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THEORETICAL AND NUMERICAL ANALYSIS
OF LIGHT DIFFRACTION ON ACOUSTIC
PULSES IN BRAGG REGION’

BODZENTA, J.,» KLESZCZEWSKI, Z..2 Gliwice

The paper presents a brief theoretical description and pumerical analysis of
diffraction of a Gauss light beam on acoustic pulses in the Bragg region. The
dependence enabled us to calculate the intensity of the diffracted light as a function
of diffraction angle and time was obtained. The numerical analysis was carried out for
different values of acoustic wave velocity, acoustic wave attenuation, carrier fre-
quency of the wave, the Gauss distribution parameter of the light beam and different
envelopes of the acoustic pulse. Based on the results of the numerical analysis
conclusions concerning the possibilities of the practical use of that interaction were
formulated.

I. INTRODUCTION

An interaction of light with acoustic pulses is one of the most interesting
problems in acousto-optics because of the possibility of its practical use. For
instance, it can be the basis for the elaboration of an acoustic pulse analyser [1].
The majority of the paper engaged in that problem concern the interaction in
the Raman-Nath region [2—5]. In [6] preliminary theoretical considerations of
the light diffraction on acoustic pulses in the Bragg region were presented. The
aim of this paper is a brief theoretical description of the interaction of the Gauss
light beam with acoustic pulses in an isotropic, dielectric medium in the Bragg
region and the presentation of the results of numerical analysis carried out on
the basis of that description.

1I. THEORETICAL DESCRIPTION

The theoretical analysis is based upon the work of Bhatia and Noble
[7). The propagation of the electro-magnetic wave in an isotropic, non-magnetic,
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dielectric medium can be described by the integral-differential equati
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21— lon connected with acoustic wave propagating in the medium.
Hm_c.:m.::o consideration the connection between the electric field intensity of
the incident light wave and the effective electric field intensity and using the
.ro«mz.ﬁmlho:w:m formula one can obtain the equation for the electric field
intensity of the light wave, arising as a result of an acousto-optic interaction, in

the form
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ﬂ::n:,aw considerations were made concerning the geometry of the interaction
M ON,.S in fig. 1. Let the acoustic wave propagate along the x axis in the layer of

thickness and have the constant intensity in its cross-section. Let the light
wave run at the angle @ to the 2 axis and let it not be limited in the &noo%o:
.o?rm Y axis. Let its electric field intensity be described by the Gauss distribution
in the direction perpendicular to the y axis and its direction of propagation
Then, the deformation connected with the acoustic wave P .

§=Aexp (—pfx)F(x — Vi) cos[K (x — Vi), @)

where 4 — i , ati i

e M amplitude of ammoa.m.:o:h B — acoustic wave attenuation coefli-
- » K— wave number of acoustic wave: I its velocity; F(x — Vi) — fun
ction describing an envelope of the acoustic wave in the interaction area
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wave is described

ED(r,f) = e Eyexp (— x?/w?) exp [j(kz cos @ — kx sin @ — wt)],  (5)
where e — polarization vector of the incident light wave, |e| = 1; E; — ampli-
tude of the electric field intensity of that wave; kK — its wave number; w — its

frequency; w — Gauss distribution parameter; j = (—1)'7.
We have assumed that the diffracted light wave propagates at the angle ¢

towards the z axis.
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Fig. 1. Geometry of interaction.

In our considerations we assumed that the frequency dependence of f causes
changes of the function F(x — V1), i.e. changes of the envelope of the acoustic
wave, which propagates in the medium. However, we assumed that the dimen-
sion of the interaction area in the direction of the acoustic wave propagation is
sufficiently small to assume that F(x — V1) is constant in its area. That assump-
tion is equivalent to the neglection of the frequency dependence of 8 when we
describe the acoustic wave in the interaction area only.

Substituting (4) and (5) into the formula (3), neglecting the factors in which
the quantity V/c € 1 occurs and taking into account that no integrand is a

function of y” we obtained

E® = _ AL % _‘ rotrot {eexp [—(fx’ + x WD) F(x' — Vi) x

&
x cos [K(x" — Vi)] exp [j(kz cos @ — kx"sin @ — ot + kR)]} dx"dz". (6)

Equation (6) can be much more simplified if we assume the light wave polatiza-
tion vector e to be parallel to the y axis. Moreover, when we took into account
that under the experimental conditions 1 € R(A—light wave length) and w < d
(d — distance between the interaction area and the place, where diffraction
pattern is observed), we obtained after passing to the scalar notation
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Assuming that the condition (K*L/k) > 1 is fulfilled
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III. NUMERICAL ANALYSIS

1;@. following data were consi
analysis of light diffraction on ac
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aoa.oa as a m.HmZ_.:m-womE of the numerical
oustic pulses in the Bragg region.

X 4‘, exp [jkz’ (cos @ — cos @) dz’. )

[. Light wave:

A = 514.5 nm, w =1 mm, ® = 1°8"29".
The angle @ was chosen equal to the Bragg angle for carrier frequency.
2. Acoustic wave:

/2 = 460 MHz, L=4mm.
The envelope of the acoustic pulse was shown in fig. 2.
3. Parameters of the medium:

V=>5%0m/s, p=288m"".
The light wave length was taken equal to the length of light of the argon laser.
The parameters of the medium meet the parameters of the fused quartz. The
ratio of the deflected light intensity at a given angle ¢ and time 1 to the maximum
value of that intensity I/I,, was calculated numerically. The value of ¢ was
changed every 5” in the interval of ¢, where I/[,,,. was different from zero. The
value of ¢ was changed every 0.05 ps. The points obtained in the calculations
were joined by straight lines on the diagrams. Calculation results obtained for
these data have been presented in fig. 3. The maximum value of /I, w
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Fig. 3. Diffracted light intensity as a function of
diffraction angle and time.

Fig. 2. Envelope of the acoustic pulse.
obtained for ¢ = ®. The diagram shows that during the transition of the
acoustic pulse edges through the light beam the light was deflected in a broader
interval of the diffraction angles than during the transition of the central part
of that pulse through the light beam. The interaction of light with the acoustic
pulse during the time when there is a flat part of it in the interaction area only,
meets the diffraction of light on the continuous acoustic wave. The broadening
is connected with the interaction of the light wave with the harmonic com-
ponents connected with the pulse edges. 1t is greater for pulses with steeper
edges. The light beam interacts with components of the acoustic pulse of
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Fig. 5. Diffracted light intensity as a function of
@ for the time corresponding to the maximum
angle broadening and B=0.

O — v = 5960 mfs, A — ¥ = 4500 m/s,
O — V=3000 m/s.

broadening connected with the pulse edges increases. These effects are visible in
fig. 4—5. Changes of €/2x from 460 MHz to 160 MHz do not n:m..:mn the
diffraction pattern, except the value of the angle ¢ at which the maximum of
I/1,,,. is observed. It is connected with the frequency dependence of @. Another
parameter changed in that analysis is w. The increase of w causes the decrease
of interval of the diffraction angles in which the light beam is deflected. At .Em
same time it is connected with an increase of the increasing and the decreasing
times of the light pulse and the shortening of its plateau, as shown in fig. 6—7.
Calculations for fig. 67 were carried out for = 0. The last changing para-
meter is the length of the plateau of the acoustic pulse envelope. Its shortening
causes the shortening of the plateau of the light pulse, and its disappearance in

the final result (fig. 8).
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Fig. 6. Diflracted light intensity dependence
ont for p=@ and f=0. a. w=1.0mm, 30
b. w=15mm,c. w=20mm.
F
Fig. 7. Diffracted light intensity as a function of
@ for the time corresponding to light pulse pla-
auvand f=0.] — w=1.0mm A — w = o

w=20mm.
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IV. CONCLUSIONS

The theoretical description of light diffraction on acoustic pulses presented in
chapter 11 enabled the numerical analysis of such an interaction. Based on the
nn.m::m .Om that analysis a few conclusions were drawn: The main is that the

fig. 4 and fig. 6 the decrease of V and the increase of w cause similar changes in
the dependence of N\Nsﬁ. on zat ¢ = ©. On the other hand, these alternations
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TEOPETUYECKMIA Y YUCJEHHDINA AHAJIM3 AUPOPAKLIUU CBETA
HA AKYCTUUYECKHX UMITY.JILCAX B BEPEITOBCKOM PEXWME

B pabote npeacrasneno xopotkoe TEOPETHYECKOE ONUCAHNE H YUCICHHbIIH AHAIHS aupbpakunu
CBETOBOTO My4YKa C rayCCOBBIM CEYCHHEM HA aKYCTHYECKUX HMIyNbCax B 6PIrroBCKOM pexuMe.
Tlonyena 3aBucHMOCTE MO3BOMMIOWA BEIHCUTE HHTCHCHBHOCTE Aupdparuposansoro ceera,
kak QyHKUMIO yria audopakunu u BpeMenH. IMposened uucnennsiii ananus g Pa3THIHBIX
3H24EHHH CKOPOCTH 3BYKOBO# BOJIHBI, e 3aTYXaHHS, HECYLUEH YaCTOThI, KOI(HLMEnTa rayccoBoro
PACIpPCACEHUS NI CBETOBOIO MYYKA M PAITUYHBIX OFHOAMOLIMX AKYCTHYECKOro uMnynsca. Ha
OCHOBE PE3yILTATOB YHCIEHHOTO AHANH3A CHOPMYTUPOBAHKI BBIBOIbI, KACAIOILIHECS BO3IMOXKHOCTH
IpakTHYECKOIo NPUMEHEHHS ITOTO B3AUMOIEHCTBHSL.
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