NAIC-ID(RS)T-0371-94

NATIONAL AIR INTELLIGENCE CENTER

THEORY AND EXPERIMENT ANALYSIS OF TWO-DIMENSIONAL
ACOUSTO-OPTIC INTERACTION

by

Ren Zhanxiang, Dong Xiaoyi, et al.

Approved for public release;
Distribution unlimited.




NAIC- ID{RS)T-0371-94

HUMAN TRANSLATION 3
NAIC-ID(RS)T-0371-94 3 January 1995

MICROFICHE NR: A S oo oot/

THEORY AND EXPERIMENT ANALYSIS OF TWO-DIMENSIONAL
ACOUSTO-OPTIC INTERACTION

By: Ren Zhanxiang, Dong Xiaoyi, et al.
English pages: 9

Source: Guangxue Xuebao, Vol. 10, Nr. 11, November 1990;
pp. 1047-1051

Country of origin: China
Translated by: SCITRAN
- F33657-84-D-0165
Requester: NAIC/TATA/J.M. Finley
Approved for public release; Distribution unTimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGINAL | PREPARED BY:
FOREIGN TEXT WITHOUT ANY ANALYTICAL OR EDITO-
RIAL COMMENT STATEMENTS OR THEORIES ADVO- | TRANSLATION SERVICES

CATED OR IMPLIED ARE THOSE OF THE SOURCE AND | NATIONAL AIR INTELLIGENCE CENTER
DO NOT NECESSARILY REFLECT THE POSITION OR | WPAFB, OHIO

OPINION OF THE NATIONAL AIR INTELLIGENCE CENTER.

NAIC- ID(RS)T-0371-94 Date 3 January 1995




GRAPHICS DISCLAIMER .

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.

Aocesai% For =~ R,
FTES GRA:I ™
DIIC TAB 0
Unannounced O
Justification _ |

By.
| Digkpibutiong, &
Avallability Cpdes
Evall andfor
Mat Special
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ABSTRACT

The universal coupled wave equation of two
dimensional acousto optic effect has been deduced and
the solution of normal Raman-Hath acousto optic
diffraction was derived from it. The theory was
compared with the experimental results of a two
dimensional acousto optic device consisting of two one
dimensional modulators. The experiment results agree
with the theory. Roman-Nath type.

A. INTRODUCTION

In 1976, Change etal(!) established the unified theory
of acousto optic interaction by using the parameter
interaction theory in non-linear optics. Their theory
gives correct explanations for a series of phenomena in
Raman-Nath type, Bragg type, normal and abnormal acousto
optic interactions, as well as their applications. The
previous work, however, was done in one-dimensional
conditions. Acousto optic interaction can be multiple
dimensional, namely, a simple light beam can interact with
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many ultrasonic waves from multiple directions
simultaneously in the same acousto optic medium to produce
acousto optic diffraction along multiple directions. A
typical example is two dimensional acousto optic
diffraction. Recent work(2:3) has demonstrated that two
dimensional acousto optic interaction may be utlllzed to
prepare multiple channel switches, space-division multlple
use devices and space light modulators. Therefore, it has
broad and promising application potential in such fields as
optical computation, optical communication, optical
information Processing and optical exchange.

The two dimensional Raman-Nath acousto optic modulator
that we prepared is a key device for optical space coherence
double steady-state which will find important use in
coherence measurement, Picture coding and optical
computation(4),

B. THE COUPLED WAVE FUNCTION OF TWO DIMENSIONAL ACOUSTO
OPTIC INTERACTION

Let incident light be a monochromatic planar wave, the
angle between its traveling direction and X-z plane is 6,
the angle with X axis is 8,, its circular frequency is W,
and wave vector is ko, then the mode of k, is:

== 2700

PP (1)

where A, is the wavelength of the light in vacuum, n, is the
refractive index of medium to the incident light (generally
speaking, n, is related to the polarization and traveling
direction of the incident llght) Assuming circular
frequencies and wave vectors of two beams of ultrasonic
waves be w, K;, and wy Ku r respectively, and the
modes of wave vectors K5 and K, are (respectively):
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where i, and A, are the ultrasonic wavelengths, f£; and f,
are the frequencies of ultrasonic waves, and v; and v, are
acoustic velocities. As in general situations, let K, be
in the x-y plane with the angle between its direction and x
axis being 8,; K,, be in x-z plane with the angle between
its direction and x axis being BB, as shown in Figure 1.

x 4

Fig.1 Schematio diagram of
acousto-optic interaction

According to the principle of parameter interaction,
incident light wave couples with the ultrasonic waves in the
medium to form a series of multiple frequency polarized
waves and their circular frequency wne and wave vectors
Kp,q a@re (respectively): )

Wy, g™ w0+ PoosF s, }

3
Ky, o= Fko+pKy,+gK,, (3)




where p, ¢g=0, X1, %2, - . These polarized waves in turn
excite the light radiation of the same frequencies, namely,
the corresponding diffracted light. Their total electric
fields E(r,t) can be expressed as the following series:

Br, )= 3 enBy(@)expli(oné—Knen)l, S

where e, . is the unit electric field vector of diffraction
order (p,q). Assuming the ultrasonic wave is a single
frequency planar wave, then the corresponding strain tensor
and non-linear polarized vector are S(r,t) and pVL,
respectively. The free light wave vector of diffracted
light of order (p,q) excited by the polarized wave is kp,q'
When the direction k, of incident light is arbitrary, k'y g
is generally not equal to kp,q. For this reason the
momentum mismatching 4K, =K, —~ k0 as shown in Figure 2
was introduced. 1In this.;quation 4K,, 1is limited to the
direction along x-~axis, thus the model of Ko,q 18 (ngq0,4/0)

and its direction makes 4K, orient along x axis.
Therefore, 4K, =[(}2,— ¥i.a) /2%, ] Let:
e P } (5)
B2p,q™ — 15,15, ¢ P,

where p; and p, are efficient acousto optic coefficients
along the corresponding directions. Because [dEB,,.(z)/ 0z] <F, o,
we omit item [d°H,,.(z)/d?] in the parameter interaction
equation(®) and consider the above-mentioned conditions to

obtain:
dBy.q(z) _ $4K y, By o(@) = i?-_q_[n; +1,eP 181 41,0 (2) —n3_1,eP181Bp_1,.(@)
(h 4k9-¢‘ ( 6 )
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The above equation is the coupled wave equation of two
dimensional acousto optic interaction. Thus the following
conclusions can be drawn:

(1) When the length of acousto optic interaction L is
short, decrease of light intensity of each diffracted light
due to momentum mismatching is not obvious. Therefore
diffracted light of multiple orders can be obtained, namely,
Raman-Nath diffraction.

(2) When the length of acousto optic interaction L is
long, all diffracted light which is 4K, %0 becomes weak.
The incident light forms zero-order light which can not
couple with the most close neighbor that is different from
it by four orders. Therefore, strong diffracted light can
be obtained only when the direction of incident light is
adjusted to make one of 4K(£1,0) and 4K(0, +1) equal to
zero, namely, the Bragg diffraction. it can be seen that
two dimensional Bragg diffraction gives the same results as
one dimensional Bragg diffraction, namely, only certain
second order diffracted light which includes order (0,0) can

be obtained.




C. THE SOLUTION OF THE COUPLED WAVE EQUATION OF RAMAN-NATH
DIFFRACTION

In the case of normal acousto-optic interaction,

dn=~n*PS/2 €p,q are all in the same direction and Bpe=n .

Normally, Oa=0s=(m/2), Define:
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where ¢ and & represent the phase shift caused by acousto
optic interaction K;; and K,, respectively. Considering
the arbitrary and independent nature of values p and q, the
diffracted light efficiency of each order for Raman-Nath
diffraction of vertical incidence can be derived by using
the progressive relationship of the Bessel function:

m..-ﬁ(&)-’?(&)o (8)

. 1 . .
From ultrasonic power P---z-P"’lSl’HL (where p is density
of the medium, v is the velocity of sound, S is strain and H
is the width of energy converter) the relationship between

diffraction efficiency and ultrasonic power is further
obtained:

Noa™= T3 (M1a/P )3 (M:Po), (9)

Where M; and M, are a parameter related to the acousto optic
modulator.

D. EXPERIMENTAL CONTENT AND RESULTS

The two-dimensional Rahan-Nath type acousto-optic
modulator used in this work was ‘home-made by binding
together two one-dimensional Raman-Nath type acousto-optic
modulators whose acoustic field directions are perpendicular




to each other. The crystal material was PbMoO,, acoustic
field frequency Ju=26MHz, f,,=-28MHz and incident light
wave 2,=63284 . The experimental apparatus is shown in

Figure 3.

The diffraction efficiencies under several 51tuatlons
were determined in the experiments and the results are shown
in Table 1. The space diffraction patterns were calculated
by computer according to the experimental results and are
shown in Figure 4, where peak height represents relative
light intensity.

Calculations using Equation (8) have shown that the
experiments agree well with the theory. The minor
difference between the theoretical diffraction efficiency
and the experimental results is due to the difference in
diffraction efficiency 1 of the device of this type of
structure. The diffraction efficiency of this type of

device is:

sin( 5 b1 sin{ = a0
"79"']:][51 ( )] "k"']’[fs—'(_‘—)]n (10)
- ‘§' 1 —a,ﬂ,
In this equation it is assumed that the light first acts on
the device of ¢=¢ . Because the action of diffracted

light from the first acousto-optic device on the second
device is not vertical incidence, its incident angle changes
with the wvariation of order P. When the incidence is

perpendicular to y-z plane, namely, %=0 , the diffraction
efficiency is:
9111(_ “99:)
179:1-‘72[51]‘7’ 53—'— ] (11)
. ? ?
Note that fﬂnau%ﬂn/ﬁw%ﬂb]<1" , thus %« changes

slowly with Ps; and the slowness varies with the different
diffraction orders from the first acousto-optic modulator.
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Fig. 4 Experimental setup
1, 2 AO power source;
8  laser power dynamometer
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