This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 19 February 2013, At: 13:48

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Probe Beam Amplification Via
Two and Four Wave Mixing in
a Kerr-Like (Liquid Crystal)
Medium

l. C. Khoo * & T. H. Liu ®

# The Pennsylvania State University, Department of
Electrical Engineering, University Park, PA, 16802
Version of record first published: 28 Mar 2007.

To cite this article: I. C. Khoo & T. H. Liu (1987): Probe Beam Amplification Via Two
and Four Wave Mixing in a Kerr-Like (Liquid Crystal) Medium, Molecular Crystals and
Liquid Crystals, 143:1, 57-60

To link to this article: http://dx.doi.org/10.1080/15421408708084610

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421408708084610
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:48 19 February 2013

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 13:48 19 February 2013

Mol. Cryst. Lig. Cryst., 1987, Vol. 143, pp. 57-60
Photocopying permitted by license only
© 1987 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

PROBE BEAM AMPLIFICATION VIA TWO AND FOUR WAVE
MIXING IN A KERR-LIKE (LIQUID CRYSTAL)
MEDIUM

I. C. Xhoo and T. H. Liu

The Pennsylvania State University
Department of Electrical Engineering
University Park, PA 16802

Abstract

Probe beam amplification in a Kerr-like medium, e.g. a
nematic liquid crystal film via 2-wave mixing is possible
if it is stoke shifted relative to the pump beam. We
report experiment observation of this effect and
contribution from other multi-wave mixing effects.

Introduction

Two wave mixings, which were observed as early as the
60's by several workers, have received considerable renewed
interests recently. In particular, for photorefractive
materials where the medium responses are nonlocal (i.e. the
refractive index grating is shifted relative to the
intensity grating formed by the two incident light), these
weak beam amplification effects have led to several
interesting applications. For Kerr-like medium, i.e.
where there is no phase shift between these two gratings,
the gain of the weak beam via two wave mixing process can
be achieved if a small frequency shift is imparted on the
weak beam relative to the strong pump beam. As analyzed by
Yehl recently, for a Kerr medium, the complex phase shift
imparted on the refractive index grating is related to the
frequency shift Q by

¢ = -tan"1 gt (1)
where 1 is the relaxation time of the medium. The
frequency shift ¢ appears in the coupled wave equations for

the amplitudes Ay and Ap of two laser beams in a typical
pump probe experiment set up.
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where z is the direction of propagation of the wave, k is
the propagation constant along z, w is the frequency of the
light, ng is refractive index of the medium in the absence
of optical field interactions, and np is the nonlinearity
coefficient. An exact solution of equation (2) and (3)
shows that for ¢=0, no gain or loss mechanism is possible.

In our experiment, the strong and a much weaker probe
beams are derived from a linearly polarized A,* laser (5145
A line). The liquid crystal used is a hometropically
aligned PCB (Pentyl-cyano-biphenyl) nematic film of 200um
thick. The lasers propagate at an angle B relative to the
nematic axis. The film is maintained at room temperature
(22°C). The crossing angle between the two lasers are
varied from about 1/300 to 10”2 padians. Frequency
shifting of the probe beam is achieved by translating a
mirror that directs the beam to the sample at a rate of one
optical wavelength/secz.

Figures la-c summarize some of the experimental
results, obtained for a pump to probe beam ratio of about
200:1. The laser beam size is about 3mm2, and the pump
power is about 35mWatt.

At a crossing angle of 0.007 radian, for example, one
notes that the probe beam experiences no gain (circle).
When the probe frequency is downshifted, there is a gain
(triangle). On the other hand, if the probe beam is
frequency upshifted, it experiences a loss (square). A
measurement of the probe gain at this crossing angle also
shows that the gain is an increasing function of the pump:
probe beam ratio m, reaching a "saturated" value at m=100.

What is interesting about figures 1lb is that at
smaller crossing angle, the probe beam experiences a large
gain even without the frequency shift. We attribute this
gain as arising from four wave mixing process involving the
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scattering of the pump beam (into the probe beam direction)
from a grating formed by the pump beam with the diffracted
beam on the side of the pump beam. Our experimental result
shows that imparting a negative frequency shift to the
probe further enhances this gain while a positive frequency
shift causes loss.

The overall dependence of the gain on the wave mixing
angle is also consistent with our earlier theory and
observation that increasing the wave mixing angle, i.e.
smaller grating constant, will diminish the molecular
reorientational responseﬁ. This is due to the fact that
molecules situated at the intensity minima will create
torques on molecules at the intensity maxima that reorient
with respect to the field. Maximal response is obtained
for grating constant on the order of, or larger than the
nematic film thickness.

A complete detailed account of the theory and
experiments will be presented in a longer article
elsewhere.

This research is supported by a grant from the
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Figures
Figure la Triangles:observed probe beam gain as a
function of the wave mixing angle when
frequency downshifted.

Figure 1b Same as la, but no frequency shift.

Figure lc With positive probe beam frequency shift.
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