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Collinear acoustcoptic filtration in a long crystal is considered, where
the acoustic power density varies on account of damping and divergence.
An estimate is made of the limlting passband for such a filter in the
visible range. It is shown for a quartz crystal that a length of about
20 cm may be taken as optimal, while the realistically attainable pass-
band is 0.1 nm.

Collinear acoustooptic interaction in an optically anisotropicnmdiumcan be
used in light filtration [1~3]. The basic parameters of such a filter are the
passband Ax and the diffraction performance Il. These quantities are calculated

from a system of linear differential equations for the collinear interaction [1]:
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where CO and Cl are the amplitudes of the incident and diffracted light waves,

x 1s coordinate, ¢ characterizes the amplitude of the elastic wave and the pheto-
elastic properties of the medium, and n is the synchronism coefficient for the
wave vectors of the light and ultrasound, which 1s defined by the difference of
the projections of the speeds on the x axis.

The intensity I, of the diffracted light can be derived by integrating (1):

1

-aci= g )+ (2]

where 1 1s the length of the acoustic column, which implies that the maximum
intensity 11= 1 is attained for q7 = 7 and ny = 0. The passband AX is defined

by |[nl|=08x for gl = m, where I, is halved. As

~ _2nAnl nAn At
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where An 1is the difference in refractive indices of the material, A is wavelength
of the light, and A¢ is the divergence of the light or ultrasound [1], we get
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the passband as

2
AL o D8 MAQE (4)
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Expressions (2) and (4) show that high resolution k=a/A2 and high efficiency
are obtained by increasing the interaction length I and the aperture of the beams and
ultrasound d. It follows from (4) that it is necessary to use acrystal with a long inter-
action region (over 10 cm) on operating with highly colimated beams. When the length is
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Fig. 1. Diffracted light intensity in relation to length of inter-
action region for q of: 1) 0.2; 2) 0.34; 3) 0.5,

Fig. 2. Filter passband calculation.

of this order, one has to consider effects such as the absorption of the acoustic
and optical waves, the reduction 1n the ultrasonic power density on account of
divergence in the acoustic beam, heating of the medium by the light and ultra-
sound, and so on. Acoustooptic filters have been built with resolution R>103
that employ collinear diffraction in quartz crystals of length over 10 cm [4].

It is therefore necessary to calculate the transmission band on the basis of the
fall in the control acoustic power [4].

If we assume that the acoustic wave propogates along the x axis of the crys-
tal, then the coefficient q appearing in (1) decreases in proportion to the square
cf 4@ and is also dependent on x. The coordinate dependence of g is due to the
reduction in the acoustic power density, because the cross sectlon of the acoustic
column 1s not constant in a real device but varies with the length on account of
divergence. If the aperture is dependent on the acoustic divergence A¢ and the
path length x 1n accordance with d{x)=do+Agx, then we get the followling coordinate
dependence of g on the basis of the damping:

—Ox

q(x)=q—(%ﬁ)z—- (5)
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where f==A@/d, and a 1s the ultrasound
4r, om attenuation coefficient. System (1) can-
not be solved on the basis of (5) in a
general form, but it can be solved numer-
ically for specified values of a, B and
q, s8C0 Al can be calculated as a function
of 1.

Here we consider an example of the
passband of a visible~region filter em-
ploying a quartz crystal and a longitudi-
nal acoustic wave propagating along the
x axis. The dimensions of the trans-
ducer are taken as d, = 0.3 cm, with the

ultrasound damping o = 0.02 dB/cm and

Fig. 3. Passband in relation A = 600 nm.

to length of interaction region. .
Figure 1 shows the calculated effi-

1 o ciency in relation to interaction length
for n = 0 (¢=0,003 ¢m™~ and B=0008 cm ~ for several values of q; (1) with (5) and
q = 0.34 shows that the condition |n/|=08a, for which Il is halved from the maxi-

mum value, alters as 1 increases. Figure 2 shows the increase in |y/| with dis-
tance, which determines the passband.

The relatlion between |ni] and AX of (3) allows one to calculate the variation
of the passband with distance (Fig. 3). The calculation has been performed for
A=600 nm and a=0,003 and $=0,08 cn~1t. For comparison, the dashed line of Fig. 3 shows
the -variation in AX without allowance for the divergence and damping, ili.e., for
o = 0.and B = 0. It is clear that one is not justirfied in using quartz crystals
with 7 in excess of 20 cm for the purpose. If [>20cm the resolving power begins
to be affected by the reduction in the control power density, and as a result
the passband alters little as I increases. Also, AX is inversely proportional
to the length for any 7 if o = 8 = 0. If g = 0.34 and (>20cm,Fig. 1 shows that
there is no major increase in the performance. Therefore, a length of about 20
cm may be taken as optimal, while the realistically attainable passband is Aax20,]
nn.

Similar calculations have been performed for collinear filtration in lithi-
um niobate crystals. The birefringence of lithium niobate is larger by about an
order of magnitude than that for o - SiO2 and CaMoOu. Therefore, the working

ultrasonic frequencies in an LiNbO3 crystal are substantially higher [2]. A
major contribution to widening the passband is the reduction in the acoustic

power due to damping. However, even at frequencies of the order of 109 Hz there
is relatively low damping in 1lithium niobate. Therefore, the broadening of the
passband in LiNbO3 sets in at interaction lengths that considerably exceed the

real dimensions of the crystals. In principle, LiNbO3 can give higher resolution

that does quartz The limiting resolution is determined in the main by the size
of the specimen, the optical gquality, and the heating of the crystal due to loss
in the piezoelectric transducer.

Here we have used a scheme for collinear filtration in which the 1ight beam
and the ultrasound pass only once through the crystal, i.e., without reflection
[1]. If a double-pass system is used for the light [2] it 1s possible to double
the resolution by comparison with a single pass. Therefore, a passband of 0.05
nm can be obtained with the optimum interaction length.
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