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THEORY AND EXPERIMENT ON STIMULATED
SCATTERING OF LIGHT IN NEMATICS

B.Ya.ZEL'DOVICH, A,V.SUKHOV, N.V.TABIRYAN
Ingtitute for Problems in Mechanics, USSR
Acad. of Sci, Moscow

Abstraect Theory for transient gain by sti-

mulated scattering (SS) is rederived in sim-
ple termg. Orientational SS in forward direc-
tion has been achieved experimentally in a

planar cell of nematic 5CB in a free-running
pulge from a ruby laser., Measurements of the
time evolution of SS signal and of its angu~
lar spectrum confirm theoretical predictions.

INTRODUCTION

Stimulated scattering(SS) of light by thin nema-
tic liquid crystal (NIC) cell in the self-diff-
raction mode was predicted in 1 ¢ SS in the volu-
me of NLC was predicted 2,3 to appear ag a re-
gult of excitation of a travelling wave of the
director orientation, see also our review 4. The
emphasis in2'3 was made mostly on the planar
cell geometry. However, our first experimental
observation of 5SS was done5 for the near-to-nor-
mal Incidence of the cwargon lagser o-wave pump
onto the homeotropic cell with NLC 5CB, see
also4. The results of experimentsal observation6
of forward SS of ruby leser pump in a planar 5CB
cell are presented in this report along with
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simple derivation of transient 5SS formulae, Ex-
periment on SS in the sgelf-diffraction mode was
presented on Naples 1986 "Optics of Liquid Crys-
tals" Meeting by Y.C.Khoo and coworkers,

THEORY

Let an intense pump wave Eu of the extraordinary
polarization is propagating through a planar
gample of a nematic liquid crystal along the di-
rection normal to the unperturbed director 7 ot
this crystal. An ordinary-polarization wave '}'3‘5 ,
with a slight frequency shift in the Stokes di-
rection, is propagating collinear with -E‘L « The
interaction of these itwo waves with the dipole
moment, which they induce in the medium, gives
rise to a treveling wave of a reorientation of
the director, S 'ﬁ, by virtue of the anisotropy
of the dielectric constant of the nematic liquid
crystal., The amplitude of this reorientation tra-
veling wave is proportional to E!E ; 1ts wave
vector q is equal to the difference \i‘ -ku\ =
=2WAn/A, where 8n=n, -n, is the snisotropy
of the refractive index of the liquid crystal,
and A is the wavelength of the light in a vacu-
um (we are 1gnoring the small difference between
the wevelengths of E and E which results from
their frequency difference) o« This reorientation
wave in turn leads to the writing of a traveling
grating of the dilelectric tensor in the medium,
The scattering of the pump wave E by this gra-
ting leads in the steady-state case, i.e., with
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a steady-state amplitude 8 ?1(?), to an exponen-
tial spatial amplification of the wave E s 1le€e,
to a stimulated scattering of E into E .[Eslg.
~exp(GLP, ), where G is the steady-state gain,

L is the interaction length (the thickmess of

the cell), and P, =cn"lE,_'2/85T is the pump power
density. The steady-state gain, the frequency
shift of the stimulated scettering, and its re-~
laxation time ¥ are?*> 2 '

d = 0°A (0 ) em ). er=Kut, oo i)

877-’71: '7.4. K22C MW/ 7_ )

Here K22 is the PFrank constant, ¢ is the wvelo-~

city of light, and € 1s the velocity of 1light,

end is the orientational viscosity of the ne~
matic liquid crystal,.

When the stimulated scattering is excited
by & laser pulse with duration ?%p <« l".j,' tran~
sient theory of SS is necessary. In this case the
equation for the Stokes amplltude Eg(z,t)=E (t)x
S(z,t) 187’8

325 —=(GrSET); T= 5 RE)dt  (x

It we seek for the solution of (2) in the form

S(z,t)=exp £(z,t) , then it follows from (2)
of: of [‘921‘ ]=iér (3
= T =

For the exponentially large gain \f|>1, the

square brackets term may be omitted in (3), end

then f ~V4iG T 27,

IEsla=°4lE,,/aexp[aE(c'/g /fg/fy,{f')’z]u)
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Tne factor e[t |2 arises in front of the exponen~
tial function because the stimulated scattering
develops from nucleating noise which is the Fou-
rier component of the spontaneous scattering of
the pump by thermal fluctuations of the director
with a sultable gpatial and temporal period.

This nucleating noise subsequently undergoes the
exponential amplification described above,

EXPERIMENT

Here we report the experimental observation6 of

forward orientational SS in a planar sample of
NIC 5CB, 7Q,Am thiok, The 5SS waas excited by a
free-running pulge from a ruby lager~800m s
long. An estimation of the relaxation time of SS
from (1) yields T~ 5 ms, so that SS was defini-
tely a transient process.

The experimental arrangement used to obser-
ve the stimulated scattering is shown in Fig.1.
The 1ight from a ruby laser (RL), whose energy
is adjusted over the range ~30-300 mJ by filters
LF, pesses through an Iceland spar wedge W1, L
which singles out the polarization component e,
of this light, which corresponds to the e pola-
rization for the liquid crystal, and through an
iris diaphragm D1. The light is then focused by
lens L, (£=5 cm)into a cell C holding the liquid
crystal, Lens L2, along with L1 and C, forms a
telescope system. Most of the transmitted light
is directed to a Glan prism G, which singles
out the polarization component ;; corresponding
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to the stimulated-scattering signal. Thils compo-
nent ig detected by photocell F2. Part of the
light transmitted through C is reflected from
the glass wedge and passes through Iceland spar
wedge W2, which separates the light into the
components E and Es 3 this light is recorded on
£ilm with the help of a two-mirror stepped atte-~
nuator SA. This approach mekes it gggsiblgAto de~-
termine the angular divergences of E, and Qs as
the ratio of the size of the spot on the film to
the focal length of L2. To monitor the energy
end shape of the laser pulse, we use a standard
(IMO-2) calorimeter Cel and photocell F,. Both
the IE (t)l signal and the instantaneous value

StP dt (with the help of an integrating cir-
cuit) are taken from this photocell,

It should be noted that in these experi-
ments the lager is operated in two regimes: a
regime of a single mode in terms of the trans-
verse index and a multimode regime. All the ener~
gy measurements are carrled out in the multimode
regime, sinece the pulse in the single-mode regi-
me hag a microsecond peak structure, which makes
it extremely difficult to carry out accurate
quantitative measurements. In the multimode re-
gime, on the other hand, by choosing an appro-
priste resonator geometry we obtain a pulge with
a nearly smooth temporal envelope., Figure 2
shows gome typical oscilloscope traces of the
pump pulse end of the stimulated~scattering pul~
se (a and b, respectively) in this regime. The
results of the measurements of the time evolu~
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tion of the stimulatedscattering signal are
shown in Fig.3 as a plot of lnlEsl 2/[E‘,[ versus
the instantaneous value of (§¥B at')'/%, The ob-
vious linearity of this dependence shows that
the functional dependence of the results agrees
well with Eq.(4). For a quantitative comparison
of the proportionality factor of this dependence
with the theoretical factor, we measured the
transverse dimension of the beam in the crystal:
a=FWHM z90/ﬂm. We found that the experimental
proportionality factor is 1,2 times smaller than
the theoretical factor calculated from 2 V2(G&
(L/az))”z. This result is again evidence of a
good agreement of the theory with experiment
within the experimental error. The experimental
level of the spontaneous noise, @, is e{x5x107>,
A theoretical estimate of this lefel from the
known equations for the cross section for spon-
taneous scattering In nematic liquid crystals
with allowance for the angular aperture of the
measurement system, QP,'_'J 5x10'"‘l red, is (in the
gingle~constant approximat

) )
2 2 An
a= TN (ARG TL LAY o w0 5
where kg 1is the Boltzmann constant, end 7° is
the absolute temperature (~300 K). It can also
be seen from (5) that the theoretical results
sgree well with the experimental results,

, We turn now to the measurements of the an-
gular spectrum of the stimulatedscattering sig-
nal and the pump signal. It should be noted that
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the longitudinel and transverse dimensions of
the interaction region are comparable in our ex~
periments, so that the geometry allows not only
collinear stimulated scattering but also stimu-
lated scattering through quite large angies (on
the order of 0.5 rad). In our previous study5

of stimulated scattering in a homeotropic cell,
the noncollinear stimulated acattering was dis-
criminated against by a noniinearity mechanism
involving the sharp increase in the grating wave
vector a'upon a deviation from exactly colliinear
scattering. In this report laflis on the order
ot 2x10? cm'1, i.e., exiremely large even for
coliinear scattering, so that the nonlinearity
mechaniam discriminates against the stimulated
scattering only at angles & O.2rad. We therefore
have every reason to believe that the angular
gspectrum of the stimulated scattering is much
larger than that of the pump. To experimentally
test this point, we used single-mode light with
a divergence (after L1) FWHM=5x10"2rad. The expe-
rimental width of the angular spectrum of the
stimulated scattering signal in this caese was fo-
und to exceed the angular asperture of the measu-
rement system (=~0.2rad), and the angular spec-
trum was found to have an obvious speckle, not
not reproducible in different cases. This result
was to be expected for transient stimulated scat-
tering (the pulse duration is much shorter than
the scale time over which sponteneous fluctueti-
tions lose their time coherence).
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In summary, we have experimentally detected
a transient stimulated scattering with an extre-

mely short interaction length, L=7Q/Am, and a

quite moderate pump energy density,.fILdt=100 -
-300 J/cm2. The steady-gstate gain estimated from
the experimental data is also extremely large,
G=5x103cm/MW, at orientational viscosity qz::1 P
and né - n§=0.65.
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