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A method of separating amplitude and phase fluctuation spectra of a medium by
means of two-beam interferometer is proposed and implemented. Possible
generalization of this method to spatially-coherent fields is indicated. Separate
fluctuation spectra are obtained for a liquid crystal.

PACS numbers: 07.60.Ly, 42.30. — d

1. Information concerning processes that occur in a medium or on its surface is
contained in the spectra of scattered light.'"? The autocorrelation function of the
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photocurrent g(7) for random Gaussian processes defines the square of the modulus of
the field correlation function

g; () =1+IgE(r)[2 gplr) =<E*(t)E(t +7)>/|E|?
and therefore, it fails to convey information concerning phase fluctuations.®*
This observation holds for all methods of light scattering in use today, including

optical heterodyning, photon counting, and, clearly, holography.

2. In this report we show that the photocurrent spectrum of the two-beam inter-
ferometer with a scattering object yields information on the complete set of its first-
order spectra.

Let &,(¢) =[1 + a(t)] coslwe + ¢ (t)] and & -(¢) = ycos[wot + ] be the scat-
tered and reference waves, respectively, where a(¢ ) and ¢ (¢ ) are determined or random
functions of time (a,#<1) and ¥ is a constant phase difference. The dimensionless
photocurrent function is as follows:

i(t)=1[1+a(t)P +y%+2y[1+aft)kos [y- ¢t )1, 1)

where the rapidly oscillating terms containing 2w, are omitted. An expression for the
autocorrelation function may be obtained with accuracy to the second-order terms
={aa'), Py ={dpp"), P,, = {ad'), where a' = a(t + 1), and the first-order
addmve constants (a*), (¢?), and (a,) which do not contribute to the spectrum,
g@=[1+7+CP+[2+Cre,, + 5P, + 2512 + C]q)ad,, where

~

C =2yBcost. S =2yBsind, B=expl-< ¢2> /2] )

and the normal distribution law is assumed to hold after averaging.'”

It is important to take into account the contribution of shot noise Ge<i(¥)> to the
fluctuation intensity spectrum W (¢) = 7' f5 g{r)cosf2r dr shot where G is the photo-
current gain."”

T(0) = [1+y2s CR8(Q) + 12 + CPS,@ ) + 5254, (0)

+2§[2+E]Sa¢(9) +Ge[1+y2+z'/]. 3)

Equation (3) serves as a basis for the simple method of separating the spectra S;(£2)
(i,j = a,¢) using four independent measurements of W (¢) for ¥ = + #/2,0,7.

( : ’ 2 Ge 114 W( ) 1 Ge
Saa‘Q) =[F(0) + (z2)1/8(1 + y°) - T =[W(0) - 7)1/ 6yﬁ-—4—7

[

Séé(ﬂ)=[W&+——)+V/- ;—\}/8}’62 W(0) + W(n)) /8}’/32 +)’2)
Ge

48°

?
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Sae (@) = [W (+ %) -w(- %)}/lﬁyﬁ.

In contrast with conventional methods of photodisplacement, the significant fea-
ture of the proposed method of “optical synchronous detection” (OSD) is its potential
measurement for any arbitrary phase .

3. The OSD method may be generalized for the spatially-coherent field

S, ryt)=11+a,r, t)los lw, ¢ + an(r, t)]

with a common or separate reference beams & (r,t) = ¥, cos[wo + ¥, (r)], where ¢,
is the steady-state phase difference with respect to the corresponding signal &, (r,¢).
The reciprocal correlation function of the photocurrents of two receivers i,(r,t) and i,,
X(r + p,t + ) contains information concerning intercorrelations of fluctuations

P n(6p) = a,tna, (t + 7,r + p)) and D57 (1,p) = (B, (1), (t + T.r + p)).
Wi, ) =[1+y2+ E;][l +y2+ Em 18 () + S22 (R, p)l2+ C’:;][2+Em]
+ S3m (0, p)S, S, + SIE@,p)S (24 C 1+ SEE(Q, p)S,[2 + C, 1.

The fluctuation spectra S"(£2,0) may be extracted from the spectrum of the
reciprocal photocurrent intensity, at point r, and r,, = r, + p, for example

;:;Z (Q’ P) = lW(O’ ;T—> - W<0’ - %)]/gﬁmym(l + ﬁn yn);

Saa'® p) =W(0, 0) /4(1 + 5,81+ yB).

We should emphasize that the differences in principle of the method under dis-
cussion and the Brown-Twiss intensity interference [method] for which the reference
points are omitted and the function g,(7) does not contain the phase ¢.

In the technology of optical filtering and pattern recognition OSD of a correlation
optical two-dimensional signal with the reference wave yields information concerning
the fluctuation spectra of an object.

4. The spectral separation experiment based on Eq. (4) was carried out on the
Michelson interferometer with light focusing in the measuring arm."!

The phase ¢ of the reference beam was varied by a mirror with an intensity-
calibrated piezoceramic; the photodiode current proportional to the local intensity of
the interference field was amplified and passed on to an analyzer.

The absolute measurements of slow phase fluctuations were carried out by means
of a method of time intervals' in which for a periodic displacement of the reference
mirror the electronic circuit generates a voltage pulse with a duration proportional to
phase of the scattered wave.
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U/W}~W’/2/y'/, rel. units

FIG. 1. Fluctuation spectra for four phase values
of interfering waves ¥ = + 7/2,0,7. The dotted
line indicates the shot noise level, F—average
channel frequency.

FIG. 2. Spectral density of intensities of amplitude Sor
phase S, and reciprocal S, fluctuations caiculated on the
basis of results in Fig. 1.

As an object we used a cell containing MBBA liquid crystal. The wave fluctuation
spectrum was measured at a small scattering angle 6<0.05.

Figure 1 shows the fluctuation spectra obtained by the SG-1 multi-channel ana-
lyzer with the cell voltage of 3.2 V for ¢ = + 7/2,0,m. The mean channel frequency is
F. The shot noise spectrum is indicated by the dashed line. Figure 2 show the fluctu-
ation spectra S,,,(F), S;,(F) and Sqg (F) calculated by means of Eq. (14) for =1
and y = 3.75. The absolute values of spectral density were determined by calibrating
the analyzer. Intense phase fluctuations in the frequency range 0.1-2 Hz were mea-
sured independently by the method of time intervals. The second maximum at ¥ = 16
Hz is clearly associated with the characteristic relaxation time for liquid crystals
(r, = 0.1-0.05 sec). A distinct correlation of the amplitude and phase fluctuations is
observed at these frequencies.

In conclusion, we should point out that the proposed method may be effective in
the study of fluctuations of coherent boson fields of a different nature, for example, in
superconductors.

The correlation function Eq. (2) may be expressed in the general form
n
§{"/ () = SpLp, (, ()],
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where §,(1,7) is the density matrix which defines the contribution to the spectrum of
fluctuations @,;(7).

The author thanks V.L. Pankov for help with the experiment and V.N. Strelkov
for useful discussions.
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