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technique of using a Twyman-Green interferometer for demodulating an incident
phase-modulated light beam (Rabinowitz et al, 1962; Saito and Kimura, 1964; Saito
and Kimura, 1965); the main difference with our method is that phase modulation
and ampl: e modulation both take place within the same interferometer. The
present t chnique has several advantages above the ones described previously. By
operating the crystal with a transverse field instead of a longitudinal field (Billings,
1949), a much lower voltage is usually required to achieve the same degree of
modulation since the needed voltage can be decreased by increasing the crystal
length and ‘or decreasing the crystal thickness. Further, since no mechanical
movements are involved, the presented method has a significantly higher frequency
range than the technique utilizing piezoelectric transducers (Rabinowitz et al, 1962;
Mevers and Pollock, 1969), Finally, the typical electro-optic crystals are vir-
tually “ussless with respect to the optical beam, while the semiconductor phase
. odulators (Rosenblum, 1966) are inherently lossy due to free carrier absorption.
In the particular experiments to be described here, modulation frequencies of
7.1 and 40, 6 MHz were used, Substantially higher frequencies should easily be
possible (Kaminov, 1961; Saito and Kimura, 1963); however, the basic limita-
tion is that the modulation frequency be smaller than half the inverse
crystal transit time. But it should be noted that the required electric field is in-
versely proportional to the crystal length, and thus the higher modulation fre-

quencies might also require higher applied voltages.

2. THEOR)Y

The principle of operation of the modulator can briefly be explained as follows
(see Figure 1). l.et us assume that the temporal variation of the index of refrac-
tion n of the crystal is given by

n(t) = n + An cos w, te (1)

Here @ is the modulation frequency and t the time, If a plane wave of intensity Ii
is incident on the interferometer, the output intensity Io is given by

2 2 2
I,=1L (e [1/2 (r] +1y) +r Tyc08 ($ - 2k L An cos v t)]. (2)

Here r and t are the reflectivity and transmittivity of the beam splitter, respect-
ively, and r, and ry the reflectivity of the two mirrors, Further, ¢ = 2k[L1-L2 +

L(1-n)] where L1 and L2 are the lengths of the two interferometer arms, L the









{. RESULTS

Modulation experiments were car-
ried out at 7.1 and 49,6 MHz, An ex-
ample of the modulated signal for the
40, 6 MHz is seen in Figure 2a, This
signal was observed when the piezo-
electric drive was adjusted to give
maximum first harmonic. By changing
the piezoelectric drive voltage the first
harmonic can be made to virtually dis-
appear, and now the second harmonic
becomes strong (see Figure 2b). When
the interferometer was covered to
limit air currents, the stability of the
output signal was quite good. But if
necessary, it would be possible to make
a servomechanism to keep ¢ fixed as
described by Mevers and Pollock (1969),

From Eq. (5), it can be seen that
the degree of modulation is limited by
the amount of higher harmonics that

can be tolerated, A 1u0 percent

modulation could be ob -:ined, by using TFigure 2, Modulated Output Signal at
40, 6 MHz Driving Frequeucy. (a) Phase
angle ¢ adjusted for maximum amplitude
placing the phase modulator used here  of the fundamental; and (b) phase angle ¢
adjusted for maximum amplitude of the
second harmonic

a circularly polarized beam and re-

with a crystal where the induced axes of
the index ellipsoid would be rotating at
the modulation frequency (Crane, 1969),
Such a modulator can be constructed from a crystal having a 3-fold rotation axis
and nonvanishing linear electro-optic effect by applying two electric fields trans-
versely and at 90° to each other both in time and space (Buhrer et al, 1960),

A good candidate for such a modulator is LiNbO:‘I (Campbell and Steier, 1971),
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