric and magnetic fields on the acousto-optic (AO) figure of
merit in PbMoO. crystals, arising from electro-gyration and Faraday effects that induce elliptical birefringence.
A few types of anisotropic AO interactions with the slowest acoustic wave QT1 were analyzed: collinear
forward and backward AO diffraction and tangential forward and backward AO diffraction. The highest AO

figure of merit (29x10-15s3/kg) is achieved with backward tangential AO diffraction at E$=108V/m (or
magnetic field 795.8 kA/m). It has been found that even at E =106 V/m (or magnetic field 37.5 kA/m), the AO

figure of merit increases to 23x10-15 s3/kg, i.e., the AO figure of merit increases by a factor of 2.3 under electric
or magnetic field application. For this case of AO diffraction, a comparative analysis of the energy densities of
the electric and magnetic fields required to enhance AO diffraction efficiency to a certain level by increasing
the AO figure of merit and the power of the acoustic wave, which is necessary to achieve this AO efficiency
without applying an electric or magnetic field, has been carried out. It has been found that with the chosen
parameters, the electric and magnetic field energy densities are much higher than those of the acoustic wave.
Nonetheless, there are many conditions under which these energy densities can be equalized.
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1. Introduction
Acousto-optic (AO) diffraction involves the interaction of optical waves with a dielectric

permeability grating in a medium, created by an acoustic wave (AW) through the elasto-optic
(EO) effect [1-3]. It is one of the most intriguing and commonly employed parametric optical
effects, alongside Pockels, Kerr, piezo-optic, Faraday, and electro-gyration effects [4]. AO
diffraction enables various applications, such as modulating light intensity by adjusting the
AW amplitude, steering a light beam through AO frequency tuning, and altering light
polarization via anisotropic AO diffraction. Consequently, AO diffraction plays a central role
in many optoelectronic devices, including AO tunable filters [5], AO modulators, Q-switches,
and RF spectrum analyzers [6]. Recently, AO control of optical radiation has extended to
emerging fields, such as microparticle manipulation with optical beams [7], targeting optical
beams with different quantum states in quantum cryptography and optical computing [8,9],
and the creation of Bose-Einstein condensates [10].

A key feature of AO Bragg diffraction is the AO figure of merit, which measures the
diffraction efficiency - the fraction of optical intensity directed into the diffraction maximum.
The diffraction efficiency in AO Bragg diffraction is given by the following relation:
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where I and Iy are the intensities of the diffracted and incident light, respectively. 1 is the

wavelength of optical radiation, 05 is the Bragg angle, P, is the AW power, M is the AO figure of

merit, / is the interaction length, and b is the height of the acoustic beam. In its turn, the M, factor

is determined as
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In this context, n; and ng represent the refractive indices of the incident and diffracted waves,

M,

respectively peyis the effective EO coefficient, p the material density, and v,; is the AW velocity.

The indices k and I denote the propagation and polarization directions of the AW. As shown in
Eq. (2), the AO figure of merit depends on several constitutive parameters, most of which are
tensor quantities. Their structure and the number of non-zero components depend on the
medium's symmetry. For example, AW velocities are calculated via the Christoffel equation,
utilizing a fourth-rank elastic-stiffness tensor Cy, [Note: Greek indices follow Voigt notation]. The
effective EO coefficients result from complex relations involving components of a fourth-rank EO
tensor py,, while the refractive indices are derived from a second-rank impermeability tensor B,
[11]. The AO figure of merit is highly influenced by the slowness of the AW involved in AO
interactions. A slower wave increases the figure of merit but increases rise times. To improve the
AO figure of merit, selecting materials with higher effective EO coefficients is advisable. Typically,
EO tensor components do not exceed 0.4 at standard conditions [12], meaning the effective EO
coefficient is of similar magnitude. Thus, the AO figure of merit usually reaches only a few tens,
with a factor of 10-15 s3/kg. This often proves insufficient for many applications.

The effect of optical activity can increase the AO figure of merit. For the first time, this was
shown in the work [13], where accounting for natural optical rotation led to doubling the AO
figure of merit in TeO; crystals from ~600x10-1> s3/kg for interacting linearly polarized optical
waves with a quasi-transverse AW to ~1200x1015 s3/kg for the case of interacting circularly
polarized optical waves with the same AW. As shown in a number of our recent works (see e.g.
[14,15]), removing the circular birefringence degeneracy can substantially enhance the AO figure
of merit when the incident optical wave's polarization coincides with the eigenwave participating
in the AO interaction. This occurs because the square of the eigenwave's ellipticity becomes an
additional term in the effective EO coefficient, multiplied by additional components of the EO
tensor. It has also been demonstrated that, in this context, not only natural optical activity but
also induced optical activity can be used. These include electro-gyration [16] and the Faraday
effect[17,18].

Note that although electro-gyration, resulting from spatial dispersion, differs from the
Faraday effect, caused by the magnetic field's time-reversal symmetry, both can be utilized
together in optical devices. A bright example of such utilization is the magneto-optic sensor,
which is based on electro-gyration compensation for the Faraday rotation [19]. This device can
measure both electric and magnetic fields by Faraday and electro-gyration compensation of the
induced optical rotation, respectively. The device has been based on the use of PbMo0O; crystals,
which are highly efficient electro-gyration materials (the electro-gyration coefficient is equal to
P33=(1.23%0.12)x10-12m/V (A=517 nm) [20]). The Verdet constant for lead-molybdate crystals is
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not the highest one among magnetically non-ordered materials and is equal to
V=(6.5+0.2)x10- rad/A (A=635nm) [21]. The correspondence between electric field strength
(E9) and magnetic flux density (BY) or magnetic field strength (HJ) is as follows:

E9 /B9 ~2.02x107 V/mxT or E9/HY=25.4 V/A. Therefore, for the compensation of electro-

gyration optical rotation induced by the magnetic field of 1 A/m it is necessary to apply an
electric field of 25.4 V/m.
It should be noted that in our work [15], we have experimentally demonstrated modulation

of the intensity of the diffracted optical wave in TeO; crystals by externally modulating the
ellipticity of the incident optical wave. This effect arises from circular (elliptical) birefringence
due to natural optical activity and its influence on the efficiency of AO diffraction. Obviously, the
application of magnetic and electric fields increases the degrees of freedom for the operation of
refractive index degeneracy and, as a result, increases the possibility of AO operation of optical
radiation. In the present work, we analyze the influence of both magnetic and electric fields on
the efficiency of AO diffraction in the non-ferromagnetic and non-ferroelectric lead molybdate
crystal. This work compares the energy densities of enhancing AO efficiency using magnetic and
electric fields with those of increasing AW power.

2. Method of analysis
The PbMoO, crystals belong to the point group of symmetry 4/m [22]. The fundamental

absorption edge corresponds to a wavelength of 378 nm [23]. In the IR spectral range, these
crystals manifest triplet absorption bands centered at about 4039, 4233, and 4460 nm [23].
The electro-gyration coefficient calculated from the data [20] for A=632.8 nm is equal to
B33=(1.17£0.12)x10-22m/V. The Verdet constant has been taken for the wavelength of
635 nm [21]. The refractive indices are equal: n,=2.386, and n.= 2.262 (A=632.8 nm) [24]. From
the same source, we have taken the elastic stiffness coefficients and components of the EO tensor.
They are equal p11=0.24, p33=0.300, p12=0.24, p13=0.255, p16=0.017, p31=0.175, D44 =0.067,
Das= -0.01, p61=0.013, p66=0.05, and Ci1 = 109.2, C12=68.3, C13=52.8, C16=13.6, C33=91.7, C44=26.7,
Ce6=33.7 GPa, respectively. The material density is equal to p=6950 kg/m3.

To reach conditions with a high value of the eigenwaves' ellipticity, which corresponds to
the incident optical waves, these waves have to propagate close to the optical axis (Z-axis, which
corresponds to the c crystallographic axis). Therefore, the AW has to propagate close to the XY
plane (ab-crystallographic plane). In order to find the parameters of the slowest AW that propa-
gates in the XY plane, we have calculated the AW's velocity contours on the basis of the Christoffel
equation and the data of the elastic stiffness tensor components with using of relations:

v _ \/Cll + C66 \/(Cll - C66)2 cos2 ng + 4{C16 COSZgD + 05[C12 + C66)Sln2g0)2
or, = - :

2p 2p
C
VPTZ = ﬁ’ (3)
12,
oo \/ C11+Cos , (Cu1 ~Ces)2c0S220 + 4{C16c0529 + 05(C1p + Cog)sin2p)?
oL= )
2p 2p

where ¢ is the angle between the X-axis and the direction of the AW wavevector in the XY plane
(more generally, the angle ¢ is the angle between the X-axis and the projection of the AW wave-

vector on the XY plane.). The AW's velocities contours in the XY plane are presented in Fig. 1a.
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Fig. 1. (a) The AW's velocity contours in the XY plane (QT:1 corresponds to the quasi-transverse AW
polarized in the XY plane, PT2 - to the pure transverse AW polarized along the Z axis, and QL - quasi-
longitudinal AW polarized in the XY plane); (b) dependence of AW QT1 velocity on propagation

direction in the X'Z plane.

As can be seen, the slowest wave is the QT; AW, which propagates at an angle of 29 deg
relative to the X-axis at a velocity of 1311 m/s. Thus, we will consider AO Bragg diffraction in
the X'Z -plane that is rotated about the Z axis by 29 deg. The AO interaction that will be under
consideration is the anisotropic diffraction on the QT; AW propagated in the X'Z -plane. The
dependence of AW QT; velocity on propagation direction in the -plane is shown in Fig. 1b.
The dependence of this velocity on angle 6 has been obtained numerically. The geometries of
the AO interaction considered in the present work are shown in Fig. 2.

The coupling relation between the diffraction angle y and the angle between the AW
wavevector and X' can be expressed in the view:
nyn, sin(6;)

\/ng cos2(6,)+nzsin2(6,)
n,n, cos(6;)
Jng cosZ(6;)+nzsin2(6,)

The dependence of 6(y) is presented in Fig. 3a. The angle of orientation of the AW wavevector

—n,sin(6;, +y)

0(y) =arctan , (4)

-n,cos(6; +y)

k, |k, o, X

o, X
(d) ?

(b) i . -

<! A

Fig. 2. The geometries of the AO interaction in PbMoO4 crystals for collinear (a,b) and tangential (c,d),
forward (a,c), and backward (b,d) diffractions. ko and ke are the wavevectors of ordinary, and
extraordinary waves, respectively; ki, k4, and Kq are the wavevectors of incident, diffracted, and acoustic
waves, respectively; y is the angle of diffraction, 8; is the angle between the wavevector of the incident

optical wave and X' axis, and 0 is the angle between the AW wavevector and X' - axis.
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varies linearly with the diffraction angle, except in the range near the collinear diffraction.

To find the relations for the components of the deformation tensor caused by the AWs,
we consider the Christoffel tensor components for AWSs propagating at angles ¢ and 6. The
components of the Christoffel tensor can be written as:

M, =C;1c0s20c0os2 ¢+ (g c0s20sin2 g +Cyy SinZ 0 + €15 cos20sin 2

My, =Cgec0s260cos2 @ + (1 c0s20sin2 g +Cyy sinZ 6 - €14 cos20sin2gp

M35 =Cy4c0s20 +C335in20 5)
My3 =(C13+Cyy)cosOsinfsing

M3 =(Cy3+Cyy)cosOsinbcose

My, =C14c0s260c0s2¢-Cy4cos20sin2 g +(Cy, +Cyg)cos? Osin2e.
The Egs. (5) yield the eigenvalues A and eigenvectors n;,n; of the Christoffel tensor due to
the relation Mjn;=An; [11]. Let us define the angles of orientation of the displacement
vector of the QT1 AW as:

@gis =arctan(u, /u,), 6, =arccos(uz), (6)
where uy,u,, and uz are the projections of the unit displacement vector on the coordinate
axes X, Y, Z written as:

Uy =UCOS Py COSBy;e, Uy = USINQy; COSOy;,Uz =SNGy, (7)
where u is the unit displacement vector. The dependencies of 8, and ¢, on the
diffraction angle y are presented in Fig. 3b. The angle 6,;; of the displacement vector
orientation does not depend on the diffraction angle y and lies close to the XY plane. The
angle @, is independent of angle y in the range of 90-270 deg, too, and is close to 30 deg.

Therefore, the symmetric deformation tensor components, caused by the QT; AW,
determined as e; =0u; /0x; and e;=(du; /Ox;+0u;/0x;)/2 (x;, x; are the X, ¥, Z
coordinates) are as follows:

€11 = €9 COS Py COS Oy, €12 = €9 SNy 08 Oy,

e, = ey tangy; singy cosby.,  e;3=e¢,sinfy, (7)
tan@;..sind,. .

e33 =gy ——as—_dis €3 = €y tang@y;; sinfy,

COS Pgis
where ¢ is the unit deformation, i.e,, ey =0u /0X . The electric field of the diffracted optical
wave can be written as

400 1001
350 - S
Q -
o, 300 - g 80
S 250 1 61 e
= < 60 —4— g, deg
200 - o
AAAMMAAAAMAAAAAAAA“‘A
100
20 -
50 .
7, deg
0 T T T T T T T T 1 0 T T T T T T V’Y’ degv
0 50 100 150 200 250 300 350 40 0 50 100 150 200 250 300 350 400
(a) (b)

Fig. 3. Dependencies of 6 angle (a) and 8, and @, angles (b) on the diffraction angle y .
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where D, is a unit vector of the electric induction of the incident optical wave, E; are the

components of the electric field of the diffracted optical wave, ABj; is the increment of the

impermeability tensor due to the deformations caused by AW, y is the ellipticity of the
incident and one of the eigen optical waves, and 0, =89.9deg is the angle between X' axis

and the wavevector of the incident optical wave. From Egs. (7), one can find the magnitude of
the electric field vector of the diffracted optical wave:

E=\E?+E2. (9)

and then the relation for the effective EO coefficient. This relation is not presented here
because it is quite cumbersome and can be evaluated only numerically.

The ellipticities of optical eigenwaves induced by the electro-gyration and Faraday
effect are as follows

= 1 2 _pn2* — 2 _n2*)2 2 2
2(6)= T |2 —n2z* [z —nz")2 + 4p%E3 |, (10)
= 1 2 _pn2* _ 2 _ pn2*)2 2 2
10)=o |2 —n2*— \[(ng —nZ" )2 + 4a3H3 |, (11)
respectively. In the Egs. (10,11) o33 =0.96x10-12 radxm/A, and
ng = [ (12)

Jnsin2(8) + ncos?(6,)

3. Results and discussion
Fig. 4 shows the dependence of the effective EO coefficient (Fig. 4a) and the AO figure of

merit (Fig. 4b) on the diffraction angle under the application of the bias field E. The angle of

incidence of the optical wave remains unchanged and is equal to 6, =89.9 deg . The effective

EO coefficient and the AO figure of merit both increase as the electric field strength grows.
The behavior of the AO figure of merit and the ellipticity of the eigen optical wave
corresponding to the incident optical wave on the electric field (Fig. 5) is the same; i.e., both
parameters increase sharply with the electric field and then saturate at about 20x106 V/m.
The ellipticity close to unity, corresponding to an almost circularly polarized optical wave, is
reached at a relatively high electric field of 108 V/m. Fig. 5a,b depicts the dependence of the AO
figure of merit for y = 0 (for forward collinear AO diffraction (Fig. 2a)) and 160 deg (for backward
tangential AO diffraction (Fig. 2d)) on electric field. The dependence of ellipticity of eigen waves
on the electric field is presented in Fig. 5c. As one can see, the AO figure of merit increases from
2.8x10-15s3/kg at zero electric field and zero ellipticity of the eigen wave to 7.1x10-15s3/kg at
107V/m and an ellipticity of 0.9 for the case of forward collinear AO diffraction (Fig.5a,c). It
should be noted that the conditions of our simulation correspond to the incidence of an optical
wave close to the optical axis, where the linear birefringence is small, equal to 4.1x10-7. At an
incidence angle far from the optical axis, the condition of achieving an ellipticity close to unity can
be met at sufficiently high electric fields that threaten electrical breakdown of the crystal. On the
other hand, the small elliptical birefringence in the direction of the incident optical wave
propagation leads to the phase-matching conditions that are satisfied at low AW frequency
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Fig. 4. Dependencies of the effective EO coefficient (a) and AO figure of merit (b) on the diffraction

angle under the applied electric field Eg .

(15.08 kHz) and long wavelength of AW (0.13m). Under these conditions, collinear diffraction
cannot be achieved in crystals of realistic size. At backward collinear diffraction, one can achieve
an AO figure of merit of 6.2x10-15s3/kg even at Eg =106 V/m. However, in this case, the AW

frequency is extremely high (14 GHz), which is difficult to reach in bulk AO devices.
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Fig. 5. Dependencies of the AO figure of merit
(a,b) and ellipticity of the incident optical wave

(c) on the bias electric field E_g at y=0 (a) and

y=160deg (b). Points correspond to the
calculated data shown in Fig. 4; dashed curves are
the result of B-spline fitting.
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The AO figure of merit for tangential Bragg diffraction at the diffraction angle
0<y<10 deg (Fig. 2c), corresponding to the frequency range of AW 96 MHz<Q<1.0 GHz, is
quite small (Fig. 4b), not exceeding 0.17x10-15s3/kg even at an electric field strength of
108 V/m. The highest AO figure of merit (29x10-15s3/kg) is reached at y=160 deg and
E9=108V/m, ie, backward tangential diffraction (Fig. 2d). Even at E$=106V/m, the AO

figure of merit is sufficiently high (23x10-15s3/kg) (see Fig. 5b). This value corresponds to
the ellipticity of the eigenwaves equal to y=0.53 (Fig. 5c). However, the AW frequency
remains high under this condition (9.8 GHz). It should be noted that AW frequencies such as
14 and 9.8 GHz are too high for the bulk AO cells. Nonetheless, this frequency range is
available for integrated-optic AO devices [25-27].

The dependence of the effective EO coefficient and the AO figure of merit on the diffraction
angle at different applied magnetic field values, HY, is shown in Figs.6a and 6b. These

dependencies are similar to those considered above for the electric-field case.

—=— H=0 kA/m
—— H=0.8 kKA/m
—— H}=7.95 KA/m
—— Hy=39.79 kA/m
—+— H;=79.58 kA/m
—— H;=795.8 kA/m

—=—H=0 kA/m
——H=0.8 kKA/m
——H=7.95 kA/m
——H=39.79 KA/m
—— H=79.58 kKA/m
—— H=795.8 kA/m

30.04

20.04

10.0
0.0 0 x
10.0

20.04

30.0- (b)
Fig. 6. Dependencies of the effective EO coefficient (a) and AO figure of merit (b) on the diffraction

angle under the applied magnetic field H.

The same is true for the dependencies of the AO figure of merit and the ellipticity of the
eigenwave on the magnetic field (Fig. 7a-c).
The highest AO figure of merit is reached at y=160 deg. At HJ=37.5kA/m, the AO figure of

merit is equal to 23x10-15 s3/kg. This value corresponds to the ellipticity of the eigenwaves, equal
to x=0.53. By considering the energy densities of the electric and magnetic fields

1 1
Wi =E‘9r‘90(E39)2 and Wy =EFW0(H£)2' (13)
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(6,=40 at the frequency of the electric field 10Hz and temperature 390K
[23],69=8.854x10-12F/m, pu=1 and py=1.257x10-6N/A2) required to achieve an AO

figure of merit of 23x10-15 s3/kg, one can compare them to determine which field is energetically
preferable. Here, the energetic preference means the determination of the part of energy that is
needed for inducing the optical activity by an electric or magnetic field, then increasing the AO
figure of merit, and finally increasing the efficiency of AO diffraction. The energetic losses of
different types are not considered. It has been found that Wp=1.77x102]/m3 while
Wy=8.83x102 J/m3. Therefore, applying an electric field requires an energy density sufficiently
lower than that of a magnetic field to achieve the same conditions (M, = 23x10-15 s3/kg). It should
be noted that applying both fields with the specified values to achieve the corresponding energy
densities is technically feasible and does not require expensive technology.

M, 105’ kg M, 10"°s"/kg
8.0+ - 30.0 L
oo”———’ 0/0,—’————
604 I
| 20.0 ,
] ]
I ]
404 .
$ 1004 3
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20 T T T T - T T T T T T
0 200 400 600 8OO (4 0 200 400 600 800 (p)
1.04 x _ -
0.8 o o-77
/7
0.6 o

! Fig. 7. Dependencies of the AO figure of merit
041 (a,b) and ellipticity of the incident optical wave

(c) on the magnetic field Hg at y=0 (a) and

]
I
0.2 3
0.04 9' H,, k A/m y=160deg (b). Points correspond to the
, , , - calculated data shown in Fig. 6; dashed curves are
0 200 400 600 800 (c) the result of B-spline fitting

Now let us determine the AW energy density that is required for reaching
M,=10-14s3/kg at E9=0V/m and 23x10-15s3/kg at E{ =106V/m (y=160 deg). By the same
values, the AO figure of merit correspond to magnetic field strengths of 0 and
H$=37.5kA/m. Let us use Eq. (1) and the following parameters: I=b=10-2 m; the AW velocity
vor =1820 m/s; the Bragg angle is 05 =80 deg ; the diffraction angle is equal to 160 deg, and

the efficiency of diffraction is assumed to be equal n=0.1; here and above, the size of the AO
cell is accepted to be equal 1x1x1 cm3. The AW velocity of 1820 m/s corresponds to AW
propagation at an angle of 8 = 240 deg. At the small AO diffraction efficiency, Eq. (1) can be

rewritten as:

2l
~————M,P. . 14
2A2bcos2 0y 2 (14)

Under our parameters, the relation 7r21/2/12bc052 0 is equal to 411.8x102 m2. In order

n

to reach AO efficiency equal to 0.1 at AO figure of merit 10-4 s3/kg one has to excite the AW
with the acoustic power equal to P,=2.4x102W. The AW power density is defined as [28]:

01085
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P 1
i =Epv(32Tle§ =Wyvor - (15)

Therefore, the corresponding energy density W, =P, / IbVQTl =13.2x10-2]J/m3. Without

increasing the AO figure of merit to 23x10-15s3/kg, one has to increase the AW power by 2.3
times, i.e., to P, = 5.52x102 W, and the AW energy density to 30.36x10-2 ] /m3. The difference
between the AW energy densities is equal to 0.17]/m3. As one can see, the energy density
that is needed to increase the efficiency of AO diffraction by 2.3 times with the help of
increasing the power of AW is three to four orders of magnitude lower than the energy density
of the electric or magnetic field, respectively used for the same aim. However, when smaller
values of the geometric parameters | and b are required, the energy density of AW can
become comparable to that of the electric and magnetic fields. It should be noted that the
above energetic calculations are valid only for PbMoO, crystals in a certain geometry of AO
interaction and electric and magnetic field application. Other crystalline materials are
characterized by their constitutive coefficients; therefore, the relationship among Wz, Wy,
and W, can differ.

4. Conclusions
In the present work, we have considered the influence of electric and magnetic fields on the AO

figure of merit in PbMoO, crystals, arising from electro-gyration and Faraday effects that
induce elliptical birefringence. The analysis was performed for the case of anisotropic AO
interaction with the slowest AW QT;, propagated in the XZ plane that was rotated by 29°
around the Z-axis. The incident optical wave propagated almost along the Z-axis (the angle
between the Z-axis and the incident wave wavevector was 0.1 deg). Several types of AO
interactions have been considered, i.e., collinear forward and backward AO diffraction and
tangential forward and backward AO diffraction. The ellipticity of the incident optical wave
induced by electric and magnetic fields was taken into consideration. It has been found that in
all mentioned cases the action of the electric and magnetic field leads to an increasing in the AO
figure of merit. For the case of forward collinear diffraction, the AO figure of merit increases
from 2.8x10-15s3/kg at zero electric field and zero ellipticity of the eigen wave to
7.1x10-15s3/kg at 107 V/m and an ellipticity of 0.9. The same is true for the magnetic fields
0 and 795.8 kA/m, respectively. However, the small elliptical birefringence in the direction of
the incident optical wave propagation leads to the phase-matching conditions that are satisfied
atlow AW frequency (15.08 kHz) and long wavelength of AW (0.13 m). Under these conditions,
the forward collinear diffraction cannot be achieved in crystals of realistic size. At backward
collinear diffraction, one can achieve an AO figure of merit of 6.2x10-15s3/kg at E{=106V/m

(or magnetic field HJ=37.5 kA/m). Although the AO figure of merit increases by about a factor

of 3 under electric or magnetic field conditions, the AW frequency in this case is extremely high
(14 GHz), which is difficult to achieve. The AO figure of merit for the forward tangential Bragg
diffraction at the diffraction angle 0<y<10 deg corresponding to the frequency range of AW
96 MHz<Q<1.0 GHz is quite small, not exceeding 0.17x10-15s3/kg even at an electric field
strength of 108V/m or magnetic field 795.8 kA/m. The highest AO figure of merit
(29x10-15 s3/kg) is reached at y=160 deg and E$ =108 V/m (or magnetic field 795.8 kA/m), i.e.

at the backward tangential AO diffraction. Even at E{ =106 V/m (or magnetic field 37.5 kA/m),
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the AO figure of merit is sufficiently high (23x10-15s3/kg). This value corresponds to the
ellipticity of the eigenwaves equal to y=0.53 and the AW frequency of 9.8 GHz. The AO figure of
merit increases by a factor of 2.3 under electric or magnetic field application.

In the last case of AO diffraction, we have carried out a comparative analysis of the energy
densities of the electric and magnetic fields required to enhance AO diffraction efficiency to a
certain level by increasing the AO figure of merit and the energy density of AW, which is
necessary to achieve this AO efficiency without applying an electric or magnetic field. With the
chosen parameters, the electric and magnetic field energy densities are three to four orders of
magnitude higher than those of the AW. However, AO diffraction is a complex process. For
example, increasing the AW power can introduce nonlinearities in AO diffraction or produce
additional diffraction orders. Moreover, the AW energy density depends on the acoustic beam's
(or piezoelectric transducer's) geometric parameters. Decreasing these parameters can
equalize the energy densities of the magnetic or electric fields and the AW.
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Anomayin. Y po6bomi poszasdaemvcs 6naug eneKmpu4Ho20 1 MAZHIMHO20 NOAs Ha
kKoegiyienm akycmoonmuuHoi (AO) skocmi e kpucmaaax PbMoQO, 3ymosseHuil eopekmamu
enekmpoeipayii ma ®apadesi, ki sukaukarome eainmuyHe nodeiiiHe NPomeHe3a10MAEHHS.
IlpoaHanizosaro kinbka munie avizomponHux AO-83aemo0ditll 3a yyacmro HalnogiibHiwol
akycmuuHoi xeuni QT;: koniHeapHy AO-dugpakyito (y npsimMomy ma 360pOMHOMY HANPAMKAX) |
maHeeHyiaavHy AO-dudpakyiro (y npsamomMy ma 380pomHomy Hanpsimkax). Hatigeuwjozo
3HaveHHs koediyienma AO sakocmi (29x107'° c3/kz2) docsiznymo y eunadky 3eopomHoi
TaHreHuiasnbHol AO-gudpakuii npu E=108B/m (abo maeHimHoMmy noai 7958 kA/m).
BcmaHossneHo, wo Hasimb npu HanpyxceHocmi eaekmpuuHozo noas E3; = 10°B/m (a6o
HanpyxceHocmi MmaeHimHozo nosasi 37,5 kA/m) koedpiyienm AO skocmi 3pocmae do
23x107*° ¢3/k2; mo6mo nid diero enekmpuuHo20 a6o MazHiMHo20 noas 8iH 3pocmace y 2,3 pasa.
Jas yvoeo muny AO-dugpakyii npoeedeHo nopigHsANbHUL aHaai3 2ycmuH eHepeil
e/leKmpu4YH020 ma MA2HIMHO20 NoJie, Heob6XidHUx 0. nidsuweHHs egekmusHocmi AO-
dugpakyii do nesHozo pisHs (wasxom 36inbuwieHHs Koegiyienma AO sxkocmi), ma
nomyscHocmi akycmu4Hoi xeusi, HeobxioHoi 0. docsieHeHHsE makoi e epekmusHocmi 3a
gidcymHocmi 308HIWHIX e/neKMPUYHUX YU MazHImHux nosie. BuseseHo, wjo 3a o6paHux
napamempis, 2ycmuHu eHep2ii eAeKmpu4H020 ma MA2HIMHO20 NoJ1i8 3HAYHO nepesulwyroms
2ycmuHy eHepeii akycmuyHoi xeusi. [Ipome, icCHye 4umazno ymos, 3a AKux yi 2ycmuHu eHvepeii
MONCYMb 3PIBHAMUCH.

Kawuoei caoea: axkycmoonmuuHa dugdpakyis, esekmpozipayis, egpexkm Papades,
akycmoonmu4Ha epekmugHicmb, 2ycmuHa eHepaii
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