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Modulation of spatial coherence of optical field by means
of liquid crystal light modulator
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The theory of modulation of spatial coherence of optical field with the aid of a dynamic diffusion screen is given. Some useful models
of a random phase screen are considered. The possibility of modulation of spatial coherence by means of liquid crystal light modulator is
demonstrated with a physical experiment.
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Se da la teda de la moduladin de coherencia espacial de un canmdptico por medio de una pantalla de difusidiramica. Se consid-
eran algunos modeldgiles de la pantalla de fase aleatoria. La posibilidad de la modnlde coherencia espacial se demuestra con un
experimentofsico.

Descriptores: Densidad espectral cruzada; coherencia espacial; pantalla de fase aleatoria; modulador de luz dpictstal |

PACS: 42.25.Kb; 42.79.Kr

1. Introduction where the asterisk denotes the complex conjugate and the an-
gular brackets denote the average over the ensemble of field

When using the laser illumination, it is frequently necesary torealizations. The normalized cross-spectral density (1),

destroy completely or partially the spatial coherence of an op-

T T : . W_ (x1, X2,V)

tical field. Such a situation arises, for example, in the coher- i, (xy,x2,v) = T —, (2)

ent imagery when it is necessary to eliminate the undesirable (W_ (x1,x1,0)]2 [W- (X2, X2,V)] 2

speckles in the image (see, for example, [1]) or in the problens known as the spectral degree of coherence. The absolute
of generating the propagation-invariant fields, when it is NeCyalue|u_ (x;,x2,v)| satisfies, for all values of its arguments,
essary to create a secondary source with a special structujige relation

of spatial coherence [2-4]. Two decades ago it was shown
that the spatial coherence may be considerably reduced by 0 < |p— (x1,%x2,v)[ < 1, (3)

transmitting the optical field through a rotating diffuser [5]. and hence may serve as the quantitative measure of spatial co-

Recently, the general theory of such a transformation of Cof}?rence of the optical field at frequeneyThe thin diffusion

herence has been presented [6]. Nevertheless, the moving dfcreen at a point and at frequency may be represented by

fgser does not ;olvg a considered problem in its total gxten he complex amplitude transmittance
Firstly, the moving diffuser does not permit the generation o
the secondary source with an arbitrary space structure of co- T (x,v) =|T (x,v)|exp{iarg [T (x,v)]}, 4)
herence; secondly the presence in an optical device of some ) )

moving units is frequently undesirable. In the present pape¥/nereé |7 (x,v)| describes the absorption ane [T' (x,v)]

Wwe propose an alternative solution to the considered problenfi€Scribes the phase delay of the wave introduced by the
screen. We shall examine the influence of the diffusion screen

on the spatial coherence of the transmitted optical field.

2. Transmission of an optical field through a At_first we consider_ the case when the diffusion screen is
diffusion screen a static onej.e. when |t§ complex amplitude tranISTmFtance

T (x,v) represents the time-independent deterministic func-
Let us consider a fluctuating, statistically stationary opticallion ©f spatial coordinates. In this case, the field just behind
field of any state of coherence incident onto a thin dif“fusionthe diffusion screen may be represented by the optical signal
screen located in the plage= 0. LetU_ (x,v) be the optical Uy (xv) =T (x,0) U_ (x,v), (5)
signal associated with this field just in front of the diffusion
screen at a poink = (z,y) and at frequency. The sta- and hence may be statistically described by the cross-spectral
tistical description of the corresponding field is given by thedensity

cross-spectral density/_ (x;, x2,v) defined as [7] W (31, %2,0) = (U7 (31,0) Uy (x2,0))

W_ (x1,%2,v) = (U* (x1,v) U_ (x2,V)), (1) =T (x1,0) T (x2,v) W_ (x1,%X2,v) . (6)
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As may be readily shown, the spectral degree of coherence &1. Homogeneously uncorrelated random screen
the field emerging from the diffusion screen appears to be

* The complex amplitude transmittance of such a screen is
T* (x1,v) T (x2,V)

T )| [T )|~ (x1,x2,0). (7)  given by

It follows directly from Eq. (7) that T (x) = exp[i®(x)], (14)
‘,U/+ (XlaXQaV)‘ = |/’L7 (X11X27V)|' (8)

M+ (XlaXQaV)

where® (x) represents, at every poirt a random variable

This result shows that the static diffusion screen does nojith the uniform probability density
change the state of the spatial coherence of the transmitted
field. 1/2r  when® € [0, 27]

Now we consider the case when the complex amplitude p(®) = { 0 when® ¢ [0,27] (15)
transmittance of the diffusion screen represents the func-
tion of spacial coordinate stochastically depending on time Besides, for every two different points,, andx,, the ran-
Such a screen may be referred to as the random dynamic dilom variablesb (x,,,) and® (x,,) are statistically indepen-
fusion screen. As is customarily done in such situations, thelent,i.e.
random dynamic diffusion screen may be represented by an

ensemble of spatial realizatioff$ (x,v), taken at fixed mo- (® (%) @ (%n)) = Smn, (16)
mentst;, and hence may be statistically described by the cor-
relation function whered,,,, is the Kronecker symbol. On making use of the
_ definition (9) with due regard for Eq. (14), we may write the
K =T T; . 9
7 (a1 x00) = (17 (1) T (x2,0) © correlation function of this screen in the form
In this case, taking into account the statistical independence
of processed/_ (x,v) andT (x,v), the cross-spectral den- K1 (Xm, %) = (exp(i%,n0)) , (17)
sity of the field emerging from the diffusion screen takes the
form [compare with Eq. (6)] where¥,,,,, = [® (x,) — ® (x,,)] is a new random variable
W, (x1,%2.0) = K1 (%1, %0,0) W_ (x1,%2,0) . (10) \év::;?t,ym view of relations (15) and (16), has the probability
The corresponding spectral degree of coherence now appears
to be 1/4r  when¥,,, € [-27, 27|
U,n) = ’ 18
Kr (x1, X, P(¥onn) { 0 whenu,, ¢[-2r 24 * 18

ft (X1, X2,0) = . T
(K1 (31, %1,0)]* [KT (%2, %2,0)] Calculating an average on the right-hand side of Eq. (17) ac-
Xp_ (x1,%2,v). (11)  cording to the formula

In view of the well-known property of the correlation func- 00
tion’ <exp(i\:[jmn)> = / eXp(L\Ilmn)p(\I]mn)d\IlnLna (19)
|Kr (x1,%2,v)| < [K7 (x1,%1,V)]? [K7 (X2,%2,0)]%, (12) oo
it follows at once from Eqg. (11) that, this time, we find
< .

‘,lt.;,_ (XlaXQaV)‘ A I:u— (X15X27V)| (13) KT (ijxn) — 5mn (20)
The result (13) shows that, with the certain choice of the ran-
dom dynamic screen, it is possible to reduce the absolutEinally, substituting from Eq. (20) into Eq. (10) and writing
value of the spectral degree of coherence of the incident fieldhe result in the usual form, we obtain
We refer to such a reduction §i_ (x1, x2,v)| as themodu-
lation of spatial coherencef the field. W, (x1,%x2) = W_ (x1,%1) 6 (%2 — x1), (21)

3. Some mode's Of a random phase screen whered (X) is the two-dimensional Dirac function. As is well
known, the cross-spectral density of the form (21) describes

Here we consider a few models of a random dynamic screethe completely spatially incoherent optical field. Hence,
which may find an application in practical problems. Takingthe dynamic phase screen with the transmittance given by
into account that the absorption results in the inevitable enkEgs. (14) to (16) achives the complete destruction of the spa-
ergy loss, we limit our consideration to purely phase screengial coherence of incident field. Such a screen may be used,
For the sake of simplicity from now on we shall omit an ex- for example, in laser imaging systems for eliminating the un-
plicit dependence of the functions considered on frequency desired speckle structure of the image [1].
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compensator in the other. The Dove prism carries out the
mirror mapping of the incident field, providing thereby the

phase conjugation of the distribution (26), so that the entire
The complex amplitude transmittance of such a screen ghterferometric system may be considered to be an equivalent

some point of the plane = 0, written in polar coordinates, gjffusion screen with complex amplitude transmittance of the
has the form form

3.2. Radially uncorrelated screen with circular symme-
try

T (r,0) =T (r) = expli®(r)], (22) T (r,0) = cos [0 — ® (r)]. (28)
where® (r) has the same meaning as in Eq. (14). Manipu-Taking into account that
lating by analogy with the foregoing, we obtain that, in this
case, (cos [01 + D ()] cos [f2 + P (r,)])
W+ (T1701,7’2,62) =W_ (T17T1)6(7’177’2), (23) :(SnmCOS (91 _92)5 (29)

where, this timeg (r, — r1) is a two-dimensional circular it may be readily shown that the cross-spectral density of the
Dirac function. The cross-spectral density of the form (23)field at the output of the equivalent screen is as follows:
describes an optical field which is completely spatially co- W 0 P

herent in the azimuthal direction, but is completely spatially ' * (r1, 01,72, 02)

incoherent in the radial direction. Such a screen is required, =W_ (r1,601,71,61) 8 (r1 — ) cos (61 — 62) . (30)
for example, in the problem of generating the “light string
beam” [3,4]. The cross-spectral density of the form (30) describes an opti-
cal field which is completely spatially incoherent in the radial
direction, while being partially spatially coherent in accor-
dance with the cosine law in the azimuthal direction. Such a
This screen is the Countel’pal’t of preViOUS model and has ﬂ'&reen is required’ for examp'e, in the prob'em of generating
complex amplitude transmittance of the form the “light capillary beam” [3,4].

3.3. Azimuthally uncorrelated screen

T (r,0) =T (0) = exp[i®(0)], (24)
4. Coherence modulation using a liquid crys-
where® () has the same meaning as in Eq. (14). The cross-  tg| |ight modulator
spectral density of the field emerged from this screen is given
by As follows from Sec. 2, the modulation of spatial coherence
may be achieved by transmitting the optical field through a

Wi (r1,01,72,02) = W_ (01,61) 6 (02 — 01), thin diffusion screen with the complex amplitude transmit-

tance which is randomly changed in time. Such a screen may

(25)

where, this timed (2 — 61) is a two-dimensional angular

Dirac function. The cross-spectral density of the form (25)
describes an optical field which is completely spatially coher
ent in the radial direction, while being completely spatially
incoherent in the azimuthal direction. Unfortunately we do

not know the possible applications of such a screen but we

suppose that they exist.

3.4. Azimuthally cosine-correlated and radially uncor-
related screen

Firstly we consider a phase screen with the complex ampli
tude transmittance given by

T" (r,0) = exp[i¥ (r,0)], (26)
where
_f 2040 —®(r) when0<O<P(r)
v (r.0) = { 0 when®(r)<f<2r ’ 27)

be created in practice by means of the electrically controlled
spatial-time light modulator on the basis of a twisted nematic

liquid crystal placed between two polarizers (see, for exam-
ple [8]). As has been shown in Ref. 9, depending on the mu-
tual orientation of the main axes of polarizers, this modulator
ay produce to a good approximation either intensity-only or
phase-only modulation of optical field. To demonstrate the
practical possibility of the modulation of spatial coherence
of an optical field by the use of liquid crystal light modula-
tor, we conducted the physical simulation experiment which
is discussed below.

In the experiment we used the commercial computer-
controlled liquid crystal light modulator HoloEye LC2002.
This device has an active area 2.2 x 20.0 mm, a spa-
tial resolution of832 x 624 pixels, and a frame frequency
of 60 Hz in the SVGA mode. The configuration and con-
trol of the modulator was carried out with the aid of the at-
tached software. To provide the phase mode of modulation,
we placed the liquid crystal modulator between two polariz-

and @ (r) has the same meaning as in Eq. (14). Then weers with the orientation of the main axes recommended by the

locate such a screen at the input of a Mach-Zehnder interfe

manufacturer, for a light wave length 882 nm, as44° and

ometer with a Dove prism in one of its arms and the phase-54°, respectively. Accordingly, as a primary light source
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in our experiment we used the argon laser. By doing this we
achieved approximately phase-only modulation of the optical
field with a good linearity over the dynamic range ofid..&s ¢
can be seen from the analysis given in Sec. 3.1, the slight de-  0.84 *®
viation of this range from the/2value needed for full-scaled
phase modulation does not affect the expected results. At the = 064
same time the intensity distortions coupled with the phase=
modulation may violate the purity of experiment. To reduce -g
the factor of this undesirable intensity modulation to the least=
possible value of 5%, we chose values for the brightness anc
contrast parameters of 100 and 255, respectively. The mod- 02
ulation part of the experiment is sketched schematically in
Fig. 1. 0
The spectral degree of coherence was evaluated by cal
culating the visibility of the interference pattern registered in
the output plane of the modified Young interferometer shownFIGURE 3. Visibility measured as a function of pinhole separation:
in Fig. 2. In this interferometer, the V-shaped aperture masle with modulation;o without modulation.
is imaged onto a translating slit to make two Young’s pinholes
with an adjustable separation. The registration of interference |n our experiment, using the program generator of ran-
pattern was realized with the aid of the CCD camera. To prodom numbers, we created at the liquid crystal the phase pro-
vide a solid statistical averaging, we used the accumulatiofile corresponding approximately to the one-dimensional ver-
of the recorded data during several seconds. sion (along the coordinate) of the expression (14). In this
way we simulated the random screen, which is completely
uncorrelated in itse-section. In doing this, we expected to
achieve the complete destruction, in the directigrof the
spatial coherence of the incident laser field which may be
considered to be approximately completely coherent. The
measured visibility of the interference fringesas a func-
tion of the pinhole separatiohz is plotted in Fig. 3. In the
same figure, for comparison, the visibiliiymeasured in the
absence of liquid crystal modulator is shown. The results
obtained show that in our experiment we have achieved an

=L N
_ approximately complete destruction of the spatial coherence
FIGURE 1. Experimental setup: L - Laser; BE - beam expander; of incident laser radiation.

P1, P> - polarizers; LM - liquid crystal light modulator.
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5. Conclusions

It has been shown that the dynamic diffusion screen may re-

duce the spatial coherence of the incident optical field. Some
useful models of a random dynamic screen have been pro-
posed and their possible practical applications have been dis-
cussed. The possibility of modulation of spatial coherence by

means of a liquid crystal light modulator has been discussed
and illustrated with the experiment.
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