
The precise nature of the Schlieren image of a high-fre
quency acoustic field, important for acousto-optic signal 
processing, has recently been explained in a heuristic fash
ion by ray interaction arguments6 that show the image to 
be essentially diffraction free. This has been confirmed by 
the wave analysis using the angular spectra of the interact
ing fields.7 An extension to the band pass case shows ex
plicitly how to analyze the distortion inherent in Schlieren 
imaging based, acousto-optic processing of wide band sig
nals. 
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A new twist to optical 
polarization theory: Color U(2) 

computer graphics 
W.G. Harter, University of Arkansas, 

The mathematical theory of optical polarization has 
been used many different ways since it was originated 

by Stokes and Poincare. In terms of group theoretical acro
nyms, polarization theory is called an "R(3)-SU(2) homo
morphism," that is, a relation between a real three-dimen
sional (vector) space and a complex two-dimensional 
(spinor) space. The three-vector description of a two-level 
quantum system was popularized by Feynman, Vernon, 
and Hellwarth. Since then, other examples of quasi-spin 
vectors have been introduced in areas such as molecular 
physics. 1 - 2 

Recently, some applications of quasi-spin vectors to 
molecular rotation3 and vibrat ion 4 - 5 dynamics have been 
made that have an added twist, and a computer program 6 

has been developed to help visualize phase space dynam
ics. The molecular applications use the original Stokes 
quasi-spin vector to help characterize states of coupled os
cillators. The Stokes vector picture is augmented by intro
ducing a quasi-rotor—a quasi-spin vector with an extra 
twist angle. The four parameters of the quasi-rotor in the 
R(3) picture are related to four phase space variables of 
the two coupled oscillators in the U(2) picture. The extra 
twist angle is related to part of the overall phase of two 
oscillators or the "gauge" of a 2-level state, but it is most 
easily visualized as the third Euler angle of a processing 
rotor in the Berry phase, among other things. 

A graphical animation program C O L O R U(2) has been 
developed for MacIntosh-II computers that simultaneous
ly displays R(3) rotor picture and U(2) oscillator picture of 
the dynamics. The quasi-rotor approach gives an im
proved picture of nonlinearly coupled molecular vibra
tions and rotations. The labeling of molecular modes as 
"normal" vs. " local" or "coriolis" has been clarified con
siderably using quasi-rotor phase diagrams. 3 - 6 By analogy, 
some nonlinear Schrodinger equations may be similarly 
analyzed. The new phase space pictures also provide use
ful semiclassical approximations to the molecular quan
tum eigensolutions and spectra. These have been used to 

Computer drawn stereo images of vibrational motion of 
a rotating molecule are being used to help understand 
rotation-vibration (coriolis) interactions. For a simple 
harmonic case, a coriolis oscillator orbit is seen to be a 
line of constant slope (2:1) on the surface of an invari
ant toris embedded in four-dimensional phase space of 
the U2) picture. Meanwhile, the R(3) picture (upper 
right-hand inset) for the harmonic case contains a uni
formly processing quasi-spin vector. 
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characterize 03, S O 2 , and H20 overtone spectra.5 

Oscillator and rotor eigensolutions are obtained ap
proximately using a novel graphical "color quantization" 
technique.7 This is accomplished by plotting each trajec
tory using a color that varies through the chromatic spec
trum with each revolution of a classical action phasor. 
When classical variables satisfy quantization conditions, 
the trajectory pattern will exhibit a superimposed coherent 
color pattern that is the Hamilton-Jacobi outline of a 
semiclassical eigenfunction. It is only necessary to tune ini
tial conditions or energy values until the desired color 
wavefunction appears. Then animation of the computer's 
color palette causes the wavefronts to move like solutions 
to the time-dependent Schrodinger equation. This tech
nique may also be applicable to solutions by the method 
of characteristics for optical wave cavities and guides. 
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Nonlinear Chinese tea 
H.H. Lin, A. Korpel, D. Mehrl, 

and D.R. Andersen, University of Iowa 

In a recent report,1 Hong-Jun Zhang and co-workers 
from the Institute of Physics, Chinese Academy of Sci

ences, report on strong nonlinear Kerr effects in Chinese 
tea, herbal medicine, and solutions of chlorophyll. They 
describe observation of self-focusing and self-phase modu
lation at powers around 5 mw, using a He-Ne laser. Their 
observed time constant is of the order of 100 msec and 
they calculate a nonlinear Kerr coefficient of about 3 x 10-5 

e.s.u. Their solution is contained in a sample cell of 10 mm 
length. Illumination is by means of a 2 mm laser beam 
focused by a 30 mm lens into the cell. 

One of their most remarkable effects is the appearance 
of a ring pattern observed 100 mm from the focal point 
with the latter somewhere in the middle of the cell. When 
the focal point is moved to the far edge, they observe a 
small spot that they describe as a self-trapped beam. With 
the focal point moved to the near end of the cell, they find 
a very large spot explained as the result of defocusing by 
hearing effects. 

Because of the importance of studying nonlinear effects 
with low power lasers, we repeated the experiment and 
observed substantially the same phenomena. In our ex
periment, we used a He-Ne laser with a 1/e2 diameter of 
0. 82 mm focused by a 25 mm objective into a 10x10 mm 
polystyrene cuvette filled with a solution of chlorophyll in 
ethyl alcohol. As a base material, we used chlorophyll tab
lets from a local health food store. The solution was fil
tered and diluted until it had a pale green color and an 
absorption coefficient for the focused light of about 10 db/ 
cm. We observed the resulting pattern in the far field ap
proximately 2.14 m away from the cuvette. 

Typical intensity traces are shown in the figure. The nar
row curve with two rings visible refers to 4.5 mW of light 
focused in the cell, with the position of the focus adjusted 
for good ring visibility. The rings are separated by 2.4 cm. 
The broad curve refers to the same experiment with alco
hol only. Attenuating the laser beam by 6 db prior to fo
cusing into the chlorophyll solution resulted in a very large 
spot without rings, too weak to record, but visibly of 
about the same size and appearance as the one shown. 

Our more recent preliminary experiments indicate that 
n 2 , as measured with the Z-scan method,2 is actually nega
tive. We therefore suspected that the basic effect was due 
to heating and that perhaps any absorbing substance 
mixed with alcohol might work. Subsequently, we found 
that ink dissolved in alcohol works indeed as well as chlo
rophyll and that other solvents, such as acetone and water, 
appear to exhibit the effect in rough proportion to their 
thermal expansion coefficients. Moreover, patterns ob
served at various distances exhibit radial asymmetry and 
sometimes quite complex, bilateral symmetry (see cover). 
We suspect that this may be due to thermal gradients and/ 
or convection currents.3 
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